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Figure 2

1 after 5 weeks at 40°C under different buffer conditions
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Figure 5

T

R vater
| 5 mM HAc

40

|

30

20
Temperature [°C]

[oe]
ot

:
|

o

i N i 1
3 o <
w T o~

[%] Alenose1 3dOQ

$00
80 -



Patent Application Publication  Sep. 28, 2017 Sheet 6 of 9 US 2017/0273907 A1

Figure 6
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STABLE FORMULATIONS OF LIPIDS AND
LIPOSOMES

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to aqueous lipid and/
or liposome formulations with an increased chemical sta-
bility, to methods of preparing such aqueous formulations as
well as to kits comprising them. The present invention
further relates to methods of preparing lipid-based pharma-
ceutical compositions, to pharmaceutical compositions pre-
pared by such methods and to methods of chemically
stabilizing aqueous lipid and/or liposome formulations.

BACKGROUND OF THE INVENTION

[0002] Lipids in water may exist in different forms of
lamellar or non-lamellar (e.g., cubic or hexagonal) phases,
which are often denominated as lyotropic lipid phases. For
example, liposomes consist of uni- or multilamellar self-
closed lipid bilayers dispersed in water. In more general
terms, they may be considered as colloidal systems where
the lipids are organized in a lamellar form. Many of these
systems comprising lyotropic lipid phases are of interest as
pharmaceutical formulations for drug delivery or other
applications. One requirement for bringing such lipid-based
pharmaceutical products into clinical practice is that a
sufficient shelf-life after manufacturing can be provided.
Here, besides other criteria, chemical stability of the lipo-
some forming lipids may be a limiting factor. Liposomes are
typically assembled from phospholipids or related com-
pounds. Phospholipids consist of fatty acids, linked to a
triglyceride backbone via ester bonds. These ester bonds are
prone to chemical hydrolysis, which is accelerated under
acidic or basic conditions (acidic or basic ester hydrolysis).
If the liposomes or other systems that are present as lyo-
tropic lipid phases are to be stored several months or years
in the aqueous phase, ester hydrolysis may become a lim-
iting factor for shelf-life stability.

[0003] In view of the acceleration of ester hydrolysis
under acidic or basic conditions, the best stability or lowest
hydrolysis rate for lipids is normally expected to be in a pH
range of between 6 and 7. Other options to prevent hydro-
lysis are freezing and/or lyophilization of the liposomes
(Chen et al., 2010; van Winden and Crommelin, 1999; Stark
et al.,, 2010). Protocols for freezing and lyophilization of
liposomes are reported in the literature. However, these
additional technical steps make manufacturing also more
complicated and more expensive. In many cases, it is
required that cryoprotectants are added, which may not be
possible or desirable for certain products. For example, the
presence of cryoprotectants and/or freezing/lyophilization
itself may affect the product properties in an undesired way.
Therefore, the long-term stabilization of liquid liposome
preparations is still an unmet need. In this context, there is
a considerable interest in techniques to minimize hydrolysis
of liposomes or, more generally speaking, colloidally dis-
persed lipids in the liquid (aqueous) phase. This is particu-
larly the case if the liposomes are intended for use as
pharmaceutical products because in that case the stabiliza-
tion method must fulfill the regulatory and technological
requirements for such products. Most challenging in this
context are products for parenteral (e.g. intravenous) admin-
istration, where, inter alia, certain criteria relating to sterility,
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selection of excipients, ion and pH conditions or particulate
composition must be fulfilled.

[0004] The present invention aims at providing methods
and means to increase the stability, particularly the chemical
stability of lipids and/or liposomes formulated in aqueous
formulations, thereby increasing the shelf-life stability of
these formulations.

SUMMARY OF THE INVENTION

[0005] In a first aspect, the present invention relates to an
aqueous formulation comprising

[0006] at least one lipid having one or more bonds

selected from the group consisting of ester bonds,
thioester bonds and amide bonds, and

[0007] at least one pH adjusting agent,
[0008] wherein the aqueous formulation has a pH of
between 2 and 5.5.
[0009] In one embodiment, at least one of the lipids
present in the aqueous formulation is a cationic lipid. In one
embodiment, the cationic lipid is a cationic lipid as defined
herein.
[0010] In one embodiment, the overall net charge of the
lipids present in the aqueous formulation is positive.
[0011] In one embodiment, the aqueous formulation has a
pH of between 2 and 5, preferably of between 2.5 and 5,
more preferably of between 3 and 4.5, more preferably of
between 3 and 4, and even more preferably of between 3.5
and 4.
[0012] In one embodiment, the at least one lipid having
one or more bonds selected from the group consisting of
ester bonds, thioester bonds and amide bonds comprises a
glycerolipid and/or a glycerophospholipid.
[0013] In one embodiment, the at least one lipid having
one or more bonds selected from the group consisting of
ester bonds, thioester bonds and amide bonds comprises a
cationic lipid and/or a non-cationic lipid.
[0014] In one embodiment, the cationic lipid is selected
from the group consisting of 1,2-dioleoyl-3-trimethylammo-
niumpropane (DOTAP), 1,2-dioleoyloxy-3-dimethylammo-
niumpropane (DODAP) and analogues of these molecules
having a different composition of the acyl chain moiety.
[0015] In one embodiment, the non-cationic lipid is a
neutral lipid, wherein, preferably, the neutral lipid is selected
from the group consisting of 1,2-di-(9Z-octadecenoyl)-sn-
glycero-3-phosphoethanolamine (DOPE), 1,2-dioleoyl-sn-
glycero-3 -phosphocholine (DOPC), phosphatidylcholine
(PC) and dimyristoyl phosphatidylcholine (DMPC).
[0016] In one embodiment, the non-cationic lipid is an
anionic lipid, wherein, preferably, the anionic lipid is
selected from the group consisting of phosphatidylserine
(PS), phosphatidylinositol (PI), phosphatidic acid (PA),
phosphatidylglyerol (PG) and dimyristoyl phosphatidylgly-
erol (DMPG).
[0017] In one embodiment, the aqueous formulation fur-
ther comprises at least one lipid not having any ester bonds,
thioester bonds or amide bonds.
[0018] In one embodiment, the at least one lipid not
having any ester bonds, thioester bonds or amide bonds
comprises a cationic lipid and/or a non-cationic lipid.
[0019] In one embodiment, the cationic lipid is selected
from the group consisting of 1,2-di-O-octadecenyl-3-trim-
ethylammoniumpropane (DOTMA), 1,2-dioleyloxy-N,N-
dimethylaminopropane (DODMA), dioctadecyldi-methyl-
ammonium (DODA(Br)/DDAB),
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dioctadecyldimethylammoniumchloride (DODAC), 1,2-
dimyristoyloxypropyl-1,3-dimethylhydroxyethylammo-
nium (DMRIE), 2,3-dioleoyloxy-N-[2(spermine carboxam-
ide)ethyl]-N,N-dimethyl-1-propanamium trifluoroacetate
(DOSPA) analogues of these molecules having a different
composition of the acyl chain moiety.

[0020] In one embodiment, the non-cationic lipid is a
neutral lipid, wherein, preferably, the neutral lipid is selected
from the group consisting of cholesterol (Chol) and sphin-
gomyelin (SM).

[0021] In one embodiment, the non-cationic lipid is an
anionic lipid.
[0022] In one embodiment, the aqueous formulation com-

prises at least one cationic lipid and at least one non-cationic
lipid.
[0023] In one embodiment, the molar ratio of the at least
one cationic lipid to the at least one non-cationic lipid is
from 1:4 to 4:1, preferably from 1:2 to 4:1.
[0024] In one embodiment, the molar fraction of the at
least one cationic lipid with respect to total lipid is at least
5%, preferably at least 10%, more preferably at least 20%.
[0025] In one embodiment, the at least one pH adjusting
agent comprises an acid and/or an acidic buffer.
[0026] In one embodiment, the acid is a linear, branched
or cyclic C,-C,gq, preferably C,-C,,, carboxylic acid.
[0027] In one embodiment, the acid is selected from the
group consisting of acetic acid, ascorbic acid, citric acid,
hydrochloric acid, phosphoric acid, branched or unbranched,
saturated, monounsaturated or polyunsaturated C,,-C, fatty
acids, preferably C,,-C,, fatty acids (e.g. oleic acid).
[0028] Inone embodiment, the acidic buffer is based on an
acid as defined above.
[0029] In one embodiment, the acidic buffer is selected
from the group consisting of acetate buffer, citrate buffer,
phosphate buffer and carbonate buffer.
[0030] In one embodiment, the at least one pH adjusting
agent comprises acetic acid and/or acetate buffer.
[0031] In one embodiment, the at least one pH adjusting
agent is present in an amount such that the molar ratio of
total lipid to the at least one pH adjusting agent does not
exceed 100:1.
[0032] In one embodiment, the at least one pH adjusting
agent is present in an amount such that the molar ratio of
total lipid to the at least one pH adjusting agent is from 10:1
to 1:10, preferably from 5:1 to 1:5, more preferably from 2:1
to 1:2, more preferably from 1.5:1 to 1:1.5, even more
preferably about 1:1.
[0033] In one embodiment, the hydrolysis rate of the at
least one lipid having one or more bonds selected from the
group consisting of ester bonds, thioester bonds and amide
bonds is reduced as compared to its hydrolysis rate at a pH
of between 6 and 7.
[0034] In one embodiment, the lipids present in the aque-
ous formulation form liposomes.
[0035] In one embodiment, the at least one pH adjusting
agent is associated with the liposomes.
[0036] In a further aspect, the present invention relates to
a method of preparing an aqueous formulation as defined
above, the method comprising

[0037] forming the liposomes in an aqueous solution

comprising the at least one pH adjusting agent and
having a pH of between 2 and 5.5 or
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[0038] adding the at least one pH adjusting agent to an
aqueous solution comprising liposomes in order to
adjust the pH of the aqueous solution to a pH of
between 2 and 5.5.

[0039] In another aspect, the present invention relates to a
kit comprising an aqueous formulation as defined above.
[0040] In one embodiment, the kit further comprises, in a
separate container, a pharmaceutically active compound,
wherein, preferably, the pharmaceutically active compound
comprises a nucleic acid, preferably DNA or RNA.

[0041] In one embodiment, the nucleic acid is provided in
a buffered solution having a pH of between 6 and 8.
[0042] In yet another aspect, the present invention relates
to a method of preparing a pharmaceutical composition, the
method comprising

[0043] providing an aqueous formulation as defined
above; and

[0044] mixing the aqueous formulation with a pharma-
ceutically active compound.

[0045] In one embodiment, the pharmaceutically active
compound comprises a nucleic acid, preferably DNA or
RNA, wherein, preferably, the nucleic acid is provided in a
buffered solution having a pH of between 6 and 8.

[0046] In a further aspect, the present invention relates to
a pharmaceutical composition prepared by the method as
defined above.

[0047] In another aspect, the present invention relates to a
method of chemically stabilizing an aqueous formulation
comprising at least one lipid having one or more bonds
selected from the group consisting of ester bonds, thioester
bonds and amide bonds, the method comprising

[0048] adjusting the pH of the aqueous formulation to a
pH of between 2 and 5.5.

[0049] In one embodiment, the chemical stabilization
occurs by inhibition of ester bond, thioester bond and/or
amid bond hydrolysis.

[0050] In one embodiment, at least one of the lipids
present in the aqueous formulation is a cationic lipid. In one
embodiment, the cationic lipid is as defined above.

[0051] In one embodiment, the overall net charge of the
lipids present in the aqueous formulation is positive.
[0052] In one embodiment, the pH is adjusted to a pH of
between 2 and 5, preferably of between 2.5 and 5, more
preferably of between 3 and 4.5, more preferably of between
3 and 4, and even more preferably of between 3.5 and 4.
[0053] In one embodiment, the pH of the aqueous lipid
formulation is adjusted by adding at least one pH adjusting
agent, preferably at least one pH adjusting agent as defined
above.

[0054] In one embodiment, the at least one lipid having
one or more bonds selected from the group consisting of
ester bonds, thioester bonds and amide bonds is as defined
above.

[0055] In one embodiment, the lipids present in the aque-
ous formulation form liposomes.

