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(54) Titlez ANTIGEN DELIVERY SYSTEM COMPRISING MONOGLYCERIDE OR DIGLYCERIDE DERIVATIVES AS ADJUVANT

(57) Abstract

Adjuvants for administration, particularly for mucosal administration, of an antigen, are described, as well as compositions comprising
the described adjuvant in combination with an antigen and a physiologically acceptable vehicle. Methods of eliciting and enhancing an
immune response utilizing the adjuvant compositions of the invention are also described. The adjuvant comprises mono- or diglycerides
containing at least one water soluble polymer, e.g. poly oxyethylene (PEGo-30). The antigen can be bound to the adjuvant. The adjuvant

may be used in the treatment of plants as well.
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ANTIGEN DELIVERY SYSTEM COMPRISING MONOGLYCERIDE OR DIGLYCERIDE DERIVATIVES AS ADJUVANT

RELATED APPLICATION
This application is a continuation-in-part of Leclandic patent application 4318,
{iled Tuly 9, 1997, the entirc teachings of which are incarporated herein by reference.

BACKGROUND OF TIIE INVENTION

Parenteral administration (intramusculur and subcutuaneous) of antigens or
vaceines 18 normally regarded as the most affective route of administration. Tlawever,
administralion by injection has a number of disadvantages. Injection of an antigen or
vaccine requirss the use of sterile syringes and adrministration by wraitned personnel. and
may cause pain and imritation, particularly in the case of repeated injections. This route
of administeation also poses a risk of infeciion. More significanty, intramuscular
injections are often poorly tolerated hy the individual, and may possibly cause un
induration (hardening of (issue), hemorhage (bleeding) and/or necrosis (local death of
tissuc) at the injection site.

‘The niuensal membrane contains numerous dendritic eells which are excellent
antigen-presenting cells. The mucosal membranes are also connected to lymphoid
orgaus, called mucosai-associated lymphoid tissue, which are able w potentiate an
immune response o other mucosal areas. One example of such 2 mucosal membrane is
the nasal epithelial membrane, which consists cssentially ol u single layer of cpithclial
cells (pseudustiratified epithelium); the inucosal membrane is connected 1o two
lymphoid tissues, the adenoids and the tonsils. The extensive network of blood
capillaries under the nasal mucosa and the high density of 1 and 13 ccils arc particularly
suited to provide rapid recopnition of the antigen and to provide a quick immunological
CSpOnse.
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Intranasal administration of attenuated viruses, bacteria und parasites has been
attempted, along with administration through other mucosal surfaces, for parlicular
pathogens which normally infect a host by this route. The elicilation of an immune
response by these antigens through mucosal surfaces is cxpected in such cases, because
the modified five pathogen of the vaccine is following the natural route of iuj ection of
the wild-type pathogen, ereating immunity through a sub-clinical infection.

Mucasal administration of immunogenic compositions is of particular interest since this
Toute is able (o stimulute locally-produced antibodies (secretory IgA antibodies) and
avoids the problems caused by parenteral administration. Furthermote, mucosal
administration can typically be performed by an untrained person, including the
individual to be treated, and young children arc typically not as averse to mucosal
administration as to parenteral administration. Due 1o the risk associated with
administration of live, attenuated, modified pathogens it is ohen desirable (o utilize a
subunit vaceine. Hawever, the mucosal administration of purified antigens in a subunit
vaceine 18 normally associated with a poor immume response.

A variety o vehicle systems lor the delivery of antigens have been developed.
One of the problems encountered in using such vehicle systems, e.g.. for inwranasal or
mucosal administration, is that the antigen and/or the vaceine is absorbed and degraded
without recognition and, therefore, without stimulating un immunological responsc,
partialiy due (o the short contact-time inside the nasal cavity. A mixture of
polyethylene glycol substituted caprylic/capric acid glycerides and Tween 20 has heen
described for use as a mucosal adjuvant (Gizurarson cf ., Toxicology 107:61-68
(1996); Gizurarson ef ul., Fuccine Research 3:69-75 (1996); Gizurarson ef al., Vaecine
Research 6:41-47 (1997)); however, this [onulation produces an uncomfortable
stinging sensation in the recipient at the site of administration. Thus, there is a need for
an cffcetive fornulation for mucosal administeation of antigens to produce an
acceplable immmune response.

P Patent No, 0544612A2 diseinses a composition comprising an immunagen
and a triglyeeride that can be orally or nasally administered. J'he composition can
cnhance the cffeet of the immunogen.

In one reference (1.8, Patent 4,610,868; issued Sepiember 9, 1986) a lipid
tnatrix carricr is deseribed for parenteral administration of drugs. This system requires a
lipid matrix carricr comprising a hydrophobic compound, an amphipathic compound
and a bioactive agent with a globular structure with $00-100000 nm in diameter. Here
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the hydrophobic compound may comprise a mixture of glycerides, and the amphipathic
compound may comprise a sphingolipid. ~ Furthermore, this formulation may be
administered into the nasal area. This system may not be acceptable as nasal formulation,
due to the rapid clearance inside the nose and the large globular structure. Therefore, this
system will be removed, into the stomach, by the cilia before the bioactive agent is
released. This patent does not describe the use of the adjuvant substance according to the
invention.

Tn JP 309347/91 (priority November 25, 1991) an orally or nasally administered
immunogen composition comprising an immunogen capable of immunizing mammals
using an adjuvant comprising of triglycerides with Ce.ps residue of saturated or unsaturated
fatty acid. The use of saturated fatty acids does not induce the immune response according
to the invention, and the use of triglycerides does not give the possibilities of having one
hydrophilic group able to solubilize the adjuvant or having the possibility to connect the
antigen to the adjuvant.

WO 94/17827 (priority February 15, 1993) describes a pharmaceutical preparation
for topical administration of antigens to mammals via mucosal membranes. The
adjuvant/vehicle preparation is selected from (a) polyoxyethylene sorbitan monoesters, (b)

polyoxyethylene castor oil, (c) caprylic/capric glycerides, and (d) gangliosides.

SUMMARY OF THE INVENTION
According to a first aspect of the present invention there is provided a composition
being an aqueous solution and comprising
i)  0.01-70% viv of water-soluble glycerides as adjuvant selected from the group
consisting of substituted monoglycerides and substituted diglycerides, and mixtures
of substituted monoglycerides and substituted diglycerides, said glycerides having
the formula (1):

CH2_0+R1
CH—0—R,

CHy—0—R; 1))
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wherein R;, Ry and Ry are selected from the group consisting of saturated or

unsaturated Cgoq fatty acids, water soluble polymers, and mixtures thereof,

provided that the glyceride contains at least one water soluble polymer;
ii) at least one antigen; and
iiiy  optionally, a physiologically acceptable vehicle.

Accotding to a second aspect of the present invention there is provided use of a
composition according to the invention for the manufacture of a medicament for
administration to humans.

According 1o a third aspect of the present invention there is provided a method of
eliciting an immune response to an antigen in a mammal, comprising administering to a
mammalian host an effective amount of a composition according to the invention.

According to a fourth aspect of the present invention there is provided a method of
eliciting an immune response to an antigen in a mammal, comprising administering to a
mammalian host an antigen and an effective amount of a composition being an aqueous
solution and comprising 0.01-70% v/v of water-soluble glycerides as adjuvant selected
from the group consisting of substituted monoglycerides, substituted diglycerides, and

mixtures of substituted monoglycerides and substituted diglycerides, said glycerides

having the formula (I):
CHZ_O_R1
CH—0—R,
CH,—0—R; O

wherein R;, R; and R are selected from the group consisting of saturated or unsaturated
Ce-24 fatty acids, water soluble polymers, and mixtures thereof, provided that the glyceride
contains at least one water soluble polymer.

According to a fifth aspect of the present invention there is provided a method of

delivering a bioactive agent to a plant, comprising administering to the plant a bioactive

agent and an effective amount of a composition being an aqueous solution and comprising
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substituted monoglycerides, substituted diglycerides, and mixtures of substituted

monoglycerides and substituted diglycerides, said glycerides having the formula (I):

CHZ_O_R1
CH—O—R,
CH,—O—R, )

5 wherein Ry, Ry and Rj are selected from the group consisting of saturated or unsaturated
Cs.24 fatty acids, water soluble polymers, and mixtures thereof, provided that the glyceride
contains at least one water soluble polymer,

The present invention provides a composition which can be used as an adjuvant for

the administration of antigens and vaccines, particularly for mucosal administration. The

10 compositions of the present invention provide enhanced adhesion of the antigen to the
mucosal membrane, as well as enhanced absorption of the antigen through the mucus

membrane. Use of the compositions of the invention provides the ability to elicit both a

systemic (eg. antibodies of the IgG isotype) and a local (eg secretory antibodies of the IgA
isotype) immune response in the recipients of the composition without causing
15 unacceptable irritation of the epithelial membrane. The compositions of the invention can
also be used in plants as an adjuvant to stimulate the plant immune defense system. The

invention also provides a controlled delivery system for intranasal application, which is

biocompatible with the mucus membrane and which is capable of administering required

amounts of antigens in small volumes.
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The present invention pertains to compositions which comprise an antipen and
an adjuvant containing 0.01-70% v/v of glycerides selected from the group consisting of
monoglyecrides, diglycerides, and mixtures thereol, said glycerides having the fornula

N

CH,— 0 —R,

|

CH-0-R, O
I

CH,-0-R,

wherein R, R, and R; are independentiy selected jrom (he group consisting of saturated
or unsaturated C., ,, fatty acids, water soluble polymers, and mixtuces thereaf: provided
that the glyceride eontaius at least one water sotuble polymer at R, R,. or R, . The
acjuvant can also contain small amounts of triglyeerides. In 2 particular ermbodiment,
the water soluble polymers consist of PEG, ., residues of polyoxyethylene, or
derivatives thercof. having 2.30 polyoxyethytene units. In another embodiment, one or
two of the groups R, R,, and R, are replaced by bound antigen.

