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efficient uptake by the cell. However, for a variety of larger and/or charged
compounds, such as proteins, nucleic acids, and highly water soluble charged
organic compounds, passive uptake by permeation across the cell membrane is
limited.

15 Several methods for improving uptake of such compounds into cells
have been proposed. For example, a drug can be administered in a modified or
prodrug form for transport into cells and then undergo enzymatic conversion to
an active form within the cells. However, it will be understood that the
preparation of a suitable prodrug form 1s not possible for each and every

20 therapeutic compound.

Alternatively, the cellular processes of phagocytosis or endocytosis
can be used, where drug-containing particles are taken up by the target cells.
With most of the currently available drug delivery particles, this approach is
however limited to certain cell types, for example, phagocytosis is limited to

25  cells of monocyte lineage and to certain other myeloid cells, such as
neutrophils, while endocytosis is limited in a number of other cells, among

other cells from mesenchymal lineage, such as vascular endothelial cells,
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bl ood cells fromthe blood into the tissue, and as such are

i ndi spensabF&PFHC8fsease devel opment. The present inventors observed
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TNFa- act | vat ed endot are rea ocyt ose I'n anounts
that are coapaxabide pbcdls thad aeetamytensd mdamped:tytocthe maadbpladelsug-
However , unl(:(l)rlft%nq%(:grpo I‘Iglc e%,s e.g., drug-loaded liposomes. Endothelal cells play a
pivotal role in whole body homeostasis and the patho(physio)logy of important
diseases, including (chronic) inflammation and cancer. They are also attractive
20 target cells /target tissue for drug delivery as they are fully accessible for any
compound transported by the blood. In addition, the heterogeneity of the
endothelium with respect to appearance and function allows for tissue and
disease-specific drug delivery approaches. Endothelial cells are a promising
target for cancer therapy because angiogenesis is vital for the supply of oxygen
25 and nutrients to solid tumours. Moreover, in inflammatory diseases they guide
the movement of white blood cells from the blood into the tissue, and as such
are indispensable for disease development. The present inventors observed
that liposomes targeted to E-selectin or VCAM-1 expressed on TNFa-activated
endothelial cells are readily endocytosed, in amounts that are comparable to

30 the endocytosis capacity of macrophages. However, unlike macrophages,
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extensi vely process or degrade the |iposone and hence accunul ate the
dr ug- | oadedovetiisisssi nsi de vesi cul ar bodi es. The absencETLIigE630E
degradati on and/ or destabilization results in retention of the
encapsul ated drug in the |iposonme and, cqnsequently, in inferior 5
phar macol ogi cal efficacy. Therefore, a goal of the present
i nvention is to provide a |lipid-based drug delivery vehicle that
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synthetic pyridini underived anphiphile in the bilayer of a
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l'i posonmes conprising a bilayer conpri m&gﬁ one or nore synthetic

pyri di ni um &esed partagphisyah |aé(e§ﬂ0#h¢haﬂac andepithelialzetls, mysetgicolls,
based on t h%ré%t daellls! hgﬂ\% c%ﬁg,t 884 cells, hair cells, subsets of progenitor cells, and

pericytes and all other cells not specialized in processing delivery vehicles.
Using a method which distinguishes between a) liposome uptake by a
15 target cell and b) drug release from a liposome in a target cell, the present
inventors surprisingly found that the incorporation of a synthetic pyridinium-
derived amphiphile in the bilayer of a “classical” or “traditional” liposome (i.e.
an aqueous compartment surrounded by a lipid bilayer) yields a lipid-based
delivery vehicle that ensures efficacious intracellular drug delivery in cells
20 that are not specialized in processing lipid-based particles. Only liposomes
comprising a bilayer comprising one or more synthetic pyridinium-derived
amphiphile(s) in 1n an amount of 2 to 25 mol% based on the total lipid content
were found to be sufficiently stable, Accordingly, the invention provides a
liposome comprising at least one lipid bilayer enclosing an aqueous interior
25  compartment, wherein said lipid bilayer comprises at least one synthetic
pyridinium-derived amphiphile in an amount of 2 to 25 mol% based on the
total lipid content of the liposome.
The term “liposome” 1s known in the art to refer to an aqueous
compartments enclosed by phospholipid bilayer membrane. Phospholipid

30 molecules consist of an elongated nonpolar (hydrophobic) structure with a



were found to be sufficiently stable. Accordingly, the invention
provi des a |iposone conprising at |east one |lipid bilayer enclosing
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Synthetic pyridinium-derived amphiphiles are known in the art. Of
15  particular interest for use in the present invention is the group of synthetic
pyridinium-derived amphiphiles covered by Synvolux' proprietary technology,
SAINT (Synthetic, Amphiphilic, INTeractive). See for instance Furopean
Patent EP0755924-B1. In one embodiment of the present invention, at least
one synthetic pyridinium-derived amphiphile 1s selected from the group of