BRIEF DESCRIPTION OF THE FIGURES

[0056] FIG. 1 shows the percentage of DOPE recovered
from DOTMA/DOPE liposome dispersions prepared in dis-
persion solutions having different pH values. The liposome
dispersion was stored at 37° C., and samples were taken at
various time points.

[0057] FIG. 2 shows the percentage of DOPE recovered
from DOTMA/DOPE liposome dispersions with different
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pH values prepared in the presence of acetic acid (HAc) or
various concentrations of acetic acid buffers (AcB). The
dispersion were stored for 5 weeks at 40° C.

[0058] FIG. 3 shows the percentage of DOPE recovered
from stressed DOTMA/DOPE liposome dispersions after 5
or 6 weeks as a function of the pH value. Results from 3
independent experiments are shown.

[0059] FIG. 4 shows the percentage of lipid recovery from
DOTAP/DOPE liposomes after 2 weeks at 40° C. as a
function of the pH value.

[0060] FIG. 5 shows the percentage of DOPE recovery
from DOTMA/DOPE liposomes in water-for-injection with
our without 5 mM acetic acid (HAc) after storage for 3
months at 5° C., 25° C. or 40° C.

[0061] FIG. 6 shows the bioluminescence signals in mice
injected with luciferase-encoding RNA lipoplexes prepared
with pH-stabilized liposomes or non-pH-stabilized lipo-
somes (standard).

[0062] FIG. 7 shows the stability of DOPE in DOTMA/
DOPE liposomes in water-for-injection (L.1) or in water-for-
injection with 5 mM acetic acid (L2) at 5° C. (A), 25 ° C.
(B) or 40° C. (C). Liposomes were prepared under GMP or
GMP-like conditions.

DETAILED DESCRIPTION OF THE
INVENTION

[0063] Although the present invention is described in
detail below, it is to be understood that this invention is not
limited to the particular methodologies, protocols and
reagents described herein as these may vary. It is also to be
understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is
not intended to limit the scope of the present invention
which will be limited only by the appended claims. Unless
defined otherwise, all technical and scientific terms used
herein have the same meanings as commonly understood by
one of ordinary skill in the art.

[0064] In the following, the elements of the present inven-
tion will be described. These elements are listed with
specific embodiments, however, it should be understood that
they may be combined in any manner and in any number to
create additional embodiments. The variously described
examples and preferred embodiments should not be con-
strued to limit the present invention to only the explicitly
described embodiments. This description should be under-
stood to support and encompass embodiments which com-
bine the explicitly described embodiments with any number
of'the disclosed and/or preferred elements. Furthermore, any
permutations and combinations of all described elements in
this application should be considered disclosed by the
description of the present application unless the context
indicates otherwise.

[0065] Preferably, the terms used herein are defined as
described in “A multilingual glossary of biotechnological
terms: (IUPAC Recommendations)”, H. G. W. Leuenberger,
B. Nagel, and H. Kolbl, Eds., Helvetica Chimica Acta,
CH-4010 Basel, Switzerland, (1995).

[0066] The practice of the present invention will employ,
unless otherwise indicated, conventional methods of chem-
istry, biochemistry, cell biology, immunology, and recom-
binant DNA techniques which are explained in the literature
in the field (cf, e.g., Molecular Cloning: A Laboratory
Manual, 2" Edition, J. Sambrook et al. eds., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor 1989).
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[0067] Throughout this specification and the claims which
follow, unless the context requires otherwise, the word
“comprise”, and variations such as “comprises” and “com-
prising”, will be understood to imply the inclusion of a
stated member, integer or step or group of members, integers
or steps but not the exclusion of any other member, integer
or step or group of members, integers or steps although in
some embodiments such other member, integer or step or
group of members, integers or steps may be excluded, i.e.
the subject-matter consists in the inclusion of a stated
member, integer or step or group of members, integers or
steps. The terms “a” and “an” and “the” and similar refer-
ence used in the context of describing the invention (espe-
cially in the context of the claims) are to be construed to
cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. Recita-
tion of ranges of values herein is merely intended to serve as
a shorthand method of referring individually to each sepa-
rate value falling within the range. Unless otherwise indi-
cated herein, each individual value is incorporated into the
specification as if it were individually recited herein. All
methods described herein can be performed in any suitable
order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as™), provided herein is
intended merely to better illustrate the invention and does
not pose a limitation on the scope of the invention otherwise
claimed. No language in the specification should be con-
strued as indicating any non-claimed element essential to the
practice of the invention.
[0068] Several documents are cited throughout the text of
this specification. Each of the documents cited herein (in-
cluding all patents, patent applications, scientific publica-
tions, manufacturer’s specifications, instructions, etc.),
whether supra or infra, are hereby incorporated by reference
in their entirety. Nothing herein is to be construed as an
admission that the invention is not entitled to antedate such
disclosure by virtue of prior invention.
[0069] The present invention provides an aqueous formu-
lation comprising
[0070] at least one lipid having one or more bonds

selected from the group consisting of ester bonds,

thioester bonds and amide bonds, preferably ester

bonds, and

[0071] at least one pH adjusting agent,

[0072] wherein the aqueous formulation has a pH of
between 2 and 5.5.
[0073] The aqueous formulation in accordance with the
present invention (which may also be referred to as aqueous
lipid dispersion) is characterized by an increased chemical
stability, more particularly by an increased chemical stabil-
ity of the at least one lipid having one or more bonds selected
from the group consisting of ester bonds, thioester bonds and
amide bonds, preferably ester bonds. In one embodiment,
the hydrolysis rate of the at least one lipid having one or
more bonds selected from the group consisting of ester
bonds, thioester bonds and amide bonds, preferably ester
bonds, is reduced as compared to its hydrolysis rate at a pH
of between 6 and 7. In one embodiment, the hydrolysis rate
is reduced by at least factor 1.5, preferably by at least factor
2, more preferably by at least factor 3, even more preferably
by at least factor 4.
[0074] In one embodiment, the aqueous formulation has a
pH of between 2 and 5, preferably of between 2.5 and 5,
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more preferably of between 3 and 4.5, more preferably of
between 3 and 4, and even more preferably of between 3.5
and 4. In a thither preferred embodiment, the aqueous
formulation has a pH of between 3.1 and 3.9.

[0075] The term “lipid”, as used herein, is meant to refer
to an amphiphilic molecule comprising a hydrophilic moiety
(e.g., a polar headgroup) and a lipophilic or hydrophobic
moiety. The lipophilic or hydrophobic moiety may comprise
at least one branched or linear, saturated or unsaturated fatty
acid moiety or a derivative or analogue thereof (e.g., a
fluorocarbon). A fatty acid moiety essentially consists of a
hydrocarbon moiety/chain, particularly an acyl chain. Pref-
erably, the fatty acid moiety or derivative or analogue
thereof has a length of 10 to 30, more preferably 12 to 25,
even more preferably 14 to 22 carbon atoms. In case the lipid
comprises more than one, e.g. two or three, fatty acid
moieties or derivatives or analogues thereof, these fatty acid
moieties or derivatives or analogues thereof may be the
same or different. The term “lipid” comprises cationic lipids
and non-cationic lipids, i.e. neutral or anionic lipids. Lipids
may include phospholipids or derivatives thereof, glycero-
lipids or derivatives thereof, sphingolipids (e.g., sphingo-
myelin) or derivatives thereof, or sterol lipids (e.g., choles-
terol) or derivatives thereof. Glycerolipids are composed of
glycerols that are mono-, di- or tri-substituted with fatty acid
moieties. The phospholipids, whose hydrophilic moiety
comprises a phosphate group, may be glycerophospholipids.
Preferably, the lipids used in accordance with the present
invention are bilayer-forming lipids. Lipids may also be
functionalized/modified, e.g., with (oligo)peptides, poly-
mers (e.g., PEG) or other functional groups. In an aqueous
medium, lipids may further be supramolecularly organized,
e.g., in the form of lipid-based particles or lyotropic phases,
such as liposomes, lamellar phases, hexagonal and inverse
hexagonal phases, cubic phases, micelles and reverse
micelles composed of monolayers. The stabilization effect
according to the present invention applies to all types of
supramolecular lipid organization. Preferably, the lipids
used in accordance with the present invention are pharma-
ceutically acceptable, e.g., suitable as excipients, as com-
ponents for drug delivery formulations and/or for use in the
transfection of nucleic acids into cells.

[0076] If the present disclosure refers to a charge such as
a positive charge, negative charge or neutral charge or to a
cationic compound, negative compound or neutral com-
pound this generally means that the charge mentioned is
present at a selected pH, such as a physiological pH. For
example, the term “cationic lipid” refers to a lipid having a
positive net charge at a selected pH, such as a physiological
pH. The term “neutral lipid” refers to a lipid having no
positive or negative net charge, which can be present in the
form of a non-charge molecule or a neutral amphoteric (or
zwitterionic) molecule at a selected pH, such as a physi-
ological pH. By “physiological pH” herein is meant a pH of
between 6 and 8, preferably of between 6.5 and 8, more
preferably of about 7.5.

[0077] A cationic lipid preferably comprises a cationic
headgroup. The polar headgroup of the cationic lipids pref-
erably comprises amine derivatives such as primary, sec-
ondary, and/or tertiary amines, quaternary ammonium, vari-
ous combinations of amines, amidinium salts, or guanidine
and/or imidazole groups as well as pyridinium, piperizine
and amino acid headgroups such as lysine, arginine, orni-
thine and/or tryptophan. More preferably, the polar head-
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group of the cationic lipid comprises amine derivatives.
Most preferably, the polar headgroup of the cationic lipid
comprises a quaternary ammonium. The headgroup of the
cationic lipid may comprise a single cationic charge or
multiple cationic charges.

[0078] An anionic lipid preferably comprises an anionic
headgroup, such as a phosphate group. The headgroup of the
anionic lipid may comprise a single anionic charge or
multiple anionic charges.

[0079] In one embodiment, at least one of the lipids
present in the aqueous formulation is a cationic lipid,
preferably a cationic lipid as defined herein.

[0080] In one embodiment, the overall net charge of the
lipids present in the aqueous formulation is positive.
[0081] The term “overall net charge”, as used herein, is
meant to refer to the sum of the net charges of all lipids
present in the aqueous formulation.

[0082] In one embodiment, the at least one lipid having
one or more bonds selected from the group consisting of
ester bonds, thioester bonds and amide bonds comprises a
glycerolipid and/or a glycerophospholipid.

[0083] In one embodiment, the at least one lipid having
one or more bonds selected from the group consisting of
ester bonds, thioester bonds and amide bonds is a glycero-
lipid. In another embodiment, the at least one lipid having
one or more bonds selected from the group consisting of
ester bonds, thioester bonds and amide bonds is a glycero-
phospholipid. In yet another embodiment, the aqueous for-
mulation comprises at least two lipids having one or more
bonds selected from the group consisting of ester bonds,
thioester bonds and amide bonds, wherein the at least two
lipids comprise a glycerolipid and a glycerophospholipid.
[0084] In one embodiment, the at least one lipid having
one or more bonds selected from the group consisting of
ester bonds, thioester bonds and amide bonds comprises a
cationic lipid and/or a non-cationic lipid.

[0085] In one embodiment, the at least one lipid having
one or more bonds selected from the group consisting of
ester bonds, thioester bonds and amide bonds is a cationic
lipid. In another embodiment, the at least one lipid having
one or more bonds selected from the group consisting of
ester bonds, thioester bonds and amide bonds is a non-
cationic lipid. In yet another embodiment, the aqueous
formulation comprises at least two lipids having one or more
bonds selected from the group consisting of ester bonds,
thioester bonds and amide bonds, wherein the at least two
lipids comprise a cationic lipid and a non-cationic lipid.
[0086] In one embodiment, the cationic lipid is selected
from the group consisting of 1,2-dioleoyl-3-trimethylammo-
niumpropane (DOTAP), 1,2-dioleoyloxy-3-dimethylammo-
niumpropane (DODAP) and analogues of these molecules
having a different composition of the acyl chain moiety.
[0087] In one embodiment, the non-cationic lipid is a
neutral lipid, wherein, preferably, the neutral lipid is selected
from the group consisting of 1,2-di-(9Z-octadecenoyl)-sn-
glycero-3-phosphoethanolamine (DOPE), 1,2-dioleoyl-sn-
glycero-3-phosphocholine (DOPC), phosphatidylcholine
(PC) and dimyristoyl phosphatidylcholine (DMPC).