In a further embodiment of the invention, tie water soluble polymer is a PEG
residue of polyoxyethylene having 3 to 6 polyoxyethylene units. In another
embodiment of the iavention, the glveerides have a structare seleeted from the group

consisting of;

CH, -0 =R,

CH-0-R, )

CH, - 0 - PEG,
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CHZ_O“—R1
CH—O0——PEGq

CHZ_O_PEG3

CH—O0—R,
CH,~0——PEG, (1v)
CH,—O—R4

CH—O——PEG;

CH,—O—PEG; )

wherein in each formula, R, and R; are defined above.

In particular embodiments of the invention, Rj, R; and Rj; are selected from
saturated Cy.)4 fatty acids, more preferably saturated Cs.)q fatty acids.

The compositions of the invention modulate the immune response to the antigen;
that is, the immunogenic or vaccine composition is capable of quantitatively and/or
qualitatively improving the vaccinated host's antibody response. This can be
accomplished, for example, by increasing the numbers of antibodies produced upon
immunization with the antigen (eg a quantitative improvement), or by altering the profile
of the immune response, such as from a Thl response to a Th2 response (eg a qualitative

improvement).
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The invention also pertains to methods for eliciting or incrcasing a host's
humoral and/or cell-mediated immune response, comprising administering to a
vertebrate host an effective amount of an immunogenic eomposition comprising an
antigen and an adjuvant containing 0.01-70% v/v of glycerides selected from the group
consisting ol monoglycerides, diglycerides, and mixtures thereof, said glycerides having
the formulas () to (V) as described above. In 4 particular embodiment, the inunune
responsc is clicited by mucosal administration of the composition.

The invention alsa pertains to methods for eliciting or increasing a vaceinate's
humoral and/or cell-mediated immunity, for a protective immune response., compriging
udminisiering to a vertebrate host an effective amount of a vaccine compasition
eomprising an antigeo and an adjuvant containing 0.01-70% viv of glyeerides selected
from the group consisting of monoglycerides, diglycerides, and mixtures thercof, said
glycerides having the formulas (I) to (V) as described above. In a particular
embodiment, the immure responsc is elicited by mucosal administration of the
composition.

BETAILED DESCRIPTION OF THE INVENTION

“The immune syslem uses many mechanistns for attacking pathogens; however,
not all of these mechanisms are necessarily acrivated after immunization. Protective
immunily induced by vaceination is dependent on Lhe capacity of the vaccine to eficit
the appropriate immune response to resist or eliminate the pathogen. Depending on the
pathogen, this may require a cell-mediated and/or humaral imumune response. It is ollen
desiruble Lo enhance the immunogenic potency of an antigen in order to obtain a
stronger immune response in the organism being immunized and to stenpthen host
resistance Lo the antgen-bearing agent. Generally, a substance that enhances the
immunogenicity of an antigen with which it is administered (either simultaneously or
close in time) 15 known as an adjuvant. As used herei_n, the term "adjuvant” in relation
to the campositions of the invention is intended 1o encompass compositions having a
traditional adjuvant effect (e.q.. enhancing the immunogenicity of an antigen by
increasing or altering the antibody response thereto), as well as compositions which
enbance the presentation of the antigen (o the appropriate tissue or cells (¢.g., an antigen
delivery vehicle),

For intranasal administration, an antigen must be applicd to the mucosa in such a
mannec tht it is able to penctrate oc be absorbed through the mucosa or the lymphoid
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tissue to the immunocompetent cells, and such that it is not washed away by the nasal
secretions. The antigen should also be administered onto the nasal mucosa in such a
way that the antigen-presenting cells absorb the antigen and transport it to the local
Iymphoid system. In order to penetrate the mucus, the delivery vehicle must have a
certain degree of biocompatibility with the mucus membrane and hence have a certain
degree of hydrophilicity and hydrophobicity.

Work described herein relates to the utility of compositions described herein as
mucosal adjuvants. Accordingly, this invention pertains to compositons, e.g.,
immunogenic or vaccine compositions, comprising an antigen and an adjuvant
containing 0.01-70% v/v of glycerides selected from the group consisting of
monoglycerides, diglycerides, and mixtures thereof. For example, the monoglycerides
and/or diglycerides may be substituted. Monoglycerides and diglycerides that are
incorporated into the compositions of this invention are represented by the general
formula (I): CH,—0—R,

|

CH—O0—R; @

!

CH;—O—R;
wherein Ry, R;, and R; are independently selected from the group consisting of saturated
or unsaturated Cg.14 fatty acids, water soluble polymers, and mixtures thereof; provided
that the glyceride contains at least one water soluble polymer. The adjuvant can also
contain small amounts of triglycerides.

Any saturated or unsaturated Ce.4 fatty acid can be selected, including, but not
limited to, fatty acid residues derived from caproic acid, capric acid, caprylic acid,
arachidonic acid, propionic acid, lauric acid, myristic acid, palmatic acid, oleic acid, linoleic
acid and linolenic acid. The fatty acid residues may be a single residue or a mixture of two
or more residues. They can be derived from natural or synthetic sources, such as fats and
oils. Commercially available glycerides can be used or they can be synthesized
enzymatically by means of lipases, including both specific and non-specific lipases, which
place the fatty acids on specific places such as 1;2; 1,2; 1,3; and specific racemic
structures as well, etc. For example, glycerol (0.92 g) adsorbed onto 1 g silica
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gel is suspended with 20 ml tBuOMe. Vinyl caprylate ( 3.4p) and lipase (50 mg) from
Rhizopus delemar were added to the suspension. The mixmre was stirred at room
temperature for 96 hours and the reaction progress was monitored by means of TLC.
After removal of the sollid components by filtration and eviporation of the solvent, a
crudle reaction mixture was obtained which contained about 91% of 1.3 dicaprylin
glyceride.

“The water soluble polymer can be one which renders the glyceride more
hydrophilic (preferabty fully solible without the use of surfactant) in aqueous solutions,
particularly physiclogically acceptable vehicles for vaccine administration. A desirable
water soluble polymer is anc that is biocompatible with the tissue to which it is
administered, particularly the mucus membranes. Suitable water soluble polymers
having Lhese properdes, include but are not limited to, polyethyleneplycol,
polycthyieneglycol derivatives (including, but not limited (o, amino-PRG, nucleaphilie-
PEG, PEG-thiol, PEG-succinale, PRG-succinimide, PEG-tesylate, carboxymethylared-
PG, PEG-propionic acid, PEG-silanes, PEG-phospholipids, biotin-PLi¢; and PEG-
orthopyridyl-disulfide), glycofurol, propylenegtycal, dextrans and saccharides.

Preferred are polyethylene glyeol polymers having from about 2 to about 30
polyethyleneglyco! units (PEG,,.,), with 1rom about 3 to about 6 polyethylencplycol
upits (PLG,.,) being most preferable. One or two PEG moicties, other water soluble
polymers or combinations can be incorporated into the glyceride formula. The waler
seluble moiety can reside at any one of the R, R,, 0f Ry positions of the glyeeride,

The polymers can be attached to the glyceride via covalent bonds formed
chemically or enzymatically. The polymers may be acylated 10 the glyceride or linked
using cster bonds such as, for example, by esterase-mediated synthesis. For example,
solketal can be mixed with polymerchloride in triethanolamine and trichioromethane,
whereafter the tree glycerol bunds are deprotected by heating in dilute aqueous acetic
acid. With excess ol cuproy! chioride in the presence of triethylumine and 4-
dimcthylaminopyridine as catalyst, the Fatty acids are linked (o the free glyeerol bonds,
The results of this synthesis will be a caproyl/polymer plyeeride.

[n one embodiment of'the invention, one or wo of the groups R., R., and R; are
replaced by bound antigen. The antigen can be bound 1o the glyceride moiety by
covalent attachment. In another embodiment of the mvention, the composition
comprises & mixture of monoglycerides and diglycerides such thal the v/v-% tatio of
monoglycerides to diglycerides is in the range of 0.1:99.9 to 99.9:0. , and preferably in
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the range of 5:95 to 95:5. In a further embodiment of the invention, the water soluble
polymer is a PEG3.4 residue of polyoxyethylene having 3 to 6 polyoxyethylene units. the
invention further relates to the described compositions wherein the glycerides have a

structure selected from the group consisting of:

5
CHZ_O_'R1
CH—O0—R,
CH,—O——PEG; iy
CH,—O0—R,

CH—O——PEG

CH,—0~——PEG,3

CH_O"——R1
CHy~O0——PEG, (v)
CH,—O—R,

CH—O——PEG,

CH,—O——PEG, V)

wherein R, and R; are defined above.
In one embodiment of the invention, R;, Ry and R; are selected from saturated Cg. 4
10 fatty acids, more preferably saturated Csyo fatty acids. In another embodiment of the
invention, the glycerides have a concentration from about 0.1% to about 99%, preferably

ogf%om about 0.5 to about 20%, and more preferably from about 1 to about 15% by weight.

Ay z
—0 .
T c‘f’)
%ﬁ“
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In particular embodiments of the invention, chiral carbons in the glyceride are either S- or
R-form.

The adjuvant compositions of the invention modulate the immune response to the
antigen; that is, the immunogenic or vaccine composition is capable of eliciting a
vaccinated host's cell-mediated immunity to generate an immune response, eg a protective
immune response, to the pathogenic antigen.

