
IMMUNOGENIC SUBSTANCES COMPRISING A POLYINOSINIC ACID
- POLYCYTIDILIC ACID BASED ADJUVANT FIELD OF INVENTION
The invention generally relates to immunogenic
compositions and methods of their use. More
specifically the invention relates to an immunogenic
composition comprising a polynucleotide adjuvant in
combination with one or more antigenic substances to
be used to elicit disease specific immune response in
a host. BACKGROUND OF INVENTION The immune system may
exhibit both specific and nonspecific immunity.
Nonspecific immunity encompasses various cells and
mechanisms such as phagocytosis (the engulfing of
foreign particles or antigens) by macrophages or
granulocytes, and natural killer (NK) cell activity,
among others. Nonspecific immunity relies on
mechanisms less evolutionarily advanced and does not
display the acquired nature of specificity and memory,
which are exemplary hallmarks of a specific immune
response. The key differences between specific and
nonspecific immunity are based upon B and T cell
specificity. These cells predominantly acquire their
responsiveness after activation with a specific
antigen and have mechanisms to display memory in the
event of future exposure to that specific antigen. As
a result, vaccination (involving specificity and
memory) is an effective protocol to protect against
harmful pathogens. Generally, B and T lymphocytes,
which display specific receptors on their cell surface
for a given antigen, produce specific immunity. The
specific immune system may respond to different
antigens in two ways: 1) humoral-mediated immunity,
which includes B cell stimulation and production of
antibodies or immunoglobulins, antigen and helper T
cells (predominantly Th2), and 2) cell-mediated
immunity, which generally involves T cells including
cytotoxic T lymphocytes (CTLs), although othercells
are also involved in the generation of a CTL response
(e.g., antigen presenting cells and ThI cells). In the
continual pursuit for safer and more effective
vaccines, new technologies, including recombinant,
purification and synthetic methods, have been used to
improve the quality and specificity of antigens used.
Purified, sub-unit and synthesized antigens
demonstrate increased safety but diminished
immunogenicity which has been one driver for the
identification of effective adjuvant. Thus an
effective adjuvant is increasingly an essential
component of modern vaccines. Adjuvants are generally
compounds, that when administered with an antigen
(either in conjunction with, or given prior to the
administration of the antigen) enhances and/or
modifies the immune response to that particular
antigen. Exemplary adjuvants that have been used to
enhance an immune response include aluminum compounds
(all generally referred to as "Alum"), oil-in-water
emulsions (complete Freund's adjuvant (CFA) is an
oil-in-water emulsion containing dried, heatkilled
Mycobacterium tuberculosis organisms), Saponin
(isolated from the bark of Quillaja Saponoria, the
adjuvant active component known as Quile A), CpG ODN
(synthetic oligodeoxynucleotide containing
unmethylated CpG dinucleotides), monophosphoryl lipid
A (MPL) derived from the lipopolysaccharide of
Salmonella minnesota Re595, Liposomes (usually made up
of biodegradable materials such as phospholipids) and
biodegradable polymer microspheres (made from a
variety of polymers such as, polyphosphazene and
polyanhydrides). The adjuvant properties of these
compounds have been evaluated with each adjuvant
showing advantages and disadvantages. Polynucleotide
complexes have been investigated for their various
applications including acting as adjuvants.
Double-stranded RNAs (dsRNAs) are very potent biologic
modifiers that can exert a profound influence on cells
at nanomolar concentrations. The modulating effects of
dsRNA include a broad spectrum of actions at the
molecular and cellular levels.At the molecular level,
dsRNAs can elicit biological effects such as
interferon synthesis, induction of protein kinase,
enhancement of histocompatibility antigen and
inhibition of metabolism. And at the cellular level,
dsRNA can elicit biological effects such as
pyrogenicity, mitogenicity, macrophage activation,
activation of humoral immunity, activation of
cell-mediated immunity and induction of antiviral
state. Immunomodulating effects of dsRNAs has been
disclosed. U.S. Patent 4,124,702 disclosed that double
stranded polynucleotides induced interferon induction
in living animal cells. U.S. Patent 3,906,092
disclosed that the antibody response to an adjuvant
type vaccine was augmented by incorporation in the
vaccine of a polynucleotide or a complex of
polynucleotides. Houston et al. established PICLC
(polyinosinic acid polycytidylic acid
poly-L-lysinecarboxy-methylcellulose complex) as a
potent adjuvant by increasing primary antibody
response without the aid of an additional adjuvant..
Polyinosinic acid-polycytidylic acid (PIC), one of
most studied polynucleotide complexes, was not
effective when used in monkeys and humans due to its
instability in the body after administration. Thus,
PIC has been modified in many ways to overcome one or
another deficiency. For example, a complex of
polyriboinosinic - polyribocytidylic acid with
poly-L-lysine hydrobromide is about 5 to15 times as
resistant to hydrolysis by pancreatic ribonuclease as
the parent PIC. Lin et al. described that an antiviral
drug comprising polyinosinic polycytidylic acid,
kanamycin and calcium can be used as an adjuvant (Lin,
et al., A new immunostimulatory complex (PICKCa) in
experimental rabies: antiviral and adjuvant effects,
Arch Virol, 131: 307-19, 1993; and Chinese Patent No.
93105862.7). The Chinese Patent No. 93105862.7
provides for the use of the general composition of
Poly I :C, kanamycin and calcium (PICKCa) as an
adjuvant in a vaccine for human and mammalian
application. However, Lin found that that the form of
PICKCa originallyidentified does not provide the
optimal efficacy/safety profile for use as an adjuvant
and also induces unacceptable adverse side effects
under certain conditions. The present invention
provides novel immunogenic compositions that exhibit
improved safety and efficacy profiles; and methods of
use of such compositions. Subject immunogenic
compositions include a polynucleotide adjuvant and an
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Edition ISBN 92 4 1544 1 SUMMARYOF THE INVENTION In
general, the present invention relates to novel
immunogenic compositions comprising a polynucleotide
adjuvant composition together with an immunogenic or
antigenic substance, and methods of use in eliciting
an immune response. Accordingly, there is provided an
immunogenic composition comprising: (a) a
polynucleotide adjuvant comprising: a
polyriboinosinic-polyribocytidylic acid (PIC), atleast
one an antibiotic, and at least one positive ion; and
(b) at least oneantigen; wherein the composition is
formulated for sustained release administration. The
immunogenic composition according to the invention may
comprise a polynucleotide adjuvant composition
molecules heterogeneous for molecular weight, wherein
the molecular weight is at least 66,000 Daltons. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 - ELISPOT
detection of murine splenocytes producing interferon-
g after immunization with vaccines comprising PIKA
and/or HBsAg adw Figure 2 - ELISPOT detection of
murine splenocytes producing IL-2 after immunization
with vaccines comprising PIKA and/or HBsAg adw Figure
3 - ELISPOT detection of IL-4 produced by murine
splenocytes after immunization with vaccines
comprising PIKA and/or HBsAg adw Figure 4 - ELISA
detection of specific IgG titers from murine serum
(diluted 40Ox) after immunization with vaccines
comprising PIKA and/or HBsAg adw Figure 5 - ELISPOT
detection of murine splenocytes producing
interferon-gamma (g) after immunization with vaccines
comprising PIKA and/or inactivated split influenza
antigen Figure 6 - ELISPOT detection of murine
splenocytes producing IL-2 after immunization with
vaccines comprising PIKA and/or inactivated split
influenza antigen Figure 7 - ELISPOT detection of
murine splenocytes producing IL-4 after immunization
with vaccines comprising PIKA and/or inactivated split
influenza antigen Figure 8 - ELISA detection of
specific IgG titers from murine serum (diluted 90Ox)
after immunization with vaccines comprising PIKA
and/or inactivated split influenza antigen Figure 9
-ELISPOT detection of murine splenocytes producing
interferon- g after immunization with vaccines
comprising PIKA and/or HIV gpl20 antigen Figure 10 -
ELISPOT detection of murine splenocytes producing IL-2
after immunization with vaccines comprising PIKA
and/or HIV gpl20 antigenFigure 11 - ELISPOT detection
of murine splenocytes producing IL-4 after
immunization with vaccines comprising PIKA and/or HIV
gpl20 antigen Figure 12 - FACS analysis of murine
splenocytes after immunization with vaccines
comprising PIKA and/or HIV gp 120 antigen, percentage
of CD4+ve cells expressing interferon- g Figure 13 -
ELISPOT detection of murine splenocytes producing
interferon- g after immunization with vaccines
comprising PIKA and/or anthrax rPA antigen Figure 14 -
ELISPOT detection of murine splenocytes producing IL-2
after immunization with vaccines comprising PIKA
and/or anthrax rPA antigen Figure 15 - ELISPOT
detection of murine splenocytes producing IL-4 after
immunization with vaccines comprising PIKA and/or
anthrax rPA antigen Figure 16 - FACS analysis of
murine splenocytes after immunization with vaccines
comprising PIKA and/or anthrax rPA antigen, percentage
of CD4+ve cells expressing interferon- g Figure 17 -
ELISA detection of specific IgG titers from murine
serum (diluted 40Ox) after immunization with vaccines
comprising PIKA and/or anthrax rPA antigen Figure 18
-ELISA detection of specific IgG titers from murine
serum 16 weeks after immunization with vaccines
comprising PIKA and/or anthrax rPA antigen Figure 19 -
ELISPOT detection of murine splenocytes producing
interferon- g after immunization with vaccines
comprising PIKA and/or HSV 2gD antigen Figure 20 -
ELISPOT detection of murine splenocytes producing IL-2
after immunization with vaccines comprising PIKA
and/or HSV 2gD antigen Figure 21 - ELISPOT detection
of murine splenocytes producing IL-4 after
immunization with vaccines comprising PIKA and/or HSV
2gD antigen Figure 22 - FACS analysis of murine
splenocytes after immunization with vaccines
comprising PHCA and/or HSV 2gD antigen, percentage of
CD4+ve cells expressing interferon- g Figure 23 -
ELISA detection of specific IgG titers from murine
serum (diluted 2,70Ox) after immunization with
vaccines comprising PIKA and/or HSV 2 gD antigen
Figure 24 - ELISPOT detection of murine splenocytes
producing interferon- g after immunization with
vaccines comprising PIKA and/or inactivated H5N1
antigenFigure 25 - ELISPOT detection of murine
splenocytes producing IL-2 after immunization with
vaccines comprising PIKA and/or inactivated H5N1
antigen Figure 26 - ELISPOT detection of murine
splenocytes producing IL-4 after immunization with
vaccines comprising PIBCA and/or inactivated H5N1
antigen Figure 27 - FACS analysis of murine
splenocytes after immunization with vaccines
comprising PIKA and/or inactivated H5N1 antigen,
percentage of CD4+ve cells expressing interferon- g
Figure 28 -ELISA detection of specific IgG titers from
murine serum (diluted 90Ox) after immunization with
vaccines comprising PIKA and/or inactivated H5N1
antigen Figure 29 - ELISA detection of specific IgG
titers from murine serum (diluted 16,000) after
immunization with vaccines comprising PIKA and/or
whole inactivated SARS antigen Figure 30 - ELISA
detection of specific antibody H5 titers from chicken
serum after immunization with vaccines comprising PIKA
and/or inactivated H5N1 antigen Figure 31 - ELISA
detection of specific H9 antibody titers from chicken
serum after immunization with vaccines comprising PIKA
and/or inactivated H5N1 antigen Figure 32 - Survival
rate of mice exposed to wild rabies virus and
subsequent treatment with rabies vaccine Figure 33 -
ELISA detection of specific antibody titers from
murine serum after immunization with vaccines
comprising PIKA and/or HBsAg adw Figure 34 - ELISA
detection of specific antibody titers from murine
serum after immunization with vaccines comprising PIKA
and/or inactivated split influenza antigen Figure 35 -
ELISA detection of specific IgGl titers from murine
serum after immunization with vaccines comprising PIKA
and/or HBsAg Figure 36 - ELISA detection of specific
IgG2a titers from murine serum after immunization with
vaccines comprising PIKA and/or HBsAg Figure 37 -
ELISPOT detection of murine splenocytes producing
interferon- g after immunization with vaccines
comprising PIKA and/or HBsAg Figure 38 - ELISPOT
detection of murine splenocytes (post restimulation 6
days with 2ug/ml IPQ peptide) producing interferon- g
after immunization with vaccines comprising PIKA
and/or HBsAgTable 1 provides a table of exemplary
viral pathogens which can serve as a source of antigen
and diseases associated with these organisms. Table 2
provides a table of exemplary bacterial pathogens
which can serve as a source of antigen and diseases
associated with these organisms. Table 3 provides a
table of exemplary fungal pathogens which can serve as
a source of antigen and diseases associated with these
organisms. Table 4 provides a table of exemplary
parasites which can serve as a source of antigen 



and diseases associated with these organisms. Table 5
provides a table of exemplary cancers (e.g., by tissue
type) which serve as a source of antigen. DETAILED
DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE INVENTION
The present invention may be understood more readily
by reference to the following detailed description of
certain embodiments of the invention and the Examples
included herein. Throughout this application, where
publications are referenced, the disclosures of these
publications are hereby incorporated by reference, in
their entireties, into this application in order to
describe more fully the state of art to which this
invention pertains. Before the present invention is
further described, it is to be understood that this
invention is not limited to particular embodiments
described, as such may, of course, vary. It is also to
be understood that the terminology used herein is for
the purpose of describing particular embodiments only,
and is not intended to be limiting, since the scope of
the present invention will be limited only by the
appended claims. Unless defined otherwise, all
technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary
skilled in the art to which this invention belongs.
Although any methods and materials similar or
equivalent to thosedescribed herein can also be used
in the practice or testing of the present invention,
the preferred methods and materials are now described.
All publications mentioned herein are incorporated
herein by reference to disclose and describe the
methods and/or materials in connection with which the
publications are cited. It must be noted that as used
herein and in the appended claims, the singular forms
"a," "and," and "the" include plural referents unless
the context clearly dictates otherwise. Thus, for
example, reference to "an immunogenic composition"
includes a plurality of such compositions and
reference to "the antigen" includes reference to one
or more antigens and equivalents thereof known to
those skilled in the art, and so forth. It is further
noted that the claims may be drafted to exclude any
optional element. As such, this statement is intended
to serve as antecedent basis for use of such exclusive
terminology as "solely," "only" and the like in
connection with the recitation of claim elements, or
use of a "negative" limitation. DEFINITIONS OF TERMS
Prior to setting forth details of the present
invention it may be useful to an understanding thereof
to set forth definitions of several terms that are
used herein. The term "adjuvant," as used herein,
refers to any substance or mixture of substances that
increases or diversifies the immune response of a host
to an antigenic compound. Specifically: 1. The term
"PICKCa" generally refers to a composition of poly
I:C, kanamycin and calcium irrespective of particular
physical and immunogenic properties. 2. "Av-PICKCa"
refers to a form of PICKCa used commercially as an
antiviral drug.3. "PIKA" refers to a composition of
the invention comprising poly LC, an antibiotic (e.g.,
kanamycin), and a positive ion (e.g., calcium), where
the PIKA is characterized by physical characteristics
(e.g., molecular weight, size, and the like) such that
upon administration, PIKA exhibits characteristics of
an adjuvant with reduced adverse side effects (e.g.,
reduced toxicity) relative to, for example, PICKCa and
greater potency (e.g., stimulates an enhanced immune
response) relative to, for example, Av-PICKCa. The
term "Poly I:C" or "PIC" refers to a composition
comprising polyriboinosmic and polyribocytidylic
nucleic acids, which may also be referred to as
polyinosinic acidpolycytidylic acid, respectively.
"PIC-containing molecule" or "PIC-containing compound"
refers to, without limitation, PIC, which may be
optionally complexed or otherwise combined with at
least one or both of an antibiotic (e.g., kanamycin)
and a positive ion (e.g., calcium) present in a
composition comprising the PIC-containing molecule. In
one embodiment, the PICcontaining molecule does not
include poly-L-lysine or a derivative thereof in the
complex. "Heterogeneous" as used herein in the context
of the adjuvant compositions of the invention
indicates that components of the composition, e.g.,
the PIC-containing molecules, are not uniform with
respect to a physical characteristic of molecular
weight, size, or both. Where a composition is
described as heterogenous for a given physical
characteristic, and is further described by a range of
values for that physical characteristic, the
composition is said to be composed substantially of
molecules characterized by molecules having a physical
characteristic that is distributed within and across
the recited range. While the composition may not
contain a molecule representative of every physical
characteristic value within the upper and lower limits
of a recited range, the composition will generally
include at least one molecule having the physical
characteristic of the upper value and of the lower
value. The composition in certain embodiments may
include molecules outside the stated range of
physicalcharacteristics used to describe the
composition. The molecules that are present in the
composition outside the prescribed range do not
materially affect the basic and novel characteristics
of the composition. The term "individual," used
interchangeably herein with "host," "subject," and
"animal," includes humans and all domestic, e.g.
livestock and pets, and wild mammals and fowl,
including, without limitation, cattle, horses, cows,
swine, sheep, goats, dogs, cats, rabbits, deer, mink,
chickens, ducks, geese, turkeys, game hens, and the
like. The term "antibody" includes polyclonal and
monoclonal antibodies, as well as antigenic compound
binding fragments of such antibodies including Fab,
F(ab')2, Fd, Fv fragments, and single chain
derivatives of the same. In addition, the term
"antibody" includes naturally occurring antibodies as
well as non-naturally occurring antibodies, including,
for example, chimeric, bifunctional and humanized
antibodies, and related synthetic isoforms. The term
"antibody" is used interchangeably with
"immunoglobulin." As used herein, the term "antigenic
compound" refers to any substance that can be
recognized by the immune system (e.g., bound by an
antibody or processed so as to elicit a cellular
immune response) under appropriate conditions. An
"antigen" as used herein includes but is not limited
to cells; cell extracts; proteins; lipoproteins;
glycoproteins; nucleoproteins; polypeptides; peptides;
polysaccharides; polysaccharide conjugates; peptide
mimics of polysaccharides; lipids; glycolipids;
carbohydrates; viruses; viral extracts; bacteria;
bacterial extracts; fungi; fungal extracts;
multicellular organisms such as parasites; and
allergens. Antigens may be exogenous (e.g., from a
source other than the individual to whom the antigen
is administered, e.g., from a different species) or
endogenous (e.g., originating from within the host,
e.g., a diseased element of body, a cancer antigen, a
virus infected cell producing antigen, and the like).
