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ABSTRACT

There is a need for a safe and effective immunological adjuvant in
human immunization programs. One such adjuvant may be liposomes
which have the major advantages of being biodegradable and non-
immunogenic. The wide variety of lipid compositions of liposomes
renders them highly versatile and able to meet specific needs for
immunopotentiation. In particular for synthetic peptide vaccines,
because of their lack of immunogenicity, liposomes as immunological
adjuvants are becoming more and more attractive. Numerous
independent studies on the effectiveness of liposomes in potentiating
the immune response of a variety of antigens have been documented.
However, few reports on the application of liposomes as an
immunopotentiating carrier for synthetic peptides, have been
published. In addition, there exists considerable controversy with
regard to the liposomal characteristics deemed optimal for such action,
and questions as to the mode(s) of liposomal immunoadjuvant action
remain largely unanswered. In this thesis there will be discussions of

the following points.

1. The possibility of using liposomes as immunological adjuvants for
synthetic poliovirus peptides has been investigated. Polio types 3-VP2
(W)) and 1-VP2 (W,) peptides have been successfully entrapped in
liposomes made by the Dehydration-Rehydration Vesicle (DRV)
procedure with up to 87% of the peptides entrapped, depending on the
liposomal composition. In work designed to study immunoadjuvant
action of liposomes for such peptides, distearoyl phosphatidylcholine
(DSPC) DRV liposomes were found superior to all lipid compositions
tested in terms of adjuvant effect. A secondary immune response was

also obtained with dimyristoyl phosphatidylcholine (DMPC), egg
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phosphatidylcholine (PC) or dilauroyl phosphatidylcholine (DLPC)
liposomes but not with dipalmitoyl phosphatidylcholine (DPPC)
liposomes or the free peptides. More specifically, DSPC liposomes
produced a secondary immune response (all IgG subclasses tested)
which was significantly higher than that produced by DMPC DRV
liposomes (P<0.01). DMPC liposomes also acted as immunoadjuvants
to the peptide in inducing a secondary response (with an observation
period of 118 days). In dose-response studies a 20 1g dose of liposomal
W, or W, was found superior to other small dosages (i.e. 5, 1.25 and
0.31 pg) in terms of immunoadjuvant action of liposomes. On the other
hand, targeted adjuvanticity of liposomes was not found to further
improve immunoadjuvant action of liposomes for such peptides. But
interleukin-2 (IL-2) as a co-adjuvant co-entrapped in the same
liposomes was found to further improve immunoadjuvant action of
liposomes to W, peptide which is, by itself, inactive. It can be concluded
that liposomes could be used as immunological adjuvants and carriers
in peptide vaccines. 2. Role of IL-2 or the novel positively charged
lipids in co-adjuvant action of liposomes has been investigated in this
thesis. When the use of IL-2 either passively incorporated into DRV
liposomes or covalently coupled it to the surface of liposomes,
immunoadjuvant action of liposomes was further improved for hepatitis
B surface antigen. There was no significant difference between the
entrapped and linked modes. In addition, the role of stearylamine (SA)
and [N(1-(2,3-dioleyloxy)-N,N,N-triethyl-ammonium] (DOTMA) which are
positively charged lipids has been investigated in co-adjuvant action of
liposomes. It was found that when DSPC liposomes formulated with
20% SA (wt/wt) but not with DOTMA or PC liposomes formulated with
20% DOTMA (wt/wt) but not with SA, immunoadjuvant action of
liposomes was further improved using tetanus toxoid as antigen model.

Such results suggest that (1) The positively charged liposomes can act
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as immunoadjuvants; (2) Inmunoadjuvant action of liposomes could be
further improved when the choice of novel positively charged lipids to

form liposomal antigen formulation.

3. Finally, the possible advantage of presenting two antigens
(entrapped in the same liposomes) to the host (Balb/c mice)
simultaneously has been also investigated. Bovine serum albumin
(BSA) and tetanus toxoid were co-entrapped into the same liposomes
composed of 33 pmol DSPC or PC and equimolar cholesterol. Results
indicate that secondary immune response (all subclasses of IgG tested)
for both antigens entrapped in the same liposomes was significantly
higher than that produced by the antigens alone in similar DRV
liposomes. The antigens were also separately incorporated into
liposomes which were then mixed and used to immunize the animals.
Similar results to those for co-entrapped antigens were obtained. These
are the first findings to suggest that multiple antigen entrapment in the
same liposomes may have great advantages in using such liposomal
formulations for polyvalent vaccines. There is a need to further