20  SAINT compounds with the general formula (I):

R
=\ o -
R \ /N--R, X )
Rq

in which:
25



one synthetic pyridiniumderived anphiphile is selected fromthe
group of 20 SAINT conpounds with the general fornula (1): in

whi ch: VOVa0& 383896 PCT/ NL2008/ 050587 5 R1 | BCTENL2008/050587
(C4-05)al kyl, ar(alkyl) or an alkyl group with a cationic functional
group, like (CLl-05) N+-; or R4 is (C4-05 alkylene) R5 in
which R5 is a structure with the 5 gener formula | except 114; X is
a halide counter ion, chosen fromd-, |-, Br; R3 is

hydrogen and R andgf4 1818, b@g@%gﬁcgkggﬂ{gm J&ﬁ%@g)ﬂ%%ﬁl £bog6mf rom

t he group, conprising ranche nono- or
pol yunsat ur duechi¢GlGrazp,)latkenyl , 0=C- 0- al kyl ,

(C,=C5) N*=;

or R1 is (C1-Cs alkylene) Rs in which Rs 1s a structure with the
5 general formula I except R;
X 1s a halide counter 1on, chosen from Cl-, I, Br;
Rsis hydrogen and Rz and R4 are 1dentical or different and are
chosen from the group, comprising branched or linear (Cio-Czo)alkyl, a mono-

or polyunsaturated (Cio-Cgo)alkenyl, O=C-0-alkyl,
o-c-alkyl,

10 ©
or ar(alkyl),
or Rz and R4 are hydrogen and Rz is -CH(Rs)2 with Rs, comprising
(Ci0-Cz0)alkyl, mono- or polyunsaturated (Cio-Ceo)alkenyl, O=C-0O-alkyl,

o-c-alkyl,

15

or aralkyl.
In a further embodiment, a SAINT molecule as defined above 1s incorporated,
wherein disclaimed are the compounds with the general formula I in
20  which Ry 1s CHs, Rz and R4 are hydrogen, Rs 1s (Ci6Ha3)2CH and X 1s all
mentioned counter 1ons and disclaimed are the compounds in which Ri 1s CHa,
Rz and R4 are CisHss-0-C(0), Rs is hydrogen and X 1s all mentioned counter

10ns.



Q Cal kyl, 10 or ar(alkyl), or R2 and R4 are hydrogen and
1IR3 is -CH(R5)2 with 1R5, conprising (d o-C20)al kyl, nono- or

pol yunsat uwat /38w C20) al kenyl , 0=C- 0- al kyl PCT/NL2008/050587

O al kyl , 150 or aralkyl. In a further enbodi ment, a SAINT nol ecul e
as defined above is incorporated, wherein, disclainmed are the
conpounds with the general formula | in which R is CH3, R2 and R4
are hydrogen, R3 is (Clef-133)2CH and X is all nentioned counter ions

Clol 135 0- G0) - ot p e anani e Hebheint Sethtion BrBPulita SMNT
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5chl ori dé) . chloride).

The incorporation of synthetic pyridinium-derived amphiphiles, such
as SAINT, in traditional liposomes has not been described or suggested in the
art. In contrast, SAINT molecules have thus far been used in non-liposomal
delivery vehicles (called “lipoplexes”) for the delivery of macromolecules such

10  as nucleic acids or proteins to mammalian cells. EP-A-07556924 for example
discloses complexing of the macromolecule to SAINT, optionally in a 1:1
mixture with a helper lipid, to form a lipoplex particle of up to several um in
size. In the lipoplex formed only non-covalent interactions are present between
SAINT and the macromolecule. The cationic amphiphiles on the surface of the

15  particle have high affinity for the negatively charged cell surface. Whereas the
introductory section of EP-A-0755924 refers briefly to “liposomes which consist
of a bilayer of phospholipids”, it must be emphasized that the invention
disclosed in EP-A-0755924 clearly does not relate to such liposomes. Rather, it
relates to the lipoplexes whose structural organization was studied in detail by

20  Oberle et al. using atomic force microscopy (2000, Biophysical Journal 79(3),
1447-1454). Figure 7 of Oberle et al. illustrates that the SAINT-containing
lipoplexes, as disclosed for example in EP-A-0755924, consist of DNA wrapped
into several layers of amphiphile, which subsequently merge into a large
complex. It is of note that some DNA “sticks out” of the lipoplex and is this not

25  shielded from the environment as it would be when incorporated in the interior
compartment of a SAINT-containing liposome as disclosed in the present
invention. Rejman et al.( Biochimica et Biophysica Acte 1660 (2004) 41-52),
Zuhorn et al. (Biochmica et Biophysica Acta 1560 (2002) 25-36), Van de Woude
et al. (Proc. Natl. Acad. Sci. USA, vol. 94, pp. 1160-1165, 1997) and
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20 Amsterdam, 1993 (ISBN 0444895485).