Antigens may be native (e.g., naturally-occurring);
synthetic; or recombinant. Antigens include crude
extracts; whole cells; and purified antigens, where
"purified"indicates that the antigen is in a form that
is enriched relative to the environment in which the
antigen normally occurs and/or relative to the crude
extract, for example, a cultured form of the antigen.
An "immunogenic composition" as used here in refers to
a combination of two or more substances (e.g., an
antigen and an adjuvant) that together elicit an
immune response when administered to a host. The term
"polypeptide," "peptide," "oligopeptide," and
"protein," are used interchangeably herein, and refer
to a polymeric form of amino acids of any length,
which can include coded and non-coded amino acids,
chemically or biochemically modified or derivatized
amino acids, and polypeptides having modified peptide
backbones. An "effective amount of an antigenic
compound" refers to an amount of antigenic compound
which, in optional combination with an adjuvant, will
cause the subject to produce a specific immunological
response to the antigenic compound. The term "immune
response" refers to any response to an antigenic or
immunogenic compound by the immune system of a
vertebrate subject. Exemplary immune responses
include, but are not limited to local and systemic
cellular as well as humoral immunity, such as
cytotoxic T lymphocytes (CTL) responses, including
antigen-specific induction of CD8 CTLs, helper T-cell
responses including T-cell proliferative responses and
cytokine release, and B-cell responses including
antibody response. The term "eliciting an immune
response" is used herein generally to encompass
induction and/or potentiation of an immune response.
The term "inducing an immune response" refers to an
immune response that is stimulated, initiated, or
induced.The term "potentiating an immune response"
refers to a pre-existing immune response that is
improved, furthered, supplemented, amplified,
enhanced, increased or prolonged. The expression
"enhanced immune response" or similar means that the
immune response is elevated, improved or enhanced to
the benefit of the host relative to the prior immune
response status, for example, before the
administration of an immunogenic composition of the
invention. The terms "humoral immunity" and "humoral
immune response" refer to the form of immunity in
which antibody molecules are produced in response to
antigenic stimulation. The terms "cell-mediated
immunity" and "cell-mediated immune response" are
meant to refer to the immunological defense provided
by lymphocytes, such as that defense provided by T
cell lymphocytes when they come into close proximity
to their victim cells. A cell-mediated immune response
normally includes lymphocyte proliferation. When
"lymphocyte proliferation" is measured, the ability of
lymphocytes to proliferate in response to a specific
antigen is measured. Lymphocyte proliferation is meant
to refer to B cell, T-helper cell or cytotoxic
T-lymphocyte (CTL) cell proliferation. The term
"immunogenic amount" refers to an amount of antigenic
compound sufficient to stimulate an immune response,
when administered with a subject immunogenic
composition, as compared with the immune response
elicited by the antigen in the absence of the
polynucleotide adjuvant. The term "immunopotentiating
amount" refers to the amount of the adjuvant needed to
effect an increase in antibody titer and/or
cell-mediated immunity when administered with an
antigenic compound in a composition of the invention,
as compared with the increase in antibody and/or cell
mediated immunity level observed in the absence of the
polynucleotide adjuvant.The terms "treatment",
"treating", "treat" and the like are used herein to
generally refer to obtaining a desired pharmacologic
and/or physiologic effect. The effect may be
prophylactic in terms of completely or partially
preventing a disease or symptom thereof and/or may be
therapeutic in terms of a partial or complete
stabilization or cure for a disease and/or adverse
effect attributable to the disease. "Treatment" as
used herein covers any treatment of a disease in a
subject, particularly a mammalian subject, more
particularly a human, and includes: (a) preventing the
disease or symptom from occurring in a subject which
may be predisposed to the disease or symptom but has
not yet been diagnosed as having it; (b) inhibiting
the disease symptom, e.g., arresting its development;
or relieving the disease symptom, i.e., causing
regression of the disease or symptom (c) reduction of
a level of a product produced by the infectious agent
of a disease (e.g., a toxin, an antigen, and the
like); and (d) reducing an undesired physiological
response to the infectious agent of a disease (e.g.,
fever, tissue edema, and the like). As used herein,
the term "mixing" includes any method to combine the
components of the composition; such methods include,
but are not limited to, blending, dispensing,
dissolving, emulsifying, coagulating, suspending, or
otherwise physically combining the components of the
composition. A "pharmaceutically acceptable salt" of a
compound means a salt that is pharmaceutically
acceptable and that possesses the desired
pharmacological activity of the parent compound. Such
salts include: (1) acid addition salts, formed with
inorganic acids such as hydrochloric acid, hydrobromic
acid, sulfuric acid, nitric acid, phosphoric acid, and
the like; or formed with organic acids such as acetic
acid, propionic acid, hexanoic acid,
cyclopentanepropionic acid, glycolic acid, pyruvic
acid, lactic acid, malonic acid, succinic acid, malic
acid, maleic acid, fumaric acid, tartaric acid, citric
acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid,
cinnamic acid, niandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-
hydroxyethanesulfonic acid, benzenesulfonic acid,
4-chlorobenzenesulfonic acid, 2- naphthalenesulfonic
acid, 4-toluenesulfonic acid, camphorsulfonic acid,
glucoheptonicacid,
4,4'-methylenebis-(3-hydroxy-2-ene-l-carboxylic acid),
3-phenylpropionic acid, trimethylacetic acid, tertiary
butylacetic acid, lauryl sulfuric acid, gluconic acid,
glutamic acid, hydroxynaphthoic acid, salicylic acid,
stearic acid, muconic acid, and the like; or (2) salts
formed when an acidic proton present in the parent
compound either is replaced by a metal ion, e.g., an
alkali metal ion, an alkaline earth ion, or an
aluminum ion; or coordinates with an organic base such
as ethanolamine, diethanolamine, triethanolamine,
tromethamine, N-methylglucamine, and the like. The
term "unit dosage form" as used herein refers to
physically discrete units suitable as unitary dosages
for human and animal subjects, each unit containing a
predetermined quantity of compounds of the present
invention calculated in an amount sufficient to
produce the desired effect in association with a
pharmaceutically/physiologically acceptable diluent,
carrier or vehicle. EXEMPLARY EMBODIMENTS OF THE
INVENTION The present invention is directed to
immunogenic compositions and methods useful for the
induction and/or enhancement of an immune response,
which may be humoral and/or cell-mediated, in a human,
a non-human animal, or cell culture. In general, a
subject immunogenic composition comprises an antigen
(an "antigenic composition") and an adjuvant. The
presence of the adjuvant enhances or modifies the
immune response to the antigen. The adjuvant may alter
the quality of the immune response by affecting the
subclasses (isotypes) of immunoglobulins, chemokines,
and/or cytokines produced. As a result the innate
immunity, humoral and/or cell-mediated immune
responses are more effective with the presence of the
adjuvant. A particular advantage is the effectiveness
of the PIKA adjuvant in combination with an antigenic
substance in inducing a specific humoral immune
response thereby enhancing protective immunity.A
further important advantage is that the PIKA adjuvant
in combination with an antigen can induce a specific
cell mediated immune response that is essential for a
therapeutic vaccine for limiting and treating
intracellular viral, bacterial and parasite infections
as well as for chronic diseases therapies such as the
treatment of cancers or auto-immune disease.
Accordingly, included in the invention are
compositions having the unique product attributes that
make them most suitable for use as vaccines to be
administered to animals and/or humans that address the
need for a safe adjuvant, which elicits a beneficial
immune response. Accordingly, the present invention
provides an adjuvant and immunogenic compositions that
can be used safely in humans and animals. Accordingly,
there is provided an immunogenic composition
comprising: (a) a polynucleotide adjuvant comprising:
a polyriboinosinic-polyribocytidylic acid (PIC), at
least one an antibiotic, and at least one positive
ion; and (b) at least oneantigen; wherein the
composition is formulated for sustained release
administration. The immunogenic composition according
to the invention may comprise a polynucleotide
adjuvant composition molecules heterogeneous for
molecular weight, wherein the molecular weight is at
least 66,000 Daltons. The value of 66,000 Daltons
corresponds to the size of about 6.4 Svedbergs.
Accordingly, a molecular weight range of 66,000 to
1,200,000 Daltons corresponds to the size from about
6.4 to 24.0 Svedbergs. In some embodiments, a PIKA
adjuvant composition comprising a polynucleotide, an
antibiotic and a positive ion, wherein the
polynucleotide may be
polyriboinosinicpolyribocytidylic acid (PIC); the
antibiotic may be kanamycin, and the ion may be
calcium.In one aspect of particular interest, the
invention provides for an immunogenic composition for
enhancing the antigenicity of an antigenic compound
comprising the polynucleotide adjuvant composition
that is capable of eliciting an antigen specific cell
mediated immune response. In one aspect of particular
interest, the invention provides for an immunogenic
composition for enhancing the antigenicity of an
antigenic compound comprising the 



polynucleotide adjuvant composition that is capable of
eliciting an antigen specific humoral immune response.
In one aspect of particular interest, the invention
provides for an immunogenic composition for enhancing
the antigenicity of an antigenic compound comprising
the polynucleotide adjuvant composition that is
capable of eliciting a combined specific cell mediated
and humoral immune response. In one aspect of
particular interest, the invention provides for an
adjuvant composition or immunogenic composition
comprising an adjuvant composition wherein the
adjuvant composition or the immunogenic composition is
freeze-dried. In one aspect of particular interest,
the invention provides for the use of a polynucleotide
adjuvant composition for the preparation of a
medicament for enhancing the immunogenic response of a
host. Polynucleotide Adjuvant A subject immunogenic
composition comprises a PIC-containing polynucleotide
adjuvant, e.g., a PIKA composition, is generally
composed of polyinosinic acid, polycytidylic acid, an
antibiotic (e.g., kanamycin), and a divalent cation
(e.g., calcium).It will be understood that reference
to PIKA herein is exemplary of such PICcontaining
adjuvants.PIC-containing adjuvants of interest can be
manufactured using methods available in the art. The
PIC-containing adjuvant composition can be
manufactured through any appropriate process. For
example the polynucleotide adjuvant composition can be
manufactured by mixing of polyinosinic acid,
polycytidylic acid, an antibiotic and the source of a
positive ion in a sodium chloride/phosphate buffer
solution that has a pH between pH6 and pH8. The
polyinosinic acid and polycytidylic acid are generally
provided at a concentration of 0.1 to 10 mg/ml,
usually 0.5 to 5 mg/ml and more usually 0.5 to 2.5
mg/ml. The hyperchromicity value should be greater
than 10%, greater than 15%, greater than 20%, or
greater than 50%. The preparation of the PIC and the
combination with the antibiotic (e.g., kanamycin) and
the positive ion (e.g., calcium) is generally
conducted under quality standards consistent with
international Good Manufacturing Process. In certain
embodiments of the present invention, the antibiotic
component of the adjuvant is kanamycin. Where the
antibiotic is kanamycin, in some embodiments, the
kanamycin in the polynucleotide adjuvant composition
is used together with or substituted by one or more
antibiotics selected from the group including
tobramycin, anthracyclines, butirosin sulfate,
gentamicins, hygromycin, amikacin, dibekacin,
nebramycin, metrzamide, neomycin, puromycin,
streptomycin and streptozocin. The antibiotic (e.g.,
Kanamycin or the like) in the polynucleotide adjuvant
composition of the invention is generally provided at
a concentration of from about 10 units/ml to 100,000
units/ml, from about 100 units/ml to 10,000 units/ml,
or from about 500 units/ml to 5,000 units/ml. In
certain embodiments of the present invention, the
polynucleotide adjuvant composition further comprises
a positive ion (cation), usually a divalent cation,
normally a cation of an alkali metal. The positive ion
is generally provided in the composition of the
invention as a source of positive ions such as a salt
or complex, e.g., an organic or inorganic salt or
complex, usually an inorganic salt or organic complex.
Exemplary positive ions include, but are not
necessarily limited to, calcium, cadmium,lithium,
magnesium, cerium, cesium, chromium, cobalt,
deuterium, gallium, iodine, iron, or zinc. The
positive ion can be provided in the form of any
suitable salt or organic complex, including, but not
necessarily limited to chloride, fluoride, hydroxide,
phosphate, or sulfate salts. For example, where the
positive ion is calcium, the ion can be in the form of
calcium carbonate, calcium chloride, calcium fluoride,
calcium hydroxide, calcium phosphates, or calcium
sulfate. The positive ion (e.g. calcium) can be
provided in the composition of the invention at a
concentration in the range of from about 10 umol to10
mmol/ml, usually from about 50 umol to 5 mmol/ml, and
more usually from about 100 umol to 1 mmol/ml. The
term "umol" is used throughout to refer to micromole.
Where the positive ion in the adjuvant composition of
the invention is calcium, it can be in combination
with or substituted by other positive ions, including
cadmium, lithium, magnesium, cerium, cesium, chromium,
cobalt, deuterium, gallium, iodine, iron, and zinc,
wherein the ions can be in the form of inorganic salts
or organic complexes. The resulting composition is a
PIC-containing adjuvant that further contains an
antibiotic and a positive ion. hi a particular
embodiment, where the antibiotic is kanamycin and the
ion is calcium the product may be described as PICKCa.
hi a related embodiment the PICKCa composition may
contain molecules without restriction of different
physical characteristics. PIKA adjuvant composition In
a particular exemplary embodiments, the PIC-containing
adjuvant is PIKA. PIKA may be produced in a variety of
ways, with production from PICKCa being of particular
interest. PIKA can be produced from PICKCa through
additional manufacturing processes that involve the
isolation and/or concentration of molecules of a
definedmolecular size and/or weight. The separation
and concentration of polynucleotide molecules of
particular characteristics using filtration,
chromatography, thermal treatment, centrifugal
separation, electrophoresis, and similar methods that
are standard processes and are known to those skilled
in the art. In embodiments of particular interest, the
invention features an adjuvant generally referred to
as PIKA comprising a
polyriboinosinic-polyribocytidylic acid (PIC), an
antibiotic (e.g., kanamycin), and a positively charged
ion (e.g., a calcium ion), wherein the composition
contains molecules of the adjuvant heterogeneous for
molecular weight having a molecular weight of from
about 66,000 to 1,200,000 Daltons. That is, the
adjuvant composition comprises molecules with a weight
distribution in the range of from about 66,000 to
1,200,000 Daltons. In related embodiments, the PIKA
polynucleotide adjuvant composition molecules in the
composition are heterogeneous, that is the weight of
the adjuvant molecules are distributed within a range
of molecular weight, where the molecular weight is
from about 300,000 to 1,200,000 Daltons, or from about
66,000 to 660,000 Daltons, or from about 300,000 to
660,000 Daltons, or from about 300,000 to 2,000,000
Daltons, or from about 66,000 Daltons to about 100,000
Daltons, 100,000 to 200,000 Daltons, from about
300,000 Daltons to about 4,000,000 Daltons, or from
about 500,000 Daltons to 1,000,000 Daltons, or from
about 1,000,000 Daltons to 1,500,000 Daltons, or from
about 1,500,000 Daltons to 2,000,000 Daltons, or from
about 2,000,000 Daltons to 2,500,000 Daltons, or from
about 2,500,000 Daltons to 3,000,000 Daltons, or from
about 3,000,000 Daltons to 3,500,000 Daltons, or from
about 3,500,000 Daltons to 4,000,000 Daltons, or from
about 4,000,000 Daltons to 4,500,000 Daltons, or from
about 4,500,000 Daltons to 5,000,000 Daltons. In
related embodiments, the PIKA polynucleotide adjuvant
composition molecules in the composition have an
average molecular weight equal or equal to or greater
than 66,000 Daltons, greater than 150,000 Daltons, or
equal to or greater than 250,000Daltons, or equal to
or greater than 350,000 Daltons, or equal to or
greater than 500,000 Daltons, or equal to or greater
than 650,000 Daltons, or equal to or greater than
750,000 Daltons, or equal to or greater than 1,000,000
Daltons, or equal to or greater than 1,200,000
Daltons, or equal to or greater than 1,500,000
Daltons, or equal to or greater than 2,000,000
Daltons. In embodiments of particular interest, the
invention features an adjuvant generally referred to
as PIKA comprising a
polyriboinosinic-polyribocytidylic acid (PIC), an
antibiotic, and a positive ion wherein the composition
contains molecules of the adjuvant heterogeneous, that
is the size of the adjuvant molecules are distributed
within a range of molecular size, for molecular size
having a sediment co-efficient Svedbergs (S) of from
about 6.43S to 24.03S. In related embodiments, the
PIKA polynucleotide adjuvant composition molecules in
the composition are heterogeneous, that is the size of
the adjuvant molecules are distributed within a range
of molecular size, where the molecular size is from
about 12.8S to 24.03S, or from about 3S to 12S or from
about 6.43 to 18.3 IS, or from about 12.8 to 18.31S9
or from about 12.8S to 30.31S, or from about 12.8S to
41.54S, or from about 13.5S, to 18.31S, or from about
13.5S to 24.03S, or from about 16.14 to 22.12S, or
from about 22.12S to 26.6S, or from about 26.6S to
30.3 IS, or from about 30.31S to 33.55S, or from about
33.55S to 36.45S, or from about 36.45S to 39.1S, or
from about 39.1S to 41.54S, or from about 41.54S to
43.83S, or from about 43.83S to 45.95S. In further
related embodiments, the PIKA polynucleotide adjuvant
composition has an average sedimentation co-efficient
(Svedbergs) greater than 9, or greater than 12, or
greater than 13.5, or greater than 15, or greater than
16, or greater than 17, or greater than 18, or greater
than 19, or greater than 20, or greater than 21, or
greater than 22 or greater than 25, or greater than
30.Immunogenic Properties An immunogenic composition,
including PIKA and an antigen, can generally induce an
antigen-specific immune response in at least two ways:
i) humoral-mediated immunity, which includes B cell
stimulation and production of antibodies or
immunoglobulins (other cells are also involved in the
generation of an antibody response, e.g.
antigenpresenting cells, including macrophages and
helper T cells (ThI and Th2), and ii) cellmediated
immunity, which generally involves T cells including
cytotoxic T lymphocytes, although other cells are also
involved in the generation of a cytotoxic T lymphocyte
response (e.g., ThI and/or Th2 cells and antigen
presenting cells). Furthermore, the polynucleotide
adjuvant composition may alter the quality of the
immune response by affecting the subclasses (isotypes)
of immunoglobulins produced, as well as their
affinities. The degree and nature of the immunogenic
response induced by a subject immunogenic composition
may be thus assessed by measuring the presence of
molecules including cytokines, chemokines and
antibodies produced by cells of the immune system.
