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ABSTRACT

A serum-stable mixture of lipids capable of encapsulating an active agent to form a liposome,
said mixture comprising phosphatidylcholine and phosphatidylethanolamine in a ratio Iin the
range of about 0.5 to about 8. The mixture may also include pH sensitive anionic and cationic
amphiphiles, such that the mixture is amphoteric, being negatively charged or neutral at pH 7.4
and positively charged at pH 4. Amphéteric liposomes comprising such a mixture may be used
for encapsulating nucleic acid therapeutics, such as oligonucleotides and DNA plasmids. The

drug/lipid ratio may be adjusted to target the liposomes to particular organs or other sites in the
body.
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Inprovements in or Relating to Amphoteric Liposomes

Field ¢of the invention

The present invention relates to amphoteric liposomes and has
particular reference +tc¢ such liposomes having improved
stability in human or animal serum. The presesnt inventilion
alsc comprehends mixtures of lipids capable of encapsulating
active agents oOr ingredients such, for example, as drugs to
form liposomes and pharmacesutical compositlons comprising

sucn liposcmes.

Background of the invention

{3

Oligonucleotides represen

-
¢t

a novel class of drugs that can

{

very specifically down-regulate or interifere with protein
expression. Such @liegomzcleotides include antisense, locked
nucleic acids {LNA}, peptide nucleic acids (PRA), morpholino
nuclelic acids (Morpholinos), small interfering RNAs (siRNA)
and transcription factors decoys of varibus chemistries. A
detailed description of the different mechanisms of action of
such oligonucleotide therapeutics can be found in  the
literature (e.g., Crooke 1in BBA (1899)," 1489(1}, 31-44;
Tijsterman, et al. in Cell (2004), 11711y, 1-3; and Mann, &t

al. in J Clin Invest, {2000, 10608}y, 1071~5).

The use o¢of oligonucleotides Ifoy gene zrepair applications
e, @.g., Richardsecn, et al. in Stem Cells (2002)

e (
118} and micro RNAs are other examples from this rapidly

It 15 known 1n the art that nucleic acid therapeutics,
irrespective of their &actual chenical origin, may lack

therapeutic efficacy owing to their instability in body

CONFIRMATION COPY
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fluids or because of inefficient uptake lﬁt; ceils, or both.
Chaemical modificaticns of such oligenuclecotide, including the
above~menticned variants, as well as the feormaticon of
conjugates with ligands or polymers, represent one strategy

w’

o overcoms such practical limatations.

“

A second set of strategies involves the use of carrier
systems, in particulary liposomes, for protecting, targeting
and affording enhanced uptake into cells. Liposomes are
artificial single, oligo or multilamellar vesicles having an
agueocus core and being formed from amphiphilic molecules
having both hydrophobic and hydrophilic componants
(amphiphiles). The cargo may be trapped in the core of ithe
Liposome, dispoesed in {::1.«:5. membrane layver or at the membrane
surface. Such carrier systems should meet an optimum score of
the Ifollowing criteria: high encapsulation efficiency and
economical manufacture, coiloidal stability, enhanced uptake

into cells and of gourse low toxiclty and immuncgenicity.

Anionic or neutral liposcmes are often excelle ent 1n ferms of

colloidal stability, as no aggregation occurs betwesn the

carrier and the environment. Consequently their

blodistributicn 1s excellent and the potential for irritation

and cytotoxicity 1s  low. However, such carriers lack
&

encapsulation efficlency and do not provide an endosomclyt]

signal that facilitates further uptake into cells (Journal of

rharmacolcgy and experimental Therapeutics (2000), 282, 480-

A great many of publications deal with c<aticonic liposomal

systems; see, £.g., Molecular Membran

ne

129-140 by Maurer, et al.; BBA (2000)
cgy and Bictechnology (2001},
1{2), 27-33 by Fiset & Gcunni. Although cationic systems

provide high loading efficisncies, they lack colloidal
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stability, in particular after contact with body fluids.
Ionic interactions with proteins and/or other bicpolymers
lead teo in situ aggregate formation with the extracellular
matrix or with cell surfaces. Cationic lipids have often been
found to be foxic as shown by Filion, et al. in BRBA (1887,
13282y, 245~356; Dass in J. Pharm. Pharmacol. {2002), 541{(5),
593-601; Hirko, et al. in Curr. Med. Chem., 10(14), 1185-
1193,

Thess limatations were overcome by the addition of components
that provide a steric stabilisation to the carriers.
Polyethylenglycols of wvarious chain length, for example, are

known to eliminate aggregatlion problems associated with the

use of cationic components In body flulds, and PEGylated
cationic liposomes shew enhanced circulation times in vive

(BBA (2001) 1210, 135Z2-168%6 by S2mp

*m-)
(3

et ai.). However, tne
use of PEGC does not solve the intrinsic toxicity problems
associated with cationic lipids. It is also known that PES
substantially inhibits the productive entry of such liposomes
into the cells or thelxr intracellular deliverv {(Scong, et ali.

alk

in BBA (200Z), 1558({(1;, 1-12). Quite recently, Morrissey, et

J

ai. {(Nature BRioptechnology {2005, 23 (BYy, 1802 - 1007)

described a diffusible PEG-lipid for a caticnic wector that
18 able to transier siRNA inte liver cells in vive. However,
the huge demand fLor such solutions and the given attrition

of <ciinical development more than motivates the

development ¢f conceptually independent scolutions.

Amphoteric liposomes rapresent a recently described class of
liposomes having an anionic or neutral charge at pd 7.5 and a

nic charge at +H 4. WO 02/066490, WO 027066012 and

®
WO 03/070735, 211 to Panzner, et al.

give a detailed description of amphoteric

(.
9%
C:

lLiposomes an rtable lipids therefor. Further discliosures

are made 1n WO C3/070220 and WO 03/070735, also to Panzner,
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et al. which describe
further pH sensitive lipids <for the manufacture of such

amphoteric liposomes.

Amphoteric liposomes have an excellent bilodistribution and
are very well tfolerated in animals. They can encapsulate

nucleic acid molecules with high eifficiency.

The use of amphoteric liposomes as carriers for drugs for the
prevention or treatment of different conditions or diseases
in mammals recuires stability of the liposomes after thear
indection into the blocdstream. For systemic applications
especially, the drug nust be stably encapsulated in the
osomes until eventual uptake 1in the target tissus or
cells. The FDA’s guidelines prescribe specific preclinical
tests for drugs COmMPrising Liposomal formulations,
For example,

the ratio of encapsulated drug to free drug must De

determined during the circulation time 1in the blocdstrean.

After the inidsction of liposomes into the bloodstream, serum
h

components intesract with the liposcomes and may lead to
permeabilisation of the liposomal membrane. However, the
release of a drug that is sncapsulated by the liposcme also
depends upoen the molecular dimensions of the drug. This means
that a plasmid drug with a size of thousands ©0i Dbase palrs,
for example, may be released much more slowly than smallerx

b
-
L "

oligonucleotides <©r other small molecules. ry lLiposomal

OX
delivery of drugs it is essential that the relesase of the
drug during the circulaticn ©i the liposomes 15 as low as

pOosSsible,
Objects of the invention

An cbiect of the present invention therefore 1s to provide

liposomes and mixtures o¢f lipids capable o©f forming such
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A

lipeseomes having improved stability upen confact with human

oY animal serum

¥

In particular, an object of the present invention is o
provide amphoteric lipcosomes having such improved serum

stability.

Another object of tne invention i1s Lo provide pharmaceutical
compositions comprising such liposomes a2s a carrier for the

targeted delivery of active agents or ingredients, in

C
drugs such as nuclsic acid drugs, e.g., oligonucleotides and

i

olasmids.

A particular cbjisct of the present inventlion 1is to provide

such & pharmaceutical compesition for the treatment or

prophylaxis of inilammatory, immune oy autoimmune disorders

of humans or non-human animals.

X,

Yet anotner cbiyect of the pressnt invention is provide

res

metnods for the freatment of human or non-human animals ir
whicn a pharmaceutical composition comprising an active agsnt
18 targeted to a specific organ oy organs, tumours or sites

of iniection or inflammation.

Summary of the invention

According to one aspect of the present inventicon thersfore
there i3 provided a mixture of lipids «capable of
encapsulating an active agent to form a liposome, said
mixturs COMPrising phosphatidyichoeline (PC) and
phosphatidyiethanolamine [PE) 1n 3 'ratio of

S
phosphatidylethanclamine to phosphatidylcholine in the range

of about 4.5 to about 3.
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&
Suitably, said ratio range Ifrom about 00.75 to about I,
oreferably from apout 1 to about £,

In some embodimentis, zaid phosphatidylcholine may be selecte

from PMPC, DEPC, 2ok, POPC Or DOPC, oY from

phosphatidylicholines from natural sources such, for example,

as soy bean PC and egg PC.

Said phosphatidyliethanclamines may bes selected f[rom DCFE,

»

DMPE and DPPE.

it i3 KNOWD that - cholesterol mavy stabilise
phosphatidylcholine pllavers against serum attacx. However,

neither POPC nor DOFE  form  serum  stable structures by

;

themselves. It has now been found surprisingly that mixtures

of DOPE and FCPC may form serum stable liposomes,

"

4

Accordingly, in a particular aspect of the present inventio

said maixture of lipids may D2 neulral. In some smbodiments

L
bty

SAa1C migturs mavy consist or congilist essentially

it A

nvhosphatidylcholine and phosphatidylethanolamine in a2 ratio
in the aforementioned rangs.
In another aspect oI the pressnt invention there are provided

a serum~staple excipiant

1,

In a diiferent aspect of fhe present invention however, said

mixture may further comprise one or more charged amphiphiles.

ey,
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}

Preferably said one or mere charged amphiphiles are
amphoteric, being negatively charged or neutral at pH 7.4 and

cositively charged at pH 4.

A

By Tamphoteric” herein 1is meant a substance, a mixture of
substances or a supra-molecular complex {(e.g., a liposcme)

comprising c¢harged groups of both anionic and caticnic

(1} at least cne of the charged groups has a pK between 4

angd 2

~ ¥

resulting in an iscelectric point of neutral net charge
between pH 4 and pH 8. Amphoteric character is by <his
definition different from zwitterionic character, =
zwitterions do not have a pK in the range mentioned above. In
ceonseguencs, zwitterions arxe esgéﬁtially neutrally charged
over & range o¢of pH wvalues; phosphatidylcholines and

phosphatidylethanolamines are neutral Lipids with

Suitably therefore, said mixture may comprise a plurality of

charged amphiphiles which in combinatiocon with one anot

{H
4

nave amphoteric character. Preferably said one or more
charged amphiphiles comprise a pH sensitive anionic lipid and
\Tive catlonic ilpid. Herein, such a combination of

g anicn 1s referred to as an

pK value of between about 4 and about 8, preferably between

4%

o

)

{0 !
Y
(I

o

J

i

(N

{11

(1t

1~

A

33

93

O

,

1

oo}

.0 ¢x 7.5.8ai1d chargeable anion
may have a pK wvalue cof Dbesiween about 3.5 and about 7,

preferably between abour 4 ¢or 4.5 and about 6.0 or 6.5.

Lxamples include MoChol/CHEMS, DPIM/CHEMS and DPIM/DGSucc.
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An “amphoteric I7 lipid pair comprises a stable cation (e.4g.,

DDAR/CHEMS, DOTAP/CHEMS and DOTAPR/DOPS) and a chargeable
anion, whils an Tamphoteric III7 lipid pair comprises a
stable anion and a chargeable cation {(e.g., MoChol/DCPG and

MoChol/Chol-80y} .