The relative amount of pyridinium-derived amphiphile in a liposome
of the invention can vary, but is typically up to about 5-25 mole% based on the
total amount of other lipid constituents of the liposome. This ensures that the
liposome is stable outside the target cell (e.g., in the blood stream) while it

25  allows for efficient intracellular release of its encapsulated contents upon
mixing or fusion with a target cell membrane. Very good results were obtained
when liposomes comprising 5-20 mole%, preferably 10-20 mole%, such as 11,
12,13, 14, 15, 16, 17, 18 19 or 20 mole%, pyridinium-derived amphiphile

relative to the other hipids was used. Specific embodiments include liposomes



10 denonstrated herein below, this effect is not observed for just
any cationic anphiphile, since |liposomes with simlar anounts of
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wel | known cationic |iposonal transfection reagent, exhibited
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nol ecul es, such as 10, 11, 12, 14, 15, 1 19 or 20 nol e% SAI NT-18 or
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15 dipalmitoylphosphatidylcholine, palmitoyloleoylphosphatidylcholine (POPC)
and distearoylphosphatidylcholine. The phosphatidylethanolamines preferably
include dimyristoylphosphatidylethanolamine, dipalmitoylphosphatidyl-
ethanolamine, and distearoylphosphatidylethanolamine. The phosphatidic
acids preferably include dimyristoylphosphatidic acid, dipalmitoylphosphatidic

20  acid, distearoylphosphatidic acid, and dicetylphosphoric acid. The gangliosides
preferably include ganghoside GM1, ganglioside GD1a, and ganghoside GT1b.
The glycolipids preferably include galactosylceramide, glucosylceramide,
lactosylceramide, phosphatide, and globoside. The phosphatidylglycerols
preferably include dimyristoylphosphatidylglycerol,

25  dipalmitoylphosphatidylglycerol, and distearoylphosphatidylglycerol.

In vivo studies have shown that conventional liposomes are rapidly
removed from the circulation by cells of the reticuloendothelial system, i.e.,
tissue-resident phagocytes present in a number of organs, particularly the
spleen and the liver, This interaction is reduced when using sterically

30 stabilized liposomes, which can be prepared by insertion of
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when using sii€l achkhicAl sdaativk eadgrdupnesangshydmiide, Na@3-be prepared
by insertion of WD 2009/ 031896PCT/ NL2008/ 050587 9
(pyridyldithio)proprionate, maleimide, succinyl, p-nitrophenylcarbonyl or
15 cyanuric chloride. Thus, in one embodiment of the invention a derivatized (e.g.,
PEGylated) phospholipid may be used to improve the in vivo circulation time
of a liposome formulation, and/or to allow for coupling of proteins to the
liposomal surface. In a specific aspect, a liposome of the present invention,
comprises a mixture of phosphatidylcholine and cholesterol in relative
20 amounts from 1:1 to 2:1 (mole%), optionally in a mixture with one or more
natural or synthetic lipids, for example a PEG-ylated phospholipid.

The liposome itself can be produced through any conventional
method including a thin film method, a reverse phase evaporation method, an
ethanol injection method, and a dehydration-rehydration method. Accordingly,

25  the invention provides a method for preparing a liposome according to the
invention, comprising mixing conventional lipids with a suitable amount of at
least one synthetic pyridinium-derived amphiphile, and preparing a liposome
according to conventional procedures. Also provided are liposomes obtainable

by a method of the invention,
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Extrusion may be carried out by biomembrane extruders, such as
the Lipex Biomembrane Extruder (Northern Lipids Ine, Vancouver, British
Columbia, Canada). Defined pore size in the extrusion filters may generate
unilamellar liposomal vesicles of specific sizes. A size range of about 200-400

20 nm will allow the liposome suspension to be sterilized by filtration through a
conventional filter (e.g., a 0.22 micron filter). The filter sterilization method
can be carried out on a high throughput basis. The liposomes can also be
formed by extrusion through an asymmetric ceramic filter, such as a Ceraflow
Microfilter (commercially available from the Norton Company, Worcester,

25 Mass.).

For therapeutic applications, it is preferred that a liposome
according to the invention has a size (i.e. diameter) of up to about 300 nm. In
one embodiment, the liposome size ranges from between about 20 to 250 nm,
preferably 30-200 nm, such as 50, 60, 75, 100, 120, 135, 150 or 180 nm. A wide

30 variety of liposomes may be used in the invention (including oligo- or
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one enbodi nent, the |iposone size ranges_from between about 20 to 250
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immunoliposomes. Site specific targeting is often mediated by the high affinity
binding of monoclonal antibodies to their specific antigens. US patent no.
5,258,499 discloses delivery vehicle formulations comprising active agents
encapsulated within liposomal vesicles to which are attached protein hormones
20  (ligands) such as interleukin-2. The ligands are capable of showing affinity for
specific cell receptors resulting in delivery of the encapsulated active agent to
target cells, enabling delivery of active agents to particular cell populations in
the treatment of conditions such as immune system disorders. In a preferred
embodiment, the liposome carrying a targeting moiety, e.g., a ligand, is
25 internalized by a target cell. In yet another embodiment, a targeting moiety is
a ligand that specifically interacts with a tyrosine kinase receptor such as, for
example, EGFR, HER2, HER3, HER4, PD-GFR, VEGFR, bFGFR or IGFR
receptors. In still another embodiment, the targeting moiety specifically