Interleukin-4 is mainly produced by activated Th2
cells. The production of Interlukin-4 (IL-4) induces
the activation of B cells and thereby the production
of IgGl and IgE immunoglobulins (antibodies) which may
be measured in the samples of blood serum. IL-4 is
considered as an indictor and typical cytokine of Th2
immune response. Th2 cells tend to promote antibody
response. Interleukin-2 (IL-2) is mainly produced by
activated ThI cell as well as NK and
lymphokine-activated killer ( LAK) cells. IL-2 is
instrumental in the proliferation and maturing of T
cells an essential stage in an effective cell mediated
adaptive immune response.Interferon-g (INF-g), which
may be produced by a variety of cells including
natural killer cells as well as both CD4+ and CD8+ T
cells, plays an essential part in the adaptive immune
response including the activation of macrophages to
become highly microbicidal. Further, INF-g is an
influencing factor in directing the development of
specifically ThI T cells thereby up-regulating a cell
mediated adaptive immune response. The invention
contemplates methods of use of the polynucleotide
adjuvant of the invention with an antigen, for
example, to elicit an antigen specific humoral
response and/or specific cellular (e.g., T cell)
response in a subject. The immune response elicited
may be a response to an antigen in a nave subject, or
may serve to enhance an existing immune response
(e.g., as in a booster). It has been found that
immunogenic compositions according to the invention
comprising PIKA have particularly advantageous
properties as described herein. A variety of different
antigens were tested in vivo for their ability to
induce an immune response with and without the PIKA
adjuvant. The antigens tested include: a recombinant
protein hepatitis B surface antigen type adw, an
inactivated split influenza vaccine (VAXIGRIP from
Sanofi Pasteur), a synthesized HIV peptide antigen, a
recombinant protein herpes simplex virus type 2 gD
antigen, recombinant protective anthrax protein
antigen, inactivated whole virus avian influenza
antigen strain H5N1 and an inactivated whole virus
Severe Acute Respiratory Syndrome (SARS) inactivated
antigen. In each case presence of the PIKA adjuvant
together with the antigen enhanced the expression of
cytokines when compared with the antigen or PIKA
alone. In particular the enhanced expressions of the
cytokines INF-g, IL-2 and IL-4 (see Examples 1.1, 1.2,
1.3, 1.4, 1.5 and 1.6) indicates the stimulation of a
specific adaptive immunity was greater with the
presence of the PIKA adjuvant and more specifically
the enhanced expressions of the cytokines INF-g, IL-2
indicates the predominant ThI cell immunity was
significantly improved with the presence of the PIKA
adjuvant. The activity of acell mediated immune
response is a key feature essential for treating
intracellular viral, bacterial and parasite infection
and particularly important factor for developing a
therapeutic vaccine. Further the composition
containing PIKA stimulated INF-g production by CD4+ T
cells (Examples 1.3, 1.4, 1.5 and 1.6). This feature
validates that PIKA is enhancing the adaptive immune
response of the host. The observed proliferation of
antibodies in the blood serum demonstrates that the
PIKA adjuvant induces a beneficial humoral response.
Increased specific antibody IgG titers were observed
with the addition of PIKA to an immunogenic
composition (see Examples 1.1, 1.2, 1.4, 1.5, 1.6, 2,
3, 5 and 6). The PIKA adjuvant enhances the immune
response in a host when combined with a inactivated
antigen (Examples 1.2, 1.6, 2, 3, 4 and 6), a peptide
antigen (Example 1.3) and a recombinant antigen
(Examples 1.1, 1.4, 1.5, 5 and 7). A particular
feature of the PIKA adjuvant is to provide adequate
protection to both limit and/or eradicate infection in
a host, and/or to reduce the risk of symptoms of a
disease that could result from infection by a
pathogen. VAXIGRIP (Sanofi Pasteur) used as an antigen
in Examples 1.2 and 6 is itself a human influenza
vaccine that elicits a degree of immune activity
considered sufficient to provide protection against an
actual influenza infection. The addition of PIKA to
VAXIGRIP further enhanced the immune response as
demonstrated by the degree of beneficial cytokines
(IL-2, INF-g and IL-4) and specific IgG expressed by
the immune system. In a further demonstration of PIKA'
s protective properties, 24 ten-day old chickens were
inoculated with a composition comprising PIKA and
inactivated avian influenza antigens including strains
H5N1 and H9N2 (Example 3). The chickens were
subsequently challenged with the live H5N1 virus and
observed for a two week period. At the end of the
program the survival rate for the chickens inoculated
with thePIKA/antigen composition was 83% as compared
with only 17% for a control group of 24 chickens that
were exposed to the live virus without prior
inoculation with the PIKA/antigen composition. In a
related experiment to demonstrate the therapeutic
enhancing properties of the PIKA adjuvant, Balb/c mice
were challenged with a strain of wild rabies virus
(Example 4). Post infection the three different groups
of animals were inoculated with a regime of treatments
with different rabies vaccines. The survival rate of
the group of mice inoculated with a combination of an
inactivated purified hamster kidney cell rabies
antigen plus PIKA attained 80%. The survival rate of
the second group of mice administered with a hamster
kidney cell purified rabies antigen with an alum
adjuvant was 15%. Further the third group of mice
administered with the Sanofi-Aventis' "Verorab" - vero
cell inactivated rabies vaccine had a survival rate of
20%. In a further demonstration of the properties of
the PIKA adjuvant, Example 7 demonstrates that the
presence of PIKA in conjunction with HBsAg type adw
enhances the production of specific IgGl (Table 26
Figure 35) and more significantly IgG2a (Table 27
Figure 36) titers in murine serum. The conclusion from
this observation is that PIKA enhances a therapeutic
immune response in particular a ThI biased immune
response. In a related experiment (Example 7) the
presence of PIKA in vaccine formulations comprising
HBsAG type adw was shown to enhance the production of
interferon-g by splenocytes stimulated with a CD8 T
cell peptide epitope. This result demonstrates that
PIKA induces a CD8+ T cell immune response (Table 28
Figure 37). Further, (Example 7) the presence of PIKA
in vaccine formulations comprising HBsAg was shown to
enhance the production of interferon-g by splenocytes
cultured ex-vivo for six days with 2ug/ml of the CD8 T
cell peptide epitope. This result demonstrates that
PIKA induces a central memory T cell
response.Additional Features In a further embodiment,
a subject immunogenic composition is further defined
by the relative presence of the PIKA adjuvant and the
antigen or antigens where the presence is measured in
terms of one or more characteristics of quantity,
concentration, volume, number of molecules or other
recognized metric. 



In related embodiments, a subject immunogenic
composition comprises a polynucleotide adjuvant
composition and an antigen or antigens where the
presence of the adjuvant and the antigen in terms of
weight or number of molecules is in a ratio of less
than 1 to 1,000, of less than 1 to 900, of less than 1
to 800, of less than 1 to 700, of less than 1 to 500,
of less than 1 to 400, of less than 1 to 300, of less
than 1 to 200, of less than 1 to 100, of less than 1
to 50, of less than 1 to 10, of less than 1 to 5, of
less than 1 to 2, of about 1 to 1, of greater than 2
to 1, of greater than 5 to 1, of greater than 10 to 1,
of greater than 50 to 1, of greater than 100 to 1, of
greater than 200 to 1, of greater than 300 to 1, of
greater than 400 to 1, of greater than 500 to 1, of
greater than 600 to 1, of greater than 700 to 1, of
greater than 800 to 1, of greater than 900 to 1, of
greater than 1,000 to 1 In a further related
embodiment a subject immunogenic composition is
defined in terms of dose; that is the quantity of
vaccine that is to be administered to induce the
optimal beneficial immune response or alternatively
the range of dose that may be administered from the
minimum required to elicit an immune response to the
maximum dose beyond which the incremental beneficial
response is not medically justified in the context of
the potential inducement of adverse side effects. hi
certain embodiments of particular interest the
immunogenic composition comprises the polynucleotide
adjuvant composition and antigen where the presence of
the antigen in a unit dose is provided in a quantity,
that is more than O.lug, is more than 0.5ug, is more
than 0.001 mg is more than 0.005 mg, is more than 0.01
mg, is more than 0.025 mg, is more than 0.05 mg, is
more than 0.075 mg, 0.1 mg is more than 0.25 mg, is
morethan 0.5 mg, is more than 1.2 mg, is more than 1.4
mg, is more than 1.6 mg, is more than 1.8 mg, is more
than 2.0 mg is more than 2.5 mg, is more than 3 mg, is
more than 3.5mg, is more than 4 mg, is more than 5 mg,
is more than 6 mg, is more than 7 mg, is more than 8
mg, is more than 9 mg, is more than 10 mg, is more
than 15 mg, is more than 20 mg, is more than 25 mg, or
is more than 50 mg. An optimal amount of antigen and
the optimal ratio of antigen to PIKA adjuvant can be
ascertained by standard studies involving observations
of antibody titers and other immunogenic responses in
the host. Antigens hi an embodiment of particular
interest the invention provides for a polynucleotide
adjuvant composition together with an antigen or
vaccine where the source of the antigen is a human
antigen, a animal antigen, a plant antigen, one or
more agents from infectious agents from any virus,
bacteria including mycobacterium, fungus or parasite,
cancer antigen, allergenic agents and other antigens,
such as for developing autoimmune diseases. hi certain
embodiments, the antigens may be derived from a
natural source either crude or purified and used in
its original live form or after having been killed, or
inactivated, or truncated, or attenuated, or
transformed into a nonreverting form, or detoxified,
or mutated into a nontoxic form, or filtered or
purified. In some embodiments, the antigen is an
isolated micro-organism antigen for example, a viral
antigen, a bacterial antigen, a fungal antigen, an
allergy antigen, a cancer antigen or an autoimmune
antigen. In other embodiments, the antigen is a whole,
inactivated antigen. Methods of inactivating a whole
antigens are well known in the art; any known method
can be used to inactivate an antigen and can be
selected appropriately for the type of antigen of
interest. Such methods of inactivating an antigen
include for example, use of photoreactive compounds;
oxidizing agents; irradiation (e.g., UVirradiation;
g-irradiation); combinations of riboflavin and UV
irradiation; solventdetergent treatment (e.g.,
treatment with organic solvent tri-N-butyl-phosphate
with a detergent such as Tween 80); polyethylene
glycol treatment; pasteurization (heat treatment); and
low pH treatment; mild enzymatic treatment with pepsin
or trypsin; Methylene blue (MB) phototreatment;
treatment with Dimethylmethylene blue (DMMB) and
visible light; treatment with S-59, a psoralen
derivative and UVA illumination; and the like. hi a
related embodiment of particular interest the antigen
may be synthesized by means of solid phase synthesis,
or may be obtained by means of recombinant genetics,
or may be otherwise manufactured artificially so as to
imitate the immunogenic properties of a pathogen.
Polypeptide antigens may be isolated from natural
sources using standard methods of protein purification
known in the art, including, but not limited to,
liquid chromatography (e.g., high performance liquid
chromatography, fast protein liquid chromatography,
etc.), size exclusion chromatography, gel
electrophoresis (including one-dimensional gel
electrophoresis, two-dimensional gel electrophoresis),
affinity chromatography, or other purification
technique. One may employ solid phase peptide
synthesis techniques, where such techniques are known
to those of skill in the art. See Jones, The Chemical
Synthesis of Peptides (Clarendon Press, Oxford)(1994).
Generally, in such methods a peptide is produced
through the sequential additional of activated
monomelic units to a solid phase bound growing peptide
chain. Wellestablished recombinant DNA techniques can
be employed for production of polypeptides, such
methods include, but are not limited to, for example,
an expression construct comprising a nucleotide
sequence encoding a polypeptide is introduced into an
appropriate host cell (e.g., a eukaryotic host cell
grown as a unicellular entity in in vitro cell
culture, e.g., a yeast cell, an insect cell, a
mammalian cell, etc.) or a prokaryotic cell (e.g.,
grown in in vitro cell culture), generating a
genetically modified host cell; under appropriate
culture conditions, the protein is produced by the
genetically modified host cell.In some embodiments,
the antigen is a purified antigen, e.g., from about
25% to 50% pure, from about 50% to about 75% pure,
from about 75% to about 85% pure, from about 85% to
about 90% pure, from about 90% to about 95% pure, from
about 95% to about 98% pure, from about 98% to about
99% pure, or greater than 99% pure. The antigen may be
acellular, capsular, infectious clone, replicon,
vectored, microencapsulated, monovalent, bivalent or
multivalent. The polynucleotide adjuvant composition
of the present invention can also be utilized to
enhance the immune response against antigens produced
by the use of DNA vaccines and/or DNA expressed
proteins. The DNA sequences in these vaccines coding
for the antigen can be either "naked" or contained in
a delivery system, such as liposomes. hi one aspect of
particular interest a subject immunogenic composition
may be defined by the selection of antigen or antigens
that are used in combination with the PIKA adjuvant.
More specifically, the present invention provides for
an immunogenic composition and method of use where the
immunogenic composition comprises a PIKA adjuvant
together with a viral antigen, wherein exemplary
antigens include but are not limited to antigens of
one or more of the viruses described in Table 1. Table
1: Viral pathogens and diseasesIMMUNOGENIC SUBSTANCES
COMPRISING A POLYINOSINIC ACID - POLYCYTIDILIC ACID
BASED ADJUVANT FIELD OF INVENTION The invention
generally relates to immunogenic compositions and
methods of their use. More specifically the invention
relates to an immunogenic composition comprising a
polynucleotide adjuvant in combination with one or
more antigenic substances to be used to elicit disease
specific immune response in a host. BACKGROUND OF
INVENTION The immune system may exhibit both specific
and nonspecific immunity. Nonspecific immunity
encompasses various cells and mechanisms such as
phagocytosis (the engulfing of foreign particles or
antigens) by macrophages or granulocytes, and natural
killer (NK) cell activity, among others. Nonspecific
immunity relies on mechanisms less evolutionarily
advanced and does not display the acquired nature of
specificity and memory, which are exemplary hallmarks
of a specific immune response. The key differences
between specific and nonspecific immunity are based
upon B and T cell specificity. These cells
predominantly acquire their responsiveness after
activation with a specific antigen and have mechanisms
to display memory in the event of future exposure to
that specific antigen. As a result, vaccination
(involving specificity and memory) is an effective
protocol to protect against harmful pathogens.
Generally, B and T lymphocytes, which display specific
receptors on their cell surface for a given antigen,
produce specific immunity. The specific immune system
may respond to different antigens in two ways: 1)
humoral-mediated immunity, which includes B cell
stimulation and production of antibodies or
immunoglobulins, antigen and helper T cells
(predominantly Th2), and 2) cell-mediated immunity,
which generally involves T cells including cytotoxic T
lymphocytes (CTLs), although othercells are also
involved in the generation of a CTL response (e.g.,
antigen presenting cells and ThI cells). In the
continual pursuit for safer and more effective
vaccines, new technologies, including recombinant,
purification and synthetic methods, have been used to
improve the quality and specificity of antigens used.
Purified, sub-unit and synthesized antigens
demonstrate increased safety but diminished
immunogenicity which has been one driver for the
identification of effective adjuvant. Thus an
effective adjuvant is increasingly an essential
component of modern vaccines. Adjuvants are generally
compounds, that when administered with an antigen
(either in conjunction with, or given prior to the
administration of the antigen) enhances and/or
modifies the immune response to that particular
antigen. Exemplary adjuvants that have been used to
enhance an immune response include aluminum compounds
(all generally referred to as "Alum"), oil-in-water
emulsions (complete Freund's adjuvant (CFA) is an
oil-in-water emulsion containing dried, heatkilled
Mycobacterium tuberculosis organisms), Saponin
(isolated from the bark of Quillaja Saponoria, the
adjuvant active component known as Quile A), CpG ODN
(synthetic oligodeoxynucleotide containing
unmethylated CpG dinucleotides), monophosphoryl lipid
A (MPL) derived from the lipopolysaccharide of
Salmonella minnesota Re595, Liposomes (usually made up
of biodegradable materials such as phospholipids) and
biodegradable polymer microspheres (made from a
variety of polymers such as, polyphosphazene and
polyanhydrides). The adjuvant properties of these
compounds have been evaluated with each adjuvant
showing advantages and disadvantages. Polynucleotide
complexes have been investigated for their various
applications including acting as adjuvants.
Double-stranded RNAs (dsRNAs) are very potent biologic
modifiers that can exert a profound influence on cells
at nanomolar concentrations. The modulating effects of
dsRNA include a broad spectrum of actions at the
molecular and cellular levels.At the molecular level,
dsRNAs can elicit biological effects such as
interferon synthesis, induction of protein kinase,
enhancement of histocompatibility antigen and
inhibition of metabolism. And at the cellular level,
dsRNA can elicit biological effects such as
pyrogenicity, mitogenicity, macrophage activation,
activation of humoral immunity, activation of
cell-mediated immunity and induction of antiviral
state. Immunomodulating effects of dsRNAs has been
disclosed. U.S. Patent 4,124,702 disclosed that double
stranded polynucleotides induced interferon induction
in living animal cells. U.S. Patent 3,906,092
disclosed that the antibody response to an adjuvant
type vaccine was augmented by incorporation in the
vaccine of a polynucleotide or a complex of
polynucleotides. Houston et al. established PICLC
(polyinosinic acid polycytidylic acid
poly-L-lysinecarboxy-methylcellulose complex) as a
potent adjuvant by increasing primary antibody
response without the aid of an additional adjuvant..
Polyinosinic acid-polycytidylic acid (PIC), one of
most studied polynucleotide complexes, was not
effective when used in monkeys and humans due to its
instability in the body after administration. Thus,
PIC has been modified in many ways to overcome one or
another deficiency. For example, a complex of
polyriboinosinic - polyribocytidylic acid with
poly-L-lysine hydrobromide is about 5 to15 times as
resistant to hydrolysis by pancreatic ribonuclease as
the parent PIC. Lin et al. described that an antiviral
drug comprising polyinosinic polycytidylic acid,
kanamycin and calcium can be used as an adjuvant (Lin,
et al., A new immunostimulatory complex (PICKCa) in
experimental rabies: antiviral and adjuvant effects,
Arch Virol, 131: 307-19, 1993; and Chinese Patent No.