The antigen of this invention can be combined with one or more of the adjuvant
compositions according to the invention, and this formulation can be used to elicit an
immune response to the antigen in a vertebrate such as a mammalian host. For example,
the antigen can be selected from the group including, but not limited to, tetanus toxin,
influenza virus, diphtheria toxoid, IIIV gpl20, IgA-protease, insulin peptide B, vibriose,
salmonella, Spongospora subterranea, respiratory syncytial virus (RSV)(eg an RSV
subunit vaccine), Haemophilus influenza outer membrane proteins, Helicobacter pylori
urease and recombinant pilins of Neisseria meningitidis and N. gonorrohoeae, or a portion
thereof which retains the ability to stimulate an immune response. The ability of portions
of a given antigen to stimulate an immune response can be assessed by art-recognized
methods, such as enzyme immunoassay against specific peptides within a portion to detect
antibodies that recognize that particular portion (humoral response) or a delayed-type
hypersensitivity assay against specific peptides in that portion to detect a cell-mediated
immune response thereto. -

The term "antigen" is intended to include a molecule which contains one or more

epitopes which stimulate a host's immune system to produce a humoral, cellular
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and/or secretory immunological response, “Lhe anligen of the invention can be a subunit
antigen. as well as killed, attenuated or inactivated bacteria, viruses, protozoa, fungi,
parasites or other microbes. The antigen can be, for example, & protein, peptide,
polysaccharide, lipid or DNA antigen. Suitablc antigens cav be derived from, for
example, I’a.s'tmrf:l!a, Actinobacillus, Chlamypdia, Morasella, Neisseria, Streptococeus,
Taemophilus. Sulmonella and Limeria specics, as well as rotaviruses, herpes viruses
(e.¢.. BIIV-1, BHV-1), PRV, parvovirus, rabiesvirus, influcnza viruses, parain{luenzy
viruses, hepatitis viruses, FIIV, picornaviruses, tumor antigens, hormones, hormone
analogs and the like,

The antigen in the formulation according tu the invention is suitable for inducing
vaccination, immunization, treatment of allergy, trealment of cuncer, treatment of
infectious disease, treatment of an autoimmune disease or the treatment of a disease
which is affected by the immune system. The antigen may, therefore, be a vaccine such
as anti-bacterial, anti-viral, anti-funpal, anti-prion, anti-parasilic vaceine or componeits
produced by micro-organisms such as lpA-proteascs, Protein p38, Protein p4l or
mucinase. 'fhe antigen may also be an.alicrgen such as house dust mite, domestic cut
allergen, rye prass pollen, short ragweed pollen, midge, ege white, milk protein, bee
venom, white luced hornel allergen ele. or components responsible for inducing
autoimmune discases such as myelin, insulin peptide B and the like. The antigen can
also be used as a vaccine for the treatment of infectious diseases, such as herpes, 1TV,
pappiloma, candida, multiple sclerosis, iteatment of antoimmune discascs such as
diabetes, hypo- and hyperthyroidism, psoriasis, arthritis or the treatment of cancer.

Suitable antigens for the vaccine compositions of the prasent invention include
any enlity capable of producing antibody or cell-mediated immunological response
dirceted specifically ugainst (hat entity in a vertebrate exposed to the antigen. One or
more antigens may be employed. The antigen or antigens raay be derived irom
pathogemic microorganisms including viruscs, bacteria, mycoplasmas, fungi. protozoa
and other parasites. Further, the antigen or antigens may be derived from sources other
than microorganism, for example, cuncer eells or allergens. 'The antigen or antigens
may be all or part of a pathogenic microorganism, or all or part of a protein,
glycoprotein, glycolipid, polysaccharidc or lipopolysaccharide which is associated with
the organism.

Pathogenic microorganism from which antigens may be derived or produced for
vaccine purposes are well known in the lield of infactious diseases, as listed in, for
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example, Medical Microbiology, Sccond Edition, (1990) J.C. Sherris (ed.), Elsevier
Seience Publishing Co., Inc., New York,

The antigen may be used in a particulate form or dissolved. The formulation is
cspecially suitable for digsolved antigens, however, particulate (orms are also easy o
prepure tnto the forinulalion. For vaﬁcination and immunization, the particulate form
has ofien been advantageous but for inducing tolerance, e.gz., for the treatment of aflergy
or autolmmunc diseases, 4 dissolved antigen is preferred.

The immunological'adjuvant aclivity of an adjuvant according to the inveniion,
cither alone or with a particular anti gen, can be assessed using methods known in the
art, such as ELISAs, hemagylutination assays and neurralization assays. As used hercin,
"immunological adjuvant activity” is intended to mean the ability to potentiate an
immunological response in a host to which the adjuvant and antigen are admiuistersd.
Typically the adjuvant wil) be administered with the antigen, sither in (he same
admixture-or composition (see, for example, lnternational Publication No. WO
93/05789), or ut he same time but in a scparat: composition or formulation. The
antigen cun be bound to the adjuvant (c.g., covalently) or merely adinixed therewith.
The adjuvant can also be administered prior to or subsequent to the administration of the
antigen. Adjuvant activily includes, but is not limited 10, the abilily lo enhance the.
immunological response to the antigen by increasing the imrounogenicity of the anfigen
ur by reducing the dose or level of antigen required to produce an imniune response.

As used herein, an "immunc response” or "immunological response™ o 1
partcular antgen is intended to include the praduction of a secretory, cellular, humoral
or antibody-mediated response W (he antigen (or a generalived response). The
manifestation ol the response in the immunized host can include the production of
antibodics (c.g., IgA, gD, 1gb, 1gC or [gM antibodies), proliferation of B and/or T
fymphocyies, stimulation of cytotoxic T lymphocytes that recognize antigen-presenting
cells, expansion of 1" cell populations and the patentiation of signals which cause
differentiation, activation or growth of cells of the immune system.

Typically the administration of the adjuvants of the invention will cause ot result
in an cnhanced immune response to an antigen of interest. [n this context, "enhanced” is
intended to mean thal the immune response to the anligen is quantitatively greater
and/or qualitatively better in the presence of the adjuvant than in the absence of the
adjuvant. Comparisons of immune responses in the presence and abscnce of the
adjuvants can be performed by routine methods, sueh as amtibady titer comparisons by
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radioimmunoassay or ET.ISA of formulations comprising adjuvant and antigen, and
appropriate contrals. The enhanced immune response can be a resull of a direct cffeet
on the immune system of the individual (e, 2 priming of T and B cells to increase the
response to the antigen) or can result from 2 more advantageous presentation of the
antigen to the mucus membrune (e.g., by providing better adhesion to the mucus
membrane to allow a longer period of contact between the antigen and the mucus
membranc, ar by enhancing the absorption of the anti gcn across (he mucus membrane.
for example by increasing the permeability of the mucus membrane),

Adjuvants of the invention can be used as described herein as adjuvants to
enhanee the immunological response to an antigen, Tn a particular cinbudiment the
adjuvant is 2 mucosal adjuvant. L'or example, the adjuvant can be used in a composilion
to immunize a mammal against a particular pathogen or subunit antigen, or to prime an
immune respoase to a particular antigen.

‘The method of the present invention comprises administering to a mammal,
particularly a human or other primate, an immunologcally elfcative duse of an
Immunogenic or vaceine composition comprising an antigen and an adjuvani amount of
an adjuvant of the invention. As used hercin, an "adjuvant amounl” or an "effective
amount” of the adjuvant is intended to mean an amount which enhances an immune
response to a coadministered antigen, For example, doses of from about 0.01% to about
40%. and rmore particularly rom about 0.1% Lo about 20% will typically be cffective to
provide an adjuvant effect; howevet, variations in these dosage ranges will occur
depending upon the particular adjuvant. Moreover, the particular dosage will depend
upon the age, weight and medical condition of the mammal to be treated, as well as on
the method of administration. Suitahle doses will be readily determined by the skitled
artisan,

Lhe vaccine or immunogenic composition can be optionally administered in a
pharmuceutically or physiologically accoptable vehicle, such as physiological or
phosphate buffered saline, water, dexivose, ethano! polyals (such as glycerol or
propylene glycol), and combinations thereof. The Formulation according (o the
invention can be a suspension, an emulsion or a dispersion and can provide the adjuvant
in admixturc with a dispersing or wetling agent, suspending agent, and/or one or more
prescrvatives. Suitabic dispersing or wetting agents arc, for exaraple, naturaily
occurring phosphatides, e.g., lecithin, or soybean lecithin: condensation products of
ethylene oxide with e.g. o fatly acid, u long chain aliphatic alcohol, or a partia) ester
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denived from farty acids and a hexitol or 4 hexitol anhydride, for cxam ple

polyoxycthylcne siearate, polyoxyethylene sorbitol monooleate, pol yoxyethylene
sorbitan monooleate cte. Suitable suspending agents are, ¢.g., nawrally occureing pums
such as, €.g., gum acacia, xanthan pum, or gum tragacanth; cclluloses such as, e.g.,
sodium carboxymethyleellulose, microcrysalline ceflulose {c.g. Avicel® RC 591),
methylecllulose; alginates such as, c.g., sodium alginate, ete. Suituble examples of
preservatives for use in formulations accordin g lo the invention are parubeny. such
methy! or propyl p-hydroxybenzoate, and benvatkonium chloride.

For application to the reetal or vaginal mucosa, suitable farmulations for use

as

according to the invention include supposilories (emulsion or Suspension Lype), enemas,
and reetal gelatin capsules (solutions or suspensions). Appropriale pharmaceutically
acceprable supposilory bases include cocoa butter, esterified fatty acids, ghyccrinated
gelatin, and various water-soluble or dispersible bases like polyethylene glycols and
polyoxyethylene sorbilan [atty ucid esters. Various additives, e.g., enhancers or
surfaclants, can also be incorporated.