interacts with a growth factor receptor, an angiogenic factor receptor, a

30 transferrin receptor, a scavenger receptor, a cell adhesion molecule, or a
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means for targeting the |iposone to a speCific cell. Site-specific
delivery of drugs to diseased cells can lead to increased therapeutic
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| GFR receptors. In sti anot ment, the targéting holety
speci fical | ys bouret matslinketh a growt h factor receptor, an angi ogenic
factor receptor, @ A0 LAl el hihgoSRholhe S15S0 S08h: LPSeRMRN vdeu
cel | adhesion nol ectdt ¥eWott 8§ arce, the relative a Sus
unmodified SAINT molecule is preferably less than 5%, more preferably less
than 1%, such as approximately 0,1%. For example, liposomes are prepared
20 comprising as bilayer constituents 35.8 mol% POPC, 40 mol% cholesterol, 4
mol% PEG-DSPE, 20 mol% SAINT C18 and 0.2 mol% SAINT C18-linker.

As mentioned above, a liposome of the invention comprises an
mterior space that can be used to deliver one or more molecules of interest, for
mstance a biologically active compound, to a target cell. For the purposes of

25  this invention, the term "biologically-active compound" is intended to
encompass all naturally-occurring or synthetic compounds capable of eliciting
a biological response or having an effect, either beneficial or deleterious,
including cytotoxic, on biological systems, particularly tissues, cells and
cellular organelles. These compounds are intended to include all varieties of

30  drugs, including antibiotic, antibacterial, antiviral, antimycotic, anti-
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comprising a liposome according to the invention. In general, the liposome

composition of the present invention is quite stable during storage, e.g., as
measured by the percentage of entrapped entity released outside of the
liposomes or still maintained inside of the liposomes after a certain time period
20 from the initial loading of the entity inside the liposomes of the present
invention. For example, the liposome composition of the present invention is
stable at 4° C for at least 6 months, e.g., less than 10% of entrapped entity is
released 6 months after the 1mitial loading of the entity. In one embodiment,
the liposome composition of the present invention 1s stable at 4°C for at least 2
25  years, e.g., less than 20% of entrapped entity is released 2 years after the
initial loading of the entity.
According to another embodiment of the present invention, the
liposome composition of the present invention can be provided as a
pharmaceutical composition containing the liposome composition of the

30 present invention and a carrier, e.g., pharmaceutically acceptable carrier.
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the lyophilized preparation being combined with a sterile aqueous medium
prior to administration.

20 The pharmaceutical liposome compositions can also contain other
pharmaceutically acceptable auxiliary substances as required to approximate
physiological conditions, such as pH adjusting and buffering agents, tonicity
adjusting agents and the like, for example, sodium acetate, sodium lactate,
sodium chloride, potassium chloride, calcium chloride, etc. Additionally, the

256  liposome suspension may include lipid-protective agents which protect lipids
against free-radical and lipid-peroxidative damages on storage. Lipophilic free-
radical quenchers, such as alpha-tocopherol and water-soluble iron-specific
chelators, such as ferrioxamine, are suitable.

The concentration of the liposomes of the present invention in the

30 fluid pharmaceutical formulations can vary widely, i.e., from less than about
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acceptable carries are normal saline, isotonic dextrose, isotonic
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can be added to provide pH optimal for storage stability. For

exanpl e, pH between about 6.0 and about 7.5, nore preferably pH about
6.5, is 5 optimal for the stability of I'Bosone menbrane |ipids, and
provi des for excellent retention of the entrapped entities.
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vary w dely, e., fro ss than about
y y and th vivo met. o s, common in the art of drug testing. See, for example, D, B,

Budman, A. H. Calvert, E. K. Rowinsky (editors). Handbook of Anticancer

Drug Development, LWW, 2003. Therapeutically effective dosages for various

20 therapeutic entities are well known to those of skill in the art; and according to
the present invention a therapeutic entity delivered via the pharmaceutical
liposome composition of the present invention provides at least the same, or 2-
fold, 4-fold, or 10-fold higher activity than the activity obtained by
administering the same amount of the therapeutic entity in a conventional

25  liposome formulation not comprising at least one synthetic pyridinium-derived
amphiphile. Typically the dosages for the liposome pharmaceutical
composition of the present invention range between about 0.005 and about 500
mg of the therapeutic entity per kilogram of body weight, most often, between
about 0.1 and about 100 mg therapeutic entity/kg of body weight or targeted