93105862.7). The Chinese Patent No. 93105862.7
provides for the use of the general composition of
Poly I :C, kanamycin and calcium (PICKCa) as an
adjuvant in a vaccine for human and mammalian
application. However, Lin found that that the form of
PICKCa originallyidentified does not provide the
optimal efficacy/safety profile for use as an adjuvant
and also induces unacceptable adverse side effects
under certain conditions. The present invention
provides novel immunogenic compositions that exhibit
improved safety and efficacy profiles; and methods of
use of such compositions. Subject immunogenic
compositions include a polynucleotide adjuvant and an
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Edition ISBN 92 4 1544 1 SUMMARYOF THE INVENTION In
general, the present invention relates to novel
immunogenic compositions comprising a polynucleotide
adjuvant composition together with an immunogenic or
antigenic substance, and methods of use in eliciting
an immune response. Accordingly, there is provided an
immunogenic composition comprising: (a) a
polynucleotide adjuvant comprising: a
polyriboinosinic-polyribocytidylic acid (PIC), atleast
one antibiotic, and at least one positive ion; and (b)
at least one antigen; wherein the composition is
formulated for sustained release administration. The
immunogenic composition according to the invention may
comprise a 



polynucleotide adjuvant composition molecules
heterogeneous for molecular weight, wherein the
molecular weight is at least 66,000 Daltons. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 - ELISPOT
detection of murine splenocytes producing interferon-
g after immunization with vaccines comprising PIKA
and/or HBsAg adw Figure 2 - ELISPOT detection of
murine splenocytes producing IL-2 after immunization
with vaccines comprising PIKA and/or HBsAg adw Figure
3 - ELISPOT detection of IL-4 produced by murine
splenocytes after immunization with vaccines
comprising PIKA and/or HBsAg adw Figure 4 - ELISA
detection of specific IgG titers from murine serum
(diluted 40Ox) after immunization with vaccines
comprising PIKA and/or HBsAg adw Figure 5 - ELISPOT
detection of murine splenocytes producing
interferon-gamma (g) after immunization with vaccines
comprising PIKA and/or inactivated split influenza
antigen Figure 6 - ELISPOT detection of murine
splenocytes producing IL-2 after immunization with
vaccines comprising PIKA and/or inactivated split
influenza antigen Figure 7 - .ELISPOT detection of
murine splenocytes producing IL-4 after immunization
with vaccines comprising PIKA and/or inactivated split
influenza antigen Figure 8 - ELISA detection of
specific IgG titers from murine serum (diluted 90Ox)
after immunization with vaccines comprising PIKA
and/or inactivated split influenza antigen Figure 9 -
ELISPOT detection of murine splenocytes producing
interferon^ after immunization with vaccines
comprising PIKA and/or HIV gpl20 antigen Figure 10 -
ELISPOT detection of murine splenocytes producing IL-2
after immunization with vaccines comprising PIKA
and/or HIV gpl20 antigenFigure 11 - ELISPOT detection
of murine splenocytes producing IL-4 after
immunization with vaccines comprising PJKA and/or HTV
gp!20 antigen Figure 12 - FACS analysis of murine
splenocytes after immunization with vaccines
comprising PIKA and/or HIV gp 120 antigen, percentage
of CD4+ cells expressing interferon- g Figure 13 -
ELISPOT detection of murine splenocytes producing
interferon - after immunization with vaccines
comprising PIKA and/or anthrax rPA antigen Figure 14 -
ELISPOT detection of murine splenocytes producing IL-2
after immunization with vaccines comprising PIKA
and/or anthrax rPA antigen Figure 15 - ELISPOT
detection of murine splenocytes producing EL-4 after
immunization with vaccines comprising PIKA and/or
anthrax rPA antigen Figure 16 - FACS analysis of
murine splenocytes after immunization with vaccines
comprising PIKA and/or anthrax rPA antigen, percentage
of CD4+ cells expressing interferon- g Figure 17 -
ELISA detection of specific IgG titers from murine
serum (diluted 40Ox) after immunization with vaccines
comprising PIKA and/or anthrax rPA antigen Figure 18 -
ELISA detection of specific IgG titers from murine
serum 16 weeks after immunization with vaccines
comprising PIKA and/or anthrax rPA antigen Figure 19 -
ELISPOT detection of murine splenocytes producing
interferon- g after immunization with vaccines
comprising PIKA and/or HSV2-gD antigen Figure 20 -
ELISPOT detection of murine splenocytes producing IL-2
after immunization with vaccines comprising PIKA
and/or HSV2-gD antigen Figure 21 - ELISPOT detection
of murine splenocytes producing IL-4 after
immunization with vaccines comprising PIKA and/or
HSV2-gD antigen Figure 22 - FACS analysis of murine
splenocytes after immunization with vaccines
comprising PIKA and/or HSV 2gD antigen, percentage of
CD4+ cells expressing interferon- g Figure 23 - ELISA
detection of specific IgG titers from murine serum
(diluted 2,70Ox) after immunization with vaccines
comprising PIKA and/or HSV2-gD antigen Figure 24 -
ELISPOT detection of murine splenocytes producing
interferon- g after immunization with vaccines
comprising PIKA and/or inactivated H5N1 antigenFigure
25 - ELISPOT detection of murine splenocytes producing
JL-2 after immunization with vaccines comprising PIKA-
and/or inactivated H5N1 antigen Figure 26 - ELISPOT
detection of murine splenocytes producing IL-4 after
immunization with vaccines comprising PIKA and/or
inactivated H5N1 antigen Figure 27 - FACS analysis of
murine splenocytes after immunization with vaccines
comprising PIKA and/or inactivated H5N1 antigen,
percentage of CD4+ve cells expressing interferon-g
Figure 28 - ELISA detection of specific IgG titers
from murine serum (diluted 90Ox) after immunization
with vaccines comprising PIKA and/or inactivated H5N1
antigen Figure 29 - ELISA detection of specific IgG
titers from murine. serum (diluted 16,000) after
immunization with vaccines comprising PIKA and/or
whole inactivated SARS antigen Figure 30 - ELISA
detection of specific antibody H5 titers from chicken
serum after immunization with vaccines comprising PIKA
and/or inactivated H5N1 antigen Figure 31 - ELISA
detection of specific H9 antibody titers from chicken
serum after immunization with vaccines comprising PIKA
and/or inactivated H9N2 antigen Figure 32 - Survival
rate of mice exposed to wild rabies virus and
subsequent treatment with rabies vaccine Figure 33 -
ELISA detection of specific antibody titers from
murine serum after immunization with vaccines
comprising PIKA and/or HBsAg adw Figure 34 - ELISA
detection of specific antibody titers from murine
serum after immunization with vaccines comprising PIKA
and/or inactivated split influenza antigen Figure 35 -
ELISA detection of specific IgGl titers from murine
serum after immunization with vaccines comprising PIKA
and/or HBsAg Figure 36 - ELISA detection of specific
IgG2a titers from murine serum after immunization with
vaccines comprising PIKA and/or HBsAg Figure 37 -
ELISPOT detection of murine splenocytes producing
interferon- g after immunization with vaccines
comprising PIKA and/or HBsAg Figure 38 - ELISPOT
detection of murine splenocytes (post restimulation 6
days with 2ug/ml IPQ peptide) producing interferon- g
after immunization with vaccines comprising PIKA
and/or HBsAgTable 1 provides a table of exemplary
viral pathogens which can serve as a source of antigen
and diseases associated with these organisms. Table 2
provides a table of exemplary bacterial pathogens
which can serve as a source of antigen and diseases
associated with these organisms. Table 3 provides a
table of exemplary fungal pathogens which can serve as
a source of antigen and diseases associated with these
organisms. Table 4 provides a table of exemplary
parasites which can serve as a source of antigen and
diseases associated with these organisms. Table 5
provides a table of exemplary cancers (e.g., by tissue
type) which serve as a source of antigen. DETAILED
DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE INVENTION
The present invention may be understood more readily
by reference to the following detailed description of
certain embodiments of the invention and the Examples
included herein. Throughout this application, where
publications are referenced, the disclosures of these
publications are hereby incorporated by reference, in
their entireties, into this application in order to
describe more fully the state of art to which this
invention pertains. Before the present invention is
further described, it is to be understood that this
invention is not limited to particular embodiments
described, as such may, of course, vary. It is also to
be understood that the terminology used herein is for
the purpose of describing particular embodiments only,
and is not intended to be limiting, since the scope of
the present invention will be limited only by the
appended claims. Unless defined otherwise, all
technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary
skilled in the art to which this invention belongs.
Although any methods and materials similar or
equivalent to thosedescribed herein can also be used
in the practice or testing of the present invention,
the preferred methods and materials are now described.
All publications mentioned herein are incorporated
herein by reference to disclose and describe the
methods and/or materials in connection with which the
publications are cited. It must be noted that as used
herein and in the appended claims, the singular forms
"a," "and," and "the" include plural referents unless
the context clearly dictates otherwise. Thus, for
example, reference to "an immunogenic composition"
includes a plurality of such compositions and
reference to "the antigen" includes reference to one
or more antigens and equivalents thereof known to
those skilled in the art, and so forth. It is further
noted that the claims may be drafted to exclude any
optional element. As such, this statement is intended
to serve as antecedent basis for use of such exclusive
terminology as "solely," "only" and the like in
connection with the recitation of claim elements, or
use of a "negative" limitation. DEFINITIONS OF TERMS
Prior to setting forth details of the present
invention it may be useful to an understanding thereof
to set forth definitions of several terms that are
used herein. The term "adjuvant," as used herein,
refers to any substance or mixture of substances that
increases or diversifies the immune response of a host
to an antigenic compound. Specifically: 1. The term
"PICKCa" generally refers to a composition of poly
I:C, kanamycin and calcium irrespective of particular
physical and immunogenic properties. 2. "Av-PICKCa"
refers to a form of PICKCa used commercially as an
antiviral drug.3 "PIKA" refers to a composition of the
invention comprising poly I:C, an antibiotic (e.g.,
kanamycin), and a positive ion (e.g., calcium), where
the PIKA is characterized by physical characteristics
(e.g., molecular weight, size, and the like) such that
upon administration, PIKA exhibits characteristics of
an adjuvant with reduced adverse side effects (e.g.,
reduced toxicity) relative to, for example, PICKCa and
greater potency (e.g., stimulates an enhanced immune
response) relative to, for example, Av-PICKCa. The
term "Poly I:C" or "PIC" refers to a composition
comprising polyriboinosinic and polyribocytidylic
nucleic acids, which may also be referred to as
polyinosinic acidpolycytidylic acid, respectively.
"PIC-containing molecule" or "PIC-containing compound"
refers to, without limitation, PIC, which may be
optionally complexed or otherwise combined with at
least one or both of an antibiotic (e.g., kanamycin)
and a positive ion (e.g., calcium) present in a
composition comprising the PIC-containing molecule. In
one embodiment, the PICcontaining molecule does not
include poIy-L-lysine or a derivative thereof in the
complex. "Heterogeneous" as used herein in the context
of the adjuvant compositions of the invention
indicates that components of the composition, e.g.,
the PIC-containing molecules, are not uniform with
respect to a physical characteristic of molecular
weight, size, or both. Where a composition is
described as heterogeneous for a given physical
characteristic, and is further described by a range of
values for that physical characteristic, the
composition is said to be composed substantially of
molecules characteri zed by molecules having a
physical characteristic that is distributed within and
across the recited range. While the composition may
not contain a molecule representative of every
physical characteristic value within the upper and
lower limits of a recited range, the composition will
generally include at least one molecule having the
physical characteristic of the upper value and of the
lower value. The composition in certain embodiments
'may include molecules outside the stated range of
physical DCOTICICn CUCCT /Dl Il C -l \ ICL /L I
Icharacteristics used to describe the composition. The
molecules that are present in the composition outside
the prescribed range do not materially affect the
basic and novel characteristics of the composition.
The term "individual," used interchangeably herein
with "host," "subject," and "animal," includes humans
and all domestic, e.g. livestock and pets, and wild
mammals and fowl, including, without limitation,
cattle, horses, cows, swine, sheep, goats, dogs, cats,
rabbits, deer, mink, chickens, ducks, geese, turkeys,
game hens, and the like. The term "antibody" includes
polyclonal and monoclonal antibodies, as well as
antigenic compound binding fragments of such
antibodies including Fab, F(ab')2, Fd, Fv fragments,
and single chain derivatives of the same. In addition,
the term "antibody" includes naturally occurring
antibodies as well as non-naturally occurring
antibodies, including, for example, chimeric,
bifunctional and humanized antibodies, and related
synthetic isoforms. The term "antibody" is used
interchangeably with "immunoglobulin." As used herein,
the term "antigenic compound" refers to any substance
that can be recognized by the immune system (e.g.,
bound by an antibody or processed so as to elicit a
cellular immune response) under appropriate
conditions. An "antigen" as used herein includes but
is not limited to cells; cell extracts; proteins;
lipoproteins; glycoproteins; nucleoproteins;
polypeptides; peptides; polysaccharides;
polysaccharide conjugates; peptide mimics of
polysaccharides; lipids; glycolipids; carbohydrates;
viruses; viral extracts; bacteria; bacterial extracts;
fungi; fungal extracts; multicellular organisms such
as parasites; and allergens. Antigens may be exogenous
(e.g., from a source other than the individual to whom
the antigen is administered, e.g., from a different
species) or endogenous (e.g., originating from within
the host, e.g., a diseased element of body, a cancer
antigen, a virus infected cell producing antigen, and
the like). Antigens may be native (e.g.,
naturally-occurring); synthetic; or recombinant.
Antigens include crude extracts; whole cells; and
purified antigens, where "purified"indicates that the
antigen is in a form that is enriched relative to the
environment in which the antigen normally occurs
and/or relative to the crude extract, for example, a
cultured form of the antigen. An "immunogenic
composition" as used here in refers to a combination
of two or more substances (e.g., an antigen and an
adjuvant) that together elicit an immune response when
administered to a host. The term "polypeptide,"
"peptide," "oligopeptide," and "protein," are used
interchangeably herein, and refer to a polymeric form
of amino acids of any length, which can include coded
and non-coded amino acids, chemically or biochemically
modified or derivatized amino acids, and polypeptides
having modified peptide backbones. An "effective
amount of an antigenic compound" refers to an amount
of antigenic compound which, in optional combination
with an adjuvant, will cause the subject to produce a
specific immunological response to the antigenic
compound. The term "immune response" refers to any
response to an antigenic or immunogenic compound by
the immune system of a vertebrate subject. Exemplary
immune responses include, but are not limited to local
and systemic cellular as well as humoral immunity,
such as cytotoxic T lymphocytes (CTL) responses,
including antigen-specific induction of CD8 CTLs,
helper T-cell responses including T-cell proliferative
responses and cytokine release, and B-cell responses
including antibody response. The term "eliciting an
immune response" is used herein generally to encompass
induction and/or potentiation of an immune response.
The term "inducing an immune response" refers to an
immune response that is stimulated, initiated, or
induced.The term "potentiating an immune response"
refers to a pre-existing immune response that is
improved, furthered, supplemented, amplified,
enhanced, increased or prolonged. The expression
"enhanced immune response" or similar means that the
immune response is elevated, improved or enhanced to
the benefit of the host relative to the prior immune
response status, for example, before the
administration of an immunogenic composition of the
invention. The terms "humoral immunity" and "humoral
immune response" refer to the form of immunity in
which antibody molecules are produced in response to
antigenic stimulation. The terms "cell-mediated
immunity" and "cell-mediated immune response" are
meant to refer to the immunological defense provided
by lymphocytes, such as that defense provided by T
cell lymphocytes when they come into close proximity
to their victim cells. A cell-mediated immune response
normally includes lymphocyte proliferation. When
"lymphocyte proliferation" is measured, the ability of
lymphocytes to proliferate 



in response to a specific antigen is measured.
Lymphocyte proliferation is meant to refer to B cell,
T-helper cell or cytotoxic T-lymphocyte (CTL) cell
proliferation. The term "immunogenic amount" refers to
an amount of antigenic compound sufficient to
stimulate an immune response, when administered with a
subject immunogenic composition, as compared with the
immune response elicited by the antigen in the absence
of the polynucleotide adjuvant. The term
"immunopotentiating amount" refers to the amount of
the adjuvant needed to effect an increase in antibody
titer and/or cell-mediated immunity when administered
with an antigenic compound in a composition of the
invention, as compared with the increase in antibody
and/or cell mediated immunity level observed in the
absence of the polynucleotide adjuvant.The terms
"treatment", "treating", "treat" and the like are used
herein to generally refer to obtaining a desired
pharmacologic and/or physiologic effect. The effect
may be prophylactic in terms of completely or
partially preventing a disease or symptom thereof
and/or may be therapeutic in terms of a partial or
complete stabilization or cure for a disease and/or
adverse effect attributable to the disease.