[0088] In one embodiment, the non-cationic lipid is an
anionic lipid, wherein, preferably, the anionic lipid is
selected from the group consisting of phosphatidylserine
(PS), phosphatidylinositol (PI), phosphatidic acid (PA),
phosphatidylglyerol (PG) and dimyristoyl phosphatidylgly-
erol (DMPG).
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[0089] In one embodiment, the aqueous formulation fur-
ther comprises at least one lipid not having any ester bonds,
thioester bonds or amide bonds. In one embodiment, the
aqueous formulation further comprises at least one lipid not
having any ester bonds.

[0090] In one embodiment, the at least one lipid not
having any ester bonds, thioester bonds or amide bonds
comprises a glycerolipid and/or a glycerophospholipid.
[0091] In one embodiment, the at least one lipid not
having any ester bonds, thioester bonds or amide bonds is a
glycerolipid. In another embodiment, the at least one lipid
not having any ester bonds, thioester bonds or amide bonds
is a glycerophospholipid. In yet another embodiment, the
aqueous formulation comprises at least two lipids not having
any ester bonds, thioester bonds or amide bonds, wherein the
at least two lipids comprise a glycerolipid and a glycero-
phospholipid.

[0092] In one embodiment, the at least one lipid not
having any ester bonds, thioester bonds or amide bonds
comprises a cationic lipid and/or a non-cationic lipid.
[0093] In one embodiment, the at least one lipid not
having any ester bonds, thioester bonds or amide bonds is a
cationic lipid. In another embodiment, the at least one lipid
not having any ester bonds, thioester bonds or amide bonds
is a non-cationic lipid. In yet another embodiment, the
aqueous formulation comprises at least two lipids not having
any ester bonds, thioester bonds or amide bonds, wherein the
at least two lipids comprise a cationic lipid and a non-
cationic lipid.

[0094] In one embodiment, the cationic lipid is selected
from the group consisting of 1,2-di-O-octadecenyl-3-trim-
ethylammoniumpropane (DOTMA), 1,2-dioleyloxy-N,N-
dimethylaminopropane (DODMA), dioctadecyldi-methyl-
ammonium (DODA(Br)/DDAB),
dioctadecyldimethylammoniumchloride (DODAC), 1,2-
dimyristoyloxypropyl-1,3-dimethylhydroxyethylammo-
nium (DMRIE), 2,3-dioleoyloxy-N-[2(spermine carboxam-
ide)ethyl]-N,N-dimethyl-1-propanamium trifluoroacetate
(DOSPA) analogues of these molecules having a different
composition of the acyl chain moiety.

[0095] In one embodiment, the non-cationic lipid is a
neutral lipid, wherein, preferably, the neutral lipid is selected
from the group consisting of cholesterol (Chol) and sphin-
gomyelin (SM).

[0096] In one embodiment, the non-cationic lipid is an
anionic lipid.
[0097] In one embodiment, the aqueous formulation com-

prises at least one cationic lipid and at least one non-cationic
lipid, preferably at least one cationic lipid and at least one
neutral lipid.

[0098] In one embodiment, the aqueous formulation com-
prises DOTMA and DOPE. In another embodiment, the
aqueous formulation comprises DOTAP and DOPE.

[0099] In one embodiment, the non-cationic, i.e. neutral or
anionic, preferably neutral, lipid functions as a “helper
lipid”. The term “helper lipid” refers to a lipid capable of
increasing the effectiveness of delivery of lipid-based par-
ticles (e.g., liposomes) to a target, preferably into a cell.
[0100] In one embodiment, the molar ratio of the at least
one cationic lipid to the at least one non-cationic lipid is
from 4:1 to 1:4, preferably from 1:2 to 4:1.

[0101] In one embodiment, the molar fraction of the at
least one cationic lipid with respect to total lipid is at least
5%, preferably at least 10%, more preferably at least 20%.
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[0102] The term “pH adjusting agent”, as used herein, is
meant to refer to any pH-active agent that can be used to
modify the pH value of an (aqueous) solution and includes
acidifying and alkalizing agents. Acidifying agents are used
to lower the pH, whereas alkalizing agents are used to
increase the pH. Preferably, the pH adjusting agent in
accordance with the present invention is an acidifying agent.
[0103] In one embodiment, the at least one pH adjusting
agent comprises an acid and/or an acidic buffer.

[0104] In one embodiment, the acid is a linear, branched
or cyclic C,-C,gq, preferably C,-C,,, carboxylic acid.
[0105] In one embodiment, the acid is selected from the
group consisting of acetic acid, ascorbic acid, citric acid,
hydrochloric acid, phosphoric acid, branched or unbranched,
saturated, monounsaturated or polyunsaturated C,,-C, fatty
acids, preferably C,,-C,, fatty acids (e.g. oleic acid).
[0106] Inoneembodiment, the acidic buffer is based on an
acid as defined above.

[0107] In one embodiment, the acidic buffer is selected
from the group consisting of acetate buffer, citrate buffer,
phosphate buffer and carbonate buffer.

[0108] In one embodiment, the at least one pH adjusting
agent comprises acetic acid and/or acetate buffer.

[0109] In one embodiment, the at least one pH adjusting
agent is present in an amount such that the molar ratio of
total lipid to the at least one pH adjusting agent does not
exceed 100:1.

[0110] In one embodiment, the at least one pH adjusting
agent is present in an amount such that the molar ratio of
total lipid to the at least one pH adjusting agent is from 10:1
to 1:10, preferably from 5:1 to 1:5, more preferably from 2:1
to 1:2, more preferably from 1.5:1 to 1:1.5, even more
preferably about 1:1.

[0111] In one embodiment, the at least one pH adjusting
agent is present at a concentration of 1 mM to 10 mM.
[0112] In one embodiment, the lipids present in the aque-
ous formulation form lipid-based particles, such as lipo-
somes. Accordingly, in one embodiment, the aqueous for-
mulation is an aqueous liposome dispersion. In one
embodiment, the overall net charge of the lipids forming the
liposomes is positive. In one embodiment, the liposomes are
cationic liposomes.

[0113] The term “liposome”, as used herein, is meant to
refer to a microscopic lipidic vesicle often having one or
more bilayers of a vesicle-forming lipid, such as a phos-
pholipid, and being capable of encapsulating a drug. Dif-
ferent types of liposomes may be employed in the context of
the present invention, including, without being limited
thereto, multilamellar vesicles (MLV), small unilamellar
vesicles (SUV), large unilamellar vesicles (LUV), sterically
stabilized liposomes (SSL), multivesicular vesicles (MV),
and large multivesicular vesicles (LMV) as well as other
bilayered forms known in the art. The size and lamellarity of
the liposome will depend on the manner of preparation. In
one embodiment, the liposomes have an average diameter in
the range of from about 50 nm to about 1000 nm, preferably
from about 100 nm to about 800 nm, preferably about 200
nm to about 600 nm, such as about 300 nm to about 500 nm.
[0114] Liposomes may be formed using standard methods,
such as the reverse evaporation method (REV), the ethanol
injection method, the dehydration-rehydration method
(DRV), sonication or other suitable methods. Preferably,
liposomes are formed using the ethanol injection method.
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[0115] The term “ethanol injection method” refers to a
process, in which an ethanol solution comprising lipids is
rapidly dropped into an aqueous solution through a needle.
This action disperses the lipids throughout the solution and
promotes lipid-particle formation, such as liposome forma-
tion.

[0116] In one embodiment, the at least one pH adjusting
agent is associated with the lipid-based particles, preferably
liposomes. According to the present invention, the term
“associated with” means that the pH adjusting agent is
bound to or forms part of the lipid-based particles, prefer-
ably liposomes, e.g., by being incorporated/inserted into the
lipid bilayer membrane. In one embodiment, the pH adjust-
ing agent being associated with the liposomes is a carboxylic
acid, preferably a carboxylic acid as defined above. In one
embodiment, the carboxylic acid is a branched or
unbranched C,,-C,g, preferably C,,-C,,, carboxylic acid. In
one embodiment, the carboxylic acid is a branched or
unbranched, saturated, monounsaturated or polyunsaturated
C,,-C,q fatty acid, preferably C,,-C,, fatty acid (e.g., oleic
acid). In one embodiment, the lipid-based particles, prefer-
ably liposomes comprise 1 to 10% of the pH adjusting agent.

[0117] In one embodiment, the lipid-based particles, pref-
erably liposomes comprise (e.g., encapsulate) a pharmaceu-
tically active compound, wherein, preferably, the pharma-
ceutically active compound comprises a nucleic acid,
preferably DNA or RNA.

[0118] The present invention also provides a method of
preparing an aqueous formulation as defined above, the
method comprising

[0119] forming the liposomes in an aqueous solution
comprising the at least one pH adjusting agent and
having a pH of between 2 and 5.5 or

[0120] adding the at least one pH adjusting agent to an
aqueous solution comprising liposomes in order to
adjust the pH of the aqueous solution to a pH of
between 2 and 5.5.

[0121] The present invention also provides a kit compris-
ing an aqueous formulation as defined above.

[0122] In one embodiment, the kit further comprises, in a
separate container, a pharmaceutically active compound,
wherein, preferably, the pharmaceutically active compound
comprises a nucleic acid, preferably DNA or RNA.

[0123] In one embodiment, the nucleic acid is provided in
a buffered solution having a pH of between 6 and 8. Suitable
buffer substances for use in such buffered solutions include
Tris, HEPES, MOPS and MES.

[0124] As used herein, the term “kit” refers to an article of
manufacture comprising one or more containers and, option-
ally, a data carrier. Said one or more containers may be filled
with one or more of the above mentioned means or reagents.
Additional containers may be included in the kit that con-
tain, e.g., diluents, buffers and further reagents. Said data
carrier may be a non-electronic data carrier, e.g., a graphical
data carrier such as an information leaflet, an information
sheet, a bar code or an access code, or an electronic data
carrier such as a floppy disk, a compact disk (CD), a digital
versatile disk (DVD), a microchip or another semiconduc-
tor-based electronic data carrier. The access code may allow
the access to a database, e.g., an interne database, a central-
ized, or a decentralized database. Said data carrier may
comprise instructions for the use of the kit in the methods of
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the invention. In addition, the data carrier may comprise
information or instructions on how to carry out the methods
of the present invention.

[0125] The term “pharmaceutically active compound” (or
“therapeutic agent™), as used herein, refers to any compound
which has a positive or advantageous effect on the condition
or disease state of a subject when administered to the subject
in a therapeutically effective amount. Preferably, a pharma-
ceutically active compound has curative or palliative prop-
erties and may be administered to ameliorate, relieve, alle-
viate, reverse, delay onset of or lessen the severity of one or
more symptoms of a disease or disorder. A pharmaceutically
active compound may have prophylactic properties and may
be used to delay the onset of a disease or to lessen the
severity of such disease or pathological condition.

[0126] Pharmaceutically active compounds include phar-
maceutically active peptides or proteins, pharmaceutically
active nucleic acids, e.g., DNA or RNA, and other pharma-
ceutically active organic or inorganic molecules, e.g., small
molecule compounds (i.e. bioactive organic compounds
with a molecular weight of less than 900 Daltons).

[0127] The term “peptide”, as used herein, comprises
naturally or non-naturally occurring oligo- and polypeptides
and refers to substances comprising two or more, preferably
3 or more, preferably 4 or more, preferably 6 or more,
preferably 8 or more, preferably 10 or more, preferably 13
or more, preferably 16 more, preferably 21 or more and up
to preferably 8, 10, 20, 30, 40 or 50, in particular 100 amino
acids (e.g., 10 to 100, 10 to 50, 10 to 40, 20 to 100, 20 to 50
or 20 to 40 amino acids) joined covalently by peptide bonds.
The term “protein” preferentially refers to large peptides,
preferably to peptides with more than 100 amino acid
residues, but in general the terms “peptide” and “protein” are
synonyms and are used interchangeably herein.

[0128] The term “pharmaceutically active peptide or pro-
tein” includes entire proteins or polypeptides, and can also
refer to pharmaceutically active fragments thereof. It can
also include pharmaceutically active analogs of a peptide or
protein. The term “pharmaceutically active peptide or pro-
tein” further includes peptides and proteins that are antigens,
i.e., administration of the peptide or protein to a subject
elicits an immune response in a subject which may be
therapeutic or partially or fully protective.