investigate this observation.
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APC
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BGG
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Con-A
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DNA
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ABBREVIATIONS IN THIS THESIS
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Antigen
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Cell-mediated immunity
Dicetyl phosphate
Dilauroyl phosphatidylcholine
Dimyristoyl phosphatidylcholine
Deoxyribonucleic acid
N-(2,4-dinitrophenyl-e-aminocaproyl)-
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N-(2,3-dioleyloxy)-N,N,N-triethyl-ammonium
Dipalmitoyl phosphatidylcholine
Dehydration-rehydration vesicles
Diphtheria toxoid
Distearoyl phosphatidylcholine
Enzyme-linked immunosorbent assay
Freund’s complete adjuvant
Freund’s incomplete adjuvant
Hepatitis B surface antigen
Humoral immunity

Horseradish peroxidase
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HSA Human serum albumin

HSV Herpes simplex virus

IFN Interferon

Ig Immunoglobulin

IL Interleukin

LM. Intramuscularly

LPS Lipopolysaccharide

LUV Large unilamellar vesicles

MDP Muramyl dipeptide

MHC Major histocompatibility complex

MLV Multilamellar vesicles

PBS Phosphate-buffered saline

PC Egg phosphatidylcholine

PE Phosphatidylethanolamine

PFC Plaque-forming cells

RES Reticuloendothelial system

RT Room temperature

SA Stearylamine

S.D. Standard deviation

SAF Syntex adjuvant formulation

SDS-PAGE Sodium dodecyl sulfate polyacrylamide gel
electrophoresis

Ty /o Half-life time

Tc Gel-liquid crystalline phase transition temperature

W, Polio type 3-VP2 peptide

W, Polio type 1-VP2 peptide
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1.1 Overview

Liposomes are microscopic vesicles composed of one or more
lipid membranes surrounding discrete aqueous compartments.
These vesicles can encapsulate water-soluble drugs in their
aqueous spaces and lipid-soluble drugs within the membrane itself.
Liposomes are not a recent discovery. In 1961, A. D. Bangham
investigated the role of a variety of phospholipid molecules in the
clotting cascade. He created the reagents for these experiments by
rehydrating a dried phospholipid film with water. Bangham
observed that when water was placed into a flask holding fatty
compounds, tiny spheres (liposomes) formed. It was found that in
the presence of water the fatty molecules arranged themselves into
tiny sacs that could be filled with a selected solution. He then
conclusively demonstrated that at appropriate high concentrations,
phospholipids dispersed in water spontaneously to form
microscopic closed vesicles composed of bilayered phospholipid
membranes surrounding water (1). The phospholipid membranes
are relatively impermeable to most dissolved solutes but offer little
or no barrier to water. They can, therefore, act as osmometers and
models for cell membranes. Indeed, interest in liposomes was
initially limited to physiologists who saw them as models for
studying the flow of ions across cell membranes, and to
biophysicists who used them to investigate the phase behaviour of
lipids under precisely controlled conditions. In 1971 (2) liposomes
were proposed and used as carriers of drugs, and in the last two
decades numerous investigators have contributed to the application

of the system in a variety of uses in biology and medicine.
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To understand why liposomes form when phospholipids are
mixed with water, an understanding of the chemistry of
phospholipids is necessary. Phospholipids are amphipathic; they
have a hydrophobic tail and a hydrophillic or "polar" head. The
hydrophobic tail is composed of two fatty-acid chains. The polar
end of the molecule is composed of phosphoric acid bound to a
water-soluble molecule. The amphipathic character of these
molecules causes phospholipids to form closed bilayers in the
presence of water. When phospholipids are exposed to water, the
fatty-acid tails associate, excluding water in the process.
Conversely, the polar-head groups orientate toward the bulk water
phase, leading to a bilayer configuration (Fig.1.1).

Liposomes formed by the original process used by Bangham
(rehydration of dried lipid film with an aqueous phase, usually a
physiological salt solution) have an "onion skin" structure with
alternating concentric layers of phospholipid membrane and water
(1). These liposomes are called multilamellar vesicles (MLV), and
they range in size from about 0.2 pm to >10 pm. Molecules
dissolved in the original aqueous phase will be spontaneously
entrapped in the aqueous spaces of the MLVs. Lipid-soluble
molecules that are added in the solvent phase will incorporate
themselves into the vesicle membranes. Liposomes can also be
formed in water-in-oil emulsions. In related methods, an organic-
solvent phase containing the lipid of choice is mixed with an
aqueous phase. The non-aqueous solvent is then removed under
reduced pressure or elevated temperature. Liposomes formed by
such methods may be MLVs, or unilamellar vesicles with a single
membrane surrounding the aqueous compartment. Unilamellar

vesicles can be large (LUV) (up to several pm) or small (SUV) (up to
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about 80 nm). As is the case for liposomes formed from dried lipid
films, both LUVs and SUVs will spontaneously incorporate water-
soluble molecules into their aqueous spaces and lipid-soluble

molecules into their bilayers.

