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A method for high loading of vesicles with biopolymeric substances functional in human biochemical or physiological systems
derived from any source, said substances preferably are enzymes, proenzymes, cofactors, submicron particles such as virions, growth
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conditions retaining the function of the substances to be encapsulated.
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A method for high loading of vesicles with biopolvmeric

substances

The invention is related with a high loading of vesicles with
biopolymeric substances functional in human biochemical or
physiological systems, derived from any source, said sub-
stances preferably are enzymes, growth factors, cytokines,
proenzymes, co-factors, submicron-particles such as virions,
ribosomes, hepatitis B surface antigen, vaccines, oligo- and
polynucleotides, antibodies and/or antigenes, said vesicles
formed by amphiphatic substances comprising the steps of
formulation of substances obtainable by the method of the
invention having an improved amount of effective substances
loaded in the vesicles, a medicament comprising the for-
mulation of the invention and a method of treating diseases
by administering an effective amount of the medicament of
the invention.

Several attempts have been tried to use lipid vesicles formed
by natural or synthetic phospholipids as vehicles for the
administration of effective substances.

Grey, A. and Morgan, J. report that liposomes were first
described nearly a quarter of a century ago and have been
useful models for studying the physical chemistry of lipid
bilayers and the biology of the cell membrane. It was also
realised that they might be used as vehicles for the delivery
of drugs but clinical application have been slow to emerge.
Proposed clinical uses have included vaccine adjuvancy, gene
transfer and diagnostic imaging but the major effort has been
in the development of liposomes as targetable drug carriers
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in the treatment of malignancy. Although based on good in
vitro data and animal studies, the strategies have been
mostly impractical due to the predominant but unwanted
uptake by the reticuloendothelial system and the limited
extent of extravasation. The same features have nonetheless
been turned to advantage in the case of amphotericin B which
has recently become the first liposomally formulated agent
to be licensed for parenteral use. Liposomal doxorubicin is
currently also being evaluated in clinical trials. The early
evidence suggests that while liposomal encapsulation may not
greatly enhance their efficacy the toxicity of these agents
is greatly attenuated (A. Gray, J. Morgan, "Liposomes in
Haematology" in Blood Reviews, 1991, 5, 258 - 271).

Liposomes have been used in biological systems such as plasma

extravascular space like reticuloendothelial system to more

access celluar uptake of liposomes. Liposomes were loaded
with amphotericin which is an effective but toxic antifungal.
Antitumor agents like adriamycine have also be incorporated
into liposomes. Vaccines and adjuvants as well as biological
response modifiers like lymphocines and so on were studyed
in encapsulated form. Liposomes are discussed in field of

a gene transfert as vehicles.

N. Sakuragawa et al. report in Thrombosis Research 38, 681 -
685, 1985, 1988 Clinical Hematology 29 (5) 655 - 661, that
liposomes containing factor VIII have been prepared for oral
administration to patients which are suffering from von
Willebrand’s disease. The encapsulation was carried out by
dissolving the protein factor VIII concentrates in an
aprotinin containing solution and transferred into lecithin
coated flasks. After drying the flasks by rotation for 30
min under negative pressure liposomes were formed which
entrapped factor VIII concentrates. The liposome solution
was centrifuged yielding 40% of factor VIII entrapped in
liposomes.
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Another method for entrapment of drugs in liposomes is based
on dehydration - rehydration. This is described by C. Kirby
and G. Gregoriadis in Bio/Technology, November 1984, pages
979 - 984. In this preparation the entrapments can be in-
creased by using additional lipid. Disclosed is the use of
cholesterol as being of positive influence of the drug
entrapment. Since cholesterol is involed in the pathobio-
chemistry of some disorders, administration of cholesterol
containing vesicles is not harmless at all.

A drawback of the liposome preparation of prior art is, for
example, the low encapsulation efficiency of the substances,
which encapsulation efficiency is lower than 50%.

One object of the present invention is to provide an improved
method for loading vesicles (liposomes) with biopolymeric
substances such as pharmaceutically effective substances as
enzymes, proenzymes, co-factors, antibodies or antigenes.
A further object is to provide a formulation having a high
content of effective substances loaded in a vesicle (lipo-
some) . Another object is to show the use of the formulation
of the invention for treating and preventing diseases. It
is desirable to achieve the improvement by avoiding harmful

lipids in the liposomes structures.

Surprisingly, a method described in greater detail herein-
below is able to improve the loading of the vesicles (lipo-
somes) . The term vesicle is a synonym of liposome or liposome
vesicle.

Liposomes can be classified according to various parameters.
For example, when size and number of lamellae (structural
parameters) are used than three major types of liposomes have
been described: Multilamellar vesicles (MLV), small unilamel-
lar vesciles (SUV) and large unilamellar vesicles (LUV). MLV
are the'species which form spontaneously on hydration of
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dried phospholipids~above their gel to liquid crystalline
phase transition temperature (Tm). Their size is heterogenous
and their structure resembles an onion skin of alternating,

concentric aqueous and lipid layers.

SUV are formed from MLV by sonication and are single layered.
They are the smallest species with a high surface-to-volume
ratio and hence have the lowest capture volume of aqueous
space to weight of lipid.

A third type of liposome LUV has a large aqueous compartment
and a single (unilamellar) or only a few (oligolamellar)
lipid layers.

Further details are disclosed in D. Lichtenberg and Y.
Barenholz, Liposomes: Preparation, Characterization, and
Preservation, in Methods of Biochemical Analysis, Vol. 33,
pPp. 337 - 462.

As used herein the term "loading" means any kind of inter-
action of the biopolymeric substances to be loaded, for
example, an interaction such as encapsulation, adhesion (to
the inner or outer wall of the vesicle) or embedding in the
wall with or without extrusion of the biopolymeric sub-

stances.

As used herein, the term "liposome" is intended to include
all spheres or vesicles of any amphiphatic compounds which
may spontaneously or non-spontaneously vesiculate, for
example phospholipids where at least one acyl group replaced
by a complex phosphoric acid ester. The most of triacyl-
glycerol is suitable and most common phospholipids for the
present invention are the lecithines (also referred to as
phosphatidylcholines (PC)), which are mixtures of the di-
glycerides of stearic, palmitic, and oleic acids linked to
the choline ester of phosphoric acid. The lecithines are
found in all animals and plants such as eggs, soybeans, and
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animal tissues (brain, heart, and the like) and can also be
produced synthetically. The source of the phospholipid or
its method of synthesis are not critical, any naturally
occurring or synthetic phosphatide can be used.

Examples of specific phosphatides are L-e-(distearoyl)
lecithin, L-o-(diapalmitoyl) lecithin, L-o-phosphatide acid,
L-a-(dilauroyl) -phosphatidic acid, L-a(dimyristoyl)
phosphatidic acid, L-a(dioleoyl)phosphatidic acid, DL-a(di-
palmitoyl) phosphatidic acid, L-a(distearoyl) phosphatidic
acid, and the various types of L-a-phosphatidylcholines
prepared from brain, liver, egg yolk, heart, soybean and the
like, or synthetically, and salts thereof. Other suitable
modifications include the controlled peroxidation of the
fatty acyl residue cross-linkers in the phosphatidylcholines
(PC) and the zwitterionic amphiphates which form micelles
by themselves or when mixed with the PCs such as alkyl
analogues of PC.

The phospholipids can vary in purity and can also be hydro-
genated either fully or partially. Hydrogenation reduces the
level of unwanted peroxidation, and modifies and controls
the gel to liquid/crystalline phase transition temperature
(T,) which effects packing and leakage.