[0129] Examples of pharmaceutically active proteins
include, but are not limited to, cytokines and immune system
proteins such as immunologically active compounds (e.g.,
interleukins, colony stimulating factor (CSF), granulocyte
colony stimulating factor (G-CSF), granulocyte-macro-
phage colony stimulating factor (GM-CSF), erythropoietin,
tumor necrosis factor (TNF), interferons, integrins,
addressins, seletins, homing receptors, T cell receptors,
immunoglobulins, soluble major histocompatibility com-
plex antigens, immunologically active antigens such as
bacterial, parasitic, or viral antigens, allergens, autoantigens,
antibodies), hormones (insulin, thyroid hormone, cat-
echolamines, gonadotrophines, trophic hormones, prolactin,
oxytocin, dopamine, bovine somatotropin, leptins and the
like), growth hormones (e.g., human grown hormone),
growth factors (e.g., epidermal growth factor, nerve growth
factor, insulin-like growth factor and the like), growth factor
receptors, enzymes (tissue plasminogen activator, streptoki-
nase, cholesterol biosynthetic or degradative, steriodogenic
enzymes, kinases, phosphodiesterases, methylases,
de-methylases, dehydrogenases, cellulases, proteases,
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lipases, phospholipases, aromatases, cytochromes,
adenylate or guanylaste cyclases, neuramidases and the
like), receptors (steroid hormone receptors, peptide recep-
tors), binding proteins (growth hormone or growth factor
binding proteins and the like), transcription and translation
factors, tumor growth suppressing proteins (e.g., proteins
which inhibit angiogenesis), structural proteins (such as
collagen, fibroin, fibrinogen, elastin, tubulin, actin, and
myosin), blood proteins (thrombin, serum albumin, Factor
VII, Factor VIII, insulin, Factor IX, Factor X, tissue plas-
minogen activator, protein C, von Wilebrand factor, anti-
thrombin III, glucocerebrosidase, erythropoietin granulo-
cyte colony stimulating factor (GCSF) or modified Factor
VIII, anticoagulants and the like.

[0130] In one embodiment, the pharmaceutically active
protein according to the invention is a cytokine which is
involved in regulating lymphoid homeostasis, preferably a
cytokine which is involved in and preferably induces or
enhances development, priming, expansion, differentiation
and/or survival of T cells. In one embodiment, the cytokine
is an interleukin. In one embodiment, the pharmaceutically
active protein according to the invention is an interleukin
selected from the group consisting of IL-2, IL-7, IL-12,
IL-15, and IL-21.

[0131] The term “immunologically active compound”
relates to any compound altering an immune response,
preferably by inducing and/or suppressing maturation of
immune cells, inducing and/or suppressing cytokine biosyn-
thesis, and/or altering humoral immunity by stimulating
antibody production by B cells. Immunologically active
compounds possess potent immunostimulating activity
including, but not limited to, antiviral and antitumor activity,
and can also down-regulate other aspects of the immune
response, for example shifting the immune response away
from a TH2 immune response, which is useful for treating a
wide range of TH2 mediated diseases. Immunologically
active compounds can be useful as vaccine adjuvants.

[0132] A nucleic acid is according to the invention pref-
erably deoxyribonucleic acid (DNA) or ribonucleic acid
(RNA), more preferably RNA, most preferably in vitro
transcribed RNA (IVT RNA) or synthetic RNA. Nucleic
acids include according to the invention genomic DNA,
cDNA, mRNA, recombinantly produced and chemically
synthesized molecules. A nucleic acid may according to the
invention be in the form of a molecule which is single
stranded or double stranded and linear or closed covalently
to form a circle.

[0133] Nucleic acids may also be comprised in a vector.
The term “vector” as used herein includes any vectors
known to the skilled person including plasmid vectors,
cosmid vectors, phage vectors such as lambda phage, viral
vectors such as adenoviral or baculoviral vectors, or artificial
chromosome vectors such as bacterial artificial chromo-
somes (BAC), yeast artificial chromosomes (YAC), or P1
artificial chromosomes (PAC). Said vectors include expres-
sion as well as cloning vectors: Expression vectors comprise
plasmids as well as viral vectors and generally contain a
desired coding sequence and appropriate DNA sequences
necessary for the expression of the operably linked coding
sequence in a particular host organism (e.g., bacteria, yeast,
plant, insect, or mammal) or in in vitro expression systems.
Cloning vectors are generally used to engineer and amplify
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a certain desired DNA fragment and may lack functional
sequences needed for expression of the desired DNA frag-
ments.

[0134] In the context of the present invention, the term
“DNA” relates to a molecule which comprises deoxyribo-
nucleotide residues and preferably is entirely or substantially
composed of deoxyribonucleotide residues. “Deoxyribo-
nucleotide” relates to a nucleotide which lacks a hydroxyl
group at the 2'-position of a f-D-ribofuranosyl group. The
term “DNA” comprises isolated DNA such as partially or
completely purified DNA, essentially pure DNA, synthetic
DNA, and recombinantly generated DNA and includes
modified DNA which differs from naturally occurring DNA
by addition, deletion, substitution and/or alteration of one or
more nucleotides. Such alterations can include addition of
non-nucleotide material, such as to the end(s) of a DNA or
internally, for example at one or more nucleotides of the
DNA. Nucleotides in DNA molecules can also comprise
non-standard nucleotides, such as non-naturally occurring
nucleotides or chemically synthesized nucleotides. These
altered DNAs can be referred to as analogs or analogs of
naturally-occurring DNA.

[0135] In the context of the present invention, the term
“RNA” relates to a molecule which comprises ribonucle-
otide residues and preferably is entirely or substantially
composed of ribonucleotide residues. “Ribonucleotide”
relates to a nucleotide with a hydroxyl group at the 2'-po-
sition of a -D-ribofuranosyl group. The term “RNA” com-
prises isolated RNA such as partially or completely purified
RNA, essentially pure RNA, synthetic RNA, and recombi-
nantly generated RNA and includes modified RNA which
differs from naturally occurring RNA by addition, deletion,
substitution and/or alteration of one or more nucleotides.
Such alterations can include addition of non-nucleotide
material, such as to the end(s) of a RNA or internally, for
example at one or more nucleotides of the RN A. Nucleotides
in RNA molecules can also comprise non-standard nucleo-
tides, such as non-naturally occurring nucleotides or chemi-
cally synthesized nucleotides or deoxynucleotides. These
altered RNAs can be referred to as analogs or analogs of
naturally-occurring RNA.

[0136] The term “pharmaceutically active nucleic acid” is
meant to refer to nucleic acids having biological activities,
such as protein expression, interference with gene expres-
sion, or immunostimulation. Such nucleic acids are, there-
fore, useful for interfering with gene expression (e.g., anti-
sense RNA or siRNA), modifying protein activities (e.g.,
DNA aptamers or RNA aptamers) or activate immunity
(e.g., iSRNA or DNA vaccines or mRNA vaccines). A
“pharmaceutically active nucleic” may also be a nucleic acid
that encodes a pharmaceutically active peptide or protein or
is pharmaceutically active on its own, e.g., it has one or more
pharmaceutical activities such as those described for phar-
maceutically active proteins.

[0137] According to the invention, the term “nucleic acid
encoding a peptide or protein” means that the nucleic acid,
if present in the appropriate environment, preferably within
a cell, can direct the assembly of amino acids to produce the
peptide or protein during the process of translation. Prefer-
ably, nucleic acids according to the invention are able to
interact with the cellular translation machinery allowing
translation of the peptide or protein.
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[0138] In one embodiment, the nucleic acid is RNA.
[0139] According to the invention, “RNA” refers to
single-stranded RNA or double stranded RNA and includes
messenger RNA (mRNA), transfer RNA (tRNA), ribosomic
RNA (rRNA), small nuclear RNA (snRNA), small inhibitory
RNA (siRNA), small hairpin RNA (shRNA), microRNA
(miRNA), antisense RNA, immunostimulating RNA (is-
RNA) and RNA aptamers. In a preferred embodiment, the
RNA is selected from the group consisting of mRNA,
siRNA, shRNA, miRNA, antisense RNA, isSRNA and RNA
aptamers.

[0140] The RNA may contain self-complementary
sequences that allow parts of the RNA to fold and pair with
itself to form double helices. According to the invention
preferred as RNA are synthetic oligonucleotides of 6 to 100,
preferably 10 to 50, in particular 15 to 30 or 15 to 20
nucleotides or messenger RNA (mRNA) of more than 50
nucleotides, preferably of 50 to 10,000, preferably 100 to
5000, in particular 200 to 3000 nucleotides.

[0141] According to the present invention, the term “mes-
senger RNA (mRNA)” relates to a “transcript” which may
be generated by using a DNA template and may encode a
peptide or protein. Typically, an mRNA comprises a 5'-un-
translated region, a protein coding region, and a 3'-untrans-
lated region. In the context of the present invention, mRNA
may be generated by in vitro transcription from a DNA
template. The in vitro transcription methodology is known to
the skilled person. For example, there is a variety of in vitro
transcription kits commercially available.

[0142] According to the present invention, the term “small
inhibitory RNA (siRNA)” relates to double stranded short
(typically 19-23, preferably 21 nucleotides in length) oligo-
nucleotides that can be used to induce the destruction of a
target mRNA through the recognition of the target by one
strand of the siRNA, a mechanism referred to as RNA
interference (RNAI).

[0143] The term “small hairpin RNA (shRNA)” relates to
a sequence of RNA that makes a tight hairpin turn and can
be used to silence target gene expression via RNAI.
[0144] The terms “microRNA” or “miRNA” relate to a
small non-coding RNA molecule (typically 19-25 nucleo-
tides in length), which functions in transcriptional and
post-transcriptional regulation of gene expression.

[0145] According to the present invention, the term “anti-
sense RNA” relates to a single stranded RNA, usually a
synthetic oligonucleotide that is designed to base-pair with
a targeted cellular mRNA, thereby inhibiting physically the
process of translation and eventually inducing destruction of
the targeted mRNA.

[0146] According to the present invention, “immunos-
timulating RNA (isRNA)” relates to RNA that can activate
innate immune receptors, such as, for example, the endo-
plasmic TLR-3, 7 and 8 or the cytosolic protein RIG-1. In
one embodiment, the isSRNA comprises one or more uridine
(U) nucleotides.

[0147] According to the present invention, the term “RNA
aptamer” relates to RNA that through its precise three
dimensional structure can be used as an antibody, i.e., made
to bind specifically to determined structures and thereby
activate or block biological mechanisms.

[0148] According to the invention, the RNA may be
modified. For example, RNA may be stabilized by one or
more modifications having stabilizing effects on RNA.
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[0149] The term “modification” in the context of RNA as
used according to the present invention includes any modi-
fication of RNA which is not naturally present in said RNA.
[0150] In one embodiment of the invention, the RNA used
according to the invention does not have uncapped
S'-triphosphates. Removal of such uncapped 5'-triphos-
phates can be achieved by treating RNA with a phosphatase.
[0151] The RNA according to the invention may have
modified naturally occurring or non-naturally occurring
(synthetic) ribonucleotides in order to increase its stability
and/or decrease cytotoxicity and/or modulate its immunos-
timulating potential. For example, in one embodiment, in the
RNA used according to the invention uridine is substituted
partially or completely, preferably completely, by pseudou-
ridine.

[0152] Inone embodiment, the term “modification” relates
to providing a RNA with a 5'-cap or 5'-cap analog. The term
“S'-cap” refers to a cap structure found on the 5'-end of an
mRNA molecule and generally consists of a guanosine
nucleotide connected to the mRNA via an unusual 5' to §'
triphosphate linkage. In one embodiment, this guanosine is
methylated at the 7-position. The term “conventional 5'-cap”
refers to a naturally occurring RNA 5'-cap, preferably to the
7-methylguanosine cap (m’G). In the context of the present
invention, the term “5'-cap” includes a 5'-cap analog that
resembles the RNA cap structure and is modified to possess
the ability to stabilize RNA if attached thereto, preferably in
vivo and/or in a cell. Providing an RNA with a 5'-cap or
5'-cap analog may be achieved by in vitro transcription of a
DNA template in the presence of said 5'-cap or 5'-cap
analog, wherein said 5'-cap is co-transcriptionally incorpo-
rated into the generated RNA strand, or the RNA may be
generated, for example, by in vitro transcription, and the
5'-cap may be generated post-transcriptionally using cap-
ping enzymes, for example, capping enzymes of vaccinia
virus.