For application to the nasal mucosa, nasal sprays and aerosols for inhalation arc
suitable compositions for usc according to the invention. 1n a typical nusal formulatiou.
the active substance is ptesent in the form of a particulate formulation optionally
dispersed in a suitable vehicle. The pharmaceutically acceptable vehicles and excipients
and optional other pharmaceutically acceptable materials present in the composition
such as diluents, enhancers, flavouring agents, preservatives and the like arc all selocted
in accordance with conventional pharmaceutical practice in a manncr understood by the
persons skitled in the art. After administration of a nasal Formulation aceording to he
1vention, the antigen may be adsorbed onto the nasal mucosa. The adsorption to the
mucosy iy believed to lead to a less imitating effect than when, ¢.4., a liquid vehicle such
As one containing a penetration ehancer or promoter is employed. Other mucosal
surfaces which ure suituble for the administration of formulations of the invention are
the nose, lungs, mouth, cye, ear, gastrointestinal tract, acnital tracl, vagina, rectnm or
skin, or in fish to the gills. Such formulations may also be suituble for appiication to
seeds or leaves of plants.

Yor application to the skin, the formulationg aceording to the invention may
contain conventional non-toxic pharmaceuticalty acceptable carriors and excipienls
including micro-spheres and liposomes. ‘The formulations include creams, ointments,
lotions, liniments, gels, hydrogels, solutions, suspensions, sticks, sprays, pastes,
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plasters, and other kind of transdermal drug delivery systems. In one embodiment, the

{ormuiation can be administered as nasal spray, nasal drops, nusal powder, n
or as nasal ointment to the mucosal surface or the ade

asal foam
noids of'the nose or as oral spray,
oral drops, oral powder, oral foam or as oral ointment especially dlirceted to the hucen)
area or o the tonsils of the mouth. The formulation can also be in the form of eye
draps,

Pharmacentically acceptable excipients may include emulsifying agents,
antioxidants, buffering agents, preservatives, humectan s, penetration chhancers,
chelating apents, gellorming agents, ointment bases, perfumes, and skin protective
agents. Lixamples of emulsifying agents are naturall y vceurring grums, ¢.g. gum acacia
or gum tragacanth, nuturally cceurring phosphatides, ¢.g, soybcan lecithin, und sorbiian
monooleate derivatives. Examples of antioxidants are burylated hydroxy anisole
(BHA). ascorbic acid und derivatives thereof, tocopherol and derivatives thereof,
hulylated hydroxy anisoic, and cysteine. Examples of preservatives are parabens. such
as methyl or propyl p-hydroxybenzoate, and benzatkonium chloride, Lxamplcs of
humectants arc glycerin, propylene glycol, sorbitol, and wea. txamples of penetration
cnhaneers ere propylene glycol, DMSO, triethanolamine, N, N-dlimethylacetamide, N N-
dimethylformamide, 2-pyrrolidone and derivaiives thereof, tetrahydrofurfury| alcohol,
and Azone®. Lxamples of chelating agents arc sodium EDTA citric acid, and
phosporic acid. Examples of other excipients arc edible oils like almond oil, castor oil,
cacao bulter, coconut oil, corn oil, cottonseed otl, linseed oil, olive oil, palm oil, peanut
vil, poppyseed oil, rapesced oil, sesame oil, sovbean ail, sunflower vil, and teaseed oil:
and of polymers such as carmelose, sodium carmelose, hyiroxypropyimethyleellulose,
hydroxycthyleellylose, hydroxypropyleelluloge, chitosane, peetin, xanthan gum,
cartagenan, locust bean gum, acacia gum, gelatin, and alginates. Examples of olntment
bases are beeswax, paraftin, coty) paimitate, vegetable oils, sorbitan esters of {atty acids
(Span, polyethylene glyveols, and condensation products betwsen sorbitan csters of fatty
acids and cthylene oxide, e.g. polyoxyethylene sorbitan monoolcate (Tween®). The
formulations mentioned ahove for topical administrution may also be applicd to the
skin, the gills of fish or to the ouler surface or seeds of plants. Formulations of the
invention may also be suitablc for dircet application of for introduction into relevant
orifice(s) of the body, e.g. the rectal, urethral, vaginal or oral orifiess, The formulation
may simply he upplied directly on the part to be immunized such ag, e.g.. the mucosa.
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Many mucosal formulations need some specialized mixtare of excipients.
Therefore many formulations may comprise one or more surfactants and/or absorption
promoters and/or water absorbing polymers and/or substances which inhihit enzymatic
degradation and/or alcohols, organic solvents, oils, pH-controlling apents, solubilizers,
stabiliscrs, HIB-controlling agents, viscosity control ling aents, prescrvatives, ormotic
pressure controlling agents, propellants, air displacement, water and mixture thereof
The surfactants may be seleeted from nonoxynol, actox ymol, tweens, spans sodium
laury! suifatc, sarbitan monopalmitate: absorbing promoters may be sclected from
polyoxycthylene alcohol ethers, bito sulls and denivatives thereaf, fusidic acid and
derivatives thercof, olcie acid, lecitin, lysolechiting, Tweens 20-85, mono-/di- and
tiglyeerides, shitosan, eyclodextriner, water absorbing polymers may be selected trom
glycoiurols and derivatives thereof, polyethyleneglycol 200-7500 and derivatives
thereot, polyvinylpyrrolidone, polyacrylic acid, propylencelycol, gelatine, ecliulose and
derivatives thereof, substances which inhibit cnzymatic degradation may be selected
from aprotinic, DFP, carbopol; oils tray be selected from vegetable oil, soyheun oil,
peanut ol, caconul oil, maize oil, olive vil, sunflower oil, Miglyols; pll-controlling
agents may be selected from acetic acid, hydrochlotic acid, nitric acid, potassium
metaphosphate, potassium phosphate, sodium acetate, ammonii sacdium carbonate,
sodium hydroxide, sodium borate, trolamine; solubilivers may be selecled from weohol,
isoporpy} aleohol, water glycolurol, polyethyleneglycale 200-7500; stabiliscrs such as
cyclodextrines; FILD cantrolling apents may be sclected from ‘I'ween® 20-85, Span 20-
80, Brij 30-98, acacia; viscosily controlling agents may be selected from cellulose and
derivalives thereof, Tweens® and derivatives thereof, polycthyleneglycole and
derivatives thereof, cetyl aleohol, glycerine, porpylene glycol, sorbitol, gelating;
presetvatives may be selected from benzalkonium salt, henzyl alcohol, phenol,
thimerosal, pnenylmercuric nitrate, phenylethyl aleohol, chlorobutunol, cetypyridinium
chloride: osmotic pressurc controlling agents may be selecled [rom dextrose, sodium
chloride, mannito}; and propellants may be selected from dichlorodifluoromethane,
dichloroletratluoroethune, trichloromonofnoromethane and other non-ozonc damaging
propellants such as butane; uir displacement may be nitrogen,

For liquid compositions it is cssential that the effective umount of the antigen
can be administered in an appropriate volume. For nasal adminisuration the volume
sheuld not exceed about 300 ul for a human su bjects. A larger volume can be
disagreeable 1o the patient and will deain aue anteriarly through the nostrils or




10

15

25

WO 99/02186 PCT/1S98/00006
-17-

pasteriorly toward the pharynx. The result is thata part ot the anbigen and/or the
vaccine is lost from the absorption site. The volume is preferably from about 20 ul 10
about 125 ] and preferably administered into one nostril. For the administration to the
buccal and rectal area, a volume not exceeding 10 ml should be used. For the
administration to the eye and the ear a volume not exceeding 300 ul should be used.
For the sdministration 1o the lungs, a volume not exceeding 2 ml should be used. For
the adiministration to the vagina, 4 volume not exceeding 30 ml should be used. lor
administration to the gastrointestinal tract a volume not exceeding 100 mi should be
used.

The vaceine composition may optionally comprise additionat components, such
as bufftring agents, preservatives, emulsifying agents and adjuvants, such as vepetable
oils or emulsions thereof, surface active substances, c. 2., hexadeeylamin, octadeeyl
amino acid esters, octadecylaming, lysolecithin, dimethyl-dioctadecylammonium
bromide, N,N-dicoctadecyl-N'-N'bis (2-hydroxyethyl-propane diamine),
methoxyhexadecylpiycerol, and pluronic polyols; polyamines, ¢.9., pyran,
dextransulfate, poly IC, carbopol; peptides, e.z., muramyl diceptide, dimethylgiveine,
tuftsin; immune stimulating complexes; oil emulsions; lipopolysaccharides such as
MPLI (3--deacylated monophosphoryl lipid A (RIBI ImmunaChem Research, Inc.,
Hamillon, Monlana); mineral gels, and immunostimulating oligonucleo(ides. The
aatigens of this invention can also be incorporated into liposomes, cochleates,
biodegradable polymers such as poly-lactide, poly-glycolide and poly-lactide-co-
glycolides, or ISCOMS (immunostimulating complexes), and supplementary active
ngredients may also be employed.

Antigens of the present invention can also be administered in combination with
bacterial toxins and their attenuated derivarives as additional adjuvants or carrier
molecules. Other suitable carricr moleenles include serum atbumins, keyhole limpet
hemocyanin, immunoglobulin molecules, immunoglobulin, ovalbumin, polysaccharides
(c.2.. sepharose, agarose, cellulose), inactive virug particles, and amino acid
copotymers. “The antigens of the invention can also be administered in combination
with lymphokincs including, bul not limited to, interleukin-2, [FN-y apd GM-CST. The
antigens of the invention can also be expressed in vivo alter administration of DNA
cncoding these antigens.