The liposomes can be "tailored" to the requirements of any
specific reservoir including various biological fluids,
maintains their stability without aggregation or chromato-
graphic separation, and remains well dispersed and suspended
in the injected fluid. The fluidity in situ changes due to
the composition, temperature, salinity, bivalent ions and
presence of proteins. The liposome can be used with or
without any other solvent or surfactant.

Another important consideration in the selection of phospho-
lipid is the acyl chain composition thereof. Currently, it

is preférred that it has an acyl chain composition which is
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characteristic, at least with respect to transition
temperature (T,) of the acyl chain components in egg or
soybean PC, i. e., one chain saturated and one unsaturated
or both being unsaturated. However, the possibility of using

two saturated chains is not excluded.

The liposomes may contain other lipid components, as long
as these do not induce instability and/or aggregation and/or
chromatographic separation. This can be determined by routine

experimentation.

A variety of methods for producing the modified liposomes
which are unilamellar or multilamellar are known and avail-
able:

1. A thin film of .the phospholipid is hydrated with an
aqueous medium followed by mechanical shaking and/or
ultrasonic irradition and/or extrusion through a suit-
able filter;

2. dissolution of the phospholipid in a suitable organic
solvent, mixing with an aqueous medium followed by

removal of the solvent;

3. use of gas above its critical point (i. e., freons and
other gases such as CO, or mixtures of CO, and other
gaseous hydrocarbons) or

4. Preparing lipid detergent mixed micelles then lowering
the concentration of the detergents to a level below
its critical concentration at which liposomes are
formed (Lichtenberg, Barenholz, 1988).

In general, they produce liposomes with heterogeneous sizes
from about 0.02 to 10 gm or greater. Since liposomes which
are relatively small and well defined in size are preferred
for use in the present invention, a second processing step
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defined as "liposome down sizing" is for reducing the size
and size heterogeneity of liposome suspensions.

The liposome suspension may be sized to achieve a selective
size distribution of vesicles in a size range less than about
. 5 um and preferably to be < 0.4 um. Liposomes in this range
can readily be sterilized by filtration through a suitable
filter. Smaller vesicles also show less a tendency to aggre-
gate on storage, thus reducing potentially serious blockage
or plugging problems when the liposome is injected intraveno-
usly. Finally, liposomes which have been sized down to the

submicron range show more uniform distribution.

Several techniques are available for reducing the sizes and
size heterogeneity of liposomes, in a manner suitable for
the present invention. Ultrasonic irradiation of a liposome'
suspension either by standard bath or probe sonication
produces a progressive size reduction down to small uni-
lamellar vesicles (SUVs) between 0.02 and 0.08 um in size.
Homogenization is another method which relies on shearing
energy to fragment large liposomes into smaller ones. In a

. typical homogenization procedure the liposome suspension is
recirculated through a standard emulsion homogenizer until
selected 1ipoéome sizes, typically between about 0.1 and 0.5
pum are observed. In both methods, the particle size distri-
bution can be monitored by conventional laser-beam particle
size determination.

Extrusion of liposomes through a small-pore polycarbonate
filter or equivalent membrane is also an effective method
for reducing liposome sizes down to a relatively well-defined
size distribution whose average is in the range between about
0.02 and 5 pum, depending on the pore size of the membrane.
Typically, the suspension is cycled through one or two
stacked membranes several times until the desired liposome
size distribution is achieved. The liposome may be extruded
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through successively smaller pore membranes, #to achieve ‘a

gradual reduction in lipsome size.

Centrifugation and molecular sieve chromatography are other
methods which are available for producing a liposome
suspension with particle sizes below a selected threshold
less than 1 um. These two respective methods involve pre-
ferential removal of large liposomes, rather than conversion
of large particles to smaller ones. Liposome yields are
correspondingly reduced. '

The size-processed liposome suspension may be readily
sterilized by passage through a sterilizing membrane having
a particle discrimination size of about 0.4 um, such as a
conventional 0.45 um depth membrane filter. The liposomes
are stable in 1lyophilized form and can be reconstitued
shortly before use by taking up in water.

According to the method of the invention the vesicles are
loaded with biopolymeric substances which are virions,
enzymes, growth factors, cytokines, proenzymes, co-factors,
submicron particles such as ribosomes, hepatitis B surface
antigen, vaccine, oligo- and polynucleotides, antibodies,
or antigenic substances. In particular enzymes or proenzymes
as well as co-factors are those which are naturally occurring
in the blood stream. These substances are, for example, those
which are functional in the blood clotting cascade such as
factor VII, VIII, IX, X, XIII, fibridngen, prothrombin and/or
thrombin. Also with substances having fibrinolytic activities
such as plasmin, plasminogen or substances which are active

" in the complement system and/or are related with other
functions in the immune system (humoral or tissue bound) the
liposomes can be loaded according to the method of the
invention. The biopolymeric substances may be derived from
any source such as aninmal or human tissue culture, micro-
organisms, or transformed microorganisms, blood, blood
plasma,'or gther body fluids.
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Suitable lipids for forming liposomes are described above
but particularly preferred are phospholipids such as di-
mirystoylphosphatidylcholine (DMPC) and/or dimirystoyl-
phosphatidylglycerol (DMPG),Fegg and soybean derived phospho-
lipids as obtained after partial or complete purification,
directly or followed by partial or complete hydrogenation.

In general the method of the present invention (method A in
figure 1) comprises the steps:

- a) mixing amphiphatic substances, such as lipids suitable
for forming vesicles in water-immiscible organic
solvents

- b) removing of the solvent in presence of a solid support,

alternatively, dried amphiphatic substances or mixtures
thereof can be used in any form (powder, granular,
etc.) directly,

- ¢) taking up the product of step b) into a solution of the
biopolymeric substances in a physiologically compatible
solution

- d) adding an organic solvent having solubilizing or
dispersing properties, as well as

- e) drying the fraction obtained in step d) under
conditions retaining the function of the biopolymeric
substances.

This method is in the following referred to as a method A.

According to step a) of method A amphiphatic substances
suitable for forming vesicles as mentioned above are mixed
in a water-immiscible organic solvent. Preferably, the water-

immiscible organic solvent is a polar-protic solvent such
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as fluorinated hydrocarbons, chlorinated hydrocarbons and
the like.

In step b) of the method of the invention the solvent is
removed in presence of a solid support. Preferably, the solid
support is an inert organic or inorganic material having a
bead-like structure. Preferably, the material of the in-
organic support material is glass and the organic material
can be teflon or other similar polymers.

The step c) of method A of the invention is for taking up
the product of step b) into a solution of the substances to
be encapsulated in a physiologically compatible solution.
Preferably, the physiological compatible solution is equi-
valent to a sodium chloride solution up to about 1.5% by
weight. It is also possible to use other salts as long as
they are physiologically compatible e.g. as cryoprotectant
e. g., sugars and/or amino acids. Preferably, lactose,
sucrose or trehalose is used as a cryoprotectant.

Optionally, between step a) and b) a step of virus in-
activation, sterilizing, depyrogenating, £filtering the
fraction or the like of step a) can be provided. This might
be advantageous in order to have a pharmaceutically accept-
able solution at an early stage of the preparation.

The step d) of the method of the invention is adding an
organic solvent having solubilizing or dispersing'propertieé.
Preferably, this organic solvent is an organic polar-protic
solvent miscible with water. Preferably, lower aliphatic
alcohols having 1 to 5 carbon atoms in the alkyl chain can
be used. Very preferred is the use of tertiary butanol
(tert.-butanol). It is unterstood by the skilled person that
the amount of organic polar-protic solvent miscible with
water is strongly dependend on its interference with the
substance to be loaded to the liposomes. For example, if a
protein is to be loaded the upper limit is set by the amount
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of solvent by which the effectivity of the protein becomes
effected. This may strongly vary with the nature of the
substance to be loaded. For example, if factor IX which is
a clotting factor is to be loaded an amount of about 30% of
tert.-butanol is tolerable, whereas, factor VIII is much more
sensitive to the impact of tert.-butanol. In this case an
amount of less than 10% of tert.-butanol is preferred. The
percentage of tert.-butanol in these examples is based on
percent by volume calculated for final concentration.