[0153] The RNA may comprise further modifications. For
example, a modification of mRNA used in the present
invention may be an extension or truncation of the naturally
occurring poly(A) tail.

[0154] The term “stability” of RNA relates to the “half-
life” of RNA. “Half-life” relates to the period of time which
is needed to eliminate half of the activity, amount, or number
of molecules. In the context of the present invention, the
half-life of a RNA is indicative for the stability of said RNA.
[0155] If, according to the present invention, it is desired
to decrease stability of RNA, it is also possible to modify
RNA so as to interfere with the function of elements as
described above increasing the stability of RNA.

[0156] According to the present invention, RNA may be
obtained by chemical synthesis or by in vitro transcription of
an appropriate DNA template. In the context of the present
invention, the term “transcription” relates to a process,
wherein the genetic code in a DNA sequence is transcribed
into RNA. Subsequently, the RNA may be translated into
protein. According to the present invention, the term “tran-
scription” comprises “in vitro transcription”, wherein the
term “in vitro transcription” relates to a process wherein
RNA, in particular mRNA, is in vitro synthesized in a
cell-free system, preferably using appropriate cell extracts.
Preferably, cloning vectors are applied for the generation of
transcripts. These cloning vectors are generally designated
as transcription vectors and are according to the present
invention encompassed by the term “vector”. The promoter
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for controlling transcription can be any promoter for any
RNA polymerase. Particular examples of RNA polymerases
are the T7, T3, and SP6 RNA polymerases. A DNA template
for in vitro transcription may be obtained by cloning of a
nucleic acid, in particular cDNA, and introducing it into an
appropriate vector for in vitro transcription. The cDNA may
be obtained by reverse transcription of RNA. Preferably,
cloning vectors are used for producing transcripts which
generally are designated transcription vectors.

[0157] The term “translation” according to the invention
relates to the process in the ribosomes of a cell by which a
strand of messenger RNA directs the assembly of a sequence
of amino acids to make a peptide or protein.

[0158] The term “inhibition of gene expression” relates to
a process, wherein RNA oligonucleotides (e.g., single
stranded antisense or double stranded siRNA) can be used to
bind specific mRNA sequences inducing either the degra-
dation of the targeted mRNA and/or to the blockade of
translation.

[0159] In one embodiment the pharmaceutically active
compound is an antigen or a nucleic acid encoding an
antigen or a fragment thereof, e.g., a disease-associated
antigen.

[0160] The term “disease” refers to an abnormal condition
that affects the body of an individual. A disease is often
construed as a medical condition associated with specific
symptoms and signs. A disease may be caused by factors
originally from an external source, such as infectious dis-
ease, or it may be caused by internal dysfunctions, such as
autoimmune diseases.

[0161] According to the invention, the term “disease” also
refers to cancer diseases. The terms “cancer disease” or
“cancer” (medical term: malignant neoplasm) refer to a class
of diseases in which a group of cells display uncontrolled
growth (division beyond the normal limits), invasion (intru-
sion on and destruction of adjacent tissues), and sometimes
metastasis (spread to other locations in the body via lymph
or blood). These three malignant properties of cancers
differentiate them from benign tumors, which are self-
limited, and do not invade or metastasize. Most cancers form
a tumor, i.e. a swelling or lesion formed by an abnormal
growth of cells (called neoplastic cells or tumor cells), but
some, like leukemia, do not. Examples of cancers include,
but are not limited to, carcinoma, lymphoma, blastoma,
sarcoma, glioma and leukemia. More particularly, examples
of such cancers include bone cancer, blood cancer, lung
cancer, liver cancer, pancreatic cancer, skin cancer, cancer of
the head or neck, cutaneous or intraocular malignant mela-
noma, uterine cancer, ovarian cancer, rectal cancer, cancer of
the anal region, stomach cancer, colon cancer, breast cancer,
prostate cancer, uterine cancer, carcinoma of the sexual and
reproductive organs, Hodgkin’s disease, cancer of the
esophagus, cancer of the small intestine, cancer of the
endocrine system, cancer of the thyroid gland, cancer of the
parathyroid gland, cancer of the adrenal gland, sarcoma of
soft tissue, cancer of the bladder, cancer of the kidney, renal
cell carcinoma, carcinoma of the renal pelvis, neoplasms of
the central nervous system (CNS), neuroectodermal cancer,
spinal axis tumors, glioma, meningioma, and pituitary
adenoma. The term “cancer” according to the invention also
comprises cancer metastases.

[0162] Malignant melanoma is a serious type of skin
cancer. It is due to uncontrolled growth of pigment cells,
called melanocytes.
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[0163] According to the invention, a “carcinoma” is a
malignant tumor derived from epithelial cells. This group
represents the most common cancers, including the common
forms of breast, prostate, lung and colon cancer.

[0164] Lymphoma and leukemia are malignancies derived
from hematopoietic (blood-forming) cells.

[0165] A sarcoma is a cancer that arises from transformed
cells in one of a number of tissues that develop from
embryonic mesoderm. Thus, sarcomas include tumors of
hone, cartilage, fat, muscle, vascular, and hematopoietic
tissues.

[0166] Blastic tumor or blastoma is a tumor (usually
malignant) which resembles an immature or embryonic
tissue. Many of these tumors are most common in children.
[0167] A glioma is a type of tumor that starts in the brain
or spine. It is called a glioma because it arises from glial
cells. The most common site of gliomas is the brain.
[0168] By “metastasis” is meant the spread of cancer cells
from its original site to another part of the body. The
formation of metastasis is a very complex process and
depends on detachment of malignant cells from the primary
tumor, invasion of the extracellular matrix, penetration of
the endothelial basement membranes to enter the body
cavity and vessels, and then, after being transported by the
blood, infiltration of target organs. Finally, the growth of a
new tumor, i.e. a secondary tumor or metastatic tumor, at the
target site depends on angiogenesis. Tumor metastasis often
occurs even after the removal of the primary tumor because
tumor cells or components may remain and develop meta-
static potential. In one embodiment, the term “metastasis”
according to the invention relates to “distant metastasis”
which relates to a metastasis which is remote from the
primary tumor and the regional lymph node system.
[0169] The term “infectious disease” refers to any disease
which can be transmitted from individual to individual or
from organism to organism, and is caused by a microbial
agent (e.g. common cold). Examples of infectious diseases
include viral infectious diseases, such as AIDS (HIV),
hepatitis A, B or C, herpes, herpes zoster (chicken-pox),
German measles (rubella virus), yellow fever, dengue etc.
flaviviruses, influenza viruses, hemorrhagic infectious dis-
eases (Marburg or Ebola viruses), and severe acute respira-
tory syndrome (SARS), bacterial infectious diseases, such as
Legionnaire’s disease (Legionella), sexually transmitted dis-
eases (e.g. chlamydia or gonorrhea), gastric ulcer (Helico-
bacter), cholera (Vibrio), tuberculosis, diphtheria, infections
by E. coli, Staphylococci, Salmonella or Streptococci (teta-
nus); infections by protozoan pathogens such as malaria,
sleeping sickness, leishmaniasis; toxoplasmosis, i.e. infec-
tions by Plasmodium, Trypanosoma, [.eishmania and Toxo-
plasma; or fungal infections, which are caused e.g. by
Cryptococcus neoformans, Histoplasma capsulatum, Coc-
cidioides immitis, Blastomyces dermatitidis or Candida albi-
cans.

[0170] The term “autoimmune disease” refers to any dis-
ease in which the body produces an immunogenic (i.e.
immune system) response to some constituent of its own
tissue. In other words, the immune system loses its ability to
recognize some tissue or system within the body as self and
targets and attacks it as if it were foreign. Autoimmune
diseases can be classified into those in which predominantly
one organ is affected (e.g. hemolytic anemia and anti-
immune thyroiditis), and those in which the autoimmune
disease process is diffused through many tissues (e.g. sys-
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temic lupus erythematosus). For example, multiple sclerosis
is thought to be caused by T cells attacking the sheaths that
surround the nerve fibers of the brain and spinal cord. This
results in loss of coordination, weakness, and blurred vision.
Autoimmune diseases are known in the art and include, for
instance, Hashimoto’s thyroiditis, Grave’s disease, lupus,
multiple sclerosis, rheumatic arthritis, hemolytic anemia,
anti-immune thyroiditis, systemic lupus erythematosus,
celiac disease, Crohn’s disease, colitis, diabetes, sclero-
derma, psoriasis, and the like.

[0171] The term “antigen” relates to an agent comprising
an epitope against which an immune response is to be
generated. The term “antigen” includes in particular pro-
teins, peptides, polysaccharides, nucleic acids, especially
RNA and DNA, and nucleotides. The term “antigen” also
includes agents, which become antigenic—and sensitiz-
ing—only through transformation (e.g. intermediately in the
molecule or by completion with body protein). An antigen is
preferably presentable by cells of the immune system such
as antigen presenting cells like dendritic cells or macro-
phages. In addition, an antigen or a processing product
thereof is preferably recognizable by a T or B cell receptor,
or by an immunoglobulin molecule such as an antibody. In
a preferred embodiment, the antigen is a disease-associated
antigen, such as a tumor-associated antigen, a viral antigen,
or a bacterial antigen.

[0172] The term “disease-associated antigen” is used in it
broadest sense to refer to any antigen associated with a
disease. A disease-associated antigen is a molecule which
contains epitopes that will stimulate a host’s immune system
to make a cellular antigen-specific immune response and/or
a humoral antibody response against the disease. The dis-
ease-associated antigen may therefore be used for therapeu-
tic purposes. Disease-associated antigens are preferably
associated with infection by microbes, typically microbial
antigens, or associated with cancer, typically tumors.
[0173] The term “disease involving an antigen” refers to
any disease which implicates an antigen, e.g. a disease
which is characterized by the presence of an antigen. The
disease involving an antigen can be an infectious disease, an
autoimmune disease, or a cancer disease or simply cancer.
As mentioned above, the antigen may be a disease-associ-
ated antigen, such as a tumor-associated antigen, a viral
antigen, or a bacterial antigen.

[0174] Inone embodiment, a disease-associated antigen is
a tumor-associated antigen. Preferably, the diseased organ or
tissue is characterized by diseased cells such as cancer cells
expressing a disease-associated antigen and/or being char-
acterized by association of a disease-associated antigen with
their surface. Immunization with intact or substantially
intact tumor-associated antigens or fragments thereof such
as MHC class 1 and class II peptides or nucleic acids, in
particular mRNA, encoding such antigen or fragment makes
it possible to elicit a MHC class 1 and/or a class II type
response and, thus, stimulate T cells such as CD8+ cytotoxic
T lymphocytes which are capable of lysing cancer cells
and/or CD4+ T cells. Such immunization may also elicit a
humoral immune response (B cell response) resulting in the
production of antibodies against the tumor-associated anti-
gen. Furthermore, antigen presenting cells (APC) such as
dendritic cells (DCs) can be loaded with MHC class [—pre-
sented peptides by transfection with nucleic acids encoding
tumor antigens in vitro and administered to a patient. In one
embodiment, the term “tumor-associated antigen” refers to a
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constituent of cancer cells which may be derived from the
cytoplasm, the cell surface and the cell nucleus. In particular,
it refers to those antigens which are produced, preferably in
large quantity, intracellularly or as surface antigens on tumor
cells. Examples for tumor antigens include HER2, EGFR,
VEGF, CAMPATHI-antigen, CD22, CA-125, HLA-DR,
Hodgkin-lymphoma or mucin-1, but are not limited thereto.