The vaceines can be administered to a human or animal by a variety of routes,
including but not limited to parenteral, intraarterial, intraderma), Iransdermal (such as hy
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the use of slow release polymers), intramuscular, intraperitoneal, intraoceular,
sublingual, intravenaus, subcutancous, oral and intranasal routes of administration, [na
preferred embodiment, the composition is administered through a mucus membrane.

‘The amount of antigen employed in such vaccines will vary depending upon the identily

of the antigen.  Adjustment and manipulation of establishied dosage ranges used with
traditional currier antigens for adaptation to the present vaccine is well within the ability
of those skilled in the art. ‘The vaceines of the present inveniton are intended for use in
the treatment of both immature and adult warm-blooded animals, and, in particular,
humans. Administration of the immunogenic or vaccine compositions of the invention
can also be accomplished using gene therapy methods (see, e, US. Patent 5,580,859
and published PCT application pubtication nos. WO 93/19183 w Robinson et al. and
WO 97/44446 to Mulone et al.)

The mucosal adjuvant action of adjuvants of the invention hias a number of
important implications. The mucosal adjuvanticity can increase the concentration of
prolective antibodics produced against amucosally-adminisiered aniigen in the
vaceinated orgardsm. As aresull, effective vaccination cun be achieved with a smuller
quantity of antigen than would be normally requived, This reduction in the required
amount of antigen may lead to more widespread use of vaceines which are difficult and
costly to preparc. Additionally. the use of adjuvants of the invention can enhance the
ahility of antigens which are weakly antigenic or poorly immuno genic, pacticularly
when admunistered mucosally, to elicit an immune response. It may also provide for
safer vaceination when the antigen is toxic at the concentration normally required for
effective mucosal immunization. By reducing the amoun! of antigen, the risk of toxic
reaction i3 reduced. 1L may also provide for safer vaccination by cnabling the use of an
antigen or vaceine formulation which is safe by nwcosal route but toxic by purcnteral
TQute.

Typically, vaceination regimens call for the administration of aniigen over
periog of weeks or months in order to stimulate a "protective” immunc response. A
prulective immune response is an immunc respouse sufficicat to prevent infection or
reduce the scverity of infection (compared with severity of infection in the absence of
the elicited immunc responsc) caused by 4 particular pathogen or pathogens to which
the vaccine is directed. The use of adjuvants ol the invention may reduce the time
course of effective vaccination regimens. In some instances, it may result in the
generation of a protective response in a single dosé. The vaccine com positions of this
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invention are also uselu) therapeutically, to reduce the number and sevenity of
symplomatic episodes in subjects already infected with the antigen. The vaccine
compositions may also be used as an oral booster inmunization for parenterally
administered antigens.

The formulation according to the invemtion is cspecially suitable for humuns,
including toddlers, adnleseents, teenagers, adults and elderly. The nature of the
formulation provides the ability to cnhance the immune response Lo a variety of
pathogens, and therefore the formulation may be used for subjects with various

conditions such as hunans with disease, e.g., splenectomized subjects, subjects with

-cancer, subjects using anticancer drugs, subjects using antiasthmatic drugs, subjeets

using antiin{lammalory drugs, subjects with hyper-and hypothyraidea.

"The formulation according to the invention is also suitable for administration
animals such as horses, sheep, dogs, cats, cows, pigs, goals, rabbits, wild animals and
laboratory animals such as mice, rats, guinea pigs, hamsters, rabbits, dogs, cats or
mankeys; 1o birds such as chickens, turkeys, ducks, ostrich. tropical birds or wild birds:
or to tish such as lamm (ish, e.g., salmon or aquarium fish. Yor animals, the
concentration of each component may need Lo be adjusted. For example for sheep, the
nasal cavity has cxtremely high humidity, which may require addition of water
absorbing excipients w the formulation, and for fish, the formulation may need (o be
mucroencapsulated or in such a form that the formulation will be absarbed to the pills,

The adjuvant compositions of Lhe invention can also be used to enhanee the
bioactivity (e.¢., immunogenicity) andjor uplake of bivactive agents (e.g.. antigens) in
plants. Dicactive agents which can be used in comjunciion with the adjuvant
compositions of the invention can be, &.p., herbicides, insecticides, funpicides, plant
growth regulators, tertilizers and vaccines. Many appropriate bioactive agents arc
commercially available and can generally be applicd at rates recommended hy the
supplier, The particular amount of bivactive ingredient for use in formulations ol the
invention will vary with the specific plant or plant growth medium with which it is to he
contacted, the general location of an application, i.¢., sheltered areas such as
grecnhouses as compared with exposed areas such as fields, and the type of formulation
(e.g., aerosol, liquid, solid). ‘The formulation can be used on any typc of plant,
including, but not limited to, grasses (e.g., blackgrass, cheat grass, crabgrass, batnyurd
grass, goosegrass, rvegrass, lalian grass), érop plants (e.p., wheal, oats, sorghum, corn,
sugarheets, canola, soybean, cotlon, obacco, potato, [ruil trees, cucumber, lomalo,
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banana, beans, peppers, melons) and ornamental plants (shrubs, trees, flowers). “I'he
formulation can be applied to the leaves, seeds, fruits, bark or wood, or can he admixed
with the growth medium (e.g., peat or soil). The formulation can be applied w plants
individually (c.g., with a spray applicator) or cn masse (e.g., from an aircraft). The
delivery of antigens to a plant using the adjuvant compositions of the invention can he
used to imraunize plants against pathogens {¢.z., by the generation ot pluntibodies or by
the activation of local and systemic acquired resistance (see, for example, Agrios, Plant
Pathology. fourth edition (Academic Press, 1997), pages 108-114, and reterences cited
therein).

The following Lixamples are offered for the purpose of illusteating the present
invention and arc not to be construed to limit the scope of this invention. The contents
of all relerences, patents and published patent spplications cited throughout this
application are hereby incorporated by reference.
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EXAMPLES

EXAMPLET - Tetanus Toxoid

Mice (BALB/c) arc intranasally administered a 3 u! formulation containing (.3
pl telanus loxoid vaccine (Lyljuthroun, Reykjavik, [celand) in the tollowing
formulations: (1) isotonic safine; (IT) 20% PEG,-CCG (Softigen®; Huls AG, Witten,
Germany) which is o monoglyceride/diglyceride mixture of caprylic and capric acid
containing 6 polyoxyethylene (PEG,) mmits in isotonic saline; and (J 1T) 20% mixture of
monoglyceride/diglyceride mixture of caprylic and capric acid (Imwilor®) solubitized
with Tween 20 (22:78) in isotonic saline (CCG-polysorbate 20 ( CCG-PS). WO
94/17827). Four weeks after the first vaccinution, the mice received o booster
conlaining the same vaceines. One week later, blood samples were drawn, and the
following serum 1g4(} responses were obtained:

Table |
Formulation | Scrum IgG response
[ 00!
T 065

"These results show that the non-toxic PRG6-CCG (formulation 11) produces a
significandy enhanced lgG response compared Lo a vaccing formulation as described in
WO 94717827 (formulation IIT).

EXAMPLEII - Influenza Virus

Twenty Balb/c mice were immunized with influenza virus vaccine ([1A
molecules from struin TTarbin), The influenza HA molecules were formulated with 0%,
1%, 5% und 20% PEGS-CCG according ta the invention. Four weeks post primary
immunization the mice received a booster containing the same formulations. One week
post booster administration, the following results were achieved:
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% Adjuvant Cone, IgG (Scrum)
0% 1.1
(% 4.2
5% 6.8
20% 84
EXAMPLE I

Mice (HALB/c) are intranasally administered u 5 ul formulation containing 20%
PEG-CCG, which is a monaglyceride/diglyceride mixture of caprylic and capric acid
tontaining & polyoxyethylene (PEG,) units, in isotonic saline, with the addition of the
following antigens: (I) 1 pg [IA influenza virus vaccine per mousc; (1) 1.5 Lf (Limit of
flocculation) tetanus toxoid vaceine; (IH) 1.5 Lf diphtheria toxoid vaccing; {IV) 1 ug
rgpi20 HIV vaccine; (V) | pg lgA-protease as vaccine and (VI) | pg insulin peptide B.
Four weeks afler the first vaceinution, the mice received o hooster containing the same

vaccines, One week later, blood samples were drawn aud analyzed.

EXAMPLE 1V - l'ctanus toxoid and Diphtheria Foxoid

Human volunteers arc intranasally administered a 100 ul foroulation containing
12 L1 tetunus Loxoid and 12 1.0 diphtheria toxoid vaccine in following formulations: (1)
isotonic saline; (1) PEG-CCG, which is a wonoplyceride/diglyceride mixture of
caprylic and capric acid eontaining 6 polyoxvetiylene (PEG,) units, in isotonic saline;
(111} 5% PEG,-CCG in isvlonic saline; and (IV) 1% PEG-CCG in isotonic saline. Four
weeks after the first vaccination, the participants received u booster containing the same
vaccines. During the study each volunieer is sampled (blood and saliva sample) weckly
for 186 and [gA analysis.