Optionally, subsequent to step d), virus inactivation
sterilizing and/or portioning of the fraction yielded after
step d) can be carried out.

The step e) of the present invention is drying the fraction
obtained in step d) under conditions retaining the function
of the substance to be loaded. A preferred method for drying
the mixture is lyophilization. The lyophilization may be
carried out in presence of a cryoprotectant, for example,
lactose or other saccharides or amino acids. Alternatively,
evaporation or spray-drying can be used.

The dried residue can then be taken up in an aqueous medium
prior to use. After taking ﬁp of the solid it forms a
dispersion of the respective liposomes. The aqueous medium
contains preferably a saline solution and the dispersion
.formed can optionally passed through a suitable filter in
order to down size the liposomes if necessary. Preferably,
the liposomes have a size of 0.02 to 5 um, more preferably
in the range of < 0.4 pm.

The liposomes obtainable by the method A of the invention
show high loading of the biopolymeric substances.

According to the invention a formulation is claimed com-
prising biopolymeric substances such as enzymes, proenzymes,
co-factors, antigenes and/or antibodies functional in human,
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biochemical, or physiological systems obtainable by the
method of the invention. The formulation comprises liposomes
having loaded the substances as mentioned above which are,
for example, naturally occurring in the blood stream such
as those being functional in the blood clotting cascade such
as factor VII, factor VIII, factor IX, factor X, fibrinogen,
prothrombin, and/or thrombin or having fibrinolytic
activities such as plasminogen, plasmin or which are active
in the complement systems and/or are related with other
functions in the immune system (humoral or tissue bound).
The latter can be antigens or antibodies. The formulation
of the invention can as well be an intermediate product
obtainable by isolation of either fraction of step c¢) or 4d)
of the method A. According to the invention the formulation
of the invention also comprises an aqueous dispersion
obtainable after taking up the product of step e) of method
A in water in form of a dispersion (liposomes in agqueous

medium) .

The formulation of the invention can be used to prepare a
medicament comprising the formulation and/or additionally
other pharmaceutically active substances and vehicles and/or

adjuvants and vaccines.

Alternatively, the formulation of the invention is also
obtainable by the following methods which are referred to
as method B, C and D.

Method B

This method comprises also the steps a), b) and c¢) of the
method A. However,. step d) and on of method A are omitted.

Method C
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In method C step d) of method A is replaced by a freeze and
thaw cycle which has to be repeated at least two times. This

step is well-known in prior art to produce liposomes.
Method D

Method D excludes the use of any osmotic component. In method
D the steps of preparation of vesicles, admixing and sub-
stantially salt free solution of the substances to be loaded
and co-drying of the fractions thus obtained is involved.

Method E

Method E is simpler than methods A - D described above. It
requires dissolving the compounds used for liposome pre-
paration (lipids antioxidants, etc.) in a polar-protic water
miscible solvent such as tert.-butanol. This solution is then
mixed with an aqueous solution or dispersion containing the
active agent which can be an antigen, enzyme, proenzyme,
clotting factor, oligo or polynucleotides, etc. The mixing
is performed at the optimum volume ratio required to maintain
the biological and pharmacological activity of the agent.
The mixture is then lyophilized in the presence or absence
of cryoprotectant. Rehydration is required before the use
of the liposomal formulation. These liposomes are multi-
lamellar, their downsizing is achieved by one of the methods
described above (see figure 3).

The methods A to E show in an advantageous manner high
loading of the respective substances. Especially, methods
A, D and E are suitable to incorporate enzymes, proenzymes
and/or co-factors naturally occurring in the blood stream
such as factor VII, VIII, IX, XIII playing an important role
in the blood clotting cascade.

The formulation of the present invention in form of a medi-
cament has an advantageous scope since the liposomes loaded
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with e. g. clotting factors surprisingly show not only a
sustained release of the drug but also a very low immunore-
activity as well as an unexpected pharmacokinetic behaviour.
This may be due to an accumalation of the liposoms in an
organ, probably in the liver, from which organ the respective
clotting factor is released during an unexpected 1long
duration and quantity. The low antigenicity and recognition
by the inhibitors of the protein-like substances loaded in
the liposomes obtainable by the method A - E may be due to
to its "masking" in the liposomes. The unexpected pharma-
cokinetics are shown in figures 4 and 6 in which the biphasic
release of the active factors is shown.

Thus, also a method of treating diseases by administering
an effective amount of the medicament according to the
present invention is. claimed. The method of treating com-
prises the steps of an oral, buccal, intravenous, topical,
intraperitoneal, pulmonary, or rectal administration of a
medicament of the invention. If, for example, bleeding
disorders must be treated, liposomes loaded with the re-
spective factors are to be formed and administered.to the
patient. Preferably, this happens intravenously.

It is understood by the skilled person that the dosage of
the medicament of the invention is depending on the con-
centration of the effective biopolymeric substances as well
as their efficiency.

Preferably, a dosage up to 2.000 mg/liposomes lipid per kg
body weight are administered in the patients wherein the
active factors in the liposomes are loaded with an efficiency
of higher than 50% based on the total activity used for
preparing the loaded liposomes.

The accurate dosage can vary dramatically. The variation,
however, depends on e. g. the type and efficacy of the
substance encapsulated in the liposomes, the efficiency of
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the encapsulation reaction itself (being high with the method
of the invention), the kind of administration and the like.
The respective parameters can be easily optimized by the
person «skilled in the art and can be regarded as being
routine experiments.

The following more specific embodiments explain the invention
further: |

There are two main types of vaccines against hepatitis B
virus (HBV), both of which are aqueous dispersions based on
22 nm particles of hepatitis B virus surface antigen (HBsAg)
as an immunogen and on aluminum hydroxide (alum) as adjuvant.
A first vaccine is based on HBsAg particles obtained from
human plasma of chronic HBV carriers. A second vaccine is
based on HBsAg particles produced by yeast using recombinant
DNA technology. The vaccine is safe and efficacious in
preventing the disease in most humans, except certain groups
of low responders and nonresponders. However, the vaccine
looses its immunogenicity upon unoptimal storage conditions,
such as freezing and heating beyond 8°C. In fact, these
aluminum hydroxide-based vaccines are labeled with warnings
such as "Do not freeze since freezing destroys potency" and
"Store at 2 - 8°C" and "Storage above or below recommended
temperature may reduce potency" (Recombivax HB®, MSD). This
instability is related to the aluminum hydroxide which serves
as the adjuvant.

This invention is also directed to the development of an anti
HBV liposomal vaccine which is stable under a broad range
of storage conditions, including freezing, freeze-drying and
heating to room temperature. The vaccine is based on a
recombinant HBsAg as antigene and on liposomes as adjuvant
and stabilizer. Two preferred methods for producing this

liposomal vaccine are described.
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Seroconversion in mice clearly demonstrated that the lipo-
somal vaccines of the instant invention are efficacious
against HBV and produce a protecting titer of HBs antibodies,
yielding at least an equivalent or better serum level of anti
HBsAg antibodies to that obtaines using fresh vaccine based
on alum as adjuvant. It is clear that applicants’ liposomal
vaccines retain their immunogenic activity under suboptimal

conditions.

Method of preparing anti-HBV liposomal vaccine based on

preformed multilamellaar vesicles (Methods A, B and C)

Figure 1 outlines schematically the preparation of anti-HBV
vaccine using methods A, B, C and E. In these methods the
liposomes are produced during the hydration process.