[0175] According to the present invention, a tumor-asso-
ciated antigen preferably comprises any antigen which is
characteristic for tumors or cancers as well as for tumor or
cancer cells with respect to type and/or expression level. In
one embodiment, the term “tumor-associated antigen”
relates to proteins that are under normal conditions, i.e. in a
healthy subject, specifically expressed in a limited number
of organs and/or tissues or in specific developmental stages,
for example, the tumor-associated antigen may be under
normal conditions specifically expressed in stomach tissue,
preferably in the gastric mucosa, in reproductive organs,
e.g., in testis, in trophoblastic tissue, e.g., in placenta, or in
germ line cells, and are expressed or aberrantly expressed in
one or more tumor or cancer tissues. In this context, “a
limited number” preferably means not more than 3, more
preferably not more than 2 or 1. The tumor-associated
antigens in the context of the present invention include, for
example, differentiation antigens, preferably cell type spe-
cific differentiation antigens, i.e., proteins that are under
normal conditions specifically expressed in a certain cell
type at a certain differentiation stage, cancer/testis antigens,
i.e., proteins that are under normal conditions specifically
expressed in testis and sometimes in placenta, and germ line
specific antigens. In the context of the present invention, the
tumor-associated antigen is preferably not or only rarely
expressed in normal tissues or is mutated in tumor cells.
Preferably, the tumor-associated antigen or the aberrant
expression of the tumor-associated antigen identifies cancer
cells. In the context of the present invention, the tumor-
associated antigen that is expressed by a cancer cell in a
subject, e.g., a patient suffering from a cancer disease, is
preferably a self-protein in said subject. In preferred
embodiments, the tumor-associated antigen in the context of
the present invention is expressed under normal conditions
specifically in a tissue or organ that is non-essential, i.e.,
tissues or organs which when damaged by the immune
system do not lead to death of the subject, or in organs or
structures of the body which are not or only hardly acces-
sible by the immune system. Preferably, a tumor-associated
antigen is presented in the context of MHC molecules by a
cancer cell in which it is expressed.

[0176] Examples for differentiation antigens which ideally
fulfill the criteria for tumor-associated antigens as contem-
plated by the present invention as target structures in tumor
immunotherapy, in particular, in tumor vaccination are the
cell surface proteins of the Claudin family, such as CLDN6
and CLDN18.2. These differentiation antigens are expressed
in tumors of various origins, and are particularly suited as
target structures in connection with antibody-mediated can-
cer immunotherapy due to their selective expression (no
expression in a toxicity relevant normal tissue) and local-
ization to the plasma membrane.

[0177] Further examples for antigens that may be useful in
the present invention are p53, ART-4, BAGE, beta-catenin/
m, Ber-abl, CAMEL, CAP-1, CASP-8, CDC27/m, CDK4/
m, CEA, CLAUDIN-12, ¢-MYC, CT, Cyp-B, DAM,
ELF2M, ETV6-AMLI1, G250, GAGE, GnT-V, Gapl00,
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HAGE, HER-2/neu, HPV-E7, HPV-E6, HAST-2, hTERT (or
hTRT), LAGE, LDLR/FUT, MAGE-A, preferably MAGE-
Al, MAGE-A2, MAGE-A3, MAGE-A4, MAGE-AS3,
MAGE-A6, MAGE-A7, MAGE-A8, MAGE-A9, MAGE-
A10, MAGE-AL1l, or MAGE-A12, MAGE-B, MAGE-C,
MART-1/Melan-A, MCI1R, Myosin/m, MUC1 , MUM-1, -2,
-3, NA88-A, NF1, NY-ESO-1, NY-BR-1, p190 minor BCR-
abl., Pm1/RARa, PRAME, proteinase 3, PSA, PSM, RAGE,
RUI1 or RU2, SAGE, SART-1 or SART-3, SCGB3A2, SCP1,
SCP2, SCP3, SSX, SURVIVIN, TEL/AMLI1, TPl/m, TRP-
1, TRP-2, TRP-2/INT2, TPTE and WT, preferably WT-1.
[0178] The term “viral antigen™ refers to any viral com-
ponent having antigenic properties, i.e. being able to pro-
voke an immune response in an individual. The viral antigen
may be a viral ribonucleoprotein or an envelope protein.
[0179] The term “bacterial antigen™ refers to any bacterial
component having antigenic properties, i.e. being able to
provoke an immune response in an individual. The bacterial
antigen may be derived from the cell wall or cytoplasm
membrane of the bacterium.
[0180] The term “immune response”, as used herein,
relates to a reaction of the immune system such as to
immunogenic organisms, such as bacteria or viruses, cells or
substances. The term “immune response” includes the innate
immune response and the adaptive immune response. Pref-
erably, the immune response is related to an activation of
immune cells, an induction of cytokine biosynthesis and/or
antibody production.
[0181] According to the present invention, the term “treat-
ment of a disease” includes curing, shortening the duration,
ameliorating, slowing down or inhibiting progression or
worsening of a disease or the symptoms thereof.
[0182] The term “immunotherapy” relates to a treatment
preferably involving a specific immune reaction and/or
immune effector function(s).
[0183] The term “immunization” or “vaccination”
describes the process of treating a subject for therapeutic or
prophylactic reasons.
[0184] The term “subject”, as used herein, preferably
relates to mammals. For example, mammals in the context
of the present invention are humans, non-human primates,
domesticated animals such as dogs, cats, sheep, cattle, goats,
pigs, horses etc., laboratory animals such as mice, rats,
rabbits, guinea pigs, etc. as well as animals in captivity, such
as animals of zoos. In a preferred embodiment, the subject
is a human.
[0185] The present invention also provides a method of
preparing a pharmaceutical composition, the method com-
prising

[0186] providing an aqueous formulation as defined

above; and
[0187] mixing the aqueous formulation with a pharma-
ceutically active compound.

[0188] In one embodiment, the pharmaceutically active
compound comprises a nucleic acid, wherein, preferably, the
nucleic acid is provided in a buffered solution having a pH
of between 6 and 8.
[0189] The present invention also provides a pharmaceu-
tical composition prepared by the method as defined above.
[0190] In one embodiment, the pharmaceutical composi-
tion comprises liposomes loaded with the pharmaceutically
active compound.
[0191] In one embodiment, the pharmaceutical composi-
tion comprises nucleic acid lipoplexes.
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[0192] The terms “nucleic acid lipoplex™ or “lipoplex”, as
used herein, refer to a complex of lipids and nucleic acids,
such as DNA or RNA, preferably RNA. Lipoplexes are
formed spontaneously when cationic lipids (e.g., in the form
of cationic liposomes, which often also include neutral
helper lipids), cationic polymers and other substances with
positive charges are mixed with nucleic acids, and have been
shown to deliver nucleic acids into cells. In one embodi-
ment, the lipoplexes have an average diameter in the range
of from about 50 nm to about 1000 nm, preferably from
about 100 nm to about 800 nm, preferably about 200 nm to
about 600 nm, such as about 300 nm to about 500 nm.
[0193] The average “diameter” or “size” of the lipid-based
particles (e.g., liposomes or lipoplexes) described herein is
generally the “design size” or intended size of the lipid-
based particles prepared according to an established process.
Size may be a directly measured dimension, such as average
or maximum diameter, or may be determined by an indirect
assay such as a filtration screening assay. Direct measure-
ment of particle size is typically carried out by dynamic light
scattering. Frequently, the results from dynamic light scat-
tering measurements are expressed in terms of Z,,,,, ... (a
measure for the average size) and the polydispersity index,
PI or PDI (a measure for the polydispersity). As minor
variations in size arise during the manufacturing process, a
variation up to 40% of the stated measurement is acceptable
and considered to be within the stated size. Alternatively,
size may be determined by filtration screening assays. For
example, a particle preparation is less than a stated size, if
at least 97% of the particles pass through a “screen-type”
filter of the stated size.

[0194] In one embodiment, the at least one pH adjusting
agent is associated with the liposomes and/or lipoplexes.
[0195] The pharmaceutical compositions of the invention
are preferably sterile and contain an effective amount of
lipids or lipid-based particles (e.g., liposomes or lipoplexes).
The pharmaceutically compositions may also comprise fur-
ther agents as discussed herein, such as an additional thera-
peutic agent or antigen. The pharmaceutical compositions of
the invention may further comprise one or more pharma-
ceutically acceptable carriers, diluents and/or excipients.
The pharmaceutical composition of the invention may fur-
ther comprise at least one adjuvant.

[0196] An “effective amount” refers to the amount which
achieves a desired reaction or a desired effect alone or
together with further doses. In the case of treatment of a
particular disease or of a particular condition, the desired
reaction preferably relates to inhibition of the course of the
disease. This comprises slowing down the progress of the
disease and, in particular, interrupting or reversing the
progress of the disease. The desired reaction in a treatment
of a disease or of a condition may also be delay of the onset
or a prevention of the onset of said disease or said condition.
An effective amount will depend on the condition to be
treated, the severeness of the disease, the individual param-
eters of the patient, including age, physiological condition,
size and weight, the duration of treatment, the type of an
accompanying therapy (if present), the specific route of
administration and similar factors. Accordingly, the doses
administered may depend on various of such parameters. In
the case that a reaction in a patient is insufficient with an
initial dose, higher doses (or effectively higher doses
achieved by a different, more localized route of administra-
tion) may be used.
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[0197] The pharmaceutical compositions described herein
may be administered via any conventional route. In one
embodiment, the pharmaceutical composition is formulated
for systemic administration. According to the present inven-
tion, systemic administration is preferably by parenteral
administration including by injection or infusion, e.g., intra-
venously, intraarterially, subcutaneously, in the lymph node,
intradermally or intramuscularly.

[0198] Compositions suitable for parenteral administra-
tion usually comprise a sterile aqueous or non-aqueous
preparation of the active compound, which is preferably
isotonic to the blood of the recipient. Examples of compat-
ible carriers and diluents/solvents are sterile water (e.g.,
water-for-injection), Ringer solution and isotonic sodium
chloride solution. In addition, usually sterile, fixed oils are
used as solution or suspension medium.

[0199] The term “pharmaceutically acceptable”, as used
herein, refers to the non-toxicity of a material which, pref-
erably, does not interact with the action of the active
component of the pharmaceutical composition.

[0200] The term “excipient” when used herein is intended
to indicate all substances which may be present in a phar-
maceutical composition of the present invention and which
are not active ingredients such as, e.g., carriers, binders,
lubricants, thickeners, surface active agents, preservatives,
emulsifiers, buffers, flavoring agents, or colorants.

[0201] The term “adjuvant” relates to compounds which
prolong or enhance or accelerate an immune response.
Various mechanisms are possible in this respect, depending
on the various types of adjuvants. For example, compounds
which allow the maturation of the DC, e.g. lipopolysaccha-
rides or CD40 ligand, form a first class of suitable adjuvants.
Generally, any agent which influences the immune system of
the type of a “danger signal” (LPS, GP96, dsRNA etc.) or
cytokines, such as GM-CSF, can be used as an adjuvant
which enables an immune response to be intensified and/or
influenced in a controlled manner. CpG oligodeoxynucle-
otides can optionally also be used in this context, although
their side effects which occur under certain circumstances,
as explained above, are to be considered. Particularly pre-
ferred adjuvants are cytokines, such as monokines, lym-
phokines, interleukins or chemokines, e.g. IL-1, IL-2, IL.-3,
1L-4, 1L-5, 1IL-6, IL-7, IL-8, IL-9, IL-10, IL-12, INFq,
INF-y, GM-CSF, LT-a, or growth factors, e.g. hGH. Further
known adjuvants are aluminium hydroxide, Freund’s adju-
vant or oil such as Montanide, most preferred Montanide®
ISAS1. Lipopeptides, such as Pam3Cys, are also suitable for
use as adjuvants in the pharmaceutical compositions of the
present invention.

[0202] The pharmaceutical compositions of the present
invention can also be used in conjunction with another
therapeutic agent which can be administered prior to, simul-
taneously with or after administration of the pharmaceutical
compositions of the present invention. Such therapeutic
agents include immunomodulating agents, which may be
immunostimulating or immunosuppressive, chemotherapeu-
tic drugs for cancer patients, e.g. gemcitabine, etopophos,
cis-platin, carbo-platin, antiviral agents, anti-parasite agents
or an anti-bacterial agents and, if administered simultane-
ously may be present in a pharmaceutical composition of the
present invention.

[0203] The pharmaceutical composition of the invention
may be used for inducing an immune response, in particular
an immune response against a disease-associated antigen or
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cells expressing a disease-associated antigen, such as an
immune response against cancer. Accordingly, the pharma-
ceutical composition may be used for prophylactic and/or
therapeutic treatment of a disease involving a disease-
associated antigen or cells expressing a disease-associated
antigen, such as cancer. Preferably said immune response is
a T cell response. In one embodiment, the disease-associated
antigen is a tumor antigen.