LXAMPLE V

Mice (BALL/c) are given 1.5 Lf ieranus toxeid vaceine in 20% PEG,-CCG,
which is 1 monoglyceride/diglycetide of caprylic and capric acid containing 6
polyoxyethylene (PEG) units, in isotonie saline. ‘The formulation is administered (1) 5
ul intranasally; (I1) 5 pl orally into the mucosa of the mouth; (L1L) 5 ul vaginally: (1V) 5
pl rectally; and (V) S pl dermally. Four wesks alter the first vaccination, the mice
teceived a booster containing the same vaccines. One week later, blood samples were
drawn.
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Fifteen Balb/e mice were immunized wtih influenza virus vaccine (1A
molecules from strain Nunchang). The influenza HA molecules were formulated with
5% PEG6-CCG according to the invention and administered intranasall y. huccally and
rectally. Iour wecks post primary immunization the mice received a booster containing
the sarne formulations by the same route. Onc week post booster administration, the
lollowing results were achieved:

Route Adsorbance (OD 492 nn)
Nasal 0.300
Buceal 0.334
Rectal 0.155
EXAMPLE VI

A formulation containing 10% PEG,-CCG, which is a
monoglyceride/digiveeride of caprylic and capric acid containing 6 polyoxycthylenc
{PLG,) umts, in isotonic satine and a selected vaceine composition is admintstered a3
follows: (I) 1.5 Lf tetanus toxoid to mice; (IT) 6 L.f tetanus toxoid (o rabbits; (20
tetanus toxoid to sheep; (1V) 12 1.f tetanus toxoid (0 human volunteers; WV 3pg
vibriose vaceine Lo salmon; (VI) 3 pg salmonella vaceine to chicken: and (VID 3 pp
Spongospora subterranea antigen to potato plants. Four weeks aller the first
vaccination, a booster containing the same vaccines was administered. One weok later,
blood samples were withdrawn (except for the plant in (VI1). For the plant in (VD) the
potato plant was challenged with the [ungi one month after booster administration.

EXAMPLE VI ‘

Mice (BALD/c) arc intranasally adminisiered § ul formulation, containing (1)
tetanus toxoid or ({1) pneumococeus, coupled to monog lycerides and di glycerides of
caprylic and capric acid. ‘Fhis pro-vaceine is administered in 20% concentration. Four
weeks aller the first vaccination, the mice received a booster co ntaining the same
vaceines. One week later, blood samples were drawn.

To evaluate the etfects of PEG,-CCG on vaccine antigens following intranasal
administration, cxperiments were cartied out using a number of viral and bacterial
antigens, including influcnza vaceine, respiratory syncytial virus (RSV) sabunit vaceine,




10

25

WO 99/02186 PCT/1S98/00006

D4

non-typeable Hemophilus influenza outer membranc proteits (OMPy), Helicobacter
pylori urease, recombinant pilins of Neisseria meningitidis and N. gonorrhoeae. The
results of this analysis are set forth in the following examples.

EXAMPLE VTII - Influenza vaccines

This example summarizes the evaluation of the adjuvant effects of CCU-PS and
PEG-CCG on the immunc responsc to A/Uidorn vaceine (a monopoot split nfluenza
veccine; Wycth I.ederle Vaccines and Pediatrics, West Ilenrictta, NY) and the
conlribution of the local immune response ta protection of the respiratory tract from
descending diseasc.

Table 2
Group ! Immuonogen | Dose/Route/Volume
A .,‘;.A..’.’\.[!?S!‘.’t‘.‘.(-?@l@?i(“ﬁ—’)-___v.__..__.i. | LBXI0° TCID LN i
B none e S \Ionc e
€ AUdomvaccine oo LDpe BAIMSO W
D -: A/Udomn vaceine P10 pEITAMN/S Wl
E . AlUdom vaccine in 10% CCG-PS | LOg HAMN/S Wl
T Alldom vaccine in §% PLC-CCG | 1.0 ug HAZIN/S pl

BALRB/c mice, 8 per group
Vax: days 0, 19 and 38
Challenge: day. 70
Viras tration: day 74
HA = hemagglutinm

Scrological data both from ELISA and hemagglutination inhibition {111) assays
indicuted that the PE(G-CCG formulation induced higher serum TgGT and HY tiiers than
did the CCG-PS formulation. The intranasally-introduced PLG,-CCG formulation
generated systemic antibody response comparable 1o that elicited by parenterally
administered standard vaccine.

TIISPOT data confirm that ability of PEG,-CCG, like the first generation CCG-
PS formulation, to heighten the local inunune respunse (o' infuenza vacting, as
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dewonstrated by the increased number of [gA-scereting B cells found in the nasal
lymphoid tissues compared 1o that elicited by intranasal administration of vaccine alone.
Vaceine administered via the intramuseular route did not result in 4 local response
above the background found in naive mice.
Table 3: The PEG-CCG tormulution Facilitates humoral antibody responses o
nasal administered influenza vaceine. ‘

R
Tmmunogen/Roule P GMT | GM GMT Ivm;)hoi d cells
AUGorX siz | a6 4368 4e
L I I S
Aldormvax/IM 1 91§ 48537 | 1254 6
Alldom va/IN Bloomy o »
A/Udom va/CCG-PSAN | 181 | 20556 | L8 150
At samva/PHl 512 8851 173 7

As shown in the table below, mice previously exposed 10 infectious virus are
completely protected from subsequent challenge with the homologous virus. "Virns was
not recoverable from pulmonary or nasal tissue. In contrast, naive mice are readily
infected with the A/Cdorn virus, both in the fung and nasal tissues. Virus was also
recovered from the nasal tissue of all mice which received parcnteral or non-adjuvanted
intranasal vaccine. These duta suggest hat the immune responses clicited with CCG-PS
or PEG,-CCG adjuvanted vaccine proteet the upper respiratory {ract from virus
challenge. Virus recovery from the nasal tissue was signilicantly reduced in those
animals recciving intranasal vaccine adjuvanted with cither CCG-PS or PEG,-CCG.
Some protection of the lower respiratory tract is cvident independent of vaccine
formulation or route of delivery.
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Table 4: Tmmune responses clicited by (C(1-PS or PLG-CCG adjuvanted
intranasal mfluenza vaceine protect the respiratory tract from virus challenge.

i 1 i [
{mmunogen/Route % by Virus ! Vitus recovery
: positive i positive  recovery i from lung
;o omosc | lung ' fommnose | GMm T
‘ i ' OMT :
| ' i
AfUdor/IN L0 o i o200 200
S fmeme oMW 7S shma 40788
AUdomyadIM 2000 s G 00|
AfUdorn vax/IN 100 ' 3 634 563
A/Udorn vax/CCG- L0 2081 200
PRIN e S .
10| ALidorn vax PEG,- 25 23 621 1002
CCO/AN ; ; !

200 TCIDy, = < 400 (assay limit of detection), all negative samples were assigned o

‘ value of 200

|

{ XAMPLE TX - RSV T Protein

| 15 This example summarizes the evaluation of the adjuvant effects of CCG-PS and
PLG-CCG on the immune responsc to RSV ¥ protein, and the contribution of the [ocal
immune response to protection of the respiratory tract from descending disease.
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Table 5
(iroup Immunngen Dose/Route/Volume | Yax schedule
) |
A L protein 3 pg/IN/S ul. . Days0.714 |

B Fpoeinin20%CCG-PS | IS W | Days0.714 |
C i Fpoeinin$%PEOCCO | 3ugNs W | pays0, 714
D _ F protein on Alum ' 3 ugMA00 ul ' 'D.’}v()__
I RSVA2 L2 CpRANBO WL Day 0

BALB/c mice, 10 per group

F protein-specific serum antibody responses - Intranasal vaceination wilh F
protein/PBS elicited a circulating Ip(; anti-F response with a titer of approximately
26,000. However, by combining F protein with either CCG-PS or PLG,-CCG,
stavstically elevated tilers (p= 0.05) of total IgG, [pG1 and 1p¢2a were obtained (sec
Table 6). In addition, a signiticant serum IgA titer was only alicited by the vaceing
formulated with PEG,-CCG. “I'is ohservation has been made consistently and may be
the resuit of diFferent immunological properties of PEG,.CCG.

F protein-specific mucosal lg responses - LgA was observed in the nasal and
vaginal washes of mice vaccinated with F/PLEG,-CCG, which reftects the stimulation of
serum [gA by this vaceine combination (sce T'able 6). In this cxperiment, the level of
[gA in the nasal washes was found o be higher than that present in mice Tecoverimg
{rom infection witl: live RSV,
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Table 6. 'I'he immune response of BALB/c mice vaccinated intranasally with
combinations of F protein and CCG-PS or PEGCCG.

' sera GMT i NW . vw

Immuﬂo en : e e . P ._:.-—... ot e L L .

6 Gt [ et | lea 10 A gt lgA

Fprotein 26322 2909 | <100 |<100 <25 <25 <25 25
. 7.5.770 | : A

i |

I

|

151,020 ; !
Fprotein 1115336 | 14423 254 P<100 125 25 0223 7261
CCGPS /- +-3,079 « +/-457 5 1 :

: 32,747 _ | R
Fprotein 111,761 <9218 | 626 381 <5103 25 | 443
PEGCCG |4 P HRT,565 | 4665 | 450 S :

| 108,501 ‘ | .
Cprotein 171,756 143,136 11,553 | <100 <25 <25 258 <25
AT 4 - L+-1,009 |

36,340 119917 | ;

RSV A2 : 79,236 5,962 20,819 752 28 <25, <258 E 594
D okfe . =1e5,25] | +/-7.258 [ =30 . '
32310 ! -

| 11 |

Mice were bled on day 27 and individual mice were analyzed for serum anfibody Uters
by ELISA. Similarly, pooled mucosal wash samples were taken on day 28 and analvzed
for anti-F protein specific IgG and IgA. No IgA was detected in bronchoalveolar
washes (BAW)., VW = vaginal wash, NW ~ nasal wagh,

EXAMPLEL X - Non-typeable Haemaphiluy influenzae (i\ [Hi) Outer Membrane Protein
(OMP) P4 '

This experiment compared the mucosal adjuvant activities of CCG-PS and
PEG,-C.CG for NTHi recombinant P4 protein [ollowin g intranasal administration in
BALB/c mice.