By varying the methods and lipids used to prepare liposomes,
liposomes with specific properties can be obtained. Uncharged
lipids such as distearoyl phosphatidylcholine can generate neutral
liposomes. Negative surface charge liposomes can be generated if
negatively charged lipids such as phosphatidic acid are used. Also,
positive liposomes can be prepared if positively charged lipids are
used in the process. When first formed, liposomes are usually
composed of several to many bimolecular phospholipid layers
separated by an aqueous phase; they are multilamellar vesicles.
Sonication of such membranes can lead to small unilamellar
vesicles (SUV or unilamellar liposomes). Many phospholipids, alone
or in combination with other lipids (including lipid extracts from
membranes) can form liposomes. Depending on their gel-liquid
crystalline transition temperature (Tc- the temperature at which
hydrocarbon regions change from a quasicrystalline to a more fluid
state), phospholipids determine bilayer fluidity and stability with
respect to permeability to solutes in vitro and in vivo. Depending on
the entrapment of different molecules the net charge of the
liposomes can be varied. Water-soluble drugs can be encapsulated
in liposomes by dissolution of such substances in the aqueous
phase while lipid-soluble drugs can be entrapped in the
hydrocarbon interiors of the lipid bilayers.

In the last decade or so, the methods of generating liposomes

have been substantially improved. These improvements were
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necessary for liposomes to be suitable for pharmaceutical
applications. Full-scale production of liposomes in large quantities
would require inexpensive materials and rapid and reproducible
methods. For such purposes a simple method for high yield drug
entrapment in liposomes has been developed by Kirby and
Gregoriadis (3,4). This method, which is called "Dehydration-
Rehydration Vesicles" or DRV, is simple to use, employs mild
conditions and is capable of efficient entrapment of a wide range of
materials. The procedure is based on induction of fusion of
preformed vesicles by means of dehydration and controlled

rehydration (Fig.1.2).

The versatility of liposomes (i.e. their different sizes, variable
composition and surface charges) as well as the great variety of
materials that they may contain in large quantities, their
biodegradability, apparent lack of toxicity and their possible use as
vectors of drugs, all have made possible a new branch of research,
i.e. liposomology. An extension of the actual and potential
applications of liposomes requires their selective direction to a
particular type of cell (5-8). Liposome-entrapped drugs are
distributed within the body much differently than free drugs; when
administered intravenously to healthy animals (usually mice or
rats), most of the loaded-vesicles accumulate in the
reticuloendothelial system (i.e. macrophages of liver, spleen, lung,
lymph node, etc.). From a large number of studies (9-16) of major
factors influencing liposomal behaviour and biodistribution in vivo
it appears that: (1) Small liposomes are cleared more slowly from
the circulation than large liposomes; (2) Liposomes tend to leak if
cholesterol is not included in the vesicle membrane; (3) The half-life

of a liposome increases as the lipid dose increases; and (4) Charged
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liposomes are cleared more rapidly than uncharged ones.

Using liposomes as a carrier system is now widely accepted as
a means to improve drug selectivity. For drugs to be effective they
must be present at the site of action at the appropriate
concentration and for a desired period of time, in order to reduce
unwanted side or adverse effects. To reach these aims, attempts
have been made to favourably influence biodistribution of drugs by
combining the drug with a "carrier". Among the variety of carriers,
liposomes, due to their versatility in composition, size and surface
charge as well as their biodegradability and lack of toxicity, seem
to have a good potential for selective drug delivery (17-21). Because
liposomes could be made of the same phospholipids present in cell
membranes, it seemed reasonable to assume that the spheres
would be non-toxic and also escape recognition by the body’s
immune system; the vesicles might therefore have the opportunity
to interact with cells in diseased tissue in ways that would cause
the vesicles to release their drug cargoes. Encapsulation of drugs
in liposomes represents an approach to drug delivery system that
appears to offer important therapeutic advantages over existing

methods.

26



> A B

6AT DU PO2TT N

)7,









































































































































































































































































































































































































































































































































































































































































