It is of course possible within the scope ©f the present

[ aind

invention to use amphiphiles with multiple charges such, forx

example, as amphipathic dicarboxylic acids, phosphatidic

e

acid, amphipathic piperazine derivatives and the like. Such

.

1

multi-charged amphiphiles may be pH sensitive amphiphiles or

Q.!

stable anions or cations, or they may have "mixed” character.

Suitably, said anionic lipid may be selected Irom DOGSucc,

POGSuce, DMGSucc, DPGESucce and CTHEMS.

Said caticnic linid may be selected from MoChol, HisChel and

CHIM.

In vyet arnother aspect o2f the present 1nventlion there are
provlcmd amphoteric liposomes comprising phosphatidylcholine

range, a pH sensitive anionic lipid and a pH sensitive

cationic lipid.

id amphoteric liposomes may De negatively or neutrally

ar aspect of the present invention, salild
liposomes encapsulate at least one active agent. 5aild active
agent may comprise a drug. In some embodiments said active
agent may compriges a nuclelc acid such, Ifor example, as an
oligonuclectids o¢or DNA plasmid that 1is capable of being
transcrikbed in a vertebrate cell into one or more RKAs, said

RNAs Dbeing mRNAs, shRENAs, miRNAs or ribozymes, salid mRNAs
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Said a‘zgo uclectide or other nucleic acld based drug may be
encaPSL lated in said amphoteric liposores. A substantial

portion or all of szid oligonucleotides may be physically

b

entrapped in the ampheoteric liposomes. The sasrum  stable

amphoteric liposcmal formulations c¢an be used for the
intracellular delivery of drugs c¢r Ifor the prevention or
treatment of & condition and/or disease 1n mammals or part of

mammals, especially humans or their organs.

In some embodiments, =azi1d oligonucleotide may bhe adapted to
target a nucleic acic encoding CD40, Thereby  fo modulate
expression of CD40  in mammalian cells. Suitably, said

cligonucleotide may be directed against the mRNA of CD40.

In vet another aspect of the present invention there is
provided a pharmaceutical composition comprising active
agent-loaded amphoteric liposomes in accordance with the
present invention and a pharmaceutically acceptable vehicle

therefor.

Said ccmgogitidsz may be formulated for high or low lipid
doses, and suitably therefore the druvg / lipid ratic may be
adiusted to a desired lipid concentration. In =ome
embodiments, said composition may further comprise empty
liposcomes o decrease said drug /7 lipid ratio, saild empty
liposomes having the same or similar size and composition to

sald active agent-loaded liposomes. Said empty liposomes may

. " s o . - _3 v " J ’ ; fian S
comprise a mixture of lipids according to the present

In yet another aspect, the prasent invention comprehends the
use of a pharmaceutical composition according to the present
invention for the prevention or trsatment of an inflammatory,

immune or autoimmune disorder of a human ¢ry non-human animal,

n
wnerein said compositicn comprises an oligonucleotide adapted
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to target a nucleic acid encoding CD40 for modulating the

expression of D40 in mammailan cells.

Said composition may be formulated for systemic or local

-

administration. When used systemically, the pressnt invention

comprises the use ¢f said compoesition inter alia for the
prevention or treatmenti of graft rejection, graft-versus-host
disease, diabetes type I, multiple sclerosis, systemic lupus
erythematesocus, rheumatoid arthritis, asthma, inflammatory

bowel disease, psoriasis or thyroiditis.

When formuilated for local applicaticn, the invention
comprises the use of said composition inter alia for the
prevention ¢r treatment of grafit rejection, grait-versus-host
diseass, iniflammatory bowel diseass, asthma, Crohn’'s disease

or ulcerative ¢olitls.
Detailed descraiption of the invention

As menticoned above, the amphoteric liposomes ©f the present
1nvention may comprise anionic and cationic components,

wherein both components are pH-sensitive, as disclosed in

WO 02/086012,

Caticnic lipids that are sensitive o pH are disclosed in

= 3

in sudker, et a2l. 1996, Nat Riotechnel.
14 (0): 760-4,

Preferred cationic compenents are MoChol, HisChel and CHIM,

especially MoChol.

rreferred anionic lipids are selected from ths group
comprising: DOGSucc, POGSucc, DMGSucc, DPGSucc and CHEMS,

espaecially DOGSuce, DMGSucce and CHEMS.
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‘ollowing abbreviations for lipids are used

. ' v iy o, R
f which abbreviatlons

Phosphatidyl

¥
phosphatidyl

Diroleovliphos
Diclesoyliphos

cholestercl

11

are 1in standard use

choline, unspecified membrane

ethancoclamine, unspeciiied membrane

idylethanolamime

tidylethanolamine

{d—1midazol-1l-yl propvijcarbamate

v

phatidylserine

Sl

phatidylglvcerol

sulifate
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¥

: . T PNy : -
MoChol 4~ {2~Aminoetnyl} -Morpholino

Cholesterolhemisuccinate:

HisChol Histaminyl-Cholesterolhemisuccinate:

DGIucce 1,2-Dipalmitoyglvycerci-3-hemisuccinate (&
NDistearoyi~, dimyristoyl- Diolieoyl or
palmitoyl-oleoylderivatives) {in the
structure below the acyl chain is shown

schematically)
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It has been found that the ratio between the caticonic and
anionic lipids {(the charge ratlio} not only determines the
isoelectric point, but may also affect the serum stability of
the composition. A¢cordingly, said charge ratio méy vary from

4:1 to 1:4, preferably between 2:1 and 1:2 {caticon : anion).

In some embodiments of the ainvention, the 'catisn.:may De
present in excess over the anion. Preferably said charge
ratio 135 between 3:1 and Z2:1. The tctal amount of charged
lipids may wvary from 5 to 95 mol.% of the lipid mixture,
preferably from 30 to 80 mol.%, and more preferably from 405
or 50 mol.% to 75 mol.%, with the remaining lipids being

formed from the neutral phospholipids PC and PE.

Alternatively, the cation and zanion mnmay be present in
substantiaily egual amcunts. The tTotal amount of charged

lipids may wvary froem > to 75 mol.% ¢f the lipid mixture

“M\W"

preferably from 2Z0 to €5 mol.%, with the remaining lipids

In another alternatlive, the anion may De present in 2xXCess

L

over the cation. Said charge ratlc may be betwesen 1:3 and
1:2, preferably about 1:2 {cation : anion). The total amcunt

0o charged l1lipids may vary from 40 mol.% to 75 or 80 mol.% of

the lipid mixture, preferably froem 45 or 20 mol.% to 70 orx

75 mol.%, and more pre=ferably from 55 to 65 mol.%, with the

r

rv

remaining lipids being formed from the neutral phospholipids

™% -, R FIE
*C oanog PR

A number of different combinations oi cations and anions may

P

be selected from the 1lists c¢f suitable components given
above. Advantageously, the invention may pe practised using

MoChol oxr CHIM as z chargeable cation and CHEMS, DMGSucc or

DOGSuce as a chargeable znion.
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Presently vreferred liposomes are made from a mixture of
lipids comprising PCOPC and DCOPE 1in a ratio between 1:1 and
O

1
1:4 and an amphoteric lipid pair selected from MoChol and
»

HEMS, MoCheol and DMGSucc, MoChol and DOGSucce, CHIM and

1

CHEMS, and CHIM and DMGSucce, in a ratio beitween 3:1 and 1

e

wherein the amcunt o¢f charged lipids 1is between 30 and

80 mol.% of the lipid mixture.

Specific examples ¢©f such liposomes 1in accordance with the

present invention include, but are not limited to:

POPC/DOPE /MoChol /CHEMS 6 1 24: 53: 17
PCPC/DOPE/MoChol /CHEMS 6 1 24 1 47 1 23
POPC/DCRE /MoChel /CHEMS 15 45 ¢+ 20 : 20
POPC/DOPE/MoChol /CHEMS 20 30 : 30 30

POPC/DOPE/MoChol /CHEMS 24.5 : 35.5 : 20 : 21
POPC/DOPE/MoChal /CHEMS 1o ¢ 24 30 30
POPC/DCPE /MoChol /DMGSuce o 24 53 1 17
POPC/DOPE/MoChol /DMGSuce & o 24 o 47 + 273
POPC/DOPE /MoChol /DMGSuce 15 45 20 J
PC/DOPE/MoChol/DMGSuco 10 3G 30 : 30
POPC/DOPE /MoChol /DMGSuce Z24.5 353.5 : 20 : 20
POPC/DOPE/MoChol /DMG3ucc 16 : 24 : 30 : 30
POPC/DOPE /MoChol /DOGSuce 2.5 v 37.5 ¢« 33 17
POPC/DOPE/MoChel /D0OGSuce 7.5 «+ 22.5 47 . 23
POPC/DOPE/CHIM/CHEMS 12.5 ¢+ 37.5 : 33 ¢ 17
POPC/DOPE/CHIM/CHE] J.2 v22.5 47 ¢ 23
POPC/DOPE/CHIM/DMGSuce 2.5 » 37.5 o 33 : 17
POPC/DOPE/CHIM/DMGSuce 7.5 22.5 @ 47 . 23

further presently preferred lipesomes comprise a mixture of
lipids comprising POPC and DCPE in a2 ratio between 1:1 and
114, DMGSucc or DOGSuce, and MeChol, wherein the molar amount
cf DMGSucc or DOGSucce exceeds the molar amount of MoChol and

the amount of charged lipids i3 between 30 and 80 mol.$%.
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i

Preferably, the <charg

-t

& ratio 211 tween 1:2 and 1:3 and

e~y
4

charged compenents constiiute petween 45 or 50 mol.% and 70

or 75 mol.% of the Lipid mixture.

Specilflc exampies o©of such further liposomes include, but are

(WP NS

nobl limited 1o:

POPC/DOPE/MoCho
POPC/DOPE/MoChol/DMG

;
\N
-
e
0
U
{}
£
oy
i

{
(3
('}
W
fad .
% S Ny £
N2 2
T2
o
< i

L3
frrnnd

POPC/DOPE /MoChol /DMGSuee

frerd
Co?
¥ o {2}
(A

POPC/DOPE/MoChol /DMGSuce 10
POPC/DOPE/MoChol/DMGSuce 3

i\
L
N

Y
2
(™)
w
D |
o O v
o
- )

POPC/DOPE/MoChol /DMGSuce 10 « 20 - 20 + 40

POPC/DOPE /MoChel /DMGSuce 1o R - 17 o+ 33

POPC/DOPE /MoChoel /DOGRace i2.5 s 3705 017 ¢ 33

Wwithout being lim G LC such use, the materials described in

!..,
-
(D
(L
bt
-
¢t
Q
-
-
(]
fand
(D
-
:

the pretein structure tfthrough inter allis interference with

splicing and artificial truncaticn.

In some embodiments ¢f the present invention, therefore, the

aph

cleic acid-pased therapsutic may comprise a nucleic acid

b

that 1s capable of being transcribsd in a2 vertebrate cell

inte one or mere ENAs, which RNAs may be mRNAs, shRNAs,
miRNAs ©or ribozyvmes, wherein such mRNAs code for one or more
peiypeptides. Such nucleic acid therapesutics may

be circular DNA plasmids, linear DNA constructs, like MIDG

1+

vector (Minimalistic lmmunogenically Deiined Gene
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mxpression) as disclosed in WO 88/21322 or DE 18753182, or

mRNAs ready for transliaticon {e.g., EP 1392341).