[0204] The present invention also provides a pharmaceu-
tical composition or kit as defined herein for use in a method
of treatment or prevention of a disease or for use in a method
of immunostimulation.

[0205] The present invention also relates to the use of a
pharmaceutical composition or kit as defined herein in the
manufacture of a medicament for the treatment or preven-
tion of a disease or for use in a method of immunostimu-
lation.

[0206] The present invention further provides a method of
treatment or prevention of a disease or to a method of
immunostimulation, the methods comprising the step of
administering a pharmaceutical composition as defined
herein to a subject in need thereof.

[0207] Finally, the present invention provides a method of
chemically stabilizing an aqueous formulation comprising at
least one lipid having one or more bonds selected from the
group consisting of ester bonds, thioester bonds and amide
bonds, preferably ester bonds, the method comprising

[0208] adjusting the pH of the aqueous formulation to a
pH of between 2 and 5.5.

[0209] In one embodiment, the chemical stabilization
occurs by inhibition of ester bond, thioester bond and/or
amid bond hydrolysis, preferably ester bond hydrolysis.

[0210] In one embodiment, at least one of the lipids
present in the aqueous formulation is a cationic lipid,
preferably a cationic lipid as defined herein.

[0211] In one embodiment, the overall net charge of the
lipids present in the aqueous formulation is positive.

[0212] In one embodiment, the pH is adjusted to a pH of
between 2 and 5, preferably of between 2.5 and 5, more
preferably of between 3 and 4.5, more preferably of between
3 and 4, and even more preferably of between 3.5 and 4. In
a further preferred embodiment, the aqueous formulation
has a pH of between 3.1 and 3.9.

[0213] In one embodiment, the pH of the aqueous lipid
formulation is adjusted by adding at least one pH adjusting
agent, preferably at least one pH adjusting agent as defined
above.

[0214] In one embodiment, the at least one lipid having
one or more bonds selected from the group consisting of
ester bonds, thioester bonds and amide bonds is as defined
above.

[0215] In one embodiment, the lipids present in the aque-
ous formulation form liposomes.

[0216] In one embodiment, the at least one pH adjusting
agent is associated with the liposomes.

[0217] The present invention is further illustrated by the
following examples which are not to be construed as limit-
ing the scope of the invention.
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EXAMPLES

[0218] Materials

[0219] (R)-N,N,N-trimethyl-2,3-dioleyloxy-1-1pro-
panaminum chloride (R-DOTMA), Merck & Cie.

[0220] 1,2-dioleoyl-sn-glycero-3-phosphoetha-
nolamine (DOPE), Corden Pharma

[0221] Ethanol 99.5% Ph. Eur., Carl Roth

[0222] Acetic acid United States Pharmacopeia (USP),
AppliChem

[0223] Sodium acetate USP, AppliChem
[0224] HEPES buffer, Life Technologies
[0225] Water-for-injection, Baxter
[0226] 1 mL Syringe inject-F, B. Braun
[0227] 0.9x40 mm needle Microlance 3, BD
[0228] R6 Glass type I vials, Wheaton
[0229] 20mm Aluminum seals, Wheaton
[0230] 20mm Butyl Stoppers, Wheaton
Example 1
Preparation of Liposomes
[0231] All materials in contact with the solutions and

liposome preparations were sterile and disposable. Lipo-
somes were formed with the so-called ethanol injection
technique (Batzri and Korn, 1973), where lipids dissolved in
ethanol are injected into an aqueous phase under stirring.
[0232] The lipid ratios and lipid concentrations in ethanol
varied depending on the desired formulation and particle
size. For DOTMA/DOPE liposomes, the ethanol solution
contained DOTMA and DOPE in a molar ratio of 2:1 at a
total lipid concentration of about 330 mM. For DOTAP/
DOPE liposomes, the ethanol solution contained DOTAP
and DOPE in a molar ratio of 2:1 at a total lipid concen-
tration of about 330 mM. The solutions were sterilized by
filtration through a filter of 0.2 gm pore size (Millipore
Millex MP).

[0233] The sterile lipid solutions in ethanol were then
injected into a disposable spinner flask containing an aque-
ous phase and stirred at a rate of 150 rpm for at least one
hour. The aqueous phase was either water-for-injection (wii)
or Milli-Q-filtered water with a conductivity of 1.3 pS/cm at
25° C., or it was a buffer solution made up from buffer salts
and acids as indicated. All materials were of pharmaceutical
grade. Injection was performed up to a final lipid concen-
tration of 5-10 mM, depending on the experiment. Most
experiments were performed at 6.6 mM final total lipid
concentration in the aqueous phase.

[0234] The resulting liposome preparations were filtered
through a cellulose acetate filter of 0.45 um pore size. The
filtrate preparation was then diluted with dispersion solution
to the desired concentration and stored in bioprocess bags.
For standard experiments, 4 mM was selected as a final
concentration. Storage temperature prior to the pH stability
experiments was 2-5 ° C.

Example 2

Stability of DOTMA/DOPE Liposomes as a
Function of the pH Value

[0235] The stability of DOPE in DOTMA/DOPE lipo-
somes was investigated after adjusting the pH to different
values between pH 7 and pH 4. For pH 7, 10 mM HEPES
buffer was used. For all lower pH values, acetic acid buffers
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(all 10 mM) were used (see Table 1). R6 glass type I vials
were filled with 2 mL of the liposomes dispersion and stored
in a stability chamber at 37° C. pH values were measured by
potentiometry using a WIW pH-meter inoLab pH 7310,
Weilheim, Germany.

TABLE 1

Dispersion solutions

Solution Concentration pH
USP Acetate Buffer 10 mM 4
USP Acetate Buffer 10 mM 5
USP Acetate Buffer 10 mM 6
HEPES 10 mM 7

[0236] The lipid stability was tested at different time
points up to 6 weeks after preparation of the liposomes by
measuring the lipid concentration in the liposome prepara-
tion using a HPLC system (Agilent Technologies 1200
equipped with DAD and ELSD detectors, Santa Clara,
Calif., USA).

[0237] Results are given in FIG. 1. Plotted is the normal-
ized recovery of DOPE (in percent) from the DOTMA/
DOPE liposomes. Only DOPE is shown, as for DOTMA,
under all conditions, no indication for degradation was
found, which is due to the fact that DOTMA comprises ether
bonds instead of ester bonds. The liposomes in the aqueous
phase with the lowest pH, pH 4, showed the best stability
with no significant degradation after 6 weeks. In contrast, at
pH 5, already degradation with a recovery of only 80% of
the initial value was observed. The stability decreased with
increasing pH, and the highest degradation was found for pH
6 and pH 7 (the range, where best stability would be
expected).

Example 3

Influence of Buffer Concentration on Liposome
Stability

[0238] The stability of DOPE in DOTMA/DOPE lipo-
somes (DOTMA:DOPE at a 2:1 molar ratio) in the low pH
range was further investigated. In this experiment, even
lower pH values were tested by adding pure acetic acid (10
mM). The acetic acid buffers were added at three different
concentrations, namely 1 mM, 5 mM and 10 mM. The
samples were stressed at 40° C. for 5 weeks.

[0239] In FIG. 2, the recovery of DOPE is given for the
various conditions. In confirmation of the results from the
experiment described in Example 2 (FIG. 1), the stability
was continuously improved by lowering the pH. Pure acetic
acid (10 mM; pH 3.2) appeared to be at least as good or
better than pH 3.5 acetate buffer (AcB) at the same concen-
tration. The stabilizing effect of the acidic buffers was
concentration dependent, as can be most clearly seen at pH
5 and 6. As a trend, higher buffer concentrations resulted in
better protection from hydrolysis. At very low pH values this
effect was less pronounced. It can be concluded that addition
of pure acetic acid to a suitable concentration can be a
simple and straightforward way to obtain stabilization of
DOPE with respect to ester hydrolysis.
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Example 4

Comparison of the Results of Different Stress
Studies

[0240] In FIG. 3, the outcome of several independent
stress studies is summarized. In each case, DOTMA/DOPE
liposomes were stressed in acetic acid and acetic acid buffer
solutions (all 10 mM) at different pH values at 40 ° C.
Results after 5 or 6 weeks are shown (squares with different
fillings). The solid line was drawn in order to visualize the
general trend.

[0241] A correlation between lipid stability and pH value
can be readily recognized. Maximum stability is obtained in
the pH range below 4, where the protective effect appears to
reach a plateau. Lower pH values or higher buffer/acid
concentrations may lead to even better protection from
hydrolysis. However, in the present context, extremely high
buffer concentrations or extremely low pH values are not
desirable, because such harsh conditions may not be used in
formulations for administration to patients.

Example 5

Stability of DOTAP/DOPE Liposomes as a
Function of the pH Value

[0242] In this study, the stability of liposomes with
DOTAP instead of DOTMA was investigated. DOTAP is a
cationic lipid with a similar structure as DOTMA, but
comprises ester bonds instead of ether bonds. Therefore,
DOTAP should be prone to ester hydrolysis in a similar way
as DOPE. Besides the change from DOTMA to DOTAP, all
other conditions remained unchanged.

[0243] In FIG. 4, the results from lipid recovery measure-
ments after two weeks at 40° C. are shown for different pH
conditions in the aqueous phase. The results for both
DOTAP and DOPE are shown. For both lipids hydrolysis
took place, wherein the general behavior was equivalent and
similar to the finding for DOPE in DOTMA/DOPE lipo-
somes. Thus, the hydrolysis of DOTAP could be prevented
in the same way as for DOPE by the addition of acidic
buffers or acids, such as acetic acid.

Example 6

Comparison of DOPE Degradation in
DOTMA/DOPE Liposomes in Water-for-Injection
With or Without 5 mM Acetic Acid

[0244] Addition of acetic acid was tested for stabilization
of liposomes for pharmaceutical use, which had been pre-
viously manufactured in pure water-for-injection (wfi). In
FIG. 5, the results from stress studies with and without acetic
acid are shown. For the stabilized liposomes, 5 mM acetic
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acid was added to the aqueous phase prior to liposome
formation. Results from DOPE recovery measurements after
3 months storage at three different temperatures, 5° C., 25°
C. and 40° C., are shown. In all three cases, the recovery was
higher with the acetic acid present in the aqueous phase. The
effect became more pronounced at higher temperatures
(stress conditions) and were most clearly visible at 40° C.,
where recovery could be improved from about 60% to about
90%.

[0245] When comparing the stability at different tempera-
tures, addition of 5 mM acetic acid had a similar effect as
lowering the storage temperature by 15 to 35° C. Consid-
ering the rule of thumb that lowering the temperature by 10°
C. leads to a decrease of the hydrolysis rate by a factor of
two, this would correspond to an increase in stability (or
decrease of the hydrolysis rate) at a given temperature by a
factor of about 4 (taking an effect equivalent to a decrease
in temperature of 20° C. as a basis).

Example 7

Lipoplex Formation

[0246] pH-stabilized DOTMA/DOPE liposomes were
used to form RNA lipoplex formulations for intravenous
injection with equivalent or better quality with respect to
physicochemical characteristics in comparison to lipoplexes
made from liposomes that were not pH-stabilized.

[0247] RNA lipoplexes were prepared according to the
following protocol:

[0248] 1. Addition of 4 mL 0.9% NaCl solution to 1.1 mL
RNA,;

[0249] 2. Addition of 0.4 mL liposomes to the RNA/NaCl
mixture; and

[0250] 3. Equilibration for 3 minutes at room temperature
[0251] In Table 2, the results of the physicochemical

characterization of liposomes and lipoplexes are shown. The
liposome diameter was measured by dynamic light scatter-
ing using a PSS-Nicomp 380 ZLS, Santa Barbara, Calif.,
USA. While the size and the polydispersity index (PDI) of
the liposomes with acetic acid were somewhat smaller than
those without acetic acid, the particle size of the lipoplexes
was somewhat larger with than without acetic acid, whereas
the polydispersity index was smaller. The larger size is
considered favorable in terms of biological activity, while
the smaller polydispersity index is favorable with respect
quality requirements. The number of sub-visible particles,
which must not be present in injectable products above
certain thresholds, was significantly lower when stabilized
liposomes were used for the preparation of lipoplexes. The
pH value of the final formulation was above 6 and therefore
well-suited for injection. The osmolarity was equivalent to
physiological conditions.