30 organ weight.
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havi ng at her oscl erosi s-associ at ed congestive heart failure or severe
hypertension. Alter t n
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| essen i nf | yresdritdnvattiéhis ﬁﬂe@@r@:‘f afdidpicsltdradd Dijectdble, sitheinis 8fliquid

| i posone pharmaceutical conposition adm.nistered 10 will depend upon
sever al factSQ]fLStloq@?Slt%p&ﬁﬁloé Hewegay, sphd fogms ﬁ@ﬁ@ﬁe&@n golaHon gy, or
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f ph t |
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andbook of tAACHE Erorgrlws H5ee mﬁ z%%@mlaﬁgs l%éateeeeav@lyde
effectiyg dog %Qﬁénsf ¥y ﬁé&éhﬁéfﬁl ?&t&@%ﬁpgéliﬂt&?alﬁﬁé% J1hESudkEtaMeblis known
to those of skill 1'n"the art; and according t e present invention
a t herapeut |1ntranemt§s, ddirawt@mhlyuﬂ;rmmmohaalnmtemuathlam md)&oﬂmdural
conposition.of res i nven ovi des |.east t sane
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in a conventional osone fornul ation not cor}prl sin | east one
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Oncology, vol. 68, p. 1-9, 2004. The compositions may also be directly applied
to tissue surfaces. Sustained release, pH dependent release, or other specific
20  chemical or environmental condition mediated release administration is also
specifically included in the invention, e.g., by such means as depot injections,
or erodible implants.
It is desirable that the average particle diameter is 400 nm or less in
the case of its intravenous administration. This is because a liposome having a
25  particle diameter of exceeding 400 nm is cleared by the liver, spleen and the
like reticuloendothelial system and the lungs.
Also provided is a method for facilitating the delivery of a
biologically active compound to a target cell that is not specialized in

scavenging and processing particles from the blood, comprising the

30 intravenous administration of a hiposome according to the invention which
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the art. S
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adm nistration is al so speC|f| cally included in the invention, e.g.,

by such neahwosemdapaisdeseddiareimsis agivantagtobsly useglaariryg delivery vehigle.
is desirable that the average particle dianeter is 400 nmor less in
the case of its intravenous admnistration. This is because a
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not speciali in scavengi n pr OCessi g par rom

bl ood, conpotlsdridsd ticone of the liposome constituents, for the manufacture of a
medicament for the treatment of cancer, chronic inflammation, tissue
regeneration/repair, diabetes or metabolic disease associated cell dysfunction.

In one embodiment, a liposome provided with an EPCAM targeting
20  means and encapsulating a cytostatic compound is used for the manufacture of

a medicament for the treatment of cancer. In another embodiment, a liposome
provided with an E-selectin targeting means and comprising a p38MAPK
inhibitor 1s used for the manufacture of a medicament for the treatment of
glomerulonephritis or reuma.

25

LEGENDS TO THE FIGURES



30 intravenous adm nistration of a |liposonme according to the

I nvention which WD 2009/ 031896PCT/ NL2008/ 050587 17 conpri ses said
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In anot her éhboge ﬁpﬁm pralorggbiseibaperindidtingt the ahseeweifdwdrelysis of

2 SEL1 10, RS ANE SRR, R B MR kol Rl gl b

or reuma. 2%ydrolysis the double labeled anti-E-selectin immunoliposomes. In panel B,
the degradation of 1immunoliposomes by HUVEC 1s compared to the

15 degradation of similar liposomes by IC21 cells (peritoneal macrophages). It is
shown that the same liposomes can efficiently be degraded by specialized cells.
Incubations i the presence of inhibitors (chloroquine, NH4Cl) of lysosomal
degradation indicated that degradation was lysosomal. (data not shown).
Figure 2: TNFa activated HUVEC were incubated for 24 h with anti-E-

20  selectin immunoliposomes (without synthetic pyridinium-derived amphiphile)
that were fluorescently labeled with the lipid bilayer marker Dil. The
liposomes have accumulated in distinct intracellular vesicles, while there is no
indication of redistribution of the fluorescent label over cellular membranes,
i.e., the liposomes are not degraded after being endocytosed by the endothelial

25 cells.

Figure 3: Liposomes according to the invention were prepared as described in
the general method and comprising the indicated amount of synthetic
pyridinium-derived amphiphile (in this case SAINT-18) or the reference

30  cationic amphiphile DOTAP. Liposomes were stored at 4°C under argon during
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HUVEC t ar geedowsifs sel ectin (HES) or VCAM 1 (VCAM waspdmviests/gaedtse d
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anti-E-sel ectin i mmunoliposones. In panel B, the degradation of

i mrunol i posonmes by HUVEC is conpared to the 15 degradation of simlar
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i.e., the |iopasadeserntctrt lipbssiagpasiedaabher bei ng endocyt osed by t he
endot helial 25cells. Figure 3: Liposones according to the invention
were prepared as described in the general nmethod and conprising the
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case SAl or t e re
pyridinium-derived amphiphile. Liposomes are fully size stable when the

bilayer is formulated with 0 to 20 mol% SAIN'T C18. Above around 20 to 25
mol% pyridinium-derived amphiphile, the liposomes start to loose their size
stability.
20
Figure 6: Calceine release from liposomes as a function of pH. Fluorescence of
the liposomes was monitored while incubated in buffers with the indicated pH
in 96 well plates in a standard fluorimeter. Calceine release was related to
total fluorescence of the liposomes measured after treatment with Triton-X100.
25  Data are presented as relative release compared to liposomes without SAINT

or DOTAP (mean + sd of 3 to 4 independent experiments).