In another embodiment ©f the inventicn, oligonucleotides may

14

oe used that can target existing intracellular nuclelec acids

or preteins. Said nucleic acids may code for a specific genes,

such that said oligonuclieotide 1s adapted to attenuvate or

modulate transcraption, modify tThe prccessing of the
transcript or otherwise 1nterfere with the expression of the
protein. The term “tarcet nucleic acid” encompasses D[DNA
encoding a specific gene, as well as all RNAs derived from
such DNA, besing pre-mRNA or mRNA. A specific hybridisation
betwsen the  fTarget nucieic acid and  one Or  more
cligonucleotides directed against such seguences may result
in an inhibition or modulation ¢f protein expression. To
achisve such specific targeting, tThe oligonucleotide should

suitably comprise a continucus stretch of nucleotides that is

-t

substantially complementary to the seguence of the targs

Cligonucleotides fuifilling the abovementioned critsria may

be built t a number of different chemistries and
tepologies. Oligonucleotides may be single stranded or double

The mechanisms of action oI oligeonucleoctides may vary and
might comprise eifects con inter alia splicing, transcription,
n

nuclear~cytoplasmic tfransport and translatio:

4

In a preferred embodiment o©f the invention single stranded
oligonucleotides may be used, including, but not limited to,
WNA-based oligenuclecotides, locked nucleic acids, 27 -modified
oligonucleotides and others, commonly known as antisense
oligonucleotides. Backbone or base or sugar modifications mavy
include, but are not limited to, Phosphothioate DNA (PTO),

2’0-methyl RNA  (2/Cme), 2' O~ methoxvethyl-RNA (2°MOE),
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peptide nucleic acids (PNA}, N3'-P5" phosphoamidates (NP]

2" fluoroarabine nucleic acids (FANR), locked nucleic acids
{TNAY, Morpholine phosphoamidate (Morpholinoc), Cyclohe:

4
nucleic acid {CeNAY, tricyclo-DNA {LCDNA) and c¢cthers.
&

Moreover, mixsd chemistries are known 1in the art, being
constructed from more than a single nuclectide specles s
copelymers, block—-copolvmers o©or gapmers or in  otherx
arrangenments. in acdditicn to the aforesmentionead

cligonucleotides, protelin eéexpressicn can alse be inhibite

4

using double stranded RNA melecules containing the

(—t
Jo
E-1y
(0
43
=

complementary seguence mo ch RNA molscules are Known

as s8iRNA molieculiles 1n the art {e.qg., WO 99/32619 or
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nemistries were adapted Lo

this «class of oligonuclisotides. Also, DNA / ENA hybrid

In ancother embodiment of the present invention, decoy
oligonucleotides can be wused. These double stranded DRA
moleculss and chemical modificaticons therecf do not target
nucleic acids but transcription factors. This means that
sotides bind seguence-specific DNA-binding

preteins and interiere with the transcriptieoen f{e.g. Cho-

that may influence ifranscriptlon by  hybridizing ander
ohysiological conditions Lo the promoter region ¢f a gene may

3 X oy - Poaa ,.: . ~ - . ; - 5 oo Naha 4%
be ugsed. Again varicus chemistries may adapt to this class of

In a still further alternative ¢f the invention, DNAzymes may

?

i
be used. DNAzymes are single~-stranded oligonucleotides and

chemical modification
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Typical DNAzymes, Kknown as the “10-Z3” model, are capable of

-’

cleaving single-stranded ERNA at specific  sites under
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physiological conditions. The 10-Z3 model of DNAzymes has a
catalvitic domain of 15 highly conserved deoxyribonuclentides,
flanked by 2 substrate-recognition domains compiementary to a
target seqguence on the RNA., Cleavage ©f the target mRNAs may

result in their destruction and the DNAzymes recycle and

In yet anocther embodiment ©f the invention, ribozymes can De
used. Ribozymes are single-stranded oligoribonucleotides and
chemical mcdifications thereof with snzyvmatic activity. They
can be cperationally divided into two components, a conserved
stem-loop structurs forming the cataiviic core and flanking
segquences  which are reverse complementary 1o seguences
surrouncing the target site 1in a given RNA transcript.
Flanking seguences may confer specificity and may generally

constitute 14-16 nt In total, sxtending on both sides of the

In a still further embodiment of the invention, aptamers may
be used fo targst proteins., Aptamers are macromolecules
composed of nuclelc acids, such as RNA or DNA, and chemical
modifications thereof that bind tightly to a specific
molecular target and are typically 15-50 nt long. The chain

of nucleotides may form intramolecular interactions that fold

the molecule into a complex three-dimensicnal shape. The

1(
~ A&

shape of the aptamer allows 1t to bind tightly against the

"~

surface of its target moleculs including but not limited to
acidlc proteins, basic proteins, membrane croteins,

transcraiption factors and enzymes. Binding of

tIJ
t...t

Lamer

a
molecules may influence the function of a target molecule.

All of the above-mentioned oligonucleotides may vary in
length between as little as 10, preferably 15 and even mora
preferably 18, and 50, preferably 30 and more preferably 25,

nucleotides. The {it between the oligonucleotide and the



o
(1

{7
-

Lod
- D

CA 02889540 2015-04-29

19

X

target sequence i3 preferably periect with each bases of t

~ -~
12

h\u‘

ﬂ

oligonuclectide forming a base palr with 1its complementary
hase on Lhe targeit nucleic acid over a coentinuous stretch of

q

the abovementioned number of oligoeonuclectides., The pair of

{D
{4
{4
ok »
§de

seguences may contain one ¢r more mismatches within th

continuous stretch of base pairs, aithough this 1s less

preferred. In general, the type and chemical composition of
il

such nucleic acids is of 1la e impact for the performance of

the inventive liposcomes as vehicles Dbe 1t in viveo or in
vitro, and the skilled artisan may find other types of
cligonucleotides or nucleic acids suitable for combination

ith the inventive liposomes.

In a preferrsd embodiment of the  invention  howevear,

A
.

oligonuclecotides may used that are adaptad to

1
{73
¢t

el

nucleic acid encoding the CD40 gene, its ssnse or antisense

{

strand, any exons or introns or untransiated regilons thereoi,

thereby to modulate expression of CD40 i1n mammalian cells.

In another preferred embodiment of the invention, said
oligonuclectides may direscted against any mRNA of D40,
wnerein such mRNAS incliude pre-mRNA and theilr subseqguently

matured forms.

Protein expression can be specificalily down-regulated using
ocligonucleotides =zuch, for example, Aas antisense, locked

nuclielc acids (LNA), peptide nucleic acids (PNA), morpholino
1

ings)  and  small interfering RNAs

CR40 was first described by P

a
immunoel. Immunotherapy 17: 173-178}. The prote

ot
Q(,,J
{}
{3
{D
}MJ
W
N
(5
o
O*
-t
-
(U
ot
gt -
4
M
(D
}.,..,..s
bt b
{1
{1
-
(3
(il
t

@
(D
}.‘....J
e
£

expressed on dendril
and 1interacts with its ligand (CB40 ligand or CD15%4) on T-
cells. The signalling between CD40 and CD154 is crucial for

the development of a humoral immune response. (Over-

Y
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nway may lead to a varisty of immune-
assocliated disorders, inciuding grait rejection, graft-
versus-host disease, multiple sclerosis, systemic lupus

arythematosous, rheumatcid arthritis, asthma, inflammatory

L

sowel  diseass, psoriasis and thyroiditis. CDad over-

.

Al

expression might alsco be invelved 1n tumour growth {Gruss,
al. 1897, Leuk. Lymphoma. 24{S5-t): 383-422) and enhanced
levels of 2 soluble form of (D40 were reported to be
asscociated with Alzheimers disease iMocéli =t al.Z004, Zxp

Gerontol. 383{108):1555-61. (D40 signals 1into the KNF-xB

{

L—1, TNFPn and IFNy, which in turn activate oth

-
cells, thus promoting inflammation using a positive feedback

Inhibition of the sarly svents in the pathway described above

has been preoposed 335 an effsctive strategy to inhibit immune
discrders oy inflammation processes. Examples include the
competitive Dbinding c¢f TNEF® using antibodies, receptor
blocking using antibodiss against the TNFo-receptor and
competitive inhipition of NF-xkB binding. Since CD40 signa
through 1ts interaction with the trimeric ligand, CD154,
biticon ¢©f the signalling =avent with small molecule
rnhibitors is unlikxely and therapeutic dav&loPmentg have
therefore Iocused on ths use 2L blocking antibediess. More
specifically, the CD40/CD1L¢ interaction may be blocked using
antibodie targeted gainst one ©of the components, as
described by Helstager, =t al. 2000 {(J. Biol. Chemn.
272:15392~15388) or Raccam & 3ishod 1399 (Eur. J. Imnmunocl.
29 3E55~38687) . However, the Chag antibodies under

develcpment give rise to side reactions, and ther

g

U
i».-.).
Ul

therefore an neesd for alternative  means to cut Lhe

inflammatory feedback loop at this point.
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A number of olligonucleotide sequences targeted agalinst CD40
mRNA have been validated in vitro so far. US 2004/0186071 and
US 6197584, both to Bennett, et al., for example, give =a
detarled description oI such oligoeonucleotides based on
antisense mechanisms. Pluvinei, et al. in Bloed, 2004 first

described the down-regulaticn of CD40 using Ql?d& against the

047090108 to Mancharan describes

-
i3
1
oy
(D
i
~
=
£
[
-

human target.

the applicability of novel ocligonucleotides to inhibit the

~

expressiocn of CD40 protein. Indirect means to down-ragulate

st

the CD40 eupression zare described in DE 10048%48% o Hecker
and Wagner, using the inaibition of transcription factor
IFR-1. Suitable specific nucleic acids for modulating the

expression of CD4C are set forth in Example 11 below.

In & particular aspect c¢f the present invention therefore
1 composition comprising an
oligonucleotide directed zgainst (D40 as an active agent and

an amphoteric liposome ©f the present invention as  an

autoimmune disorders, and accordingly the invention further

b

comprehends the usse ¢f the composition ©f the invention for

R L

the prevention or treatment of inflammations, immune or

autoimmune disorders, including graft reijection, grait-

versus-nost digease, multiple sclerosis, systemic lupus
srvinematosons, rheumatoid arthritis, asthma, asthma
bronchiale, inilammatory sowel diseass, Dsoriasis,
thyroaditis, Morbus Crohn, Colitis ulcerosa, COPD and atopic

dermatitis.

The pharmaceutical compeosition of the present invention may
also Dbe wused Zfor topical treatments, for exampls the
Creatment oI inflamed mucosa. In particular, the composition
of the invention may be used for the treatment or prophylaxis

of inflammatory bowel disease or graft rejection. The
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compositicon of the preasent invention may also be adapted for

topical application t¢ the skin or lungs.

Liposomes have been widely used to alter the pharmacoxinetic
and biodistribution profiie o¢oif encapsulated drugs in vivo.

The lipesomes of tThe present i1nventicn, Logether with their

ﬁ}

‘cargo, may be cleared rapidly and to a grealbt extent by the

liver. However, the pharmacckinetic paramsters as well as the
Biodistributicon pattern may be controlled by adjusting the

N

size of the liposomes and/cr the lipid dose as illustrated in

the examples below.

In some embodiments, the liposomes of the present invention

may have a size greater than aebout 150 nm. Such liposomes may

4

be administered at a low lipid deose. Said liposomes may bhe
unilamellar, oligolamellar or muitilamellar. Such a dosing
scheme allows for efifective and
and avoids tThs =z

C
organs, such as the sp

Alternatively, =zsuch liposomes having a size greater than
about 150 nm may be administerad at a high lipid dose,
leading te szaturation of the liver and an altferation of the
brodistribution pattern to an accumulaticn of the lipesomes

in the spleen and more distal sites in the circulation, such

)
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of <the Dbody have <fenestrated or incomplete capillaries
through which liposomes may pe filtered out. Furthermors, it
is known that the splzen and such other areas of infection or
inflammation and many tumors often have high contents of

macrophages which can remeve the liposcomes from  the

Sald pharmaceutical composition according to the present
invention may be provided with a high lipid dose by different

methods. In some embodiments, the drug / lipid ratio of the
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red to achieve the desired .Lipid
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atively, the lipid concentraticn of the
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<IN
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"

A

csition may be controlled by adding empty
liposomes of comparable compesition and size to the drug

loaded liposomes.