It was desireable to develop a vaccine against HBV in the
form of dry powder which should be at least as efficacious
as currently available vaccines and the stability of which
should be higher than current vaccines especially under
extreme storage conditions.

The vaccine which was produced is based on liposomes as
adjuvant and contain HBsAg particles as the immunogenic
antigene. Any HBsAg may be used as immunogenic antigen to
produce an anti HBV liposomal vaccine using the methods
described in this application, and either the intact HBsAg
particles or components of it may be employed. The HBsAg used
herein is produced by recombinant methods in CHO cells as
described in WO 90/10058. It is composed of three poly-
peptides - S, PreSl, PreS2 (in weight ratios of 78 : 8 : 14,
respectively). Approximately, 30% of its weight is phospho-
lipids and approximately 10% is cholesterol (see Figure 1).
Phosphatidylcholine is the main phospholipid; for the exact
composition see Table 1.
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Table 1

Phospholipid composition (%) of the hepatitis B virus
antigene used '

[
PC - SPM PI PE Lyso-PC PS
Batch A 63.4 11.3 8.7 - 7.0 5.3 4.3
Batch B 58.0 17.6 6.5 5.2 7.4 5.3
| I N N R

Abbreviations

PI = phosphatidylinositol

PC = phosphatidylcholine

SPM - sphingomyelin

PE = phosphatidylethanolamine
Lyso-PC = lyso-phosphatidylcholine
PS = phosphatidylserine

The selection of phospholipids for the lipsomal vaccine
preparation is based on two main parameters: (i) chemical
stability; (ii) uptake by macrophages. Surprisingly, the
selection of dimyristoyl phosphatidylcholine (DMPC) and
dimyristoyl phosphatidylglycerol (DMPG) as the raw material
for liposome preparation was advantageous. These disaturated
phospholipids are not susceptible to various oxidation
processes. Their gel to liquid crystalline phase transition
(Ty) is 24°C, and therefore at 37°C the lipids are in their
liquid crystalline state, which is preferred for uptake by
macrophages. The negative charge introduced by the DMPG also
increases liposome uptake by macrophages which serve as
antigene presenting cells. Large liposomes (multilamellar
large vesicles) are advantageous due to their preferred
uptake by the macrophages.
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The general advantage of liposomes as adjuvants are known
in the art including Gregoriadis, G. (1990) Immunology Today
11: 89 - 97 and Alving, C. in "Liposomes: Biophysics to
Therapeutics" (1987), Marcel Dekker, N. Y. (Ostra, M. ed.)

195 - 218.

Methods of making lipsomes including multilamellar large
vesicles are known in the art and are described in numerous
publications, for example, the following major reviews which
are hereby incorporated by reference New, F.R.C. ed. (1990)
in "Liposomes", IRL, New Ybrk; Lichtenberg, D. and Barenholz,
Y. (1988) in "Methods in Biochemical Analysis", 33: 337 -
462 (Glick, D. ed.).

Five methods A - E of preparing the liposomal vaccines based
on multilamellar laxge vesicles (MLVs) were employed as
described in detail in the following examples and in figures
1, 2 and 3. Parameters that were tested and compared include
the effect of 1lipid to antigen ratio, the extent of antigen
exposure on the liposome surface, chemical and physical
stability of the liposomal vaccine, comparison between
various methods to prepare the liposomes on the above para-
meters, effect to freezing and thawing, 1lyophilization
(freeze-drying) in the presence and absence of cryoprotectant
(lactose) and the effect of an immunomodulator. Efficacy of
the vaccine was determined by seroconversion in Balb/C mice
35 days after intra-peritoneal injection of the vaccine.

A summary of the results is presented in Table 2. These
results showed that method A is preferred.

Richards, R. L. et al. (1989) Vaccine 7: 506 - 512 disclosed
a method of making liposomal malaria spurozite antigene which
utilizes DMPC and DMPG but not alone; the liposomes were
composed of DMPC, DMPG and cholesterol in molar ratios of
9 : 1 : 7.5. Lipid A and aluminum hydroxide were also
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present, and in the absence of these two compounds low

immunogenicity resulted.

The liposomal vaccines described by Richards et al. 1989 was
not prepared as dry powder but rather as aqueous dispersion.
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Example 1

Preparation of samples of anti-HBV liposomal vaccine using
method A

The following samples of vaccine, designated (5), (6) and
(7) were prepared using method A (see figure 1) amended as
described below. '

Sample (5): Liposomes containing HBsAg and "empty liposomes"

were prepared as described for sample (1). Tert.-butanol was
added (1 : 1 v/v) and the preparation was lyophilized. The
resulting dry powder was reconstitued before use using
sterile pyrogen-free double distilled water. The loading of
the antigen was 97% on average. The extent of HBsAg exposure
on the liposome surface was determined by ELISA and found
to be below detection. The size of liposomes was measured
to be 4.5 pum, similar to the size of liposomes in other
samples.

Immunization: Balb/c mice, six weeks old, were divided into
four groups and vaccinated with doses as described for sample
(2) . The mice were bled after 35 days and the anti-HBs titer
was determined and flund to be more than sufficient to
protect against HBV infection. This titer was . almost
identical to that obtained after vaccination with the same
HBsAg using aluminum hydroxide-based vaccine.

Sample (6): Liposomes containing HBsAg and "empty liposomes"

were prepared as described for example (5). A group of seven
Balb/c mice, six weeks old, were immunized with 0.09 Ug HBsAg
entrapped in liposomes which were diluted with "empty lipo-
somes" and 0.9% NaCl. To the injeciton volume which was 0.5
ml of 1l-palmitoyl-2-oleyl phosphatidylcholine (POPC) and
dioleyl phosphatidylserine (DOPS) in a 7 : 3 molar ratio,
liposomes containing the immuno-modulator muranyl tripeptide
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phosphatidylethanolamine (MTP-PE) at a level of 1 mg MTP-PE/
1 kg mice were added. After 35 days anti-HBs was measured.
There was no improvement above the antibody titer which was
obtained by the same dose of liposomal vaccine not containing
MTP-PE. (The use of MTP-PE as immuno-modulator is described
for Herpes Simples Virus glycoprotein vaccine by Sanchez-
Piscador et al., (1988) J. Immuno., 141: 1720 - 1727).

Sample (7): Liposomes containing HBsAg and "empty liposomes"
were prepared as described for sample (5), except that the
solution for lipid hydration also included 5% lactose as a
cryoprotectant. The liposomes were frozen and dried. The dry
powder obtained was reconstituted before use with sterile
pyrogen-free double distilled water. The loading efficiency
of HBsAg in the preparation, the size of the liposomes and
the extent of HBsAg exposure on the liposomes were determined
as described for sample (1). Similar results to those of
sample (5) were obtained. The immunization efficacy of the
liposomal vaccine was checked in Balb/c mice, as described
for sample (2) and anti-HBs was measured 35 days after
vaccination. In all cases a high titer of antibodes was
obtained which can protect against infection by HBV. Com-
parison to the 1lactose-containing freeze-dried vaccine
(sample (5)) clearly demonstrates that the lactose-containing
vaccine was preferable for all doses of antigen used, except

for the high dose (2.5 ug of protein).

Example 2

Preparation of anti-HBV liposomal vaccine using method B

The following samples of vaccine, designated samples (1) and
(2), were prepared using method B (see figure 1) amended as
described.