"Treatment" as used herein covers any treatment of a
disease in a subject, particularly a mammalian
subject, more particularly a human, and includes: (a)
preventing the disease or symptom from occurring in a
subject which may be predisposed to the disease or
symptom but has not yet been diagnosed as having it;
(b) inhibiting the disease symptom, e.g., arresting
its development; or relieving the disease symptom,
i.e., causing regression of the disease or symptom (c)
reduction of a level of a product produced by the
infectious agent of a disease (e.g., a toxin, an
antigen, and the like); and (d) reducing an undesired
physiological response to the infectious agent of a
disease (e.g., fever, tissue edema, and the like). As
used herein, the term "mixing" includes any method to
combine the components of the composition; such
methods include, but are not limited to, blending,
dispensing, dissolving, emulsifying, coagulating,
suspending, or otherwise physically combining the
components of the composition. A "pharmaceutically
acceptable salt" of a compound means a salt that is
pharmaceutically acceptable and that possesses the
desired pharmacological activity of the parent
compound. Such salts include: (1) acid addition salts,
formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like; or formed with organic
acids such as acetic acid, propionic acid, hexanoic
acid, cyclopentanepropionic acid, glycolic acid,
pyruvic acid, lactic acid, malonic acid, succinic
acid, malic acid, maleic acid, fumaric acid, tartaric
acid, citric acid, benzoic acid,
3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid,
niandelic acid, methanesulfonic acid, ethanesulfonic
acid, 1,2-ethanedisulfonic acid, 2-
hydroxyethanesulfonic acid, benzenesulfonic acid,
4-chlorobenzenesulfonic acid, 2- naphthalenesulfonic
acid, 4-toluenesulfonic acid, camphorsulfonic acid,
glucoheptonicacid,
4,4'-methylenebis-(3-hydroxy-2-ene-l-carboxylic acid),
3-phenylpropionic acid, trimethylacetic acid, tertiary
butylacetic acid, lauryl sulfuric acid, gluconic acid,
glutamic acid, hydroxynaphthoic acid, salicylic acid,
stearic acid, muconic acid, and the like; or (2) salts
formed when an acidic proton present in the parent
compound either is replaced by a metal ion, e.g., an
alkali metal ion, an alkaline earth ion, or an
aluminum ion; or coordinates with an organic base such
as ethanolamine, diethanolamine, triethanolamine,
tromethamine, N-methylglucamine, and the like. The
term "unit dosage form" as used herein refers to
physically discrete units suitable as unitary dosages
for human and animal subjects, each unit containing a
predetermined quantity of compounds of the present
invention calculated in an amount sufficient to
produce the desired effect in association with a
pharmaceutically/physiologically acceptable diluent,
carrier or vehicle. EXEMPLARY EMBODIMENTS OF THE
INVENTION The present invention is directed to
immunogenic compositions and methods useful for the
induction and/or enhancement of an immune response,
which may be humoral and/or cell-mediated, in a human,
a non-human animal, or cell culture. In general, a
subject immunogenic composition comprises an antigen
(an "antigenic composition") and an adjuvant. The
presence of the adjuvant enhances or modifies the
immune response to the antigen. The adjuvant may alter
the quality of the immune response by affecting the
subclasses (isotypes) of immunoglobulins, chemokines,
and/or cytokines produced. As a result the innate
immunity, humoral and/or cell-mediated immune
responses are more effective with the presence of the
adjuvant. A particular advantage is the effectiveness
of the PIKA adjuvant in combination with an antigenic
substance in inducing a specific humoral immune
response thereby enhancing protective immunity.A
further important advantage is that the PIKA adjuvant
in combination with an antigen can induce a specific
cell mediated immune response that is essential for a
therapeutic vaccine for limiting and treating
intracellular viral, bacterial and parasite infections
as well as for chronic diseases therapies such as the
treatment of cancers or auto-immune disease.
Accordingly, included in the invention are
compositions having the unique product attributes that
make them most suitable for use as vaccines to be
administered to animals and/or humans that address the
need for a safe adjuvant, which elicits a beneficial
immune response. Accordingly, the present invention
provides an adjuvant and immunogenic compositions that
can be used safely in humans and animals. Accordingly,
there is provided an immunogenic composition
comprising: (a) a polynucleotide adjuvant comprising:
a polyriboinosinic-polyribocytidylic acid (PIC), at
least one an antibiotic, and at least one positive
ion; and (b) at least oneantigen; wherein the
composition is formulated for sustained release
administration. The immunogenic composition according
to the invention may comprise a polynucleotide
adjuvant composition molecules heterogeneous for
molecular weight, wherein the molecular weight is at
least 66,000 Daltons. The value of 66,000 Daltons
corresponds to the size of about 6.4 Svedbergs.
Accordingly, a molecular weight range of 66,000 to
1,200,000 Daltons corresponds to the size from about
6.4 to 24.0 Svedbergs. In some embodiments, a PIKA
adjuvant composition comprising a polynucleotide, an
antibiotic and a positive ion, wherein the
polynucleotide may be
polyriboinosinicpolyribocytidylic acid (PIC); the
antibiotic may be kanamycin, and the ion may be
calcium.In one aspect of particular interest, the
invention provides for an immunogenic composition for
enhancing the antigenicity of an antigenic compound
comprising the polynucleotide adjuvant composition
that is capable of eliciting an antigen specific cell
mediated immune response. In one aspect of particular
interest, the invention provides for an immunogenic
composition for enhancing the antigenicity of an
antigenic compound comprising the polynucleotide
adjuvant composition that is capable of eliciting an
antigen specific humoral immune response. In one
aspect of particular interest, the invention provides
for an immunogenic composition for enhancing the
antigenicity of an antigenic compound comprising the
polynucleotide adjuvant composition that is capable of
eliciting a combined specific cell mediated and
humoral immune response. In one aspect of particular
interest, the invention provides for an adjuvant
composition or immunogenic composition comprising an
adjuvant composition wherein the adjuvant composition
or the immunogenic composition is freeze-dried. In one
aspect of particular interest, the invention provides
for the use of a polynucleotide adjuvant composition
for the preparation of a medicament for enhancing the
immunogenic response of a host. Polynucleotide
Adjuvant A subject immunogenic composition comprises a
PIC-containing polynucleotide adjuvant, e.g., a PIKA
composition, is generally composed of polyinosinic
acid, polycytidylic acid, an antibiotic (e.g.,
kanamycin), and a divalent cation (e.g., calcium).It
will be understood that reference to PIKA herein is
exemplary of such PICcontaining
adjuvants.PIC-containing adjuvants of interest can be
manufactured using methods available in the art. The
PIC-containing adjuvant composition can be
manufactured through any appropriate process. For
example the polynucleotide adjuvant composition can be
manufactured by mixing of polyinosinic acid,
polycytidylic acid, an antibiotic and the source of a
positive ion in a sodium chloride/phosphate buffer
solution that has a pH between pH6 and pH8. The
polyinosinic acid and polycytidylic acid are generally
provided at a concentration of 0.1 to 10 mg/ml,
usually 0.5 to 5 mg/ml and more usually 0.5 to 2.5
mg/ml. The hyperchromicity value should be greater
than 10%, greater than 15%, greater than 20%, or
greater than 50%. The preparation of the PIC and the
combination with the antibiotic (e.g., kanamycin) and
the positive ion (e.g., calcium) is generally
conducted under quality standards consistent with
international Good Manufacturing Process. In certain
embodiments of the present invention, the antibiotic
component of the adjuvant is kanamycin. Where the
antibiotic is kanamycin, in some embodiments, the
kanamycin in the polynucleotide adjuvant composition
is used together with or substituted by one or more
antibiotics selected from the group including
tobramycin, anthracyclines, butirosin sulfate,
gentamicins, hygromycin, amikacin, dibekacin,
nebramycin, metrzamide, neomycin, puromycin,
streptomycin and streptozocin. The antibiotic (e.g.,
Kanamycin or the like) in the polynucleotide adjuvant
composition of the invention is generally provided at
a concentration of from about 10 units/ml to 100,000
units/ml, from about 100 units/ml to 10,000 units/ml,
or from about 500 units/ml to 5,000 units/ml. In
certain embodiments of the present invention, the
polynucleotide adjuvant composition further comprises
a positive ion (cation), usually a divalent cation,
normally a cation of an alkali metal. The positive ion
is generally provided in the composition of the
invention as a source of positive ions such as a salt
or complex, e.g., an organic or inorganic salt or
complex, usually an inorganic salt or organic complex.
Exemplary positive ions include, but are not
necessarily limited to, calcium, cadmium,lithium,
magnesium, cerium, cesium, chromium, cobalt,
deuterium, gallium, iodine, iron, or zinc. The
positive ion can be provided in the form of any
suitable salt or organic complex, including, but not
necessarily limited to chloride, fluoride, hydroxide,
phosphate, or sulfate salts. For example, where the
positive ion is calcium, the ion can be in the form of
calcium carbonate, calcium chloride, calcium fluoride,
calcium hydroxide, calcium phosphates, or calcium
sulfate. The positive ion (e.g. calcium) can be
provided in the composition of the invention at a
concentration in the range of from about 10 umol to10
mmol/ml, usually from about 50 umol to 5 mmol/ml, and
more usually from about 100 umol to 1 mmol/ml. The
term "umol" is used throughout to refer to micromole.
Where the positive ion in the adjuvant composition of
the invention is calcium, it can be in combination
with or substituted by other positive ions, including
cadmium, lithium, magnesium, cerium, cesium, chromium,
cobalt, deuterium, gallium, iodine, iron, and zinc,
wherein the ions can be in the form of inorganic salts
or organic complexes. The resulting composition is a
PIC-containing adjuvant that further contains an
antibiotic and a positive ion. hi a particular
embodiment, where the antibiotic is kanamycin and the
ion is calcium the product may be described as PICKCa.
hi a related embodiment the PICKCa composition may
contain molecules without restriction of different
physical characteristics. PIKA adjuvant composition In
a particular exemplary embodiments, the PIC-containing
adjuvant is PIKA. PIKA may be produced in a variety of
ways, with production from PICKCa being of particular
interest. PIKA can be produced from PICKCa through
additional manufacturing processes that involve the
isolation and/or concentration of molecules of a
definedmolecular size and/or weight. The separation
and concentration of polynucleotide molecules of
particular characteristics using filtration,
chromatography, thermal treatment, centrifugal
separation, electrophoresis, and similar methods that
are standard processes and are known to those skilled
in the art. In embodiments of particular interest, the
invention features an adjuvant generally referred to
as PIKA comprising a
polyriboinosinic-polyribocytidylic acid (PIC), an
antibiotic (e.g., kanamycin), and a positively charged
ion (e.g., a calcium ion), wherein the composition
contains molecules of the adjuvant heterogeneous for
molecular weight having a molecular weight of from
about 66,000 to 1,200,000 Daltons. That is, the
adjuvant composition comprises molecules with a weight
distribution in the range of from about 66,000 to
1,200,000 Daltons. In related embodiments, the PIKA
polynucleotide adjuvant composition molecules in the
composition are heterogeneous, that is the weight of
the adjuvant molecules are distributed within a range
of molecular weight, where the molecular weight is
from about 300,000 to 1,200,000 Daltons, or from about
66,000 to 660,000 Daltons, or from about 300,000 to
660,000 Daltons, or from about 300,000 to 2,000,000
Daltons, or from about 66,000 Daltons to about 100,000
Daltons, 100,000 to 200,000 Daltons, from about
300,000 Daltons to about 4,000,000 Daltons, or from
about 500,000 Daltons to 1,000,000 Daltons, or from
about 1,000,000 Daltons to 1,500,000 Daltons, or from
about 1,500,000 Daltons to 2,000,000 Daltons, or from
about 2,000,000 Daltons to 2,500,000 Daltons, or from
about 2,500,000 Daltons to 3,000,000 Daltons, or from
about 3,000,000 Daltons to 3,500,000 Daltons, or from
about 3,500,000 Daltons to 4,000,000 Daltons, or from
about 4,000,000 Daltons to 4,500,000 Daltons, or from
about 4,500,000 Daltons to 5,000,000 Daltons. In
related embodiments, the PIKA polynucleotide adjuvant
composition molecules in the composition have an
average molecular weight equal or equal to or greater
than 66,000 Daltons, greater than 150,000 Daltons, or
equal to or greater than 250,000Daltons, or equal to
or greater than 350,000 Daltons, or equal to or
greater than 500,000 Daltons, or equal to or greater
than 650,000 Daltons, or equal to or greater than
750,000 Daltons, or equal to or greater than 1,000,000
Daltons, or equal to or greater than 1,200,000
Daltons, or equal to or greater than 1,500,000
Daltons, or equal to or greater than 2,000,000
Daltons. In embodiments of particular interest, the
invention features an adjuvant generally referred to
as PIKA comprising a
polyriboinosinic-polyribocytidylic acid (PIC), an
antibiotic, and a positive ion wherein the composition
contains molecules of the adjuvant heterogeneous, that
is the size of the adjuvant molecules are distributed
within a range of molecular size, for molecular size
having a sediment co-efficient Svedbergs (S) of from
about 6.43S to 24.03S. In related embodiments, the
PIKA polynucleotide adjuvant composition molecules in
the composition are heterogeneous, that is the size of
the adjuvant molecules are distributed within a range
of molecular size, where the molecular size is from
about 12.8S to 24.03S, or from about 3S to 12S or from
about 6.43 to 18.3 IS, or from about 12.8 to 18.31S9
or from about 12.8S to 30.31S, or from about 12.8S to
41.54S, or from about 13.5S, to 18.31S, or from about
13.5S to 24.03S, or from about 16.14 to 22.12S, or
from about 22.12S to 26.6S, or from about 26.6S to
30.3 IS, or from about 30.31S to 33.55S, or from about
33.55S to 36.45S, or from about 36.45S to 39.1S, or
from about 39.1S to 41.54S, or from about 41.54S to
43.83S, or from about 43.83S to 45.95S. In further
related embodiments, the PIKA polynucleotide adjuvant
composition has an average sedimentation co-efficient
(Svedbergs) greater than 9, or greater than 12, or
greater than 13.5, or greater than 15, or greater than
16, or greater than 17, or greater than 18, or greater
than 19, or greater than 20, or greater than 21, or
greater than 22 or greater than 25, or greater than
30.Immunogenic Properties An immunogenic composition,
including PIKA and an antigen, can generally induce an
antigen-specific immune response in at least two ways:
i) humoral-mediated immunity, which includes B cell
stimulation and production of antibodies or
immunoglobulins (other cells are also involved in the
generation of an antibody response, e.g.
antigenpresenting cells, including macrophages and
helper T cells (ThI and Th2), and ii) cellmediated
immunity, which generally involves T cells including
cytotoxic T lymphocytes, although other cells are also
involved in the generation of a cytotoxic T lymphocyte
response (e.g., ThI and/or Th2 cells and antigen
presenting cells). Furthermore, the polynucleotide
adjuvant composition may alter the quality of the
immune response by affecting the subclasses (isotypes)
of immunoglobulins produced, as well as their
affinities. The degree and nature of the immunogenic
response induced by a subject immunogenic 



composition may be thus assessed by measuring the
presence of molecules including cytokines, chemokines
and antibodies produced by cells of the immune system.
Interleukin-4 is mainly produced by activated Th2
cells. The production of Interlukin-4 (IL-4) induces
the activation of B cells and thereby the production
of IgGl and IgE immunoglobulins (antibodies) which may
be measured in the samples of blood serum. IL-4 is
considered as an indictor and typical cytokine of Th2
immune response. Th2 cells tend to promote antibody
response. Interleukin-2 (IL-2) is mainly produced by
activated ThI cell as well as NK and
lymphokine-activated killer ( LAK) cells. IL-2 is
instrumental in the proliferation and maturing of T
cells an essential stage in an effective cell mediated
adaptive immune response.Interferon-g (INF-g), which
may be produced by a variety of cells including
natural killer cells as well as both CD4+ and CD8+ T
cells, plays an essential part in the adaptive immune
response including the activation of macrophages to
become highly microbicidal. Further, INF-g is an
influencing factor in directing the development of
specifically ThI T cells thereby up-regulating a cell
mediated adaptive immune response. The invention
contemplates methods of use of the polynucleotide
adjuvant of the invention with an antigen, for
example, to elicit an antigen specific humoral
response and/or specific cellular (e.g., T cell)
response in a subject. The immune response elicited
may be a response to an antigen in a nave subject, or
may serve to enhance an existing immune response
(e.g., as in a booster). It has been found that
immunogenic compositions according to the invention
comprising PIKA have particularly advantageous
properties as described herein. A variety of different
antigens were tested in vivo for their ability to
induce an immune response with and without the PIKA
adjuvant. The antigens tested include: a recombinant
protein hepatitis B surface antigen type adw, an
inactivated split influenza vaccine (VAXIGRIP from
Sanofi Pasteur), a synthesized HIV peptide antigen, a
recombinant protein herpes simplex virus type 2 gD
antigen, recombinant protective anthrax protein
antigen, inactivated whole virus avian influenza
antigen strain H5N1 and an inactivated whole virus
Severe Acute Respiratory Syndrome (SARS) inactivated
antigen. In each case presence of the PIKA adjuvant
together with the antigen enhanced the expression of
cytokines when compared with the antigen or PIKA
alone. In particular the enhanced expressions of the
cytokines INF-g, IL-2 and IL-4 (see Examples 1.1, 1.2,
1.3, 1.4, 1.5 and 1.6) indicates the stimulation of a
specific adaptive immunity was greater with the
presence of the PIKA adjuvant and more specifically
the enhanced expressions of the cytokines INF-g, IL-2
indicates the predominant ThI cell immunity was
significantly improved with the presence of the PIKA
adjuvant. The activity of acell mediated immune
response is a key feature essential for treating
intracellular viral, bacterial and parasite infection
and particularly important factor for developing a
therapeutic vaccine. Further the composition
containing PIKA stimulated INF-g production by CD4+ T
cells (Examples 1.3, 1.4, 1.5 and 1.6). This feature
validates that PIKA is enhancing the adaptive immune
response of the host. The observed proliferation of
antibodies in the blood serum demonstrates that the
PIKA adjuvant induces a beneficial humoral response.