Tn some embodiments, the liposomes according to the present
invention may have a size of less than abcout 150 nm. 3Said
liposomes may be unilamellar, oligelamellar or multilamellar.
The spleen acts as a f[ilier which removes unwant red blood
cells and particles from the blood. Large liposomes are also
retained by the reticular filter in the same way. However,
small liposcmes may escap: and thus do not accumulate in
spleen. Accordingly, liposomes according to the present

invention, having a size ¢f lesz than 150 nm may circumvent

the spleen as an organ.

Such liposcmes having a size o©f less than 150 nm may bDe

ug.

administered at low lipid dese 1n order to target liver
cells. Such lipecscomes are particularly well adaptsd to

o reach a substantial
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calls of the liver such as

ternatively, said liposomes having a size of less than
150 nm may be administered at a high lipid dose to target
more distal sites 1n the circulation, such as arsas of
inrection CY nflammation or solrd tumours, and

simulifanecusly To circumvent the spleen.

In genera., the charmacokinetic profile and the

prodistributicn of the lip

"

scmes of the present inventicon may

b

depend upon many factors. Next to the liplid composition of

{1

. . v—y N A e ’.u..,. ~. . : - 3 . . “"':‘9‘
the liposomes, ©oh lze ad dose determine the in vivo

(T
3

Lipid
ate ©f the liposomes. The liposomes of tne invention may be

"y

(
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unilamellar, cligolamellar or multilamellar, lrrsspective of

thelr 5128,

In some embodiments, ths lipcsomes of the present invention

may be used to tazrget an inflamed lung Dby systemic

administration to a2 human oy non-human animal patient.

Starting fron those skilled in the

=
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art will bes able to establish zppropriate desage regimens for
other species, in particular for other mammals or humans.
Specifically, whether & lipid dgose in ancther species (e.g.

-

numan 13 “low” oy - “high” Can be determined by

| k

pnarmacexinetic data. The pharmacckinestic <ﬁf Liposomes
follows a two compartment ma::?de}.,. As mentioned above, high
lipid doses leac to & »aturation of the liver and an
alteration ¢f the biocodistraibuticon pattern. This lsads to
enhanced Cmax valuses 1in  tThe terminal part o2f the

pharmacokinetic curve.

.

The pharmaceutical composition ¢f the present invention ma

e

be formulatea for us2  ag  a colloid in & suitabls
pharmacologicaily acgeptable vehicle. Vehicles such as water

saline, phosphate buffered saline and the like are well known

In some embodiments, the compesition of the present invention
ray pe administersd at a physiological pH of between about 7
ana about 3. To this end, the composition comprising the

.
active agent, =sxcipient and vehicle may be formulated to have
th

Methods for manufacturing liposomes are known Lo ihose
skilled in the art. They include, but are not limited to,
extrusion through membranes of defined pore size, injesction

of lipid soluticns in “tﬂaﬁOi 1nto the water phase containing

cargo or high pressure homogenisation.
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bood
(F3

Also, it is known in the art {hat nucleic acid therapeuviics
can be conitacted with the lipids at nsutral pH, resulting in
3

volume inclusion o©of a ceritain percentage o©f the =sclution

Aunn et el el L

In contrast to such standard procedures, amphoteric liposomes

offer the distinct advantage of binding nucleic acids at or
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reby concentrating the drug

at Lhe iposome surface. Such a process 1s describsd 1n

e
liposomes to physiclogical pRE (abouvt pH 7.4) the nagatively
charged nucleilc acids disseciate frem the liposomal membrane
Irrespective of the actuasl production process, the non-

eancapsulated active drug can be removed Ifrom the liposomes

Pon ‘ n - + v N o 3_, ., . \n .
formed as tight containers. Again

and the references 1ncluded here describe such meinodology in

(L.
(b
¢t

It

ail and suvitable process steps may include, but ars no

limited <©o, size exclusion chromatography, 3edimentation,
dialysis, ultrafiltration, diafiltration and the like.

However, such removal of non—-encapsulaited material 1s not

mandateory and 1n  some embcdiments  the composition may

?

comprises entrapped 25 well as free dru

An

¥

The particls size of the liposomes may be betwsen 50 zand

gty

500 nm, preferably betwsen 50 and 300 nm.
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Following 1is a description by way o©f example only with

©0 the accompanving drawings of embodiments of the

-
(U
1y
(4
$
(1
-
&
(D
’D

st inventTiIon.

1
n
{h

P
in the drawings:

Figure 1 is a graph of carboxyflucrescein {(CF) release from

the MoChol/CHEMS formulations of Table 1 helow  afrer
incubation inn full human serum for 4 hours. CF release 313
expressed as % oI the unquanched CF signal. The x-azxis shows

the total amount ¢f charged lipid a2t a 1:1 ratio beitween

MoChol ang CHEMS.

Figure 2 1s a graph o¢f CF release from the McChol/DMGSucc
formulations of Table 4 bhelow zafter incubation in full human

o N e ~ / - A n £ T - ) ! -: o2 e ¥y -
serum for 4 hours., CF release 135 expressed as % of the

unguenched CF signal. The x-axis shows tTotal amount of

)
-
{1
b
{2
it
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e
’U
fr.w.l b
{ te
(13
¥
{1
-
} b
H
{1
;...i
.

Fetwazen MoChol and DMGSucoe

Figure 2 1s graph of CFf releases Irom liposomes contalining
MoChol/CHEMS or MoChol/DMGSucce after incubation in full human
serum at 37°C. CF release 1s expressed as % of the unguenched

CF signal. Excess cation stabilises the liposomes against

{1
(D

rum Aattacx. DMGSucc i3 notably more stable then ithe CHEMS

N . |

{)
(2

unterpart.

Figure 4 i1is a graph ¢ CF release from the MoChol/CHEMS and
MoChol/DMGSuce formulations of Tables 3 and 6 bhelow after
incubation in full human serum at 237°C. The formulations have
DOPE/POPC ratiocs of 2 and 4 and the ratio Catiodic L0 anionic

iipids 1s less than 1. Release 1s expressed as % of the

unguenched CF signal

Figure 5 1is a bar chart showing the bicdistribution of the
formulation POPC/DOPE/MoChol/CHEMS  15:45:20:20 having a
size > 150 nm when administered at low and high lipid doses

in rat liver and spleen ({see Example 7 below)
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Figure © 1s a bar chart showing the biodistribution o¢f th
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Formulation POPC/DOPE/MoChol /CHEMS 25:45:20:20 having a

size < 150 nm when administered al iow and high lipid dosses

in rat liver and splieen {see Example 7 below)

Tl vy : , . - ~a, R -y < 4 ; 1 X : ™ P iy da
Figure 7 13 a set of photographs ¢f the limbs of sacriiiced

3

collagen—-induced arthritic mice cbiained by NIR~imaging and

showlng Lhe biodistributicn of amphoteric liposomes
encapsulating Cy>.5 labelled (CD40 antisense (see Example 2

pelow)

™

Figure % 1i$ & graph showing tne efisct of treatment with
amphotaeric liposomes containing CD40 antisense pn the paw

swelling of inflamed mice.

Figure 9 is & grapnh of the assessed clinical score of mice

treated with amphoteric liposomes containing CD40 antisense.

L4
'

“igure 10 1s5 a porcine D40 CDNA seguence (SEQ ID NC:4) for
targeting in accordance with the present i1nvention

Example 1: Preparation of carboxyfluorescein (CF) loaded
liposomes with the amphoteric II lipids MoChol and CHEMS

Stock solutions 2 lipiads ain chlorofeorm were mixed and
finally evaporated in a round bottom flask to dryness under
vacuum. Lipid films were nydrated with 100 mM CF in PB
pH /.5. 'The resulting 1lipid concentration was 20 mM. The

fcr 45 minutes in a water bath at

i
{o
{1
'O
(P
)
(5
} 3
0
3
{1
s,
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i
(v
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g
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A
{1}
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cr S minutes follcwing by three

freeze/thaw ¢

e
9
}...M.‘
(T
{5

at -70°C. After thawing the liposomal

(U

suspensicns were extruded 15 times through polvcarbonat
C

membranes with a pore size ¢f 100 nm. Non-encapsulated CF

év:.

a

93

»

removed by gel filtration, whesreas the liposomes were diluted

by a facter three. Lipid recovery and concentration was
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Table 1: Variation of the ratio DOPE/POPC and
amount of charged compenents
gLipids N ) S Cbﬁpééition : §
DOPE/MoChol/CHEMS  |60:20:20 Z
iDOPE/NoChOEK& HEMS - §50:2023o """ §
1@0?@/&a&5§i}§§éﬁ$ “““““““ ) Z0:30:30 |
ﬁDOPE/MbCh&i/CHEQéM% 20:40.20
POPC/MoChol /CHEMS “W*iaﬁf 20:20 . §
' POPC/MoChol /CHEMS B 1 40:30:30 i
POPC/MoChol /CHEMS o izé: ¥h )
E?OPCA - o %1@6”5#" T
%-cw>faoyv"“ """""""" ) 520;85 | |
POPC/DOPE/MoChol/CHEMS | 10:50:20:20 |
iPO?C/DO?EXMoChoi/CHVMS ?7¢35?3@:3a i §
| POPC/DOPE/MoChol /CHEMS EE:i%»@Gﬁ@é“ ?
| POPC/DOPE T Ezb 75 :
OPC/DOPE/MoChol /CHEMS  115:45:20:20 %
é?O?C/DOPE/MQQhOl/C%EMS """" "T0:30:30:30 é
;?Oﬁé/DOPE/MQChol/CHEMS* ) i 5:15:40: 40 *é
POPC/DOPE T T40:60 T
!
EDOPC/QOPE/FhChO '''' /CHEMS 124.5:35.5:20:20 |
i
| POPC/DOPE/MoChol /CHEMS uiig 24:30:30 %
iwom C/DCPE/MoChol /CHEMS - léﬁ12”4 - 40 7
' POPC/DOPE **”Té?:la ‘
' POPC/DOPE/MoChol/CHEMS 34:26:20:20 |
| POPC/DOPE/MoChol /CHENS 5% 8:17.2:30:30 ]

¢

-

| POPC/DOPE/MoChol /CHEMS

517 NS
Letasizer
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Table 2: Variation of the ratio MeChol/CHEMS
}Lipzés ) ) ) iCompésitibh m'??
| POPC/DOPE/MoChol/CHEMS | 6:24:53:17 '

| POPC/DOPE/MoChol /CHEMS

G124:47:23

R
v Ty

ek

-

Ea— e e e e e e |
- POPC/DOPE/MoChol /CHEMS | ©:24:35:35
- —— 3 _ . b B . i
POPC/DOPE/MoChol) /CHEMS H:24:23:477 }

Table 3: Variaticn of ratic DOPE/PCOPC and the

<
AH - 2
(1 A... o

MRS onents

Lipids o o ) {é&mpesitioﬁ - ;
POPC/DOP! /MaChélfﬂﬁzMS - ‘”iqzzézé?:sj ““““ é
| POPC/DOPE/MoChol /CHEMS ‘§6“2&‘23£é?' “““ T
L55°¢/DO§§JM0C%QE!CHE@Swwm_wmmi8:32?1@:48 T
: N —
V?O?C/Doﬁrfwobaoﬁfkf?m% - i10.%0:17733 ”W'i
{‘ OPC/DOPE/MoChol/CHEN - 1 7:13:27:53 ?
; z,

POPC/ D“?“fMdéhélfCHﬁWS [10:20:23:47 |
| POPC/DOPE/MoChol/CHEMS | 13:26:20:40
TPO?C/DO@L/%mCBbl%CH*MQ T fzf:3§217:33 o

Example 2: Preparation of carboxyfluorescein (CF) loaded

liposcomes with the amphoteric TIIXI lipids MoChol and DMGSucc

Liposomes were prepared as described in Example 1.