Figure 7: Calceine release from liposomes formulated with 20 mol% SAINT or
DOTAP at pH 7.4 and pH 5. Fluorescence of the liposomes was monitored in
30  buffers with the indicated pH in 96 well plates in a standard fluorimeter.



30 cationic anphiphile DOTAP. Liposones were stored at 4C under argon
during WD 2009/ 031896PCT/ NL2008/ 050587 19 the time periods

i ndi cat ed. whizp@somssparticle size was anal yzed at the ipdinaabesdséisnes
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i ncreasi Ag ambiposened cqtairdhpi20madés SxéNTanphi phil e. Li posones are
fully size stable when the bilayer is fornulated with 0 to 20 nol %
SAI NT C18. Above around 20 to 25 mol % pyri di ni um derived anphi phile,
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rel ease conpared to |iposones w thout SAINT or DOTAP (nean_  sd of 3
to 4 i ndepedifdatare ppesentehas yelative release compared to liposomes without SAINT

or DOTAP (mean + sd of 3 to 4 independent experiments)

Figure 9: TNFa activated HUVEC were incubated for 24 h with liposomes

15 with encapsulated calceine. Panel A: anti-E-selectin immunoliposomes
formulated with 20 mol% SAINT. Panel B: anti-E-selectin immunoliposomes
without SAINT. Panel C: untargeted liposomes with 20 mol% SAINT. Calceine

release 1s most prominent with targeted liposomes that contain SAINT.

20 Figure 10: Uptake of Dil (panel A) and calcein (panel B) labeled liposomes by
HUVEC. Non- and TNF-a stimulated cells were incubated with the indicated
liposomes for 3h. Uptake of liposomes was analyzed by FACS. Data are

representative for three independent experiments.

25 Figure 11: Effect of E-selectin targeted liposomes formulated with 20 mol%
SAINT containing Interleukine-8 (IL-8) siRNA on expression of IL-8 in
conditionally immortalized human glomerular endothelial cells (ciGEnc). TNF-
a activated ciGEnC were incubated with E-selectin SAINT immunoliposomes
containing siRNA (either specific for IL-8 or scrambled siRNA) for 48h.



Figure 7: Calceine release fromliposonmes formulated with 20 nol %
SAI NT or DOTAP at pH 7.4 and pH 5. Fluorescence of the |iposones was
noni t or ed wio 8@/ ers with the indicated pH in 96 welpcphedeisisra
standard fluorinmeter. WD 2009/ 031896PCT/ NL2008/ 050587 20 Cal cei ne
rel ease was related to total fl uorescencg of the |iposones neasured
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Fl uorescence of the |liposones was nonitored in 96 well plates in a
standard fluorinmeter. Calceine release was cal cul ated after
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i ndi cat ed Ilaposomes for 3h. Uptake of |iposones was anal yzed by FACS.

Data are rephiberfreatedeetlsfanhirary petdeponbeatn areqresemiedtas. =38 Fi gur e
11: Effect of E-selectin targeted |iposones forrmulated with 20 nol %
SAI NT containing Interl eukine-8 (1L-8) siRRNA on expression of IL-8 in
conditionally immortalized human gl onerul ar endothelial cells

(ci GEnc). TNFa activated ci GEnC were i ncubated with E-selectin SAINT
i mmunol i posonmes containing si RNA (either specific for IL-8 or

scr anbl ggl SiE%&PfL‘HS 48h.

Abbreviations used:
TNFa, tumor necrosis factor a
VCAM-1, vascular cell adhesion molecule 1
HUVEC, human umbilical vein endothelial cells
20 D1l 1,1-dioctadecyl-83,3,3,3 - tetramethylindocarbocyanine perchlorate
SAINT, N-methyl-4-alkylpyridium chloride; SATA, (N-succinimidyl-S-
acetylthioacetate)
DOTAP, N-[1-(2,3-Dioleoyloxy)]-N,N,N-trimethylammonium propane

25 Liposome preparation.
Liposomes were prepared as follows. Lipids from stock solutions of 1-
Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), cholesterol (Chol), 2-
distearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy(polyethylene glycol)-
2000] (DSPE-PEG) and 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
30 [methoxy(polyethylene glycol)-2000]-maleimide (DSPE-PEG-Mal) in
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anal yzed by real-tinme PCR Presented data conme from one experinent.
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Effect of E- 5 selectin targeted |iposones fornulated with 20 nol %
SAI NT and containing si RNA on the H5V po? oma mddle-T
oncogene-transformed endot helioma cell |ffe. E-sel Saint-o-sones
containing specific siRNA for VE-cadherin and scranbl ed si RNA were
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for 48h. The effects of siRNA were analysed by real-time PCR 10
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For fluorescence microscopy and confocal laser scanning microscopy, 0.5 mol%
Dil, was added to the lipid mixture as indicated. The lipids were then hydrated

10 1in a Hepes buffer (10 mM N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid
(Hepes), 135 mM NaCl, pH 6.7) or in an aqueous solution containing 100 mM
Calcein. The liposomes formed were sized by repeated extrusion (13 times)
through polycarbonate filters (Costar, Cambridge MA, USA), pore size 50 nm,
using a high pressure extruder (Lipex, Vancouver, Canada).