Increased specific antibody IgG titers were observed
with the addition of PIKA to an immunogenic
composition (see Examples 1.1, 1.2, 1.4, 1.5, 1.6, 2,
3, 5 and 6). The PIKA adjuvant enhances the immune
response in a host when combined with a inactivated
antigen (Examples 1.2, 1.6, 2, 3, 4 and 6), a peptide
antigen (Example 1.3) and a recombinant antigen
(Examples 1.1, 1.4, 1.5, 5 and 7). A particular
feature of the PIKA adjuvant is to provide adequate
protection to both limit and/or eradicate infection in
a host, and/or to reduce the risk of symptoms of a
disease that could result from infection by a
pathogen. VAXIGRIP (Sanofi Pasteur) used as an antigen
in Examples 1.2 and 6 is itself a human influenza
vaccine that elicits a degree of immune activity
considered sufficient to provide protection against an
actual influenza infection. The addition of PIKA to
VAXIGRIP further enhanced the immune response as
demonstrated by the degree of beneficial cytokines
(IL-2, INF-g and IL-4) and specific IgG expressed by
the immune system. In a further demonstration of PIKA'
s protective properties, 24 ten-day old chickens were
inoculated with a composition comprising PIKA and
inactivated avian influenza antigens including strains
H5N1 and H9N2 (Example 3). The chickens were
subsequently challenged with the live H5N1 virus and
observed for a two week period. At the end of the
program the survival rate for the chickens inoculated
with thePIKA/antigen composition was 83% as compared
with only 17% for a control group of 24 chickens that
were exposed to the live virus without prior
inoculation with the PIKA/antigen composition. In a
related experiment to demonstrate the therapeutic
enhancing properties of the PIKA adjuvant, Balb/c mice
were challenged with a strain of wild rabies virus
(Example 4). Post infection the three different groups
of animals were inoculated with a regime of treatments
with different rabies vaccines. The survival rate of
the group of mice inoculated with a combination of an
inactivated purified hamster kidney cell rabies
antigen plus PIKA attained 80%. The survival rate of
the second group of mice administered with a hamster
kidney cell purified rabies antigen with an alum
adjuvant was 15%. Further the third group of mice
administered with the Sanofi-Aventis' "Verorab" - vero
cell inactivated rabies vaccine had a survival rate of
20%. In a further demonstration of the properties of
the PIKA adjuvant, Example 7 demonstrates that the
presence of PIKA in conjunction with HBsAg type adw
enhances the production of specific IgGl (Table 26
Figure 35) and more significantly IgG2a (Table 27
Figure 36) titers in murine serum. The conclusion from
this observation is that PIKA enhances a therapeutic
immune response in particular a ThI biased immune
response. In a related experiment (Example 7) the
presence of PIKA in vaccine formulations comprising
HBsAG type adw was shown to enhance the production of
interferon-g by splenocytes stimulated with a CD8 T
cell peptide epitope. This result demonstrates that
PIKA induces a CD8+ T cell immune response (Table 28
Figure 37). Further, (Example 7) the presence of PIKA
in vaccine formulations comprising HBsAg was shown to
enhance the production of interferon-g by splenocytes
cultured ex-vivo for six days with 2ug/ml of the CD8 T
cell peptide epitope. This result demonstrates that
PIKA induces a central memory T cell
response.Additional Features In a further embodiment,
a subject immunogenic composition is further defined
by the relative presence of the PIKA adjuvant and the
antigen or antigens where the presence is measured in
terms of one or more characteristics of quantity,
concentration, volume, number of molecules or other
recognized metric. In related embodiments, a subject
immunogenic composition comprises a polynucleotide
adjuvant composition and an antigen or antigens where
the presence of the adjuvant and the antigen in terms
of weight or number of molecules is in a ratio of less
than 1 to 1,000, of less than 1 to 900, of less than 1
to 800, of less than 1 to 700, of less than 1 to 500,
of less than 1 to 400, of less than 1 to 300, of less
than 1 to 200, of less than 1 to 100, of less than 1
to 50, of less than 1 to 10, of less than 1 to 5, of
less than 1 to 2, of about 1 to 1, of greater than 2
to 1, of greater than 5 to 1, of greater than 10 to 1,
of greater than 50 to 1, of greater than 100 to 1, of
greater than 200 to 1, of greater than 300 to 1, of
greater than 400 to 1, of greater than 500 to 1, of
greater than 600 to 1, of greater than 700 to 1, of
greater than 800 to 1, of greater than 900 to 1, of
greater than 1,000 to 1 In a further related
embodiment a subject immunogenic composition is
defined in terms of dose; that is the quantity of
vaccine that is to be administered to induce the
optimal beneficial immune response or alternatively
the range of dose that may be administered from the
minimum required to elicit an immune response to the
maximum dose beyond which the incremental beneficial
response is not medically justified in the context of
the potential inducement of adverse side effects. hi
certain embodiments of particular interest the
immunogenic composition comprises the polynucleotide
adjuvant composition and antigen where the presence of
the antigen in a unit dose is provided in a quantity,
that is more than O.lug, is more than 0.5ug, is more
than 0.001 mg is more than 0.005 mg, is more than 0.01
mg, is more than 0.025 mg, is more than 0.05 mg, is
more than 0.075 mg, 0.1 mg is more than 0.25 mg, is
morethan 0.5 mg, is more than 1.2 mg, is more than 1.4
mg, is more than 1.6 mg, is more than 1.8 mg, is more
than 2.0 mg is more than 2.5 mg, is more than 3 mg, is
more than 3.5mg, is more than 4 mg, is more than 5 mg,
is more than 6 mg, is more than 7 mg, is more than 8
mg, is more than 9 mg, is more than 10 mg, is more
than 15 mg, is more than 20 mg, is more than 25 mg, or
is more than 50 mg. An optimal amount of antigen and
the optimal ratio of antigen to PIKA adjuvant can be
ascertained by standard studies involving observations
of antibody titers and other immunogenic responses in
the host. Antigens hi an embodiment of particular
interest the invention provides for a polynucleotide
adjuvant composition together with an antigen or
vaccine where the source of the antigen is a human
antigen, a animal antigen, a plant antigen, one or
more agents from infectious agents from any virus,
bacteria including mycobacterium, fungus or parasite,
cancer antigen, allergenic agents and other antigens,
such as for developing autoimmune diseases. hi certain
embodiments, the antigens may be derived from a
natural source either crude or purified and used in
its original live form or after having been killed, or
inactivated, or truncated, or attenuated, or
transformed into a nonreverting form, or detoxified,
or mutated into a nontoxic form, or filtered or
purified. In some embodiments, the antigen is an
isolated micro-organism antigen for example, a viral
antigen, a bacterial antigen, a fungal antigen, an
allergy antigen, a cancer antigen or an autoimmune
antigen. In other embodiments, the antigen is a whole,
inactivated antigen. Methods of inactivating a whole
antigens are well known in the art; any known method
can be used to inactivate an antigen and can be
selected appropriately for the type of antigen of
interest. Such methods of inactivating an antigen
include for example, use of photoreactive compounds;
oxidizing agents; irradiation (e.g., UVirradiation;
g-irradiation); combinations of riboflavin and UV
irradiation; solventdetergent treatment (e.g.,
treatment with organic solvent tri-N-butyl-phosphate
with a detergent such as Tween 80); polyethylene
glycol treatment; pasteurization (heat treatment); and
low pH treatment; mild enzymatic treatment with pepsin
or trypsin; Methylene blue (MB) phototreatment;
treatment with Dimethylmethylene blue (DMMB) and
visible light; treatment with S-59, a psoralen
derivative and UVA illumination; and the like. hi a
related embodiment of particular interest the antigen
may be synthesized by means of solid phase synthesis,
or may be obtained by means of recombinant genetics,
or may be otherwise manufactured artificially so as to
imitate the immunogenic properties of a pathogen.
Polypeptide antigens may be isolated from natural
sources using standard methods of protein purification
known in the art, including, but not limited to,
liquid chromatography (e.g., high performance liquid
chromatography, fast protein liquid chromatography,
etc.), size exclusion chromatography, gel
electrophoresis (including one-dimensional gel
electrophoresis, two-dimensional gel electrophoresis),
affinity chromatography, or other purification
technique. One may employ solid phase peptide
synthesis techniques, where such techniques are known
to those of skill in the art. See Jones, The Chemical
Synthesis of Peptides (Clarendon Press, Oxford)(1994).
Generally, in such methods a peptide is produced
through the sequential additional of activated
monomelic units to a solid phase bound growing peptide
chain. Wellestablished recombinant DNA techniques can
be employed for production of polypeptides, such
methods include, but are not limited to, for example,
an expression construct comprising a nucleotide
sequence encoding a polypeptide is introduced into an
appropriate host cell (e.g., a eukaryotic host cell
grown as a unicellular entity in in vitro cell
culture, e.g., a yeast cell, an insect cell, a
mammalian cell, etc.) or a prokaryotic cell (e.g.,
grown in in vitro cell culture), generating a
genetically modified host cell; under appropriate
culture conditions, the protein is produced by the
genetically modified host cell.In some embodiments,
the antigen is a purified antigen, e.g., from about
25% to 50% pure, from about 50% to about 75% pure,
from about 75% to about 85% pure, from about 85% to
about 90% pure, from about 90% to about 95% pure, from
about 95% to about 98% pure, from about 98% to about
99% pure, or greater than 99% pure. The antigen may be
acellular, capsular, infectious clone, replicon,
vectored, microencapsulated, monovalent, bivalent or
multivalent. The polynucleotide adjuvant composition
of the present invention can also be utilized to
enhance the immune response against antigens produced
by the use of DNA vaccines and/or DNA expressed
proteins. The DNA sequences in these vaccines coding
for the antigen can be either "naked" or contained in
a delivery system, such as liposomes. hi one aspect of
particular interest a subject immunogenic composition
may be defined by the selection of antigen or antigens
that are used in combination with the PIKA adjuvant.
More specifically, the present invention provides for
an immunogenic composition and method of use where the
immunogenic composition comprises a PIKA adjuvant
together with a viral antigen, wherein exemplary
antigens include but are not limited to antigens of
one or more of the viruses described in Table 1. Table
1: Viral pathogens and diseasesMUCOSAL IMMUNOGENIC
SUBSTANCES COMPRISING A POLYINOSINIC ACID -
POLYCYTIDILIC ACID BASED ADJUVANT FIELD OF INVENTION
The invention generally relates to immunogenic
compositions and methods of their use. More
specifically the invention relates to an immunogenic
composition comprising a polynucleotide adjuvant in
combination with one or more antigenic substances to
be used to elicit disease specific mucosal immune
response in a host. BACKGROUND OF INVENTION The immune
system may exhibit both specific and nonspecific
immunity. Nonspecific immunity encompasses various
cells and mechanisms such as phagocytosis (the
engulfing of foreign particles or antigens) by
macrophages or granulocytes, and natural killer (NK)
cell activity, among others. Nonspecific immunity
relies on mechanisms less evolutionarily advanced and
does not display the acquired nature of specificity
and memory, which are exemplary hallmarks of a
specific immune response. The key differences between
specific and nonspecific immunity are based upon B and
T cell specificity. These cells predominantly acquire
their responsiveness after activation with a specific
antigen and have mechanisms to display memory in the
event of future exposure to that specific antigen. As
a result, vaccination (involving specificity and
memory) is an effective protocol to protect against
harmful pathogens. Generally, B and T lymphocytes,
which display specific receptors on their cell surface
for a given antigen, produce specific immunity. The
specific immune system may respond to different
antigens in two ways: 1) humoral-mediated immunity,
which includes B cell stimulation and production of
antibodies or immunoglobulins and helper T cells
(predominantly Th2), and 2) cell-mediated immunity,
which generally involves T cells including cytotoxic T
lymphocytes (CTLs), although other cells are also
involved in the generation of a CTL response (e.g.,
antigen presenting cells and ThI cells).The immune
system has developed a distinct and specialized
repertoire of immune responses to combat infections.
The human immune system may be broadly sub-divided
into two interacting sub-systems. The systemic immune
system, comprising the lymph nodes, bone marrow and
spleen, that patrols the inner organs and tissues, and
the mucosal immune system comprising the lymphoid
tissues associated with mucosal surfaces and external
secretory glands which provides a defensive barrier
against pathogens entering the body through epithelial
lining of respiratory, gastrointestinal, sensory and
genitourinary tracts. Immune responses of the systemic
and mucosal immune system have evolved with specific
functions and largely remain distinct in their
defensive mechanisms against pathogens. Mucosal
immunity for instance is generally characterized by
the presence of a specialized class of antibodies,
immunoglobulin A (IgA) antibodies, primarily secretory
IgA (S-IgA) protecting the mucosal surfaces. S-IgA
antibodies neutralize pathogens in the mucosae that
have not yet crossed the mucosal barrier. 



In general, existing immunization strategies which
involve intramuscular, subcutaneous, intraperitoneal
or intradermal administration of antigens evoke the
systemic immune system in the production of different
classes of antibodies for instance, immunoglobulin G
(IgG) that neutralize pathogens after they have
entered the body. Vaccines administered by injection
tend not evoke substantial S-IgA response.
Furthermore, systemic immunity does not necessarily
provide for inhibition of the entry of pathogens into
the body via the mucosal surfaces. Thus a vaccination
strategy that only induces a systemic immune response
leaves the subject prone to infection via the mucosal
surface with the body's immune system fighting the
pathogen once it is in circulation. Mucosal
administration on the other hand induces mucosal (at
local and sometimes remote sites of administration)
and systemic immune responses. Furthermore,
traditional methods of injected immunization regimes
are known to have a number of drawbacks, including
risk of infection and low tolerance by many
individuals with casesof induration (hardening of
tissue), hemorrhage (bleeding) and/or necrosis (local
death of tissue) at the injection site. However it is
not possible to conclude that since an adjuvant
enhances a systemic immune response it will
necessarily also enhance a mucosal immune response. A
typical example is aluminum hydroxide which enhances
the systemic immunogenicity of a substance on
intramuscular, subcutaneous, intraperitoneal or
intradermal administration but is ineffective in
enhancing a mucosal immune response when administered
by injection or by a mucosal route. There has been an
intensive search in recent years for novel adjuvants,
including those to enhance a mucosal immune response.
Efforts to take advantage of S-IgA protection at
mucosal barriers have included oral immunization, as
well as applying monoclonal SIgA antibodies directly
to respiratory surfaces in an effort to protect
against pathogen entry. However there remains a
medical need for safe and effective adjuvants that are
able to elicit a beneficial mucosal immune response in
a host. The present invention provides novel
immunogenic compositions that exhibit improved safety
and efficacy profiles; and methods of use of such
compositions to enhance a mucosal immune response.
Subject immunogenic compositions include a
polynucleotide adjuvant and an antigen. LITERATURE The
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ISBN 92 4 1544 1 SUMMARYOF THE INVENTION In general,
the present invention, relates to immunogenic
compositions comprising a polyinosinic
acid-polycytidylic acid, kanamycin and calcium complex
adjuvant and their methods of use to elicit a disease
specific mucosal immune response. Accordingly, there
is provided an immunogenic composition comprising: (a)
a polynucleotide adjuvant comprising: a
polyriboinosinic-polyribocytidylic acid (PIC), at
least one an antibiotic, and at least one positive
ion; and (b) at least one antigen; wherein the
composition is formulated for mucosal administration.
Particularly, the invention relates to the application
of immunogenic compositions comprising a polyinosinic
acid-polycytidylic acid, kanamycin and calcium complex
as an adjuvant that is safe for use in humans and
non-human animals, which when administered in
combination with antigenic and/or immunomodulating
substance(s), enhances the specific mucosal immune
response and in certain applications enhances both a
specific mucosal and systemic immune response. More in
particular, the immunogenic composition according to
the invention may comprise a polynucleotide adjuvant
composition molecules heterogeneous for molecular
weight, wherein the molecular weight is at least
66,000 Daltons.BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 - ELISA detection of specific S-IgA titers in
lung supernatant after immunization with vaccines
comprising PIKA and/or whole inactivated SARS antigen
Figure 2 - ELISA detection of specific IgA titers in
blood serum after immunization with vaccines
comprising PIECA and/or whole inactivated SARS antigen
Figure 3 - ELISA detection of specific IgG titers in
blood serum after immunization with vaccines
comprising PIKA and/or whole inactivated SARS antigen
Figure 4 - ELISA detection of specific S-IgA titers in
lung supernatant after immunization with vaccines
comprising PIKA and/or inactivated split influenza
antigen Figure 5 - ELISA detection of specific S-IgA
titers in intestinal supernatant after immunization
with vaccines comprising PIKA and/or inactivated split
influenza antigen Figure 6 - ELISA detection of
specific IgG titers in blood serum after immunization
with vaccines comprising PIKA and/or inactivated split
influenza antigen Figure 7 - ELISA detection of
specific IgA titers in blood serum after immunization
with vaccines comprising PIKA and/or inactivated split
influenza antigen Figure 8 - ELISPOT detection of
murine splenocytes producing IL-2 after immunization
with vaccines comprising PIKA and/or inactivated split
influenza antigen Fig. 9:ELISA detection of specific
S-IgA in lung supernatant (32x dilution) after
immunization with vaccines comprising PIKA orAl(OH)3
and/or split inactivated influenza antigen Fig. 10:
ELISA detection of specific S-IgA in intestine
supernatant (32x dilution) after immunization with
vaccines comprising PIKA or A1(OH)3 and/or split
inactivated influenza antigen Fig. 11: ELISPOT
detection of murine splenocytes producing IFN-gamma
after immunization with vaccines comprising PIKA or
alum and/or split inactivated flu antigen Fig. 12:
ELISPOT detection of murine splenocytes producing IL-2
after immunization with vaccines comprising PIKA or
alum and/or split inactivated flu antigenDETAILED
DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE INVENTION
The present invention may be understood more readily
by reference to the following detailed description of
certain embodiments of the invention and the Examples
included herein. Throughout this application, where
publications are referenced, the disclosures of these
publications are hereby incorporated by reference, in
their entireties, into this application in order to
describe more fully the state of art to which this
invention pertains. Before the present invention is
further described, it is to be understood that this
invention is not limited to particular embodiments
described, as such may, of course, vary. It is also to
be understood that the terminology used herein is for
the purpose of describing particular embodiments only,
and is not intended to be limiting, since the scope of
the present invention will be limited only by the
appended claims. Unless defined otherwise, all
technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary
skilled in the art to which this invention belongs.
Although any methods and materials similar or
equivalent to those described herein can also be used
in the practice or testing of the present invention,
the preferred methods and materials are now described.
AU publications mentioned herein are incorporated
herein by reference to disclose and describe the
methods and/or materials in connection with which the
publications are cited. It must be noted that as used
herein and in the appended claims, the singular forms
"a," "and," and "the" include plural referents unless
the context clearly dictates otherwise. Thus, for
example, reference to "an immunogenic composition"
includes a plurality of such compositions and
reference to "the antigen" includes reference to one
or more antigens and equivalents thereof known to
those skilled in the art, and so forth. It isfurther
noted that the claims may be drafted to exclude any
optional element. As such, this statement is intended
to serve as antecedent basis for use of such exclusive
terminology as "solely," "only" and the like in
connection with the recitation of claim elements, or
use of a "negative" limitation. DEFINITIONS OF TERMS
Prior to setting forth details of the present
invention it may be useful to an understanding thereof
to set forth definitions of several terms that are
used herein. The term "adjuvant," as used herein,
refers to any substance or mixture of substances that
increases or diversifies the immune response of a host
to an antigenic compound. Specifically: 1. The term
"PICKCa" generally refers to a composition of poly
I:C, kanamycin and calcium irrespective of particular
physical and immunogenic properties. 2. "Av-PICKCa"
refers to a form of PICKCa used commercially as an
antiviral drug. 3. "PIKA" refers to a composition of
the invention comprising poly I :C, an antibiotic
(e.g., kanamycin), and a positive ion (e.g., calcium),
where the PIKA is characterized by physical
characteristics (e.g., molecular weight, size, and the
like) such that upon administration, PIKA exhibits
characteristics of an adjuvant with reduced adverse
side effects (e.g., reduced toxicity) relative to, for
example, PICKCa and greater potency (e.g., stimulates
an enhanced immune response) relative to, for example,
Av-PICKCa. The term "Poly LC" or "PIC" refers to a
composition comprising polyriboinosinic and
polyribocytidylic nucleic acids, which may also be
referred to as polyinosinic acidpolycytidylic acid,
respectively."PIC-containing molecule" or
"PIC-containing compound" refers to, without
limitation, PIC, which may be optionally complexed or
otherwise combined with at least one or both of an
antibiotic (e.g., kanamycin) and a positive ion (e.g.,
calcium) present in a composition comprising the
PIC-containing molecule. In one embodiment, the
PICcontaining molecule does not include poly-L-lysine
or a derivative thereof in the complex.