TABLE 2

Physicochemical characterization of liposomes and RNA lipoplexes

Liposomes RNA-Lipoplexes
Aqueous phase Particle size Particle size SVP - USP 778 Osmolarity
In liposomes nm PDI nm PDI >10um >25um pH mOsmol/Kg
wil 410 026 468 0.256 1150 45 6.9 301
5 mM HAc in wil 329 0.239 553 0.226 517 12 6.1 304
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Example 8

Biological Evaluation of Lipoplexes

[0252] The biological activity of the lipoplexes formed
from pH-stabilized liposomes (addition of acetic acid) was
investigated by bioluminescence measurements. Uptake and
translation of formulated firefly luciferase-encoding RNA
(luc RNA lipoplexes) were evaluated by in vivo biolumi-
nescence imaging using the Xenogen IVIS Spectrum imag-
ing system (Caliper Life Sciences). Briefly, an aqueous
solution of D-luciferin (75 mg/kg body weight) (Caliper Life
Sciences) was injected in mice i.p. 6 h after administration
of 20 pg luc RNA lipoplexes. Emitted photons of live
animals or extracted tissues were quantified 10 min later
with an exposure time of 1 min. Regions of interest (ROI)
from the displayed images were drawn and bioluminescence
was quantified as average radiance (photons/sec/cm2/sr,
represented by color bars) using IVIS Living Image 4.0
Software.

[0253] As shown in FIG. 6, the signals obtained with
lipoplexes formed from pH-stabilized liposomes (see Table
3) were only slightly lower than those with lipoplexes
formed from non-pH-stabilized liposomes. The very small
decrease of the absolute number was lower than the margin
of error of the measurements and therefore not significant.

TABLE 3

pH values of lipoplex samples

Sample pH

Reference liposomes 6.9

10 mM acetic acid liposomes 5.0

5 mM acetic acid liposomes 6.0

2 mM acetic acid liposomes 6.7
Example 9

Stability of DOPE in DOTMA/DOPE Liposomes
Prepared Under GMP or GMP-Like Conditions in
Water-for-Injection or Water-for-Injection
Comprising 5 mM Acetic Acid

[0254] Liposomes consisting of DOTMA/DOPE in a 2/1
molar ratio were manufactured by the ethanol injection
technique to a concentration of about 4 mM (total lipid). As
aqueous phase, either water-for-injection (wfi) or wfi com-
prising 5 mM acetic acid was used. Liposomes in wfi were
referred to as L1 liposomes, liposomes in wfi comprising 5
mM acetic acid (resulting in a pH value between 3 and 4)
were referred to as L2 liposomes. Besides the presence or
absence of acetic acid, all other manufacturing conditions
were identical. GMP grade lipids were used, and manufac-
turing was performed under GMP or GMP-like conditions.
Several batches of [.1 and [.2 liposomes were manufactured,
and, after to glass vials, stability was tested at the following
temperatures:

[0255] 1.5°C. (2-8° C.);
[0256] 2. 25° C. (22-28° C.)=accelerated conditions;
[0257] 3. 40° C. (38-42° C.)=stress conditions.

[0258] Stability data for L1 and L2 liposomes were col-

lected over a period of up to 25 months (I.1) and up to 9
months (L2), respectively. The stability studies are still
ongoing. In FIG. 7 A to C, stability data for different batches
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of L1 and L.2 liposomes at different temperatures are shown.
Under all temperature conditions and for all manufactured
batches the stability of DOPE In L2 liposomes was substan-
tially better than that in L1 liposomes.

[0259] This indicates that pH adjustment to acidic condi-
tions by addition of 5 mM acetic acid to the aqueous phase
significantly improves the stability of DOPE in the lipo-
somes. The shelf-life of the liposomes can be increased by
an approximate factor of 4.
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1. An aqueous formulation comprising
at least one lipid having one or more bonds selected from
the group consisting of ester bonds, thioester bonds and
amide bonds, and

at least one pH adjusting agent,
wherein the aqueous formulation has a pH of between 2 and
5.5.

2. The aqueous formulation according to claim 1, wherein
at least one of the lipids present in the aqueous formulation
is a cationic lipid.

3. The aqueous formulation according to claim 1, wherein
the overall net charge of the lipids present in the aqueous
formulation is positive.

4. The aqueous formulation according to claim 1, having
a pH of between 2 and 5, preferably of between 2.5 and 5,
more preferably of between 3 and 4.5, more preferably of
between 3 and 4, and even more preferably of between 3.5
and 4.

5. The aqueous formulation according to claim 1, wherein
the at least one lipid having one or more bonds selected from
the group consisting of ester bonds, thioester bonds and
amide bonds comprises a glycerolipid and/or a glycerophos-
pholipid.

6. The aqueous formulation according to claim 1, wherein
the at least one lipid having one or more bonds selected from
the group consisting of ester bonds, thioester bonds and
amide bonds comprises a cationic lipid and/or a non-cationic
lipid.

7. The aqueous formulation according to claim 6, wherein
the cationic lipid is selected from the group consisting of
1,2-dioleoyl-3-trimethylammoniumpropane (DOTAP), 1,2-
dioleoyloxy-3-dimethylammoniumpropane (DODAP) and
analogues of these molecules having a different composition
of the acyl chain moiety.

8. The aqueous formulation according to claim 6, wherein
the non-cationic lipid is a neutral lipid, wherein, preferably,
the neutral lipid is selected from the group consisting of
1,2-di-(9Z-octadecenoyl)-sn-glycero-3 -phosphoetha-
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nolamine (DOPE), 1,2-dioleoyl-sn-glycero-3-phosphocho-
line (DOPC), phosphatidylcholine (PC) and dimyristoyl
phosphatidylcholine (DMPC).

9. The aqueous formulation according to claim 6, wherein
the non-cationic lipid is an anionic lipid, wherein, prefer-
ably, the anionic lipid is selected from the group consisting
of phosphatidylserine (PS), phosphatidylinositol (PI), phos-
phatidic acid (PA), phosphatidylglyerol (PG) and dimyris-
toyl phosphatidylglyerol (DMPG).

10. The aqueous formulation according to claim 1, further
comprising at least one lipid not having any ester bonds,
thioester bonds or amide bonds.

11. The aqueous formulation according to claim 10,
wherein the at least one lipid not having any ester bonds,
thioester bonds or amide bonds comprises a cationic lipid
and/or a non-cationic lipid.

12. The aqueous formulation according to claim 11,
wherein the cationic lipid is selected from the group con-
sisting of 1,2-di-O-octadecenyl-3-trimethylammoniumpro-
pane (DOTMA), 1,2-dioleyloxy-N,N-dimethylaminopro-
pane (DODMA), dioctadecyldi-methylammonium (DODA
(Br))DDAB), dioctadecyldimethylammoniumchloride
(DODAC), 1,2-dimyristoyloxypropyl-1,3  -dimethylhy-
droxyethylammonium (DMRIE), 2,3 -dioleoyloxy-N-[2
(spermine  carboxamide)ethyl]-N,N-dimethyl-1-propana-
mium trifluoroacetate (DOSPA) analogues of these
molecules having a different composition of the acyl chain
moiety.

13. The aqueous formulation according to claim 11,
wherein the non-cationic lipid is a neutral lipid, wherein,
preferably, the neutral lipid is selected from the group
consisting of cholesterol (Chol) and sphingomyelin (SM).

14. The aqueous formulation according to claim 11,
wherein the non-cationic lipid is an anionic lipid.

15. The aqueous formulation according to claim 1, com-
prising at least one cationic lipid and at least one non-
cationic lipid.

16. The aqueous formulation according to claim 15,
wherein the molar ratio of the at least one cationic lipid to
the at least one non-cationic lipid is from 1:4 to 4:1,
preferably from 1:2 to 4:1.

17. The aqueous formulation according to claim 1,
wherein the at least one pH adjusting agent comprises an
acid and/or an acidic buffer.

18. The aqueous formulation according to claim 17,
wherein the acid is a linear, branched or cyclic C,-C,g,
preferably C,-C,,, carboxylic acid.

19. The aqueous formulation according to claim 17,
wherein the acid is selected from the group consisting of
acetic acid, ascorbic acid, citric acid, hydrochloric acid,
phosphoric acid, branched or unbranched, saturated, mono-
unsaturated or polyunsaturated C,,-C,q fatty acids, prefer-
ably C,,-C,, fatty acids (e.g. oleic acid).

20. The aqueous formulation according to claim 17,
wherein the acidic buffer is based on a linear, branched or
cyclic C,-C,q, preferably C,-C,,, carboxylic acid.

21. The aqueous formulation according to claim 17,
wherein the acidic buffer is selected from the group con-
sisting of acetate buffer, citrate buffer, phosphate buffer and
carbonate buffer.

22. The aqueous formulation according to claim 1,
wherein the at least one pH adjusting agent comprises acetic
acid and/or acetate buffer.
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23. The aqueous formulation according to claim 1,
wherein the at least one pH adjusting agent is present in an
amount such that the molar ratio of total lipid to the at least
one pH adjusting agent does not exceed 100:1.

24. The aqueous formulation according to claim 23,
wherein the at least one pH adjusting agent is present in an
amount such that the molar ratio of total lipid to the at least
one pH adjusting agent is from 10:1 to 1:10, preferably from
5:1 to 1:5, more preferably from 2:1 to 1:2, more preferably
from 1.5:1 to 1:1.5, even more preferably about 1:1.

25. The aqueous formulation according to claim 1,
wherein the hydrolysis rate of the at least one lipid having
one or more bonds selected from the group consisting of
ester bonds, thioester bonds and amide bonds is reduced as
compared to its hydrolysis rate at a pH of between 6 and 7.

26. The aqueous formulation according to claim 1,
wherein the lipids present in the aqueous formulation form
liposomes.

27. The aqueous formulation according to claim 26,
wherein the at least one pH adjusting agent is associated
with the liposomes.

28. A method of preparing an aqueous formulation
according to claim 26, the method comprising

forming the liposomes in an aqueous solution comprising

the at least one pH adjusting agent and having a pH of
between 2 and 5.5 or

adding the at least one pH adjusting agent to an aqueous

solution comprising liposomes in order to adjust the pH
of the aqueous solution to a pH of between 2 and 5.5.

29. A kit comprising an aqueous formulation according to
claim 1.

30. The kit according to claim 29, further comprising, in
a separate container, a pharmaceutically active compound,
wherein, preferably, the pharmaceutically active compound
comprises a nucleic acid, preferably DNA or RNA.

31. The kit according to claim 30, wherein the nucleic
acid is provided in a buffered solution having a pH of
between 6 and 8.

32. A method of preparing a pharmaceutical composition,
the method comprising

providing an aqueous formulation according to claim 1;

and

mixing the aqueous formulation with a pharmaceutically

active compound.

33. The method according to claim 32, wherein the
pharmaceutically active compound comprises a nucleic acid,
preferably DNA or RNA, wherein, preferably, the nucleic
acid is provided in a buffered solution having a pH of
between 6 and 8.

34. A pharmaceutical composition prepared by the
method according to claim 32.

35. A method of chemically stabilizing an aqueous for-
mulation comprising at least one lipid having one or more
bonds selected from the group consisting of ester bonds,
thioester bonds and amide bonds, the method comprising

adjusting the pH of the aqueous formulation to a pH of

between 2 and 5.5.

36. The method according to claim 35, wherein the
chemical stabilization occurs by inhibition of ester bond,
thioester bond and/or amid bond hydrolysis.

37. The method according to claim 35, wherein at least
one of the lipids present in the aqueous formulation is a
cationic lipid.
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38. The method according to claim 35, wherein the overall
net charge of the lipids present in the aqueous formulation
is positive.

39. The method according to claim 35, wherein the pH is
adjusted to a pH of between 2 and 5, preferably of between
2.5 and 5, more preferably of between 3 and 4.5, more
preferably of between 3 and 4, and even more preferably of
between 3.5 and 4.

40. The method according to claim 35, wherein the pH of
the aqueous lipid formulation is adjusted by adding at least
one pH adjusting agent, comprising an acid and/or an acidic
buffer.

41. The method according to any of claims 35 to 40 claim
35, wherein the at least one lipid having one or more bonds
selected from the group consisting of ester bonds, thioester
bonds and amide bonds comprises a glycerolipid and/or a
glycerophospholipid.

42. The method according to claim 35, wherein the lipids
present in the aqueous formulation form liposomes.
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