15 The monoclonal mouse anti-human E-selectin antibody (H18/7, kindly
provided by dr. M. Gimbrone, jr., Boston, MA, USA) was thiolated by means of
N-succimimidyl-S-acetylthioacetate and coupled to a maleimide group at the
distal end of the polyethylene glycol chain by a sulthydryl-maleimide coupling
technique [2], exactly as described before for albumin [3]. Control

20 immunoliposomes were prepared as described above using irrelevant rat IgG
(Sigma-Aldrich Chemie, Zwijndrecht, The Netherlands). Control liposomes
without antibody were prepared from the same lipid mixture but, instead of
being incubated with antibody, they were incubated with cystein in a molar
amount twice that of DSPE-PEG-Mal to block reactive maleimido groups. The

25 1immuno-liposomes were characterized by determining protein using mouse
immunoglobulin G as a standard 4 and phospholipid phosphorus content 5.
Total liposomal lipid concentrations were adjusted for the amount of

cholesterol and SAINT present 1n the liposome preparations.
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RESULTS
Immunoliposomes targeted to E-selectin or VCAM-1 on TNFa activated
20 endothelial cells are readily endocytosed in amounts that are comparable to
the endocytosis capacity of macrophages. However, unlike macrophages,
endothelial cells do not process (degrade) the liposomes (Figure 1) and
accumulate them inside vesicular bodies (Figure 2). The absence of liposome
degradation and/or destabilization results in retention of the incorporated
25  drugs inside the liposome and consequently in inferior pharmacological

efficacy.

Liposomes formulated with increasing mol% SAINT are size stable for a period
of over 2 months when stored under argon at 4°C. Formulation of liposomes

30  with SAINT results in a slight increase in particle diameter from 90 nm for
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130 nm as compared to time O.

15  As can be derived from figure 5, liposomes formulated with up to 20 mol% of
pyridinium-derived amphiphile remained size stable. Increasing amounts lead
to reduced stability, while at 30 mol% resulted in giant, fused particles having

a diameter of around 500 nm.

20  The release of liposomal content was determined using calceine as a model for
a water soluble encapsulated compound. Fluorescence of calceine is quenched
at the concentration at which 1t is encapsulated inside the liposomes (100 mM).
Upon dilution calceine emits fluorescence. This allows to distinguish
encapsulated calceine (no fluorescence) from released calcein (fluorescence).

25  The endocytotic pathway by which (immuno)liposomes are taken up involves
intracellular transport through endosomes, where a drop in pH occurs.
Therefore, the release of calceine from liposomes formulated with increasing
amounts of synthetic pyridinium-derived amphiphile was determined as a
function of pH (see Figure 6). Retention of calceine in liposomes formulated

30  with SAINT is stable at neutral pH. Below pH 6 calceine release increases,
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Next, in vitro calceine release from liposomes was invenstigated. Endothelial

15  cells, HUVEC, were activated with TNFa and incubated with (a) anti-E-
selectin immunoliposomes formulated with 20 mol% SAINT, (b) control anti-E-
selectin immunoliposomes without SAINT or (c) liposomes (without anti-E-
selectin) formulated with 20 mol% SAINT. Figure 9 clearly shows that cells
incubated with immunoliposomes formulated with SAINT showed the most

20  calcein fluorescence, indicating preferential intracellular release of the
fluorophore from the SAINT liposomes that were taken up by the cells. Uptake
of anti-E-selectin immunoliposomes is not influenced by incorporation of
SAINT (determined by FACS using Dil as a label, see figure 10), thus the
amount of liposomes taken up in Figure 9A and Figure 9B was similar.

25  Liposomes formulated with SAINT but without cell targeting means are taken
up to a low extent (Figure 9C).

The result from figure 9 was confirmed in short term incubations with
liposomes that were double labeled with Dil as a lipid label and calceine as
30 encapsulated label. HUVEC that were activated for 4 h with TNFa were
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| i posones t MAT (figire Ioa}&erﬂalmhy rélog@secRbinskE- sbh@‘cﬁh&argeted liposomes
formulated with 20 mol% SAINT was, however, 8-10 times higher as compared
to liposomes without SAINT (figure 10B).
E-selectin targeted liposomes formulated with 20 mol% SAINT, containing
20  specific siIRNA were very effective in downregulation of target genes (figures
11 and 12). In TNFa activated glomerular endothelial cells E-selectin targeted
liposomes formulated with 20 mol% SAINT and containing siRNA against
mterleukin-8 (IL-8), inhibited IL-8 expression for almost 60%, while there was
no effect of liposomes formulated without SAINT or liposomes containing a
25  control (scrambled) siRNA (figure 11). The same holds true for the expression
of VE-cadherin, which could be efficiently inhibited for more than 60% using
E-selectin targeted liposomes formulated with 20 mol% SAINT, in a mouse

derived endothelial cell line.
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3. Liposome according to claim 2, wherein the total amount of

pyridinium-derived amphiphile is 10-20 mole%.