"Heterogeneous" as used herein in the context of the
adjuvant compositions of the invention indicates that
components of the composition, e.g., the
PIC-containing molecules, are not uniform with respect
to a physical characteristic of molecular weight,
size, or both. Where a composition is described as
heterogenous for a given physical characteristic, and
is further described by a range of values for that
physical characteristic, the composition is said to be
composed substantially of molecules characterized by
molecules having a physical characteristic that is
distributed within and across the recited range. While
the composition may not contain a molecule
representative of every physical characteristic value
within the upper and lower limits of a recited range,
the composition will generally include at least one
molecule having the physical characteristic of the
upper value and of the lower value. . The composition
in certain embodiments may include molecules outside
the stated range of physical characteristics used to
describe the composition. The molecules that are
present in the composition outside the prescribed
range do not materially affect the basic and novel
characteristics of the composition. The term "mucosal"
or "mucosal membrane" or "mucosal surface" refers to
the surfaces, passages and cavities that are in
contact directly or indirectly with the exterior
environment, including the surfaces of the
respiratory, digestive, sensory and genitourinary
systems. "Mucosal surface of the gastrointestinal
tract" is meant to include mucosa of the bowel
(including the small intestine and large intestine),
rectum, stomach (gastric) lining, oral cavity, and the
like.The term "formulated for mucosal administration"
refers to a composition that is adapted for and thus
compatible with administration to the mucosa (e.g., to
a mucosal surface or mucosal membrane). In some
embodiments, the composition is formulated for mucosal
administration by a route other than rectal, vaginal,
nasal, oral, or opthamalic (e.g., the composition is
formulated for administration to lung tissue, e.g., by
pulmonary administration. The term "individual," used
interchangeably herein with "host," "subject," and
"animal," includes humans and all domestic e.g.
livestock and pets and wild mammals and fowl,
including, without limitation, cattle, horses, cows,
swine, sheep, goats, dogs, cats, rabbits, deer, mink,
chickens, ducks, geese, turkeys, game hens, and the
like. The term "antibody" includes polyclonal and
monoclonal antibodies, as well as antigenic compound
binding fragments of such antibodies including Fab,
F(ab')2, Fd, Fv fragments, and single chain
derivatives of the same. In addition, the term
"antibody" includes naturally occurring antibodies as
well as non-naturally occurring antibodies, including,
for example, chimeric, bifunctional and humanized
antibodies, and related synthetic isoforms. The term
"antibody" is used interchangeably with
"immunoglobulin." As used herein, the term "antigenic
compound" refers to any substance that can be
recognized by the immune system (e.g., bound by an
antibody or processed so as to elicit a cellular
immune response) under appropriate conditions. An
"antigen" refers to a substance, including
compositions in the form of a vaccine where the
vaccine itself comprises an antigenic compound and may
or may not comprise an adjuvant other than PIKA, which
when administered by an appropriate route (e.g.,
parenterally), induces a specific immune response, for
example, the formation of antibodies, including
antibodies that specifically bind the antigen. Two of
the characteristic features of antigens are their
immunogenicity, that is, their capacity toinduce a
specific immune response in vivo, and their
antigenicity, that is their capacity to be selectively
recognized by the antibodies whose origins are the
antigens. An "antigen" as used herein includes but is
not limited to cells; cell extracts; proteins;
lipoproteins; glycoproteins; nucleoproteins;
polypeptides; peptides; polysaccharides;
polysaccharide conjugates; peptide mimics of
polysaccharides; lipids; glycolipids; carbohydrates;
viruses; viral extracts; bacteria; bacterial extracts;
fungi; fungal extracts; multicellular organisms such
as parasites; and allergens. Antigens may be exogenous
(e.g., from a source other than the individual to whom
the antigen is administered, e.g., 



from a different species) or endogenous (e.g.,
originating from within the host, e.g., a diseased
element of body, a cancer antigen, a virus infected
cell producing antigen, and the like). Antigens may be
native (e.g., naturally-occurring); synthetic; or
recombinant. Antigens include crude extracts; whole
cells; and purified antigens, where "purified"
indicates that the antigen is in a form that is
enriched relative to the environment in which the
antigen normally occurs and/or relative to the crude
extract, for example, a cultured form of the antigen..
An "immunogenic composition" as used here in refers to
a combination of two or more substances (e.g., an
antigen and an adjuvant) that together elicit an
immune response when administered to a host. The term
"polypeptide", "peptide," "oligopeptide," and
"protein", are used interchangeably herein, and refer
to a polymeric form of amino acids of any length,
which can include coded and non-coded amino acids,
chemically or biochemically modified or derivatized
amino acids, and polypeptides having modified peptide
backbones. An "effective amount of an antigenic
compound" refers to an amount of antigenic compound
which, in optional combination with an adjuvant, will
cause the subject to produce a specific immunological
response to the antigenic compound.The term "immune
response" refers to any response to an antigenic
compound or immunogenic compound by the immune system
of a vertebrate subject. Exemplary immune responses
include, but are not limited to local and systemic
cellular as well as humoral immunity, such as
cytotoxic T lymphocytes (CTL) responses, including
antigen-specific induction of CD8+ CTLs, helper T-cell
responses including T-cell proliferative responses and
cytokine release, and B-cell responses including
antibody response. The term "eliciting an immune
response" is used herein generally to encompass
induction and/or potentiation of an immune response.
The term "inducing an immune response" refers to an
immune response that is, stimulated, initiated, or
induced. - The term "potentiating an immune response"
refers to a pre-existing immune response that is
improved, furthered, supplemented, amplified,
enhanced, increased or prolonged. The expression
"enhanced immune response" or similar means that the
immune response is elevated, improved or enhanced to
the benefit of the host relative to the prior immune
response status, for example, before the
administration of an immunogenic composition of the
invention. The terms "mucosal immune response" and
"mucosal immunity" are terms well understood in the
art, and refers to an immune response characterized,
at least in part, by production of secretory IgA
and/or stimulation of a mucosal CTL response in
mucosal tissues such as gastrointestinal tract
tissues, including rectal tissues; vaginal tissues;
and tissues of the respiratory tract. The terms
"humoral immunity" and "humoral immune response" refer
to the form of immunity in which antibody molecules
are produced in response to antigenic stimulation.The
terms "cell-mediated immunity" and "cell-mediated
immune response" are meant to refer to the
immunological defense provided by lymphocytes, such as
that defense provided by T cell lymphocytes when they
come into close proximity to their victim cells. A
cell-mediated immune response normally includes
lymphocyte proliferation. When "lymphocyte
proliferation" is measured, the ability of lymphocytes
to proliferate in response to a specific antigen is
measured. Lymphocyte proliferation is meant to refer
to B cell, T-helper cell or CTL cell proliferation.
The term "immunogenic amount" refers to an amount of
antigenic compound sufficient to stimulate an immune
response, when administered with a subject immunogenic
composition, as compared with the immune response
elicited by the antigen in the absence of the
polynucleotide adjuvant. The term "immunopotentiating
amount" refers to the amount of the adjuvant needed to
effect an increase in antibody titer and/or
cell-mediated immunity when administered with an
antigenic compound in a composition of the invention,
as compared with the increase in antibody and/or cell
mediated immunity level observed in the absence of the
polynucleotide adjuvant. The terms "treatment",
"treating", "treat" and the like are used herein to
generally refer to obtaining a desired pharmacologic
and/or physiologic effect. The effect may be
prophylactic in terms of completely or partially
preventing a disease or symptom thereof and/or may be
therapeutic in terms of a partial or complete
stabilization or cure for a disease and/or adverse
effect attributable to the disease. "Treatment" as
used herein covers any treatment of a disease in a
subject, particularly a mammalian subject, more
particularly a human, and includes: (a) preventing the
disease or symptom from occurring in a subject which
may be predisposed to the disease or symptom but has
not yet been diagnosed as having it; (b) inhibiting
the disease symptom, e.g., arresting its development;
or relieving the disease symptom, i.e., causing
regression of the disease or symptom (c) reduction of
a level of a product produced by the infectious agent
of a disease (e.g., a toxin, an antigen, and the
like); and (d) reducing an undesiredphysiological
response to the infectious agent of a disease (e.g.,
fever, tissue edema, and the like). As used herein,
the term "mixing" includes any method to combine the
components of the composition; such methods include,
but are not limited to, blending, dispensing,
dissolving, emulsifying, coagulating, suspending, or
otherwise physically combining the components of the
composition. A "pharmaceutically acceptable salt" of a
compound means a salt that is pharmaceutically
acceptable and that possesses the desired
pharmacological activity of the parent compound. Such
salts include: (1) acid addition salts, formed with
inorganic acids such as hydrochloric acid, hydrobromic
acid, sulfuric acid, nitric acid, phosphoric acid, and
the like; or formed with organic acids such as acetic
acid, propionic acid, hexanoic acid,
cyclopentanepropionic acid, glycolic acid, pyruvic
acid, lactic acid, malonic acid, succinic acid, malic
acid, maleic acid, fumaric acid, tartaric acid, citric
acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-
hydroxyethanesulfonic acid, benzenesulfonic acid,
4-chlorobenzenesulfonic acid, 2- naphthalenesulfonic
acid, 4-toluenesulfonic acid, camphorsulfonic acid,
glucoheptonic acid,
4,4'-methylenebis-(3-hydroxy-2-ene-l-carboxylic acid),
3-phenylpropionic acid, trimethylacetic acid, tertiary
butylacetic acid, lauryl sulfuric acid, gluconic acid,
glutamic acid, hydroxynaphthoic acid, salicylic acid,
stearic acid, muconic acid, and the like; or (2) salts
formed when an acidic proton present in the parent
compound either is replaced by a metal ion, e.g., an
alkali metal ion, an alkaline earth ion, or an
aluminum ion; or coordinates with an organic base such
as ethanolamine, diethanolamine, triethanolamine,
trometharnine, N-methylglucamine, and the like. The
term "unit dosage form" as used herein refers to
physically discrete units suitable as unitary dosages
for human and animal subjects, each unit containing a
predetermined quantity of compounds of the present
invention calculated in an amount sufficient toproduce
the desired effect in association with a
pharmaceutically/physiologically acceptable diluent,
carrier or vehicle. EXEMPLARYEMBODIMENTS OF THE
INVENTION The present invention is directed to
immunogenic compositions and methods useful for
induction and/or enhancement of an immune response,
which may be mucosal and/or systemic, humoral and/or
cell-mediated, in a human, in a non-human animal, or
in cell culture. In general, a immunogenic composition
according to the invention comprises an antigen (an
"antigenic composition") and an adjuvant. The presence
of the adjuvant enhances or modifies the immune
response to the antigen. The adjuvant may alter the
quality of the immune response by affecting the
subclasses (isotypes) of immunoglobulins and /or
chemokines and/or cytokines produced. As a result the
innate immunity, humoral and/or cell-mediated immune
responses are more effective with the presence of the
adjuvant. A particular advantage is the effectiveness
of the PIKA adjuvant in combination with an antigenic
substance in inducing a specific humoral immune
response thereby enhancing protective immunity. A
further important advantage is that the PIKA adjuvant
in combination with an antigen can induce a specific
cell mediated immune response that is essential for a
therapeutic vaccine for limiting and treating
intracellular viral, bacterial and parasite
infections. Accordingly, included in the invention are
compositions having the unique product attributes that
make them most suitable for use as vaccines to be
administered to animals and/or humans that address the
need for a safe adjuvant, which elicits a beneficial
immune response. Accordingly, the present invention
provides an adjuvant and an immunogenic composition
that can be used safely in humans and
animals.Accordingly, there is provided an immunogenic
composition comprising: (a) a polynucleotide adjuvant
comprising: a polyriboinosinic-polyribocytidylic acid
(PIC), at least one an antibiotic, and at least one
positive ion; and (b) at least one antigen; wherein
the composition is formulated for mucosal
administration. In particular, the immunogenic
composition according to the invention may comprise a
polynucleotide adjuvant composition molecules
heterogeneous for molecular weight, wherein the
molecular weight is at least 66,000 Daltons. The value
of 66,000 Daltons corresponds to the size of about 6.4
Svedbergs. Accordingly, a molecular weight range of
66,000 to 1,200,000 Daltons corresponds to the size
from about 6.4 to 24.0 Svedbergs. More specifically,
the present invention provides the PIKA adjuvant
composition comprising a polynucleotide, an antibiotic
and a positive ion, wherein the polynucleotide may be
polyriboinosinic-polyribocytidylic acid (PIC); the
antibiotic may be kanamycin, and the ion may be
calcium. In one aspect of particular interest, the
invention provides for an immunogenic composition for
enhancing the antigenicity of an antigenic compound
comprising the polynucleotide adjuvant composition
that is capable of eliciting an antigen specific cell
mediated immune response. In one aspect of particular
interest, the invention provides for an immunogenic
composition for enhancing the antigenicity of an
antigenic compound comprising the polynucleotide
adjuvant composition that is capable of eliciting an
antigen specific humoral immune response. In one
aspect of particular interest, the invention provides
for an immunogenic composition for enhancing the
antigenicity of an antigenic compound comprising the
polynucleotide adjuvant composition that is capable of
eliciting a combined specific cell mediated and
humoral immune responseIn one aspect of particular
interest, the invention provides for an adjuvant
composition or immunogenic composition comprising an
adjuvant composition wherein the adjuvant composition
or the immunogenic composition is freeze-dried. In one
aspect of particular interest, the invention provides
for the use of a polynucleotide adjuvant composition
for the preparation of a medicament for enhancing the
immunogenic response of a host. Polynucleotide
Adjuvant A subject immunogenic composition comprises a
PIC-containing polynucleotide adjuvant, e.g., a PIKA
composition, is generally composed of polyinosinic
acid, polycytidylic acid, an antibiotic (e.g.,
kanamycin), and a divalent cation (e.g., calcium).It
will be understood that reference to PIKA herein is
exemplary of such PICcontaining adjuvants.
PIC-containing adjuvants of interest can be
manufactured using methods available in the art. The
PIC-containing adjuvant composition can be
manufactured through any appropriate process. For
example the polynucleotide adjuvant composition can be
manufactured by mixing of polyinosinic acid,
polycytidylic acid, an antibiotic and the source of a
positive ion in a sodium chloride/phosphate buffer
solution that has a pH between pH6 and pH8. The
polyinosinic acid and polycytidylic acid are generally
provided at a concentration of 0.1 to 10 mg/ml, 0.5 to
5 mg/ml, or 0.5 to 2.5 mg/ml. The hyperchromicity
value should be at least or greater than 10%, greater
than 15%, greater than 20%, or greater than 50%. The
preparation of the PIC and the combination with the
antibiotic (e.g., kanamycin) and the positive ion
(e.g., calcium) is generally conducted under quality
standards consistent with international Good
Manufacturing Process. In certain embodiments of the
present invention, the antibiotic component of the
adjuvant is kanamycin. Where the antibiotic is
kanamycin, in some embodiments, the kanamycin in the
polynucleotide adjuvant composition is used together
with orsubstituted by one or more antibiotics selected
from the group including tobramycin, anthracyclines,
butirosin sulfate, gentamicins, hygromycin, amikacin,
dibekacin, nebramycin, metrzamide, neomycin,
puromycin, streptomycin and streptozocin. The
antibiotic (e.g., Kanamycin or the like) in the
polynucleotide adjuvant composition of the invention
is generally provided at a concentration of from about
10 units/ml to 100,000 units/ml, from about 100
units/ml to 10,000 units/ml, or from about 500
units/ml to 5,000 units/ml. In certain embodiments of
the present invention, the polynucleotide adjuvant
composition further comprises a positive ion (cation),
usually a divalent cation, normally a cation of an
alkali metal. The positive ion is generally provided
in the composition of the invention as a source of
positive ions such as a salt or complex, e.g., an
organic or inorganic salt or complex, usually an
inorganic salt or organic complex. Exemplary positive
ions include, but are not necessarily limited to,
calcium, cadmium, lithium, magnesium, cerium, cesium,
chromium, cobalt, deuterium, gallium, iodine, iron, or
zinc. The positive ion can be provided in the form of
any suitable salt or organic complex, including, but
not necessarily limited to chloride, fluoride,
hydroxide, phosphate, or sulfate salts. For example,
where the positive ion is calcium, the ion can be in
the form of calcium carbonate, calcium chloride,
calcium fluoride, calcium hydroxide, calcium
phosphates, or calcium sulfate. The positive ion (e.g.