Table 4: Variation oI the ratic DOPE/POPC and the total
amount of charged components

Lipids ' Composition ﬁ
?SQDC/DOD¢/NQChol/PMGSaCa 515 45:20:20 |
POPC/DOPE/MoChol/DMGSuce ﬂ110:30:3@:3o
| POPC/DOPE/MoChol/DMGSuce 1 5:15:40:40 i
POPC/DOPE/MoChol/DMGSuce 1 24.5:35.5:20:20

vvvvvvvvv
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Tipids ~ T ”mféoépogifiéﬁwmw“w}
%%6?6 OLM;MQLMOI/DQ vvvvvv Succ ) T16;24:35;35M *?
i?ODC/DQD /MoChol /DMGSuce F.12:40.40 i
POPC/DOPE/MoChol/DMGSuce | 34:26:20:20 *f
5OBC/DOPE/MoChol fOMGSuce izz 3:17.2:30:30 E
?%O?CXDSQZ ‘MoChol/DMGSuce Tii[ézsyézqézaa'*‘

Table 5: Variation of the ratio MoChol/DMGSucc

Tipids | T [Composition

19096/90:5 toChol/DMGSuce | 6:24:53:17 |
}?OkC/DO £ /MoChol/DMGSuce "16,2454?:23 |
TPOPC/DOPE/MoChol/DMGSuce | 6:24:35:35 f
ipo SC/B0RE /Mothol /oGsuce | 62412347 |

Table 6: Variation of ratio DOPE/POPC and the total amount of

cCharged COomponents

¥L1m1d§“ - " w?Eomposxtlon :
;§5DC!Dﬁ9§MoChélféwéé§cc T 14:16:27:53
?PO?C?Dé@E/MthQEXDUGSUéb T 6:24:23:47
}DOPF/&O?EXi nol/DMGSucc %85321? 40 ]
"POPC/DOPE/ MoChol/ DMGSuCE ““iAﬁ“4éw17 33 ';
“POPC/DOPE/MoChol/DMGSuce  17:13:27:53 |
°0PC/DOEE/MoChol/DMGSuce | 10:20:23:47 ]
§poPck@oggx oChol/DMGSuce ?13*26:28:40 ]
g PC/DOPE/MeChol/DMGSuce §}7*33:1?.33 ) ;

Example 3 : Preparation of carboxyfluorescein (CF) loaded

liposomes with the amphoteric II lipids MoChol and DOGSucc

(12

Liposomes were prepared as described in

(]

xampie 1.



(" a

10

CA 02889540 2015-04-29

31
Table 7: Variation of the ratio MoChol/DOGSucc and the Al
amount of arged component
é Lipids B  Composition | Serum
é i
1 % | stability
§PQ?CXQOPZKYOC%@lfD&GSUQC. 1 12.5:37.5:17:33 | + ‘
. , |
- R R T T T e e R =R - Y
E?G?Cfﬁogm/MOLﬂOl/DquUQﬁ 12.5:37.5:33:17 | 4 |
| SR B u o i
POPC/DOPE/MoChol/DOGSuce 1 7.5:22.5:23:47 | - |
| e _ R e |
fDOPF/DOp‘;MoCho‘/FOGSucc 0 7.5:22.5:47:23 |+ |
Example 4 Preparation of carboxyfluorescein {CF) loaded
liposomes with the amphoteric II lipads CHIM and CHEMS
Lipocsomes were prepared as described in Example 1.
Table 8: Variation of the ratio CHIM/CHEMS and the total
amount of chargsa components
| Lipads l Compom.tlon a Serum E
| ;
| | ;stablllty 1
| e . e A e
| POPC/DOPE/CHIM/CHEMS 112.5:37.5:17:33 | -
| POPC/DOPE/CHIM/CHENMS 112 $37.5:33:17 |+ |
| N —— . _ | i
X Y= ~ - o vr‘" ] . — T AAAAAAAAAAAAAAAA :E
JODC/DODQ,CHIM/C.H&M:: %7 S:122.5:23:47 | -
[POPC!&@PE/caimests 1 7.5:22.5:47:23 |+ |
Example 5 : Preparation of carboxyfluorescein (CF} loaded

liposomes with the amphoteric II lipids CHIM and DMGSuce

Liposcmes were

prepared as described in bBxample 1.
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Table 8: Variation of the ratio CHIM/DMGSuce and the +total

amcunt ©f charged compoenents

4

AAAAANALLA LAAS AR 8, 58 N WW

et WYY

Composition Serum

Lipids

A o A b e A A LA A A LA

Y

i?O?C!bO?E/CHfo&M§§QaC  112.5: * -

 POPC/DOPE/CHIM/DMGSucc 2.5:37.5:33:17 |+ |

 DOPC/DOPE/CHIM/DMGSuce | 7.5:22.5:23:47 - )
20.5:47:2

L?Q?C/OG?E/CHE%XD%GSmQC

.
.
.
M .
AdaphAAAA e h— Py . vy LaAlAMARRALA j v, . e . S B B Al

ny e ad b o dd ik 44l 4 b m o VA ey —

Example 6: Serum stability test of CF-loaded amphoteric

liposomes of Examples 1 and 2

Carboxyfluorescein (CF} was uszsed as model drug to detsrmine

the serum stability oI amphoteric liposcmes. Rs well as

$
{2
r,

oligonuclecotides, CF i1s negatively charged.

25uli of the CrF-loaded liposomes were mixed with 100ul pre-

i

The serum stzbility was observed over a period of 4 hours by

determining the release ¢f CF from Lhe liposomes via ifhe

13
e
O
lwi
O
{4
D,
B
!
('}
(D
~3
(D
193
)
<
a1
(b
-3
{D
>3
4
]
oy
0
H
{{
;WJ
(D
()
(]
{D

d amount of CF {in %) is

Mixtures of POPC and DOPE 2are stable in serum. POPC itself
does not form liposcomes that withstand attack from serum. In

m
addition, DOPE does not form liposomes at all. Quite
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surprisingly, mixtures from both compenents were found Lo be

very stable and resistant against serum attack. In this

f,.

example, DOPE/PCPC ratics from 0.735 to 5 were found to form

stable structures with a proac copbimum between 1.5 and 5 {see

Charged components and neutral lipids are independent
variables. Serum sensitaivitvy fcr a 1:1 ratioc of Dboth

MoChol /CHEME or MoChol/DMGSucc 1is low to very low and stable

LA

An

particles are formed over 2 wWlde range of mixtures. At least
e — T ":L -ﬁ - - *! e s R P . ry Lo . M — £, g R
60 oxr 70 mol.% of total charged components was required to

affect significantly fthe bilaver stabilitv.

The serum stabiliityv of 1lipid mixtures containing 70 % of

{!}
L

charged conponents (see Tables £ and 3) is shown in Figure 3.

In gensral, an excess of MoChol has a sgtabllising effect.

The formulations of Tabhles 3 and 6 that were tested for serum

stability have DOPE and PC:C in a ratio of eith :1 ox 4:1.
The total amount of the charged lipids was titrated from BO 3
down to 50 %. The results e shown 1n Filgure 4.

Example 7: Biodistribution of serum stable amphoteric

liposomes

Steck soluticns c¢f lipids {(+/- 1 % 14C-DPPC) in chloroform
were mixed and finally evaporated in a round bottom flask to

wibthh 1.5 ml

"y
<
o
4
1
n
W
Q.

dryness under vacuu Lipid Zilms were

3H-Inulin in PRBS pH 7.2 cor 5 ml PBS alcne. The resulting

-]
3

N

()

uspensions ware hydrated

L

::.

;,
iy

L |

Lipid concentraticon was 10
for 45 minutes in a water bath at room temperature, sconicated
d= g "?0 -y Ty o~ b t%r o fv"' m/“"’ lz::zf"

tor SU minutes foi_owing Y nres reeza/thaw cvycias at

~-70°C. After thawing the liposcmal suspensions were extruded

{2

15 times through ;

[ {‘j

clycarbonate membranes with an appropriate
pore size. Liposomes were separated from non-encapsulated

3H-Inulin by ultracentrifugation ({(twice).
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Lipid recovery and concentration wWas analy
phosphate assay and in case of radiclabelled particles, the

sncapsuiation afficiency Wa S ™
Nt k e —— . X A [ - N e Naavt ) o e PR ¥

.
B
£
{5
"
-3
D
L
»

b
jomd
L

L3
-
b
L

scintillation. Particle size was measured by dynamic 1light
scattering on & Malvsrn Zetasizer 3000 HBSA. The resuliing
unlabelled and radiolabelled preparations were mixed up and

€. ) v ® v y » 40':: ] ? ¢ . » r'! . ) - : »
diluted with PBS to the final liplig congcentrations.

~

rFormulations:

Number | Formulation

[nm] [mM]

b
o2
“~
F
G
4
~
=
h

Size [ L:z.p::.d 34 14c

AASARNL

e

' LD-1 | POPC/DOPE/MoChel/CHEMS | 229 | 12,3 | 332

.

B A maal SNV TV

Wy

5
 POPC/DOPE/MoChol/CHEMS |

10

|
|
!
20020 i
]
§
|
|
|

1:

NI
tohd
frend
RN N WWJM WAL A YN VAANAAAAL AL ARAA A S PSS
. {1
- o
e
e
h- s P I AR A R, A aT¢ § WA
shat
B
{at

-
7

! _
)

POPC/DOPE/MoChol /CHEMS | ]
1

e Tttt A

|
1 T 4 - > Lan i - ‘} ------- ;1 v""': o !; - & :;' o - i i ) ;%
| HD-4 POPC/DOPE/MoChol /CHEMS | 140 50 182 58
g ! :
4 : . i i ; 5 :
15:45:20: 20 i . | | g
: :
i E et e . ' ] 1 s

AAAAAAAAAAAAA

39 male Wistar rats {({Charles River) wsre divided into five

groups and inijected intravencusly via the tail vein. At

ot

S
oxidation under high temperature. Percentage of carry over

petween samples was determined and inciuded into the analvsis
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The results ©f the biodistribution study is shown in Figures

S
5-6  wherein Dbieodistribution of the different liposomal

Tormulations in liver and spleen 1s8 shown. The accumulation

of the liposomes in other organs did not ev ceed 5 % and is
R | o " Ty, - < ~ . 3 T o 3
chereforse not shown. Figure - <clearly demonstrates that

size > 150 nm accumulate solsly 1N the iiver when
administered in low lipid  doses. In contrast, DYy
administering the same liposomal formulaticn in a high lipid
dose it could be shown that the bicdistribution pattern is

changed. Next to the liver the liposomes with a size > 150 nm

| N — - P B
accumulate 1n 3nlean as we il .