Sample (1): A mixture of the phospholipids dimyristoyl
phosphatidyl choline (DMPC) and dimyristoyl phosphatidyl
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glycerol (DMPG) in a molar ratio of 9 : 1 respectively was
dissovled in chloroform. The solvents were removed by flash
evaporation under reduced pressure to complete dryness. The
dried lipids were suspended in 0.9 % NaCl solution containing
HBsAg. The HBsAg: lipid (w/w) ratio, during liposomal pre-
paration, was 0.0015. In this sample liposomes were obtained
which loaded about 73% of the anpigen used during lipid
hydration; -in similar samples using method B only 50 - 60%
loading was achieved. The free (non-liposome associated)
antigene was removed by ultra-centrifugation of the liposomal
solution in 180,000 g for 60 minutes. The pellet was
dispersed in sterile pyrogen-free 0.9% NaCl and was used for
vaccination. Liposomes not containing antigen (referred to
as "empty liposomes") were prepared by the same method to
keep the lipid concentration of the samples identical.
Stability of the preparation: The physical stability of the
liposomes was tested by measuring liposome size during
storage using a Coulter Counter Model PCA-1. The mean dia-
meter of fresh liposomes was 4.5 um. The presence of antigen
in the liposomes and their age up to 18 months had no
significant effect on liposome size. The stability of lipo-
somal components was also examined after one to three washes.
Washing was performed by means of ultracentrifugation at
180,000 g for 60 minutes. After each wash the lipid: HBsAg
(w/w) ratio in the liposome pellet was determined. It was
found that this ratio remained constant troughout the
washings and was the same as the ratio which was otained
immediately after liposomal preparation; that is to say,
there was no "leakage" of antigen from the liposomes. The
extent of HBsAg exposure on the liposome surface was deter-
mined by ELISA using a standard commercial (Du Pont) kit,
and was less than 5%.

Immunogenicity test: Balb/c mice, six weeks old, were used.
The mice were divided into two groups of 8 mice. The first
group was immunized by 0.27 pg of sample (1). the volume of
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intraperitoneal (i. p.) injection was 0.5 ml/mouse and
included liposome entrapped HBsAg and "empty liposomes" in
0.9% NaCl; the two were mixed prior to injection in such a
way that the same amount of lipids were injected to all mice.
35 days after immunization the mice were bled, and the
antibody titer measured. It was found that all the mice that
had been immunized by sample (1) developed protecting anti-
body titer at a level which should protect them from in-
fection by HBV. These results were similar in their values
to the results which had been obtained in the control group
which included mice that had been immunized with the same

free antigen (HBsAg) and aluminum hydroxide as the adjuvant.

Sample (2): A mixture of the phospholipids DMPC and DMPG in
a molar ratio of 9 : 1 respectively was dissolved in chloro-
form. The solvents were removed by flash evaporation under
reduced pressure to complete dryness. The dried lipids were
dispersed in 0.9% NaCl solution containing HBsAg and 5% (by
weight) of lactose. Liposomes (MLV) were produced by mechani-
cal shaking, and were then lyophilized. The dried powder was
reconstituted before use with double distilled sterile
pyrogen free water. 75% of the input HBsAg was loaded. "Empty
liposomes" were prepared under identical conditions to the
above. The size of the liposomes (measured as described for
sample (1)), was identical to sample (1). The process of
freeze-drying did not affect liposome size. The extent of
HBsAg exposure on the liposome surface was measured and found
to be below detection.

Immunization: Balb/c mice, six weeks old, were divided into
four groups of 8 mice. The mice were vaccinated with the
liposomal preparation as described for sample (1). The
following antigen doses (by protein weight) were injected:
0.09 ug, 0.27 pg, 0.81 pug, 2.5 pug. The mice were bled 35 days
after vaccination and the titer of anti-HBs for this sample
was determined. All mice developed protecting antibody titer.
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Example 3

Preparation of anti-HBV liposomal vaccine using method C

The following samﬂles of vaccine, designated samples (3) and
(4) were prepared using method C (see figure 1) amended as
described below.

Sample (3): Liposomes laoding HBsAg and "empty liposomes"”
were prepared as described for sample (1), followed by ten
cycles of freezing at - 180°C and thawing at 37°C. The
percentage of antigen loading in the liposomes was 81% on
average. The free antigen which was not loaded was removed
by ultracentrifugation (180,000 g for 60 minutes). Only the
pellet was used as vaccine. The stability of liposomes was
checked as described.for sample (1) and the results of the
examination were similar to those obtained for sample (1).

Immunization: Balb/c mice, six weeks old, were vaccinated
by the liposomal vaccine against HBV. The test groups and
experimental  procedure in vivo was identical to that
described for sample (1). The HBs antibody titer which had
been developed after vaccination by the liposomal vaccine
was always above the protecting level. The antibody titer
which was obtained with this vaccine was the highest among
the various liposomal preparations we tested. The titer was
even higher than that obtained in the control group after
vaccination by aluminum hydroxide-based vaccine containing
the same HBsAg.

Sample (4): Liposomes loading HBsAg and "empty liposomes"
were prepared as described for sample (3), with one
difference in that the hydration of the lipids was performed
ih 5% lactose. The multilamellar liposomes which were formed
were frozen and dried by lyophilization. The dry powder was
stored at -21°C untiluse. The size of the liposomes and the

extent of HBsAg exposure on the liposome surface were tested
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as described for sample (1) and the results were identical

to those obtained for sample (2).

The percentage of antigen loading in liposomes was 82% on

average.

The immunization efficacy of this preparation was tested in
Balb/c mice. The test groups and experimental procedure were
the same as those described for sample (2). The results of
this test demonstrate that the production of anti HBs anti-
bodies in all antigen doses that were examined was above

protecting level.

Comparing the efficacy of the dry liposomal preparation to
the preparation which were stored as a dispersion (sample
(3)) shows the superdiority of the freeze-dried vaccine at
low dose and of the vaccine stored as dispersion at high
dose.

Comparison of method A with method C

Method A produces a high level of loading efficieny (entrap-
ment) of the liposomes (about 97%) without the necessity for
the cycles of freezing and thawing performed in method C.
Since freezing and thawing is costly and inefficient at the
industrial level, method E is a preferable method for in-
dustrial application. Thus, method E (which comprises the
use of various mixtures of tert.-butanol and agqueous phase)
is a preferred method for the production of immunologically
active lyophilized anti-hepatitis B virus vaccine.

Comparison of method B and C

Method C differs form method B in that method C comprises
ten cycles of freezing and thawing which is a process known
in the art for increasing encapsulation efficiency (antigen
entrapment) of the liposomes (Lichtenberg, D. and Barenholz,
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Y. 1988). However, freezing and thawing may be costly and
not cost-efficient for an industrial process.

Example 4

Stability of liposomal HBsAg vaccine after storage at various
temperatures

As described above hepatitis vaccines known in the art use
aluminum hydroxide as adjuvant and stabilizer. The dis-
advantage of the aluminum hydroxide-based vaccines is that
they cannot be frozen nor can they be stored beyond 8°C.
These vaccines thus have to be stored between 2 - 8 °C to
maintain their efficacy.

There are three parameters to demonstrate stability of a
vaccine under different conditions:

Efficiency (measure immunogenicity).
Chemical stability (measure hydrolysis of 1lipids;
measure protein to lipid ratio).

3. Physical stability (measure size of particle).

The stability of the novel vaccine was tested after storage
at three temperature (a) -20°c, (b) 2 - 6°C and (c) room
temperature.

The results obtained were as follows:

(a) The vaccine stored at -20°C was effective after 1 month
or more and was chemically and physically stable after
1.5 years or more.

(b) The vaccine stored at 2 - 6°C was effective after 1
month or more and was chemically and physically stable

after 1.5 years and more.
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(¢) The vaccine stored at room temperature was chemically

and physically stable after 1.5 years or more.

These results demonstrate that the vaccine of the invention
in form of liposoms is stable over a wide temperature range.

Since the current hepatitis vaccines lose their immuno-
genicity during freezing it is unexpected that the liposom-
vaccine of the invention retains its activity both during
the freezing step of the freeze drying process and also
during storage of the vaccine below 0°C.