Vaceines were administered intranasally on days 0 and 21 in a total volume of 5

“ul. Mice wg:ré bled on days 0, 21 and 28. Bronchoalveolar washes (BAW) and vaginal

washes ('V'W) were performed and saliva samples coliected on day 28.
*.. . “ Reécombinant NTITi auter membranc P4 protcin delivered in either CCG-PS ot -
PEGACCG éigniﬁcantly enhunced serum TgG antibody titers to recombinant P4 protein.

“There was no signifieant difference in serum IpA and IgG titers to recombinant P4

protc_inhctween the two delivery vehicles (P, 0.05 on day 28). Furthermore, 1 pg of
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recombinant I'4 protein delivered in CCG-PS or PEG,-CCG induced good titers of lgA

antibodics to recombinunt P4 in saliva and vaginal washes.

1t appears that PEG~CCG was cquivalent to CCG-PS in terms of specific serum
antibody titers. Flowever, it is noteworthy that only (he PEG,-CCG formulation induced

a demonsirable rP4-specilic nasal IpA antibody response,

Table 7
Day 28 Anti-tP4 ELISA Titer

Immunogen e A

Scrum i Serum | Nasal i Saliva Vaginal

1gG TeA IpA | lgA [gA
NTHi 4 in 207 79 <10 <o <10
Saline
NTHi P4in -~ 16,635 = 1295 <0 128 123
20% CCG-LY | g ;
NTHi Pain 14336 | 830 ! 2 1 92
PEG,-CCG : ; ,

Furthermare, [ pg of recombinant P4 protein delivered in CCG-PS or PEG,-
CCG significantly enhanced the numbers of responder mice as eompared to that

delivered in saline alone.
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Table 8
Mouse# |  Saline |  ccGers | PEG-CCG
! 3840 | 25946 22,654
YV ; B 20768 |
B 1_9_540 |_ e
= T@ l i o o1 |
S I T i
CGieotnetric mean 207 | 16635 1433
+SD 44,835 | *7,346 16,136

1gG response on day 28
Titers ranked from highest to lowest

EXAMI'LE X1 - [T, pylori rUtense

This experiment compared the rucosul adjuvant activities of CCG-PS and
PEG-CCG on recombinant H, pviori urease following intranasal administration in 10
ul volume in BALB/c mice. ,

Vaccines were administered on days 0 and 21, Mice were bled on days 0, 21
sud 28. Bronchoatveolar washes (BAW) and vaginal washes (VW) were perforned and
saliva samples collecied on day 28,

Recombinant /. pvlori urease protein delivered in cither PEG-CCG or CCG-PS
vehicle significantly enhanced secondary serum IpG antibody titers (o recombinant
urease protein. There was no significant difference in serum TG titers to recombinant
urease protein. There was no significant difference in serun La(r titers to recombinant
ureasc protein between the two delivery vehicles (P=0.05). However, 5 ug of
recombinant urease protein delivered in CCG-PS and PEG,-CCG did not induce
detectable IgA antibodies to recombinant urease in any of the mucosal scerctions
analyzed in this experiment.
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Table 9
Liumunogen Serum lgG
1 pylori tUrcase S pg in saline <100
H. pylorifUrease S pg in 20%CCG-PY 64,787 L 45,033
H. pylori tUrease § ug in 5% PEG,-CCG 40,485 28,674

Serum [gCi anti-recombinanl urcase BLISA endpoint titers were determined on
individual serum samples (5 per group) collected on day 28,

EXAMPLE XUt - N. meningiridis Pilin

T this example, the mucosal adjuvant activity of PEG,-CCG was studied using
recombinant N, meningitidis pilin as 2 vaccine antigen,

Giroups of 5 BAL/c mice were immunized intranasally in 10 sl volume with 3
ug recombinant N. meningitidls pilin (tPilin) delivered in 20% CCG-PS, 5% PEG,-
CCG or in saline on days 0, 14 and 21 were bled on day 28. Bronchoalveolar washes
(BAW), vaginal washes (VW) were performed and saliva samples collected on day 30.

A significant mucosal adjuvant cffect is demonstrated when vaceine is
adrmimistered IN in the PE(,-CCG vehiele. With S g of rPilin delivered in PLG,-CCG
sIgA in nasel and vaginal washes increased 16-and 32-fold in comparison to the saline
control group on day 28, In contrast 1 PEG,-CC( formulation, CCG-PS formulation
showed only a 2-fold increase of sIgA titers in nasal washes and 11-fold increase in
vaginal washes. These datu suggested that PEG,-CCG maybe an improved delivery
vehicle for recombinant N. meningitidis pilin protein.

y
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‘Table 10
| Serum | Nasal | Vaginal
Immunogen BA i A 1A
N.mening rPilin in salinc ; 6,168 ! 12 I 13
N.mening tPilin in 20% CCG-PS ‘l 178,867 26 ' 166
N.mening tDilin in 5% PEGECCG | 13599 | 194 482

EXAMPLE XI11- GC rPitin

In this example, the muensal adjuvant activity of PEG,-CCG was ihvestigated
using recombinant GC pilin as a vaccine antigen.

Groups of § BALL/c mice wete immunized intranasally in 10 pl volume with 10
wg recombinant GC pilin (rPilin) with or without 5% PLG,-CCG on days 0 and 14 and
were bled on day 28. Vaginal washes were collected on day 29.

A significant adjuvant cffect is demonstrated when vaccine is administered IN in
the PEG,-CCG vehicle,. With 10 ug of rPilin delivered in PEG,-CCG, serum anti-rPilin
[gA and g antibody titers inereased 2- and 5-fold on day 28, respectively. Whoie cell
ELISA titers also slightly increased (10,570 vs. 6,843). slgA in vapinal washes
increased more than 4-fold.

Tahle 11
linmunogen Serum @ Serum | Whole Celt - Vaginal wash
o dgA L 1pG T G IgA
Pilin in saline D301 . 642 6we3 | 3sI
tPilin in $% PEG,- 609 | 34358 | 10.570 1,517
CCG i | ; C

Nasal washes were nal collected in this experiment.
CCG-PS was not included in this experiment.

FEXAMPLE XIV - Assessment of Acceplability and ‘Volerability of Mucosal Adjuvants

The ucceptability and lolerability of two mucosal adjuvants (CCG-PS and
PRG,-CCQ) were assessed in a clinical study. Twenty-nine healthy individuals (15
males und 14 females), 18 years old or older, were enrolled in the sudy.




10

15

20

WO 99/02186 PCT/1S98/00006

31

The treatment consisted of five intranasal spray doses. The first two doses
containing isotonic saline were unblinded (o the investigator and the subjects, These
two dases of saline were given simultancously into both nostrils, serving as the
compaison hases for the subjects and the investigator (o ovaluate the testing adjuvants,
The other doses, containing saline (NS), CCG-PS (RV) and PEG,-CCG ( 8(3), were
blinded to both the investigator and the subjects, The three testing doscs were
adroinistered intranasally, each dose being separated by « thirty-minute interval, and
administered according to the following regimen:

Table 12

Dose 1 - Dose 2 - Dose 3

Nostril Sequence | Adjuvant Scquence i #Subjects
tight - left - right RLR) | NS-RV-SG | 5
| NS -8G-RV ' 4
i RV.SG-NS 3
| SG-RV-NS 5
lcft - right - left (LRL) | NS <RV -S8G 3
" NS-SG-RV 2
i RV -58G-NS§ 3
SG-RV-NS§ 4

Botb the investigator's and the subjects' evaluations of ihe adjuvants were
collected. The investigator's evaluations were scored by the investigator for ihe nasal
cavity thirty minutes after each dosing, and was an overall judgment of the redness,
increased secretion and macroscopic side elfects of the nasal cavity.

‘I'he subjects' evaluations were given by the subjects for irritubility contrasting
with the unblinded saline at 0, 5, 10, 20 and 30 minutes after each dostng ol the
adjuvants. The subjects also ranked the relative degree of iritation associated with cach
treatrnent,

The investigator's evaluation scores were sununarized for cach adjuvant. The
itritability scores by the subjects were summarized at each time point for each adjuvant,
and the subjects' cvaluation scores at each time point were summed to represent the total
irritability scored by the subjects. The statistical method was the Mantel-Haensze! Cli-
square test (MH), The statistcal signilicance lovel was 0.05 in the analysis.
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Twenty-three subjects scored CCG-PS as "defimitely much more irritating or
uncomfortable than saline" immediately after dosing (Table 13). Within 20 minutes, the
apparent irritation reduced to at most slightly or not irritating far 20 of the 73 sy bjcets.
The remaining 3 subjeets still felt strong itritation 30 mimutes after dosing. Meanwhile,
the investigator reported a ninor (2/3) or major (1/3) irritation associated with CCG-PS
to these 3 subjects,

In contrast, twelve subjects (a statistically-significant difterence from CCG-PS)
scored PEG-CCG as "definitely much maore imitating or uncomfortable than saline”
immediaicly after dosing (Table 13). Within 5 minutes, the strong irritation was
reduced to slightly irritating for 9 of the 12 subjects. The remaining 3 of the 12 subjects
plus an additional subject lelt strong irritation associated with PEG,-CCG at the end of
the 30 minute follow-up period aller dosing. '

The irritation scorcs were summed at each time point hy adjuvant. CCG-PS was
significantly morc irvitating than PEG,-CCG at the 0 and 5 minute time points (p=0.01,
Tuble 13). The irritation scores for the two adjuvants were not statistically different at
the later time points.

ln a dircet comparison of the irritabion associated with «ll 3 of the blindsd doscs
received (i.e., compared to cach other, not by comparison to saline), CC(-PS was the
most irritating adjuvant. CCG-P'S was the most irritating adjuvant according to 76% of
the subjects (22/29).
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Table 15: Acceptability - Subjects' Evaluation

) Saline CCG-PS Softigen

Difference 0 | 2 sum 0 1 2 sum 0 ] 2 sum

All ) )

5 |Min. 0 26 3 3 1 523 5] 1 16 12 40
5 28 1 1 2 13 14 41 7 20 2024
10 28 1 1 9 13 7 27 9 18 2 22
20 28 1 1 19 7 3 15 12 14 3 20
30 28 22 LR Y 8 4 16
10 Note: Difference code comparing to saline: 0 = not different: 1 = slightly different: 2 = very
different.