Figure & show

5
(/1
-
:
3"
;....J
S
(2.
}....J
(N
63
s
l..a
o
i
¢t
:...J
C
-
i
. B
5
,J
C‘
'
(D
4
fond v
{7
ot
"U
.
{1
9.
3
{D
{#}
.
-t

the present invention prepared 1in & 31ze < 150 nm. Whereas
the bicdistribution o©of these liposomes administered at low
lipid dose does ncot differ from the linSOmes with a
size > 150 nm, it can be cemonstrated that an administration
of the liposomes having a size < 150 nm in high lipid doese

does not lead to an accumulation in spleen.
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Example 3: Biodistribution of amphoteric liposomes
encapsulating Cy5.5 1labelled CD40 antisense 1in collagen

induced arthritic mice

Stock solutions of lipids in chloroform were mixed and
finally evapozai@i in & round bottom f£lask to dryness undey
vacuum. Lipid ifiim was hydrated with Cy5.5 labellsd CD

antisense in 10 mM Nalc, 50 mM NaCl, pH 4.5. The resuliting
Lipid concentration was 20 mM. The suspensions were hyvdrated
for 45 minutes 1in a water bath at 50°C, sonicated for
5 minutes following by a freeze/thaw cygle at -70°C. After
thawing the liposomal suspensions were extruded 19 times
through 200 nm polycarbonate membranes. After the extrusion

o

vrocess the pH of the liposomal suspension was shifted t
oH 7.5 by adding 1710 Veol. 1M HEPES, pH 3. Non-sncapsulated
Cya.5 labelied CP40 antisense was removed Dby hnigh speed

sedimentation {twice)} and discarding the supernatant

-

Lipid recovery and concentration was analysed by corganic
phosphate assay. Encapsulation efficiency was measured D
flucrescence specliroscopy. Particle size was measured by

cynamic light scatfering on a Malvern Zetasizer 3000 HSA,

¢ - . ~ - s~ ? - . % k « 7 . . e X W —~ Y
mmpty liposones were procuced by injeciting 10 Vol-% ©of an

ethanclic lipid solution (a mixture of 135 mol.3 POPC,

i.% MoChol and 20 mol.% CHEMSY into 10 mM

O
NaAc 50 mM Nall pH 4.5. The resulting lipid concentration was

2 mM. The pH of this

()

olution was i1mmediately shifted with

1710 wvelume 1M Hepes ©pH 8. To concentrate the diluted
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i

15:45:20:20

37
Formulation ‘Size | Lipid %Caxgo | Encapsulation |
| j ' ; E - » ;
g I{nm} limMJ & | efficiency ;
1 . B ] | . — . ]
;PO?C/DO?EX%OChOEXQYENS3iU%2 13 {CjS.S CD40~- | 77 %
. | |
| 15:45:20:20 | = | ODN |
. , = i
ot nseeosseomseermeemre e reeeree aeissiessnain * - i " — 4 o :
oy 3 N e ™ 4 : § \ S E
| POPC/DOPE/MoChol/CHEMS | 104 1185 | empty Mt
| |
|

i

For the Dbiodistribution study in mice the filled and empty

liposomes ware mixed as follows:
200 ul Cv5.5 liposcmes and 41 vl empty liposomes

DBA/1 mice were immunize by subcutaneous indections  of
type 11 collagen (200 ug/mouse) emulsified 1 complate
i

Freund s adhuvant. Mice were injected intravenously with the

type II}. Day one was defined as the day where the

inflammation was obvious {(clinical score after R.O. Williams

o

of at least 2}.

A

Mice were sacrificed ten hours after the injection of the
liposomal suspension. Crgan and paws were removed and

immediately freezed in liguid nitregen. The biodistribution
of the Cy5.5 labelled (D40 antisense encapsulated in the
liposomes was assessed Dy NIR—Imaging and compared with
Cissue samples ©of untreated mice. Specific enxichmeni was

found for inflamed paws in mice with active disease. More
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Example 9: Preparation of CDAO-ODN-containing liposomes with

the advanced loading procedure

Liposomes were procduced by injecting 10 Vol-% of an ethanclic

Lipid sciuticn {a mixture oif 15 mol.% POPC, 45 moli.% DOPE,

LA

20 mol.% MoChol and 20 mol.% CHEMEY into 10 mM NalAc 50 mM
0

NaCl pH 4.5 containing &0 ug/nl of 2 18 bp antiser

T

{D

s
{3

4%

;...5 .
-

{1

T

CD40.

'he resulting lipid concentration was Z mM. The pH of *ti

3

1
solution was immediately shifted with 1/10 volume 1M Hepes

A
0

pn ¥. To concentrate the diluted liposomes the suspensions

wera sedimenteg

3
pg
N
Y
4L
.
€.
{J
3
|t
v
11
1
M
{N
-
.
-
b4
.
=3
43
'
N
o
%,
)
ook
4%

TE865 rotor {(Seorvall Ultra Pro 80). Afterwards the formulation

D

was sterile f1

Lipid Mol.% size éolydisp,

index
POPC/DOPE/MoChol /CHEMS 15:45:20:20 178.5  0.317
Table 9: example for Smarticles formulation which encapsulate

)

The amount of encapsulated CDN was measured by checking ths
ocptical density (0D} by 260 nm. The following amount of ODN

was encapsulated in the Smarticles formulation.

Lipid Mol. % #le Encapsulation
CDN/umol efficacy
lipid

«««««

Table 10: e2ncapsulated amecunt of ODN in the Smarticles

AN
.

rormulation
Example 10: therapeutic efficacy in arthritis

DBA/1 mice were immunized by subcutaneous injections of

type 11 collagen {200 pg/mouse} emulsified in complete
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Freund s adjuvant. Treatment with Smarticles or controls was
initiated at day 1 of arthritis inducticn {(around day 21
after single immunization with ccollagen type II) and repeated
at day 3 and 5. Day one was deiined as the day where the
inflammaticﬁ was obvious {clinical score after R.O. Williams

of at least 23,

r.
ﬁ
r.\i
‘,:.:.3
(B
oo
-t

For the ir studies the liposcmal CD40-0ODN was injectad
intravenously inte the tail vein of rats with established
inflammation. Each dosage containsgs 4 mg CD40-0ODN par kg

bodyweicht {(encapsulated CD40-CDN} .

During the experiment the =welling ¢f paws were observed and

the cliniceal arthritis score were determined.

As evidenced by Figures 8 and 8, there was a significant
reguction of the swelling of the paws after a treatmeni with

CD40-0ODN encapsulated in ths amphoieric liposomes. Also the

Example 11: Materials

This example provides non~-limiting examples >f CD40
nucleotide seguences that may e targeted by oligonucleotides

that modulate the expression of CD40 and that are suitable

for use in the compositicns 1n accordance with the present

invention.

Human CD4A0 mBNA [GenBank accessicon no. X60582)

Human CD40C mRNA sequence for targeting in accordance with the
present invantion 1s presented 1in SEQ ID NO: 1. Related
seguence information is found in published patent application

number 0SS 2004/0186071

M

~.e., SEQ ID NO: 85) to Benneti, et

ai. and in US patent no. 6197584 {i.e., SEQ ID NO: 85}

.y

»

Bennett, et al. and in Pluvinet, et al., Blood, 200

whon

¥
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40

(SEG ID NO: 13

4 gectegetoyg ggcgececagt ggtoctgecg octggtctca cocteogecatg gttegtetge
61 ctctgcagrg cgleeicigyg ggetgeitge tgacegoight cecatecagaa ccacocactg
121 catgecagaga aaaacagtac ctaatasaca gteagtgetyg ttcecttigtge cagecaggac

181 agaaactgg

¥
41
o
“t
",
£33
{3
rf
Wl
)
§¥;
)
13
(e,
i
3
'
¥
3
{u
£
'S
3
{3}
Qs
148
{3
W3
T
13

ALJCCTLLCCY Tgeggtgaaa
241 gegeattect agacagcigy aacagagaga cacactgeca ccageacaaa tactgogace
301 ccaacctagg goticgggte cagcagaagy gCaccicaga aacagacaco atctgeaccet
361 gtgaagaagy ctggeactgt acgagigagg cchgtgagag ctgtgiectg caccgctcat
421 gctegeooygg ctttggggic aageagattyg ctacaggggt tictgatace ate
481 ccrtgeccagt cggettctic tocaatgtgt catctgottt cgaaaaatgt cacccitgga
541 caagetgtga gaccasagac chtggttgtge zacaggygoagy cacaaataag actgatgityg
g

601 totqgtggtec ceaggatouyg ctoagagceoo tggtggtgat cceccateatc Licgggatoo

GGl tgtiigocat coltcttgoty coggtottta tcaaaasgult ggoccaagaay ccaacecasata
721 aggeocooca coociaagcag gaaccccagg agatcaattlt toccgacgat cthootgeot
781 ccaacactge tgctocagty caggagactt tacatggaltg Ccaacoggic accoadggaay
341 atgocaaaga gagicgeatc tcagigcecagy agagacacglhyg aggcectygcace cacccagygag
201 tgtggocacy tgyggoasaca ggeagiiygge ¢agagagost ggtgctgetyg ctgcagyaat
Yhl goaggcagaa goggggager atgeoragts agtaccagoe catae

Mus musculus CD40 mRNA

WEAAAPARRAAAARNARA VA

Murine D40 mRNA seguence for targeting in accordance with

the present invention 1is presentad in SEQ ID NO: 2. Related

as-l ®

sequence information is found in published patent application

numper US 2004/0186071 (i.e. SEQ ID NO: 132) to Rennett, ot

-

SRRy
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41
(SEO ID NO: 2 -
gectoctgge cotucagotg tggteotttor cgtitictga ctttgeggtyg acactgggga 50
cttceotrtaga ccototoctgga gacgettteg gitotgeaga gattoocagy ggtattgtgg 128
gtggggtgygg grtaacaatag tgtcececotgtg gogebtecrayg toectatagt aatceccticac 120
cectctgeta tettgeaate aggagagice tihtageecige tataggtggc ttttgaggtc 240
crtggatgrga ggagugggac tggggogtgyg gtegggtaat gtazagasaag ggctﬁctttt 300
gggaccctgg ctectecage caccttggty crocatecctt aaacteottgg ggacaatcag 3890
actcctggga aggucctggg gaaatcoctg chtoagtgact agceocatagge coacogegat 420
tggtgccecga agaccccgee ctottooctgy gogggactse tagecagggac tttggagtga 480
ctigtggett cagceaggage cctgtgattt ggotettetg atctegecet gegatggtgt 54¢
ctttgectcecg getgtgegey ctatgggget gethgttgace ageuggtgagt ggettgtght 500
Ctaacctcoca agggagttayg ggcttagaga gigagagatqg gaaagaggaa agaggagaca 260
agactitgga gatgagagat cttoctactg gaageggegg ttagtaggat gggcaagate 123
tctogegict tgacacactac acvacacacac acaaatgagyg tgggcetgete ctettteett 130
ccagaaggtc ggggtictgt tocacgaade ccacagggaa cottagegaqg ggbattcctc 340
cacageggtyg cctggacage tttgtectgac ceaagectty ¢teccecgoaget gactgcagag 200
actggaaagqg glitagcagac aggaagectyg gotggggg ¥38

Rat CD40 mRNA (GenBank accession no. AF 241231)

N oaceordaencs with the

1
present invention 13 presented in SEQ ID NO: 3. (See, Gao,

o ' 8 Snps

1 {gggaccoccct gtgatctgee tTgoteotgate tegetotgea atgeotgecit tgoctcaget
51 gtgegeogete tggggotget tgttgacage ggtocateta ggacagrgilg ttacotgcecag
121 tgacazacag tacctceaag gtyggcgagtg ctgegattty tgocagocys gasaccgact
181 agttagceecac tgcacagete ttgagsagas cozatgecaa cogigegact caggogzatt
241 cteagcecltcac tggaacaggy agateogotg CCaclaglad Cgacacigtyg aacicaatcs
S0l agggceticag gitaagaagg agggcaccge ggintcagac actgettgla cctgeaacya
361 agygcageac tgegocagea aggagigega gacgigocget cageacaggc cototggeoce
421 tcgettitgga gtogtgeaga tggocachgs Gagcracicat accgioigee aacectacces
431 ggtcggattc ttotecaatg ggtcatcact ttiitgalazag tgtcatcecat ggacaagetg
341 tgaagat
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Porcing CD40 cDNA

Porcine (CD40 cDNA sequence for targeting in accordance with

the present invention is presented in SEQ ID NO: 4. {FIG,
10). Related seqgquence information 1is found in Rushworth, et

al., Transpiantation, 2002, 73(4), 8635-642.