Thus, the advantage of HBV vaccine of the invention is
evident. It does not need .to be stored in a refrigerator and
is not sensitive to freezing. The distribution of such a
vaccine 1is greatly simplified especially in third world
countries where the need for a vaccine against hepatitis B
is greatest; additionally a vaccine which may be frozen aids
distribution in countries such as Russia and China were the

ambient temperature is often below freezing.

Applicants have thus produced a novel liposomal based HBsAg
vaccine which is stable both below zero degrees and at room
temperature, i. e. the vaccine may be stored under suboptimal

conditions.

Example 5

Loading of factor VIII

Stability test: In order to load proteins in phospholipid
membrane to form "cells" the interior of this compartment
has to be isotonic to the solution outside.

A factor VIII preparation commercially available (Octa VI
250) was dissolved in 5 ml water (to obtain 50 units /ml),

then dialyzed against various concentration of amino acids
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for 6 hours at 4°C. The dialyzed factor was then lyophilized
for 20 hours. The samples were reconstituted first in water
and then with saline to obtain 1 : 500 dilution.

Loading exmperiments

A. Loading by method E

In this preparation lipid solubilized in tert.-butanol is
mixed with an aqueous solution of the factor to obtain an
homogeneous solution. The solution is frozen and the solvent
removed by lyophilization. Mulitlamellar vesicles loaded with
Factor-IX are obtained by hydration of the dry mixture,
firstly in small volume of bidistilled water, then stepwise
with saline, until the final liposome concentration is
reached. At this point the multlamellar vesicles can be sized
by extrusion to obtain oligolamellar or small unilamellar

vesicles.

Determination of factor IX activity

Factor IX activity was measured by a clotting assay. In this
assay the percent of factor IX activity can be determined
by the degree of correction obtained when a dilution of the
tested sample is added to the factor IX Deficient Plasma
(purchased from Baxter Diagnostics Inc.). The measuring
instrument is called ACL-Automated Coagulation Laboratory
from Instrumentation Labortory (Italy).

A calibration curve was first constructed for the clotting
assay of factor IX, using appropriate dilutions of a stock
solution of ca. 50 U/ml. Figure 2 shows a good fit to a
linear regression (R*> = 0.989).
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Liposomes containing factor IX were pelleted by centri-
fugation in an Eppendorff centrifuge at 12,000 g for 10 min
and the factor IX activitiy was determined in the super-
natants and pellet. The pellet was solubilized prior analysis
with Triton X-100. A concentration dependency on factor IX
activity with Triton X100 was found. 1% Triton X100 (final
concentration) caused a 50% loss of activity, while no loss
was observed at 0.2%.In general, the total activity of the
factor was recuperated, namely, the activity of the super-
natants and pellet was always similar or even higher than
the inital activity of the preparation. The 1loading
efficiency was higher than 80%.

B. Loading by method D
Table 4:

Loading of FVIII by method D

Fraction Total % of
Units total

Liposomes associated FVIII activity 103 73.5

Free FVIII activity 37 26.5

Rabbit experiment: In order to test factor VIII release from

liposomes in the blood stream, rabbits were used as a model

system.

The experiment was done on rabbits divided in 2 groups,
weighing 3 - 3.5 kg. One group of rabbits was injected with
330 units of OctaVI and the other group of rabbits was in-
jected with 330 units of factor VIII loaded in lipsomes. The
liposomes were made from egg phosphatidylcholine (EPC) and
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were prepared by the SUV method. Percent of encapsulation

was about 70%.

4 ml of blood samples were taken from the rabbits ears before
the injection and at the following times after the injection:
30 minutes, 1 hr., 2 hrs, 4 hrs., 6 hrs., 21 hrs., 30‘hrs.,
45 hrs., 54 hrs., 72 hrs., and 144 hrs. Plasma was prepared
from the blood samples and then frozen. At the end of the
experiment, factor VIII activity was checked by one stage
clotting assay.

The average results and standard deviation of factor VIII
clotting activity of the rabbits that completed the ex-
periment are presented in figure 4.

It can be seen that .after injection of 330 units of free
factor VIII activity raised from a basic level of 4 units
/ml to 7 units/ml after 30 minutes and then decreased and
reached the basic level after 45 hours. Factor VIII activity
injected with liposome encapsulated factor VIII was first
raised after 30 minutes, then decreased rapidly to the basic
level. A second increase began 9 hours after injection,
reached the top 54 hours after the injection and decrease
to the basic level after 144 hours.

Based on these results, it seems that encapsulation of factor
VIII in liposomes increased its half-life in rabbits.

Example 6

Phospholipid and"F VIII formulation (method D)

A. Encapsulation of Monoclate® by Egg-PC

Monoclate® is an Armour formulation for F VIII that is
purified by monoclonal antibody. The formulations contain
F VIII:C only stabilized by large amount of albumin. The
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5 units/mg protein. En-

capsulation was done according the DRV method. Using ratio

wt/wt mg of 107 and 214 phospholipid to 1 mg protein.

B. Octa VI with PL supplemented with Cholesterol:

taining cholesterol. Thus,

Egg PC Egg PC Egg PC +
Cholesterol
PC/Protein ratio 400 250 217
§
Unwashed liposome 583 71 58
Unwashed after blood filter 55 67 28
supernatant
washed liposome 17 6 12
28 26 34
unwashed extracted with triton 127 128 90
washed extracted with triton 98 89 75
% loading * 77 70 67
* Triton-X100 only partially dissolved the membrane con-

the calculation was based

partially on the theoretical F VIII input to the

loading.

CONCLUSIONS

Ratio of 400 : 1 (wt/wt) lipid :

protein is the best for Octa

VI encapsulation in liposoomes.

Good encapsulation can be achieved also by using egg-PC sup-
plemented with cholesterol. However, it cannot be recommended
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for chronic pétients such as Haemophilia A, but can be used

for acute patients.

Example 7

The masking effect of liposomes loaded F VIII (Octa VI) is
illustrated by performing an inhibitor test in vitro on
patient plasma containing a high rate of inhibitors.

Inhibitors that occur in the plasma of hemophilics may be
detected by Bethesda Inhibitory Test in which equal volumes
of patient plasma (assuming there is no FVIII present) and
normal plasma (1 unit of FVIII) is incubated at 37°C. In-
hibitors are suspected if the coagulation time prolongs
significantly when compared with that of mixtures of normal

plasma and saline.

In the following experiment, for example, such patient plasma
at various dilutions were incubated with standard pooled
plasma (containing 100% = 1 unit/mL of factor VIII). A
dilution which yielded 50% decrease of factor VIII acitvity
(expressed as residual concentration) of the incubated plasma
is expressed quantitatively as Bethesda Inhibitor Units (BIU)
of given plasma.

Figure 7 records the ratio of factor VIII: C residual con-
centration in the mixtures of patient plasma and normal
plasma as compared to normal plasma mixed with saline. The
results were plotted as percentages in semi-log numbers
against the tested plasma dilution. A dilution refers to 50%
of the original plasma is defined as the BIU per ml of a
given plasma. In figure 1 the tested plasma has 160 BIU/mL.
No inhibition was found (figure 1) when factors VIII:C loaded
liposomes were incubated with tested plasma. In this ex-
periment, factor VIII (OctaVI) loaded in liposomes were in-
cubated for two hours at 37°C with a given patient plasma
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dilution. The residual activity resulted from incubation with
saline instead of patient plasma was considered as 100%.

Example 8

A comparison between the Pharmacokinetics of Monoclate® and
OctaVI liposome encapsualted FVIII

Two Beagle dogs, a female a male, were injected with 900
units of liposome loaded FVIII. The male dog received liposo-
mal loaded OctaVI (Octapharma AG), whereas, the female
received capsulated MonoClate-P (Armour, USA). Blood samples
were taken for 16 days from the injection time. The activity
of factor VIII was monitored by a chromogenic assay.