4. Liposome according to claim 1 or 2, having an external diameter of
from about 30 to about 300 nanometers (mn), most preferably 50 to 150

.

5. Liposome according to any one of the preceding claims, wherein said
at least one synthetic pyridinium-derived amphiphile is a Saint-
molecule, preferably a Saint-molecule selected from those claimed in
European Patent EP0755924.

6. Liposome according to claim 4, comprising Saint-18 (1-methyl-4-(cis-
9-dioleyDmethyl-pyridinium-chloride) and/or Saint-12 (1-methyl-4-
{(pentacosan-13-yh-pyridinium-chloride).

7. Liposome according to any one of claims 1 to 6, being sterically

stabilized, preferably by insertion of a monosialoganglioside (GM1)



28 Clains 1. A liposone conprising at |least one |ipid bilayer

encl osing an interior aqueous conpartnent, wherein said |ipid bilayer
conprises at |east one synthetic pyridiniunderived anphi phile,
wherein the total amount of pyridiniumderived anphiphile is 2 to 25
mol % based on the total Iipid content, ?f the |iposone. 2. Liposone
according to claim1, wherein the total anount of pyridiniumderived
anphiphile is 5 to 20 nol % 3. Liposone according to claim2, wherein
the total amount of pyridiniumderived anphiphile is 10-20 nole% 4.

Li posonme accondifi®hiiR]fkaiyide Sfycdl) (PBG) Aeridhtifed BpiaakitAiatmk! Bpidof
f rom about 30nto aééﬁkﬁ%o nanggétgﬁs %%@, nost p?%ferably SOE?O 150

nm 5. Liposdreyescording to any one of the preceding clains, wherein
said at | east one synthetic pyridiniumderived anphiphile is a
Sai nt-nol ecul e, preferably a Saint-nolecule selected fromthose

cl ai med i n gtur opgan oﬁ‘@tm&cﬁﬂ%z@ﬁﬁgéne of thd pasedsatdailchgpteiigd ai m
4, conprising Saint-18 (1-nethyl cis-

9- di ol eyl ) neehjis-syyfacaiafileant ORk SrTESENEIREMRY CaHibi ofirpcpanigmgand 4-
t 3- di t
(pentacosan. bty K GhRs UEDLRT ok Tyl LBORRTBNBEATC1 G L0 any

insertion of higragRshatagpmghicasiofe tafgddttdl) 29 and/or or
pol y(ethyl ene glycol) (PEG derivatized lipid within the lipid
bi | ayer. 8. Liposone according to any one of the preceding clains,

conpr|5|ng at t f
recogni zi ng and §30§ eaa%;é%@gnéﬁféggg@eﬁg}}%g% da@‘?ta pgi?lgﬁ%‘gﬁmrﬁtsgr get
cell or an i gpgcafiaty fohéthe canrfaas bhenirget cell thaigetnot epbcialized in

scavenging and processing particles, preferably an endothelial cell.

10. Liposome according to any one of claims 7 to 9, wherein said
targeting means is the RGD-peptide motif, anti-E-selectin antibody or
anti-VCAM-1 antibody.

11. Liposome according to any one of claims 7 to 10, wherein said at
least one targeting means is bound via a linker molecule to a Saint-

molecule inserted in the lipid bilayer.

12. Liposome according to any one of the preceding claims, comprising
in its interior compartment and/or associated with its lipid bilayer at

least one biologically active compound.

13. Liposome according to claim 12, wherein said biologically active
compound is selected from the group consisting of antibiotic,
antibacterial, antiviral, antimycotic, anti-inflammatory,
antiproliferative and antineoplastic drugs; hormones; nucleic acids,
including genes, recombinant nucleic acids, oligonucleotides, siRNA, a

viral gene or a gene from a microorganism; and antigens.



9. Liposone according to claim@8, wherein said targeting nmeans has
specificity for the surface of a target cell that is not specialized
i n scavengi ng and processing particles, preferably an endot heli al
cell. 10. Liposone according to any one of clains 7 to 9, wherein
said targeting neans is the RGD—peptigﬁ notif, anti-E-selectin

anti body or anti-VCAM 1 anti body. 11. "Li posone according to any one
of clains 7 to 10, wherein said at | east one targeting neans is bound
via a linker nolecule to a Saint-nolecule inserted in the lipid

bi | ayer. 12, Li
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17.  Use of a liposome according to any one of claims 1-13 as a drug

delivery vehicle.