In addition, the following provide non-limiting examples of
anti1-CD40 oligonucleotides, e.g., antisense CD40 nucleic acid
sequences, that are sulitable for use 1in the present

invention:

AAAAAAAAAAAAA

Exampies of human antisense (D40 oligonucleotides are
presented bpelow. Further seqguence 1information is found in
publisned patent application number US 2004/018€071 and US

Patent No. 6147584 to Benneitt, ot al., the contents of which

are providecd by reference herein. The SEQ ID NOS. referred

to by Bennett, et al. are provided to the right.

SEQIDNO: 5 ccaggcggea ggaccact Seq ID No: | of Bennett et al.
SEQIDNO: 6 paccaggege caggacca Seq ID No.:2 of Bennett et al.

of Bennett et al.

{ b

SEQID NO: 7 aggtpagacc aggeggca Seq 1D No:

SEQ ID NO: 8 gCagagecag acgaacea Seq ID No: 35 of Bennett et al.
SEQIDNO: 9 gcaagcagece ccagagga S>eq 1D No: 6 of Bennett et al.
SEQIDNO: 10 ggtcageaag cageeccea Seq 1D No.:7 of Bennett et al.
SEQ ID NO: 11 gacapceogtc agcaagea Seq ID No: 8 of Bennetf et al.
SEQID NO: 12 gatgeacage ggtcagea Seq 1D No: 9 ‘ of Bennett et al.
SEQID NO: 13 tctggatgea cagepgtce Seq ID No.:10 of Bennett et al.
SEQ ID NO: 14 ggteptictg gatggaca Seq 1D No: i1 of Bennett et al.
SEQID NO: 15 gtgggtogtt ctegatpyg Seq 1D No: 12 of Bennett et al.
SEQID NO: 16 gcagtggptg gtictgea Seq ID No: 13 of Bennett et al.
SEQID NO: 17  ctggcacaaa gaacagcea Seq ID No: 15 of Bennett et al.

SEQIDNO: 18 gtgcagtcac tecaccagt Seq 1D No: 20 of Bennett et al.



SEQ ID NO:
SEQ ID NO:

SEQ ID NO
SEQ ID NO

SEQ ID NO

SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:

SEQ ID NO

SEQ ID NO:
SEQ ID NO:

SEQ 1D NO

SEQ ID NO:
SEQ ID NO:

SEQ ID NO

SEQ ID NO:
SEQ 1D NO:
SEQ D NO:
SEQ ID NG:
SEQ ID NO:

SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO

SEQ ID NO:

SEQ ID NO

SEQ ID NO:
SEQ ID NO:

SEQ ID NO:
SEQ ID NO:

-
(g e
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attcegtite agigaact
ftcaccgcaa g2gaageca
ctetgticea ggtatetla
ctggtegeag tgigliclc
ggtgcccttc fgetggac

ce ctictget

gtaccagect eticaca
tgcageacac agetetca
gagegoteca ggacacag
aatctgettg accecaaa

ctcgeagat ggtatcag

UQ

gcagatgaca caliggag

r

tégaaagcag atgacaca
giccaagget gacatit
caggiciitg gicicaca
ctettecaca accagglc
ottigigeet geclglig
gteftgttig tgectgec
caccaccagg getetcag

gaoaltacca ccagggct

gtegeeaaaa ttgalctc

fggcaiccat gtaaagic
getpcagect cactgict

aactgeeigt {tgeceac

Seqg 1D No:
Seqg [D No:
Seqg 1D No:
Seq 1D No:
Seq D No:
Seq 1D No:
Seq 1D No: .
Seq ID No:
Seq 1D No:
Seq 1) No:
Seq 1D No:
Seq D No:
Seq 1D No:
Seq ID No:
S&q 1D No: -
Seqg 1D No:
Seq 1D No:
Seq 1D No:
Seg 1D No:
Seq 1D No:
Sea ID No:
Seq 1D No:
Seq 1D No:
Seq 1D No:
Seq ID No:
Seq ID No: 7
Seq 1D No:
Seq 1D No:
seq 1D Nao:
Seq 1D No:

s LA L L £
P o o 154 I~

of Bennett et al.
of Bennett et al.
of Bennett et al.
of Bennett et al.
of Bennett et al.
of Bennett et al.
of Bennett ¢t al.
of Bennett et al.
of Bennett et al.
of Bennett et al.
of Bennett et al,

of Bennett et al.

of Bennett et al.
of Bennett et al.

of Bennett et al.

of Benneti et al.
of Bennett et al.
of Bennett ¢t al.
of Bennett et al.
of Benneit ¢t al.
of Bennett et al.
of Bennett et al.

of Benneit &t al.

ot

[P 4

of Bennett et al.
of Bennett ot al.

of Bennett et al.

of Bennett ¢t al.
of Bennett ot al.

of Bennett et al.

Bennett et al.
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(SEQ ID NO: 49):
5 -GCGAAUUCCUAGACACCUGUU-3 {siRNA-2 of Pluvinet et al.)
3 -UUCGCUUAAGGAUCUGUGGAC-S_

(SEQ ID NO: 503
5 -CUGGUGAGUGACUGCACAGUU-3_ {siRNA-6 of Pluvinet et al)
3 -UUGACCACUCACUGACGUGUC-5_

(SEQ ID NO: 21}«
3 -UACUGCGACCCCAACCUAGUU-3_ (siRNA-& of Pluvinet et al.)
3 -UUAUGACGCUGGGGUUGGAUC-5

All =iRNA contain a 2 nuclieotide overhang at 3'ends.

Cligonucleotides against murine CD40

vvvvvv

Examples of murine antisense D40 oligeonuclectides are
presented below. Further seguence information is found in
publisned patent epplicaticn npumbper US 2004/018607L to

Renneltt, o al.

The SEQ ID NOS. refasrred to

by Bennett, ef gl. are provided to the right.

Murine

SEQ ID NO: 32 agacaccate geag Seq. ID No. 116 of Bennett et al.
SEQ ID NO: 53 occagatcag aagag Seq. ID No. 117 of Bennett et al.
SEQIDNO: 54 cgeigicaac aagea Seq. 1D No. 118 of Bennett et al.
SEQ ID NO: 55 clgecctaga tggac Seq. ID No. 119 of Bennett et al.
SEQIDNO: 36 ctggcteeca caaat Seq. 1D No. 120 of Bennett et al.
SEQ ID NO: 57 cttgtccagg gataa Seq. ID No. 123 of Bennett et al,
SEQ ID NO: 58 cacagatgac attag Seq. ID No. 124 of Bennett et al.

SEQ ID NO: 59 tgatatagag aaaca Seq. [D No. 125 of Bennett et al,
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SEQ IDNO: 60 cteattatee {figo Seq. 1D No. 127 of Bennett et al.
SEQ ID NO: 61 goticagace agy | seq. [D No. 128 of Bennett ef al.
SEQID NG: 62 tttatttage cagta Seq. [D No. 130 of Bennett et al.
SEQ ID NO: 063 agceecacye actgg Seq. ID Neo. 131 of Benneit et al.
SEQ ID NO: 64 fctecactect ateceagt Seq. 1D No. 134 of Bennett et al.
SEQ ID NO: 63 aftagictea ctegt Seq. 1D No. 138 of Bennett et al.
SEQID NO: 66 acattastct gacte Seq. ID No. 136 of Bennett et al.
SEQ ID NO: 67 cagatgacat tagic Seq. 1D No. 142 of Bennett et al.
"SEQIDNO: 68 ctggacteac cacag Seq. ID No. 143 of Bennett et al.
SEQ ID NO: 69 goacicacca cagat Seq. 1D No. 144 of Bennett et al.
SEQIDNO: 70 actcaccaca gatga Seq. ID No. 143 of Bennett et al.
SEQ ID NO: 71 fcaccacaga tgaca Seq. 1D No. 146 of Bennett et al.
SEQ ID NO: 72 accacagatg acatt Seq. iD No. 147 of Bennett et al.
SEQ ID NO: 73 agatgacatt ag Seq. [D No. 133 of Bennett ¢t al.
SEQ ID NO: 74 cagatgacatl tag Seq. 1D No. 154 of Bennett et al.
SEQID NO: 75 acagatgaca tfag Seq. ID No. 1535 of Bennett et al.
SEQ ID NO: 70 ccacagatga cattag Seq. ID No. 156 of Bennett et al.
SEQ IDNG: 77 accacagatg acaliag Seq. 1D No. 157 of Bennett et al.
SEQID NO: 78 caccacagat gacattag Seq. ID No. 138 of Bennett et al.
SEQIDNGO: 79 tcaccacaga tgacattag Seq. ID No. 159 of Bennett et al.

g

N
L

of

SEQ IDNO: X0 ctcaccacag atgacattag Seq. 1D No. ] Bennett et al.

bbb bbbnd

Oillgonucliecotides against rat CD40

Examples of rat antisense CD40 oligonucleotides ars presentad
below. (See, Sao, rh.D. Tnesis, 20073, University of

Gottangen, CGermany;.

SEQ ID NC: 21 zccgetgitcaacaagcagc (rASZ of Gao)
SEQ ID NO: B2 itcctagatggaccgotgt (ras3 of Gao)
SEQ ID NO: 83 tazacacactgtcctag {(raAS4 of Gao;
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Oligonucleotides against porcing CD4C

o o d b s ol adl -

Examples of porcine antisense (D40 oligonucleotides are
presented below. See, Rushworth, et al., Transplantation,

2002, 73(4), ©35-642,

SEQ ID NO: 84 gctgatgacagtetttct (As03 of Rushworth et al.)
SEQ ID NO: 85 gectcacictegetectg (Asof of Rushworth et al.)
SEQ ID NO: 86 ggactgtatctggactgc (Aso9 of Rushworth et al.)
SEQ ID NO: 87 gtopacagtcatgtatat (Asol0 of Rushworth et al.)

The present inventlon therefore provides formulations of
amphoteric lipecsomes that exhibit improved stability upon
contact with mammalian  serum, releasing less ©r no

encapsulated drugs. Such liposomal feormulations may be useful

in the delivery cof drugs after a systemic administratrion into

the blood stream. The invention especially suits the delivery
of oligonucleotides, a new class of drugs that is currently
under develcpment, and DNA plasmids, without being limited to
such uses. The ma-ority o©of such compounds  have  an
intracelliular site of aciion. Carrier systems are used to

overcome the poor uptake oI such substances and are sometimes

an indispensable prereguisite.
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Claims

1. A mixture of lipids capable of encapsulating an active agent
to form a liposome, said mixture comprising phosphatidylcholine
and phosphatidylethanolamine in a ratio of
phosphatidylethanolamine to phosphatidylcholine in the range of
about 0.5 to about 8.

2. A mixture as claimed in claim 1, wherein said ratio 1s in

the range of about 0.75 to about 5.

3. A mixture as claimed in claim 1, wherein said ratio 1s in

the range of about 1 to about 4.

4. A mixture as claimed in claim 1, claim 2 or claim 3, wherein
said phosphatidylcholine 135 selected from DMPC, DPPC, DSPC,
POPC, DOPC, soy bean PC or egg PC.

5. A mixture as claimed in any of claims 1 to 4, wherein said

Lt

phosphatidylethanolamine is selected from DOPE or DMPE or DPPE.