As can be noticed in figure 8 and figure 9, the FVIII
acitivity maintained for almost 3 weeks exhibiting a
completely different pharmacokinetics as supposed from free
FVIII (half life about 10 - 14 hours).

Example 9

Measurement of the level of inhibitors

Rabbits tend to rapidly form inhibitor toward factor VIII.
Various dilutions of rabbit plasma were incubated for one
hour at 37°C with 5 units/ml of OctaVI. Activity was then
tested by clotting assay.

Table 5:

Inhibition units were calculated from 1/5 and 1/10 dilution
of the rabbit’s plasma in clotting assay buffer.
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Animal Dilution 1/5 | Dilution 1/10 | Average + SD
Treatment NIH Units NIH Units
OctaVvi 13 19 16 + 3
Liposomal 0 0 ' 0
Octa VI

The low immunogenicity of the phospholipid formulation may

result from either both or each of the following mechanism:

a)

or

OctaVI capsulated or rather embedded in a phospholipid
bilayer membrane happened to be targeted toward an
organ (presumably the liver) where it accumulated; then
was released into the blood stream escaping recognition
by the immune system

results may suggest that liposomal-FVIII presents a
smaller target to the immune system. In other words,
the lipsome is "masking" part of the factor anti-

genicity.

Example 10

Preparation of liposomes containing antihaemophilic factor

VIIT

Liposome Preparation:

The same procedure as in sample 3 was used to prepare lipo-

somes containing factor VIII (OctaVI®, Octapharma. 60 to 90%

loading efficiency was achieved.

Example 11
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Factor IX: dog experiment using method E

Two Beagle dogs were injected with 750 units of OctaNyne a
commercial factor IX preparation (Octapharma). The first dog
was injected for the forth time with free OctaNyne whereas
the second dog received capsulated FIX, this dog received
factor for the first time (a "virgin" dog). OctaNyne for-
mulation with lipsome was done according to method E and the
capsulation was almost 100%, the amount of free factor was

negligible.

It can be see from the adjacent figures (figure 5 and 6) that
free factor has two half lifes. About 20% of the bolus have
a half life of about 1.8 days whereas most of the bolus 80%,
have a half life of 0.15 days.

Oon the other hand the liposome formulation has totally
different kinds of behaviour. Analyzing the results received
from the clotting assay shows that there are two peaks: one
after 0.25 days and another after five days. The presence
of factor IX in the blood as tested by an ELISA shows re-
latively low antigen activity, 1/5 - 1/10 of the activity
recorded by the clotting assay in both methods. The activity
peaks, however, happened at the same time.

The low activities recorded by the immune assay may be due
to a "masking" effect created by the liposome in which
additional blood protein were continuously embedded in the
phospholipid bilayer during its circulation in the blood
stream. An indication to this phenomena can be noticed in
the following experiment.

The late peak that appears in this pharmacokinetic curve may
suggest that the factor IX is accumulated in an organ (pre-
sumably the liver) and released slowly'after a period of a
few days.
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Example 12

The immunogenic masking effect of liposomes (in vitro ex-

periment)

Large scale formulation of FVIII by lecithin
3,000 units of factor VIII were capsulated by method D. The

entire formulation was done in aseptic conditions in a class
100 clean room.

Results after reconstitution of the liposome were as follows:

Table 6
Con. Units/ml Volume Total Units

Unwashed liposomes 9.6 12.0 115.0
before B.F

Unwashed liposomes 8.1 12.0 97.0
after B.F

Washed liposomes 4.6 12.0 55.0
Supernatant 3.5 7.2 25.2
Supernatant of washed 0.9 7.2 6.5
liposomes

Unwashed extracted 17.8 12.0 213.0
liposomes

Washed extracted 11.4 12.0 136.8

Loading efficiency about 64%.

Separation of free factor VIII and liposomes encapsulated
factor VIIT ’

1. Pass the liposome solution through a blood filter.
2. Transfer 1 ml into an 1.5 ml tube.
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Centrifuge the tube for 5 minutes, 14,000 g, at rooom
temperature.

Transfer the supernatant into a new tube labeled
"supernatant".

Add the same volume as the supernatant to the liposome
pellet and resuspend carefully (avoid vortex).
Centrifuge again as in stage 4, transfer the super-
natant into a clean 1.5 ml tube labeled "wash I".

Add the same volume as wash I to the liposome pellet

and resusped carefully.

Measurement of factor VIIT activity

Extraction and activity measurement of the whole lipo-
some solution (containing the free factor VIII and the
liposomes loaded factor VIII): Dilute x40 the liposomes
solution into the assay buffer containing 1% of human
serum albumin (HSA). Add Triton X-100 to 0.5%. Wait 10
minutes until the solution is cleared. Dilute at least
5 times the 1liposome extraction into assay buffer
containing 1% HSA and measure factor VIII by one stage

clotting assay.

Extraction and activity measurement of the washed

liposomes: As described in stage 1.

Measure activity of supernatant and wash I fractions
in one stage clotting assay (dilution x50-100 in the
assay buffer containing 1% HSA).

Percent of loading = activity of washed liposomes

extractions/activity of the whole liposomes solution.

Percentage of loading was 85%.

Immunoassay for the detection of factor VIII in dog plasma
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Quantitative immunoassay in dog plasma is important for the
detection of free factor VIII in normal dogs and the ratio
of the clotting assay énd factor VIIIAg can reflect on the
presentation of FVIII antigen to immune system of dogs.

ELISA assay procedure

Microtitrations plates were coated by incubation on at 20°C
with 1/500 dilution (in PBS) of monoclonal anti FVIIIAg
(York) . Blocking was done at room temperature for 2 hours
1/5 dog plasma in PBS Tween 20 (0.05%). FVIIT calibration
curve was done by diluting OCTAVI in dog plasma. Samples were
incubated for 2 hours at room temperature. Goat anti FVIII
related antigen (ATAB) was used as a second antibody. A
dilution of 1/500 in PBS was incubated for 2 hours at room
temperature. The reaction was developed for 5 min after
addition of the conjugate and the substrate.

Conclusion:
A quantitative ELISA can detect FVIIIAg 2 - 70% clotting
activity in dog plasma, which is about 0.02 - 0.7 units of

human FVIII per ml (sensitivity of few nanogram) .

Determination of the ratio FVIII:C/FVIIIAg in liposomes in
dog serum.

Assay procedure: Liposomes prepared by method D with various
ratio of phospholipid (protein/lecithin 1/1,000 1/400 1/100
was washed from the free non loaded FVIII to measure the
activity of the membrane embedded FVIII. The clotting
activitiy was tested by a one step clotting test and the
immune reactivity was tested by ELISA. The liposome was then
lysed by Triton-100 to measure the combined activity of the
loaded (embedded + encapsulated) FVIII.
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Table 7

Effect of phospholipid on the encapsulation and masking the

FVIII immunoreactivity in dog plasma.

ratio clotting Immune- ratiolts
protein/ activity reactivity | FVIII/ loading
lipid FVIIIAg
Washed 1/100 13.6 3.176 4.28 55
liposomes
super- 1/100 30 39.15 0.766
natant
Washed 1/400 4.9 0 >>>>>> 82
liposomes
super- 1/400 5.0 5.1 0.99
natant
Washed 1/1000 1.85 0 >5>>>> 73
liposomes
super- 1/1000 1.05 0.88 1.19
natant

Conclusion: The best loading and antigen masking was achieved
at a ratio of 1/400 protein to phospholipd.