Note: RS = receiving CCG-PS first then Softigen: SR = receiving PEG-6-CCG first then
CCG-PS.
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While this invention has been particularly shown and described with reference to
preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims.

Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise”, and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a stated integer or step or group
of integers or steps but not the exclusion of any other integer or step or group of integers or
steps.

The reference to any prior art in this specification is not, and should not be taken as,
an acknowledgment or any form of suggestion that that prior art forms part of the common

general knowledge in Australia.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A composition being an aqueous solution and comprising
i) 0.01-70% v/v of water-soluble glycerides as adjuvant selected from the group
5 consisting of substituted monoglycerides and substituted diglycerides, and
mixtures of substituted monoglycerides and substituted diglycerides, said

glycerides having the formula (I):

CH,—0—R,
CH_O—Rz
CH,—0—R, )
10
wherein Ry, Ry and Rj are selected from the group consisting of saturated or
oiee unsaturated Cg.p4 fatty acids, water scluble polymers, and mixtures thereof,
:’;:': provided that the glyceride contains at least one water soluble polymer; and
i) at least one antigen.
:Z..:E 15 2. A composition according to Claim 1, further comprising a physiologically acceptable
.:::'; vehicle.
trenst 3. A composition according to Claim 1 or Claim 2, wherein the fatty acids are selected
::f.:: from saturated and unsaturated Cg. 14 fatty acids.
4. A composition according to Claim 3, wherein the fatty acids are selected from
20 saturated and unsaturated Cq. o fatty acids.
5. A composition.according to any one of Claims 1-4, wherein the water soluble polymers
consist of PEGy.3p residues of polyoxyethylene, ot derivatives thereof, having 2-30
polyoxyethylene units.
6. A composition according to Claim 5, wherein the water soluble polymer is a PEGs.¢
o ‘ N”'\,_ 25 residue of polyoxyethylene having 3 to 6 polyoxyethylene units.
. L
2
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7. A composition according to Claim 6, wherein the glycerides have a structure selected

from the group consisting of:

CHZ_O—R1
CH—O0—R;
CH,—0——FPEGq (1
CHz_O_—R1

CH—O0——PEG,

CH,—0—R, (1

CHQ—‘O_PEGa

CH—O—R
el CH,—O——PEG, av)
:.::E CHp—O0—R;

:.:": CH—O_PEG3

.u--.‘ CHZ—O_PEG3 (V)

8. A composition according to any onc of Claims 1-7, wherein the %-v/v ratio of
5 substituted monoglycerides to substituted diglycerides is from about 0.1:99.9 to about
99.9:0.1.

9. A composition according to Claim 8 wherein the %-v/v ratio of substituted

monoglycerides to substituted diglycerides is from about 5:95 to about 95:5.

/ ’\x\)S_'T?gV\ 10. A composition according to any one of Claims 1-9, wherein the glycerides have a

%»»
orp ¢ /

N\d\'\-
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concentration of from about 0.1% to about 99% by weight.

11. A composition according to Claim 10, wherein the glycerides have a concentration of

from about 0.5 to about 20% by weight.

12. A composition according to Claim 10, wherein the glycerides have a concentration of

from about 1 to about 15% by weight.

13. A composition according to any one of Claims 1-12, wherein chiral carbons in the

glyceride are either S- or R-form, or mixtures thereof.

14. A composition according to any one of Claims 1-13, wherein the antigen is in a

particulate form.

15. A composition according to any one of Claims 1-13, wherein the antigen is in a

dissolved form.

16. A composition according to any one of Claims 1-15, further comprising one or more
components selected from the group consisting of: surfactants, absorption promoters,
water absorbing polymers, substances which inhibit enzymatic degradation, alcohols,
organic solvents, oils, pH-controlling agents, solubilizers, stabilizers, HLB-controlling
agents, viscosity controlling agents, preservatives, osmotic pressure controlling agents,

propellants, air displacement, water, and mixtures thereof.

17. A composition according to any one of Claims 1-16, which is a pharmaceutical

composition.

18. A composition according to any one of Claims 1-17, which is a phytological

composition.
19. A composition according to Claims 17 or 18, which is an immunogenic composition.
20. A composition according to Claims 17 or 18, which is a vaccine composition.

21. A composition according to Claims 17 or 18, wherein the antigen is used for the

treatment of an autoimmune disease.
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22,

23.

24.

25.

26.

27.

28.

29.

- 40 -

Use of a composition according to any one of Claims 1-21 for the manufacture of a

medicament for administration to humans.

Use according to Claim 22, wherein the administration is through a surface of the skin

or a mucosal surface.

Use according to Claim 23, wherein the mucosal surface is selected from the group of
mucosa surfaces of the nose, lungs, mouth, eye, ear, gastrointestinal tract, genital tract,

vagina, rectun.
Use of a composition according to any one of Claims 1-21 for administration to a plant.

Use according to Claim 25, wherein the administration is to the outer surface of a plant,

a seed, or to a growth medium.

A method of eliciting an immune response to an antigen in a mammal, comprising
administering to a mammalian host an effective amount of a composition according to

Claims 1-21.

A method of delivering an antigen to a mucosal surface of a mammal, comprising
administering to 2 mammalian host an effective amount of a composition according to

Claims 1-21.

A method of eliciting an immune response to an antigen in a mammal, comprising
administering to a mammalian host an antigen and an effective amount of a
composition being an aqueous solution and comprising 0.01-70% v/v of water-soluble
glycerides as adjuvant selected from the group consisting of substituted
monoglycerides, substituted diglycerides, and mixtures of substituted monoglycerides

and substituted diglycerides, said glycerides having the formula (I):

CH,—O—R;
CH—O—R,
CH,—0—R, 1y
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wherein R;, R; and Ry are selected from the group consisting of saturated or
unsaturated Cs.4 fatty acids, water soluble polymers, and mixtures thereof, provided

that the glyceride contains at least one water soluble polymer.

30. A method according to Claim 29, wherein the glycerides have a structure selected from

5 the group consisting of:
CH,—0—R,
CH—O0—R,
CH,—O0——PEGg (n
CHZ—O_R1

CH—O—PEG;

CHz_O_‘—‘pEGa

CH—0—R,
CH,—O——PEG; (Iv)
CH,—0~—R,

CH—O——PEG;

31. A method according to Claim 29, wherein the antigen and the composition comprising

the adjuvant are administered sequentially.

32. A method of delivering a bioactive agent to a plant, comprising administering to the
?,\_):'»T /ﬁ% plant a bioactive agent and an effective amount of a composition being an aqueous

<

/
n:ﬁ\éo

!
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solution and comprising 0.01-70% v/v of water-soluble glycerides as adjuvant selected
from the group consisting of substituted monoglycerides, substituted diglycerides, and

mixtures of substituted monoglycerides and substituted diglycerides, said glycerides

having the formula (I):
CH,—O—R,
CH—O0—R,
5 CH,—O0—R;y )
wherein R;, R; and R; are selected from the group consisting of saturated or
unsaturated Cg.p4 fatty acids, water soluble polymers, and mixtures thereof, provided
that the glyceride contains at least one water soluble polymer.
it 33. A method according to Claim 32, wherein the glycerides have a structure selected from
e 10 the group consisting of:
oD R
v Rﬁ
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CHZ_O_‘—'R1
CH—O0—R,
CH,—O——PEG; ay
CHZ—'O_R1

CH—O——PEGg

CH,—0—R, (1)
DX CH;—0——PEG;
CH—O—R,
CH;—0——FPEG, 1\%)
CHZ_O_R1

CH—O——FPEG,

PPN CH,—O0——FPEG; ™)
':5::: 34. A method according to Claim 32, wherein the bioactive agent is selected from the
Toees” group consisting of antigens and vaccines.

35. A composition according to Claim 1, substantially as hereinbefore described with

5 reference to the Examples.

36. Use according to Claim 22, substantially as hereinbefore described with reference to

the Examples.

37. A method of eliciting an immune response to an antigen in a mammal according to

SSRGS Claim 27 or Claim 29, substantially as hereinbefore described with reference to the
¥ 10 /7_ Examples.
- ,.

.
%7 ov?‘("u/

i
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38. A method of delivering an antigen to a mucosal surface of a mammal, substantially as
hereinbefore described with reference to the Examples.

39. A method of delivering a bioactive agent to a plant, according to Claim 32,

substantially as hereinbefore described with reference to the Examples.

DATED this 7th day of February, 2002

Lyfjathroun HF, The Icelandic Bio Pharmaceutical Group

10 By DAVIES COLLISON CAVE

Patent Attorneys for the Applicants
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