A

0. A mixture as claimed 1in any preceding claim, wherein said

mixture is neutral.

7. Neutral liposomes comprising a mixture of lipids as claimed

in any preceding claim.

8. A mixture as claimed in any of c¢laims 1 to 6, further

comprising one or more charged amphiphiles.

9. A mixture as claimed in claim 8, wherein said one or more
charged amphiphiles are amphoteric, being negatively charged or

neutral at pH 7.4 and positively charged at pH 4!

10. A mixture as claimed in <claim 9, wherein said mixture
comprises a plurality of charged amphiphiles which in

combination with one another have amphoteric character.
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11. A mixture as claimed in c¢laim 10, wherein said one or more
charged amphiphiles comprise at least one pH sensitive anionic

lipid and at least one pH sensitive cationic lipids.

12. A mixture as claimed in claim 11, wherein said anionic lipid

1s selected from DOGSucc, POGSucc, DMGSucc, DPGSucc and CHEMS.

13. A mixture as claimed in claim 11 or claim 12, wherein said

cationic lipid is selected from MoChol, HisChol and CHIM.

14. A mixture as claimed 1n claim 11, claim 12 or claim 13,
wherein the ratio between the cationic and the anionic lipids

(the charge ratio) 1s in the range of 4:1 to 1l:4.

15. A mixture as claimed in any of claims 11 to 14, wherein the
ratio of cationic lipids to anilonic lipids is in the range ot
3:1 to 2:1, and said mixture comprises 5 to 95 mol.$%$ charged
lipids and 95 to 5 mol% phosphatidylcholine and
phosphatidylethanolamine.

16. A mixture as claimed in any of claims 11 to 14, wherein the
ratio of cationic lipids to anionic lipids 1s about 1:1, and
said mixture comprises 5 to 75 mol.% charged lipids and 95 to

25 mol% phosphatidylcholine and phosphatidylethanolamine.

17. A mixture as claimed in any of claims 11 to 14, wherein the
ratio of cationic lipids to anionic lipids is in the range ot
1:3 to 1:2, and said mixture comprises 40 to 75 mol.% charged
lipids and 60 to 25 moOL%s pheosphatidylcholine and
phosphatidylethanolamine.

18. A mixture as claimed 1in any of claims 10 to 14, wherein said

mlxture comprises:

70 to 20 mol.% of POPC and DOPE in a ratio in the range of

1:1 to 1:4; and

30 and 80 mol.% of an amphoteric pair of charged lipids,

*)

said pair being selected from MoChol and CHEMS, MoChol and
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DMGSucc, MoChol and DOGSucc, CHIM and CHEMS or CHIM and DMGSucc,
the ratio of cationic to anionic lipild being in the range of 3:1

to 1:1.

19. A mixture as claimed in claim 18, wherein said mixture

consists of a formulation selected from:

POPC/DOPE/MoChol /CHEMS 6:24:47:23 {(mol.%)
POPC/DOPE/MoChol /CHEMS 15:45:20:20 {(mol.$%)
POPC/DOPE/MoChol/CHEMS 10:30:30:30 (mol.$%)
POPC/DOPE/MoChol /DMGSucc 6:24:47:23 {(mol.%)
POPC/DOPE/MoChol/DMGSucc 16:24:30:30 {mol.$%)

20. A mixture as claimed in any of claims 11 to 14 or 17,
wherein said mixture comprilses:

70 to 20 mol.% of POPC and DOPE in a ratio in the range of
1:1 to 1:4; and |

30 and 80 mol.% of MoChol and DMGSucc or DOGSucc, wnherein

the molar amount of DMGSucce or DOGSucc exceeds the molar amount

of MoChol.

21. A mixture as claimed 1in claim 20, wherein the ratio of

cationic to anionic lipid is in the range of 1:3 to 1:2, and

said mixture comprises 30 to 50 mol.% POPC and DOPE and 70 to
50 mol.% charged lipids.

22. D mixture as claimed in c¢laim 21, wherein sald mixXture

consists of a formulation selected from:
POPC/DOPE/MoChol /DMGSucc 6:24:23:47 (mol.%)
POPC/DOPE /MoChol /DMGSucc 10:30:20:40 {(mol. %)

23. Amphoteric liposomes comprising a mixture of lipids as

claimed 1n any of claims 9 to 22.

24. Amphoteric liposomes as claimed in claim 23, wherein said

liposomes have a size in the range of 50 to 500nm.
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25. Amphoteric liposomes as claimed in claim 23 or claim 24,

wherein said liposomes encepsulate at least one active agent.

26. Amphoteric liposomes as c¢laimed 1n claim 25, wherein said
active agent comprises a nuclelc acid that 1is capable of being
transcribed 1n a vertebrate cell 1nto one or more RNAs, said
RNAs being mRNAs, shRNAs, miRNAs or ribozymes, said mRNAs coding

tor one or more proteins or polypeptides.

27. Amphoteric liposomes as claimed in claim 26, wherein said
nucleic acid is a circular DNA plasmid, a lineaxr DNA construct

Or an mRNA.

28. Amphoteric liposomes as claimed 1in claim 25, wherein said

active agent 1s an oligonucleotide.

29. Amphoteric liposomes as c¢laimed 1in claim 28, wherein said
oligonucleotide 1is a decoy oligonucleotide, an antisense
oligonucleotide, a siRNA, an agent influencing transcription, an

agent influencing splicing, Ribozymes, DNAzymes or Aptamers.

30. Amphoteric liposomes as claimed 1in claim 28 or claim 29,
wherein said oligonucleotides comprise modified nucleosides such

as DNA, RNA, locked nucleic acids (LNA), peptide nucleic acids

(PNA), 2'O0-methyl RNA (2'0Ome}, 2’ O-methoxyethyl RNA (2'MOE) 1in

thelir phosphate or phosphothicate forms.

31. Amphoteric liposomes as claimed in claim 28, claim 29 or
claim 30, wherein  said oligonucleotide 1s an  antisense

oligonucleotide of 15 to 30 basepalrs length.

32. Amphoteric liposcmes as claimed in claim 28, claim 29 or
claim 30, wherein said oligonucleotide is a siRNA of 15 to 30

basepalrs length.
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33. Amphecteric liposomes as claimed in claim 28, claim 29 or
claim 30, wherein sald oligonucleotide is a decoy

oligonucleotide of 15 to 3( basepairs length.

34. Amphoteric liposomes as claimed in claim 28, claim 29 or
claim 30, wherein said oligonucleotide is an agent influencing

the transcription of 15 to 30 basepairs length.

35. Amphoteric liposomes as claimed 1in claim 28, claim 29 or
claim 30, wherein said oligonucleotide is a DNAzyme of 25 to 50

basepairs length.

36. Amphoteric liposomes as c¢laimed in claim 28, claim 29 or
claim 30, wherein said oligonucleotide is a Ribozyme of 25 to 50

basepairs length.

37. Amphoteric liposomes as claimed in claim 28, claim 29 or
claim 30, wherein said oligonucleotide is a Aptamer of 15 to 60

basepairs length.

38. Amphoteric liposomes as claimed in any of claims 28 to 37,
wherein said oligonucleotide is adapted to target a nucleic acid
encoding CD40 gene, 1ts sense or antisense strand, any exons or
introns or untranslated regions thereof thereby to modulate

expression of CD40 in mammalian cells.

39. Amphoteric liposomes as claimed in claim 38, wherein said
oligonucleotide 1is directed against any mRNA of CD40, wherein

such mRNAs 1include pre-mRNA and their subsequently matured

forms.

40. Amphoteric liposomes as claimed in claim 38 or claim 39,

wherein said mixture of lipids consists of a formulation

selected from:

POPC/DOPE /MoChol /CHEMS 6:24:47:23 (mol.%)
POPC/DOPE /MoChol /CHEMS 15:45:20:20 {mol.%)
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POPC/DOPE/MoChol /CHEMS 10:30:30:30 {(mol. %)
POPC/DOPE/MoChol/DMGSucc 6:24:47:23 (mol.%)
POPC/DOPE/MoChel /DMGSucc 16:24:30:30 {(mol.$%)
POPC/DOPE/MoChol/DMGSucc 6:24:23:47 (mol.%)
POPC/DOPE/MoChol/DMGSucc 10:30:20:40 {(mol.%)

41 . Amphoteric liposomes as claimed 1n any of claims 28 to 40,
wherein at least 80 wt.% of said oligonucleotide 1s disposed

inside said liposomes.

42. Amphoteric liposomes as claimed 1in any of claims 28 to 41,

wherein said liposomes comprise non-encapsulated

oligonucleotides.

43. A pharmaceutical composition comprising active agent-loaded
amphoterac liposomes as claimed 1n any of claims 25 to 42 and a

pharmaceutically acceptable vehicle therefor.

44 . A pharmaceutical composition as claimed in claim 43, wherein

sald liposomes have a size of greatexr than about 150 nm.

45. A pharmaceutical composition as claimed in claim 43, wherein

said liposomes have a size of less than about 150 nm.

46. A pharmaceutical composition as claimed in claim 43, claim

44 or claim 45, said composition further comprising empty
liposomes having a similar composition and size to said actave

agent-loaded amphoteric liposomes.

47. Use of amphoteric liposomes as claimed in any of claims 38,
or 39 to 42 when dependent upon c¢laim38, for the prevention or
treatment of an inflammatory, immune or autoimmune disorder of a

human or non-human anlimal.

48. Use of amphoteric liposomes as claimed in any of claims 38,
or 39 to 42 when dependent upon claim 38, for the prevention or

Lreatment of graft rejectioen, graft-versus-host disease,
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diabetes type 1, multiple sclerosis, systemic lupus
erythematosous, rheumatoid arthritis, asthma, inflammatory bowel
disease, ©psoriasis or thyroiditis, wherein said amphoteric

liposomes are formulated for systemic administration.

49. Use of amphoteric liposomes as claimed in any of claims38,
or 39 to 42 when dependent upon claim 38, for the prevention or
treatment for the prevention or treatment of graft rejection,
graft-versus-host disease, inflammatory bowel disease, asthma,
Crohn’s disease or ulcerative colitis, wherein said amphoteric

liposomes 1s formulated for local administration.

50, A method of +treating a human or non-human animal by
administering systemically thereto at a low lipid dose a
pharmaceutlical composition as claimed i1n any of claims 43 todo,
wherein said liposomes have a size of greater than 150 nm,

thereby targeting said active agent to the liver.

°ol. A nmethod of treating a human or non-human animal Dby
administering systemically thereto at a high 1lipid dose a
pharmaceutical composition as claimed in any of claims 43 to4do,
wherein saild liposomes have a size of greater than 150 nm,
thereby targeting said active agent to the spleen, sites of

infections and inflammations or solid tumours.

52. A method of treating a human or non-human animal by

adminlistering systemically thereto at a low 1lipid dose a
pharmaceutical composition as claimed in any of claims 43 todé6,
wherein said liposomes have a size of less than 150 nm, thereby

targeting the active agent to the liver.

53. A method of treating a human or non-human animal by
administering systemically thereto at a high lipid dose a
pharmaceutical composition as claimed in any of claims 43 to46,

wherein sald liposomes have a size of less than 150 nm, thereby
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targeting the active agent to sites of 1nfections and

inflammations or solid tumours, excluding the spleen

54. A method as claimed in claim 51 or claim 53, further
comprising lowering the drug / lipid ratioc to the desired lipid

concentration.

55. A method as claimed in c¢laim 51 or c¢laim 53, further
comprising incliuding in said composition empty liposomes having
a similar size and composition to said active agent-loaded

liposomes.
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Figure 1:
MoChol/Chems in serum
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Figure 3:
serum stability vs. % anion
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Figure 3
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Figure 7:
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Figure 8:
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