WO 95/04524

PCT/EP94/02243

- 41 -

Claims

A method for high loading of vesicles with biopolymeric
substances functional in human biochemical or physio-
logical systems derived from any source, said sub-
stances preferably are enzymes, proenzymes, cofactors,
submicron particles such as virions, growth factors,
cytokines, ribosomes, hepatitis B surface antigen,
oligo- and polynucleotides, antibodies and/or antigens
said vesicles formed by amphiphatic substances compri-
sing the steps of

- a) mixing lipids suitable for forming lipid vesicles
in water-immiscible organic solvents,

a

alternatively, dried lipids or lipid mixture can
be used in any form (powder, granular, etc.)
directly,

- b) removing of the solvent in presence of a solid

support

- c) taking up the product of step b) into a solution
of the substances to be encapsulated in a physio-
logicélly compatible solution

- d) adding an organic solvent having solubilizing or
dispersing properties, as well as

- e) drying the fraction obtained in step d) under
conditions retaining the function of the sub-
stances to be encapsulated.

The method of claim 1 wherein a further step is in-
volved between step a) and b), said step is
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sterilizing, depyrogenating, virus inactivation and/or

filtrating the fraction of step a).

The method of claim 1 and/or 2 wherein an additional
step is involved between step d) and e), said step is
sterilizing virus inactivating and/or portioning of the

fraction of step d).

The method of anyone of the claims 1 to 3 wherein said
biopolymeric substances are antibodies enzymes, pro-
enzymes and/or cofactors are naturally occurring in the

blood stream.

The method of claim 4 wherein the enzymes, proenzymes
and/or cofactors are functional in the blood clotting
cascade such as factor VII, VIII, IX, X, XIII,
fibrinogen, prothrombin and/or thrombin.

The method of claim 4 wherein the enzymes, proenzymes
and/or cofactors are proteins having fibrinolytic
activities such as plasmin, plasminogen or are active
in the complement system and/or are related with other
functions in the immune system (humoral or tissue
bound) .

The method of any one of the claims 1 to 6 wherein the
source of said antibodies, enzymes, proenzymes and/or
cofactors is an animal or human tissue culture, micro-
organism or transformed microorganism, blood, blood
plasma, other body fluids.

The method of any one of the claims 1 to 7 wherein said
amphiphatic substances capable of forming vesicles are
lipids such as phospholipids such as egg and soybean
phospholipids dimyristoyl phosphatidyl choline (DMPC)
and/or dimyristoyl phosphatidyl glycerol (DMPG) egg
phosphatidyl choline (PC). »
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The method of any one of the claims 1 to 8 wherein the
water-immiscible organic solvent is a polar-protic
solvent such as fluorinated hydrocarbons, chlorinated

hydrocarbons.

The method of any one of the claims 1 to 9 wherein said
solid support is an inert inorganic or organic material
having a bead like structure.

The method of any one of the claims 1 to 10 wherein the
physiological compatible solution is equivalent to
about 1.5 % by weight sodium chloride solution.

The method according to any one of the claims 1 to 11
wherein the organic solvent having solubilizing or
dispersing properties is an organic polar-protic sol-
vent miscible with water such as tert.-butanol.

The method according to any one of the claims 1 to 12
wherein drying of the fraction will be achieved by
evaporation, lyophilization or spray drying of the
fraction of step d) of claim 1.

The method according to any one of the claims 1 to 13
wherein the dry fraction of step e) of claim 1 is taken
up in an aqueous medium, forming a dispersion or a
paste. '

A formulation of biopolymeric substances such as enzy-
mes, proenzymes, cofactors, submicron particles such
as virions, growth factors, cytokines, ribosomes,
hepatitis B surface antigen, oligo- and poly-
nucleotides, antibodies and/or antigens, functional in
human biochemical or physiological systems, obtainable
by a method according to at least one of the claims 1
to 14.
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The formulation of claim 15 obtainable by

1) a method having the steps a), b) and c¢) of the
method of claim 1 but either

(i) omitting step d) (method B)
(ii) the step of at least one freeze- and thaw-
cycle replaces step d) of claim 1 (method C)
or

2) a method comprising the steps of prepration of the
vesicles, admixing an substantially salt free
solution of the enzymes, coenzymes and/or co-
factors and co-drying of the fraction thus ob-
tained (method D).

The formulation of claim 14 and/or 15 having en-

capsulated substances which are naturally occurring in

the blood stream such as those being functional in the

blood clotting cascade such as factor VII, VIII, IX,

X, XIII fibrinogen, prothrombin and/or thrombin; or

having fibrinolytic activities such as plasminogen,

plasmin or are active in the complement system and/or
are related with other functions in the immune system

(humoral or tissue bound), such as antibodies.

The formulation of claim 15 as intermediate product
obtainable by isolation of either fractions of step c)

or d) of claim 1.

The formulation of claim 15 in form of an aqueous

.dispersion or paste according to claim 14.

A medicament comprising a formulation of claims 15 to
19.
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The medicament of claim 20 comprising additionally
other pharmaceutically active substances and vehicles

and/or adjuvants.

A method of treating diseases by administering an
effective amount of the medicament according to claim
20 and/or 21 topically, orally, buccal, intraperi-
toneally, pulmonary, intravenously, subcutaneously,

intramuscular, intranasal or intraocular.

Method of claim 22 wherein a dosage up about 2 g lipo-
somal phospholipid per kg body weight is administered
to the patient.

Method of preventing the formation and already existing
F VIII and/or F IX inhibitors in patients suffering
from diseases related with lack of F VIII and for F IX
by administering vesicles loaded with F VIII and/or F
IX optionally, in combination with other pharmaceutical
substances.
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Figure 1

METHODS OF PREPARING LIPOSOMES BASED ON
PREFORMED MUTILAMELLAR VESICLES (METHODS I. II AND 111

Mix lipids (such as DMPC and DMPG) in water-immiscible
organic solvents (alkyl halides such as
Freon 11 or CHClL or others),
then sterilize and depyrogenate by filtration

Alternativelv:
Take dried lipid mixture

Dry under vacuum in the presence
of beads (glass or teflon)

}
hyérate by solution containing the biopolymeric substance (sterile pyrogen-

free)

Method A Metlod B Method C
Add the optimal vol Lyoph&ze to Freeze and thaw
of tertiary butanol obtain dry powder ' 10 times
to produce clear of lipo-factor
solution ' formulation Lyophilize to

obtain dry powder

Sterile filter (ipo factor)
to vials
Lyophi&ize to obtain

dry powder
(lipofactor)

< ) :
Hydrate to achieve ready to use lipo factor

Note: A sizing procedure by physical or mechanical means may ‘be

introduced to achieve a desired size of vesicle during any
one of the above methods.

SUBSTITUTE SHEFT (RII F 28
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Figure 2

METBOD D

Salt free (dialyzed
agzinst lysine)
Prepare SUV* concentration factor,
(sterile pyrogen-free) (sterilized)

R
Hydrate

LN
Dry Liposome Factor

* - Small unilamellar vesicles

SUBSTITUTE SHEET (RULE 26)
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Figure 3

METHOD E

A METHOD OF PREPARING LIPOSOMES CONTAINING ACTIVE FACTOR
(OR AGENT) BASED ON CO-LYOPHILIZATION OF LIPIDS AND AGENT (METHODIV)

Dissolve or disperse the
active agent in water,
Dissolve lipids electrolyte, buffer or
in tertiary butanol cryoprofactant solution

Mix in volume ratio
(1:30 - 30:1)

. 4
Sterile filter and depyrogenate
(optional)

o Y
Lyophilize to Obt&l}l dry powder vaccine

4
Pehydrate before use

SHRSTITHTE QUEET it r am
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FIG.6

LIPOSOME FORMULATION OF OCTANYNE
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FIG.8
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