calcium) can be provided in the composition of the
invention at a concentration in the range of from
about 10 umol to10 mmol/ml, usually from about 50 umol
to 5 mmol/ml, and more usually from about 100 umol to
1 mmol/ml. The term "umol" is used throughout to refer
to micromole. Where the positive ion in the adjuvant
composition of the invention is calcium, it can be in
combination with or substituted by other positive
ions, including cadmium, lithium,magnesium, cerium,
cesium, chromium, cobalt, deuterium, gallium, iodine,
iron, and zinc, wherein the ions can be in the form of
inorganic salts or organic complexes. The resulting
composition is a PIC-containing adjuvant that further
contains an antibiotic and a positive ion. In a
particular embodiment, where the antibiotic is
kanamycin and the ion is calcium the product may be
described as PICKCa. i a related embodiment the PICKCa
composition may contain molecules without restriction
of different physical characteristics. PIKA adjuvant
composition hi an embodiment of particular interest,
the polynucleotide adjuvant is PIKA. PIKA may be
produced in a variety of ways, with production from
PICKCa being of particular interest. PIKA may be
produced from PICKCa through additional manufacturing
processes that involves the isolation and/or
concentration of molecules of a defined molecular size
and/or weight. The separation and concentration of
polynucleotide molecules of particular characteristics
using filtration, chromatography, thermal treatment,
centrifugal separation, electrophoresis, and similar
methods that are standard processes and are known to
those skilled in the art. The immunogenic composition
may be prepared as a dry powder, liquid solution,
suspension or emulsion. The preparation of
formulations of a desired immunogenic composition is
generally described in Vaccine 4t l Edition by Stanley
A Plotkin et al., W.B. Saunders Company; 4th edition
2003. Suitable formulations are also described in,
e.g., A. Gennaro (2000) "Remington: The Science and
Practice of Pharmacy," 20th edition, Lippincott,
Williams, & Wilkins; Pharmaceutical Dosage Forms and
Drug Delivery Systems (1999) H.C. Ansel et al., eds.,
7th ed., Lippincott, Williams, & Wilkins; and Handbook
of Pharmaceutical Excipients (2000) A.H. Kibbe et al.,
eds., 3rd ed. Amer. Pharmaceutical Assoc; Methods in
Molecular Medicine, Vol. 87: Vaccine Protocols, 2nd
edition (2003), Humana Press; Mucosal Vaccines (1996),
Kiyono et al., eds., Academic Press; and Vaccine
Adjuvants: Preparation Methods and Research Protocols
(2000) D.T. O'Hagan, Humana Press.In embodiments of
particular interest, the invention features an
adjuvant generally referred to as PIKA comprising a
polyriboinosinic-polyribocytidylic acid (PIC), an 



antibiotic (e.g., kanamycin), and a positively charged
ion (e.g., a calcium ion), wherein the composition
contains molecules of the adjuvant heterogeneous for
molecular weight having a molecular weight of from
about 66,000 to 1,200,000 Daltons. That is, the
adjuvant composition comprises molecules with a weight
distribution in the range of from about 66,000 to
1,200,000 Daltons. In related embodiments, the PIKA
polynucleotide adjuvant composition molecules in the
composition are heterogeneous, that is the weight of
the adjuvant molecules are distributed within a range
of molecular weight, where the molecular weight is
from about 300,000 to 1,200,000 Daltons, or from about
66,000 to 660,000 Daltons, or from about 300,000 to
660,000 Daltons, or from about 300,000 to 2,000,000
Daltons, or from about 66,000 Daltons to about 100,000
Daltons, 100,000 to 200,000 Daltons, from about
300,000 Daltons to about 4,000,000 Daltons, or from
about 500,000 Daltons to 1,000,000 Daltons, or from
about 1,000,000 Daltons to 1,500,000 Daltons, or from
about 1,500,000 Daltons to 2,000,000 Daltons, or from
about 2,000,000 Daltons to 2,500,000 Daltons, or from
about 2,500,000 Daltons to 3,000,000 Daltons, or from
about 3,000,000 Daltons to 3,500,000 Daltons, or from
about 3,500,000 Daltons to 4,000,000 Daltons, or from
about 4,000,000 Daltons to 4,500,000 Daltons, or from
about 4,500,000 Daltons to 5,000,000 Daltons. In
related embodiments, the PIKA polynucleotide adjuvant
composition molecules in the composition have an
average molecular weight or equal to or greater than
66,000 Daltons, equal or greater than 150,000 Daltons,
or equal to or greater than 250,000 Daltons, or equal
to or greater than 350,000 Daltons, or equal to or
greater than 500,000 Daltons, or equal to or greater
than 650,000 Daltons, or equal to or greater than
750,000 Daltons, or equal to or greater than 1,000,000
Daltons, or equal to or greater than 1,200,000
Daltons, or equal to or greater than 1,500,000
Daltons, or equal to or greater than 2,000,000
Daltons.In embodiments of particular interest, the
invention features an adjuvant generally referred to
as PIKA comprising a
polyriboinosinic-polyribocytidylic acid (PIC), an
antibiotic, and a positive ion wherein the composition
contains molecules of the adjuvant heterogeneous, that
is the size of the adjuvant molecules are distributed
within a range of molecular size, for molecular size
having a sediment co-efficient Svedbergs (S) of from
about 6.43S to 24.03S. hi related embodiments, the
PIKA polynucleotide adjuvant composition molecules in
the composition are heterogeneous, that is the size of
the adjuvant molecules are distributed within a range
of molecular size, where the molecular size is from
about 12.8S to 24.03S, or from about 3S to 12S or from
about 6.43 to 18.31S, or from about 12.8 to 18.31S, or
from about 12.8S to 30.31S, or from about 12.8S to
41.54S, or from about 13.5S, to 18.3 IS, or from about
13.5S to 24.03S, or from about 16.14 to 22.12S, or
from about 22.12S to 26.6S, or from about 26.6S to
30.3 IS, or from about 30.3 IS to 33.55S, or from
about 33.55S to 36.45S, or from about 36.45S to 39.1S,
or from about 39.1S to 41.54S, or from about 41.54S to
43.83S, or from about 43.83S to 45.95S. hi further
related embodiments, the PIKA polynucleotide adjuvant
composition has an average sedimentation co-efficient
(Svedbergs) greater than 9, or greater than 12, or
greater than 13.5, or greater than 15, or greater than
16, or greater than 17, or greater than 18, or greater
than 19, or greater than 20, or greater than 21, or
greater than 22 or greater than 25, or greater than
30. Immunogenic properties An immunogenic composition,
including PIKA and an antigen, can generally induce an
antigen-specific immune response in at least two ways:
i) humoral-mediated immunity, which includes B cell
stimulation and production of antibodies or
immunoglobulins (other cells are also involved in the
generation of an antibody response, e.g.
antigenpresenting cells, including macrophages and
helper T cells (ThI and Th2)., and ii) cellmediated
immunity, which generally involves T cells including
cytotoxic Tlymphocytes, although other cells are also
involved in the generation of a cytotoxic T lymphocyte
response (e.g., ThI and/or Th2 cells and antigen
presenting cells). Furthermore, the polynucleotide
adjuvant composition may alter the quality of the
immune response by affecting the subclasses (isotypes)
of immunoglobulins produced, as well as their
affinities. The degree and nature of the immunogenic
response induced by a subject immunogenic composition
may be thus assessed by measuring the presence of
molecules including cytokines, chemokines and
antibodies produced by cells of the immune system. The
current invention provides for novel immunogenic
substances comprising the PIKA adjuvant that enhance
the overall level of immune response in a host by
inducing a mucosal immune response. In certain
embodiments, a subject immunogenic composition induces
a mucosal immune response and enhances the systemic
level of immunity. The induction of a mucosal immune
response as well as the enhancement of the systemic
immunity is of interest in treating infectious
diseases caused by pathogenic organisms that enter the
body through a mucosal surface. The examples provided
demonstrate that an immunogenic composition comprising
PIKA and a SARS antigen, when administered by
peritoneal injection induce systemic immune response,
where the expression of specific IgA and specific IgG
in the blood are measures of systemic immune activity.
However, identical immunogenic composition comprising
PIKA and a SARS antigen, when administered by
peritoneal injection did not induce a mucosal immune
response, where the expression of S-IgA is a measure
of the mucosal immune activity. Surprisingly, the
identical immunogenic composition comprising PIKA and
a SARS antigen, when administered mucosally induces a
mucosal immune response, as indicated by the
expression of specific S-IgA in the mucosal
surface.Example 1 illustrates that the presence of the
PIKA adjuvant in an immunogenic composition
administered by peritoneal injection does not induce
an enhanced expression of specific S-IgA in the
mucosal membrane. However, the presence of the PEKA
adjuvant in an immunogenic composition administered
mucosally induces the expression of specific S-IgA in
the mucosal membrane in a dose dependent manner (Table
A). The presence of the PIKA adjuvant in an
immunogenic composition administered by peritoneal
injection elicited a dose dependent increase in the
presence of IgA in the blood. Further, the presence of
the PIKA adjuvant in the immunogenic composition
administered mucosally also increased the level of
specific IgA in the blood in a dose dependent manner
(Table B). Further, the presence of the PIKA adjuvant
in an immunogenic composition administered by
peritoneal injection elicited a dose dependent
increase in the presence of IgG in the blood. The
presence of the PEKA adjuvant in the immunogenic
composition administered mucosally also increased the
level of specific IgG in the blood in a dose dependent
manner (Table C). The results of these examples are
summarized in Figures 1 to 3. The production of
specific IgG in the blood induced by mucosal delivery
of the vaccine composition of PIKA and SARS antigen,
was over to 70% of the observed levels for peritoneal
delivery (Table B). Thus the presence of PIKA in an
immunogenic substance delivered mucosally has the
additional unexpected benefit of inducing an immune
response in both the mucosal and systemic immune
sub-systems. Example 2 demonstrates that the presence
of PIKA induce both a mucosal and systemic immune
response. Further the mucosal administration of an
immunogenic composition comprising PIKA was
unexpectedly observed to induce a mucosal immune
response at a remote mucosal site. Ln addition, the
mucosal administration of an immunogeniccomposition
comprising PIKA was unexpectedly observed to induce a
T cell mediated immune response. In Example 2
influenza antigen used was an approved human influenza
vaccine VAXIGRIP from Sanof  Pasteur comprising, HlNl,
H3N2 like strains and VShanghai5/361/2002 strain. The
influenza antigen alone and a composition comprising
the influenza antigen plus PIKA administered by
subcutaneous injection induces a strong specific
systemic humoral immune response but only a weak
specific mucosal immune response as measured by the
production of S-IgA in the mucosal surfaces of the
lung and intestine. The administration of the
influenza antigen alone and the influenza antigen
combined with alum (a recognized vaccine antigen) via
a nasal drip also induced only a weak specific mucosal
immune response (see Tables E and F, Figures 4 and 5)
as measured by the production of S-IgA in the mucosal
surfaces of the lung and intestine. In contrast, the
presence of PIKA in an immunogenic composition
comprising the influenza antigen induced an
unexpectedly strong specific mucosal site in the
mucosal surface of the lung as measured by the
production of S-IgA (Table E Figure 4) Further it was
observed that at the remote mucosal site of the
intestine there was also a strong specific mucosal
immune response as indicated by the presence of S-IgA
(Table F Figure 5) In addition the administration of
an immunogenic composition comprising PIKA and the
influenza antigen induced a strong specific systemic
response both humoral as measured by specific IgA and
specific IgG in the blood serum (see Tables G and H,
Figures 6 and 7) as well as a T cell mediated immune
response and measured by the production of 11-2 by
splenocytes (Table I Figure 8).Example 3 further
demonstrates that the presence of PIKA enhances the
mucosal immune response while also specifically
amplifying the cell mediated immune response. In
comparison, the use of an alum adjuvant under
identical experimental conditions did not enhance
either the degree of mucosal immune activity or the
cell mediated immune response. Additional features In
a further embodiment a subject immunogenic composition
is further defined by the relative presence of the
PIKA adjuvant and the antigen or antigens where the
presence is measured in terms of one or more
characteristics of quantity, concentration, volume,
number of molecules or other recognized metric. In
related embodiments, a subject immunogenic composition
comprises a polynucleotide adjuvant composition and an
antigen or antigens where the presence of the adjuvant
and the antigen in terms of weight or number of
molecules is in a ratio of less than 1 to 1,000, of
less than 1 to 900, of less than 1 to 800, of less
than 1 to 700, of less than 1 to 500, of less than 1
to 400, of less than 1 to 300, of less than 1 to 200,
of less than 1 to 100, of less than 1 to 50, of less
than 1 to 10, of less than 1 to 5, of less than 1 to
2, of about 1 to 1, of greater than 2 to 1, of greater
than 5 to 1, of greater than 10 to 1, of greater than
50 to 1, of greater than 100 to 1, of greater than 200
to 1, of greater than 300 to 1, of greater than 400 to
1, of greater than 500 to 1, of greater than 600 to 1,
of greater than 700 to 1, of greater than 800 to 1, of
greater than 900 to 1, of greater than 1,000 to 1. In
a further related embodiment, a subject immunogenic
composition is defined in terms of dose; that is the
quantity of immunogenic composition that is to be
administered to induce the optimal beneficial immune
response or alternatively the range of dose that may
be administered from the minimum required to elicit an
immune response to the maximum dose beyond which the
incremental beneficial response is not medically
justified in the context of the potential inducement
of adverse side effects.In certain embodiments of
particular interest, the immunogenic composition
comprises a polynucleotide adjuvant composition and
antigen where the presence of the antigen in a unit
dose is provided in a quantity, that is more than
O.lug, is more than 0.5ug is more than 0.001 mg is
more than 0..005 mg, is more than 0.01 mg, is more
than 0.025 mg, is more than 0.05 mg, is more than
0.075 mg, 0.1 mg is more than 0.25 mg, is more than
0.5 mg, is more than 1.2 mg, is more than 1.4 mg, is
more than 1.6 mg, is more than 1.8 mg, is more than
2.0 mg is more than 2.5 mg, is more than 3 mg, is more
than 3.5mg, is more than 4 mg, is more than 5 mg, is
more than 6 mg, is more than 7 mg, is more than 8 mg,
is more than 9 mg, is more than 10 mg, is more than 15
mg, is more than 20 mg, is more than 25 mg, or is more
than 50 mg An optimal amount of antigen and the
optimal ratio of antigen to PIKA adjuvant can be
ascertained by standard studies involving observations
of antibody titers and other immunogenic responses in
the host. Antigens In an embodiment of particular
interest the invention provides for an immunogenic
composition comprising a polynucleotide adjuvant
composition and an antigen or vaccine, where the
source of the antigen is a human antigen, a non-human
animal antigen, a plant antigen, one or more agents
from infectious agents from any virus, bacteria
including mycobacterium, fungus or parasite, cancer
antigen, allergenic agents and other antigens, such as
for developing autoimmune diseases. In certain
embodiments, the antigens may be derived from a
natural source either crude or purified and used in
its original live form or after having been killed, or
inactivated, or truncated, or attenuated, or
transformed into a non-reverting form, or detoxified,
or mutated into a nontoxic form, or filtered or
purified. In some embodiments, the antigen is an
isolated micro-organism antigen for example, a viral
antigen, a bacterial antigen, a fungal antigen, an
allergy antigen, a cancer antigen or an autoimmune
antigen. In other embodiments, the antigen is a whole,
inactivatedantigen. Methods of inactivating a whole
antigens are well known in the art; any known method
can be used to inactivate an antigen and can be
selected appropriately for the type of antigen of
interest. Such methods of inactivating an antigen
include for example, use of photoreactive compounds;
oxidizing agents; irradiation (e.g., UV irradiation;
g-irradiation); combinations of riboflavin and UV
irradiation; solventdetergent treatment (e.g.,
treatment with organic solvent tri-N-butyl-phosphate
with a detergent such as Tween 80); polyethylene
glycol treatment; pasteurization (heat treatment); and
low pH treatment; mild enzymatic treatment with pepsin
or trypsin; Methylene blue (MB) phototreatment;
treatment with Dimethylmethylene blue (DMMB) and
visible light; treatment with S-59, a psoralen
derivative and UVA illumination; and the like. In a
related embodiment of particular interest the antigen
may be synthesized by means of solid phase synthesis,
or may be obtained by means of recombinant genetics,
or may be otherwise manufactured artificially so as to
imitate the immunogenic properties of a pathogen. The
antigen may be acellular, capsular,- infectious clone,
replicon, vectored, microencapsulated, monovalent,
bivalent or multivalent. In some embodiments, a
subject immunogenic composition comprises a
polynucleotide adjuvant, and at least two different
antigens, e.g., in some embodiments, a subject
immunogenic composition comprises two antigens, three
antigens, four antigens, five antigens, or more than
five antigens. Polypeptide antigens may be isolated
from natural sources using standard methods of protein
purification known in the art, including, but not
limited to, liquid chromatography (e.g., high
performance liquid chromatography, fast protein liquid
chromatography, etc.), size exclusion chromatography,
gel electrophoresis (including one-dimensional gel
electrophoresis, two-dimensional gel electrophoresis),
affinity chromatography, or other purification
technique. One may employ solid phase peptidesynthesis
techniques, where such techniques are known to those
of skill in the art. See Jones, The Chemical Synthesis
of Peptides (Clarendon Press, Oxford)(1994).
Generally, in such methods a peptide is produced
through the sequential additional of activated
monomeric units to a solid phase bound growing peptide
chain. WeIlestablished recombinant DNA techniques can
be employed for production of polypeptides, such
methods include, but are not limited to, for example,
e.g., an expression construct comprising a nucleotide
sequence encoding a polypeptide is introduced into an
appropriate host cell (e.g., a eukaryotic host cell
grown as a unicellular entity in in vitro cell
culture, e.g., a yeast cell, an insect cell, a
mammalian cell, etc.) or a prokaryotic cell (e.g.,
grown in in vitro cell culture), generating a
genetically modified host cell; under appropriate
culture conditions, the protein is produced by the
genetically modified host cell. In some embodiments,
the antigen is a purified antigen, e.g., from about
25% to 50% pure, from about 50% to about 75% pure,
from about 75% to about 85% pure, from about 85% to
about 90% pure, from about 90% to about 95% pure, from
about 95% to about 98% pure, from about 98% to about
99% pure, or greater than 99% pure. The antigen may be
acellular, capsular, infectious clone, replicon,
vectored, microencapsulated, monovalent, bivalent or
multivalent. The polynucleotide adjuvant composition
of the present invention can also be utilized to
enhance the immune response against antigens produced
by the use of DNA vaccines and/or DNA expressed
proteins. The DNA sequences in these vaccines coding
for the antigen can be either "naked" or contained in
a delivery system, such as liposomes. 



In one aspect of particular interest the novel vaccine
composition may be defined by the selection of antigen
or antigens that are used in combination with the PIKA
adjuvant.In an embodiment of particular interest, the
present invention provides for a polynucleotide
adjuvant composition and method of use where the
polynucleotide adjuvant composition comprises the PIKA
adjuvant together with an antigen wherein exemplary
antigens include but are not limited to antigens that
are of infectious disease pathogens which enter the
host through a mucosal surface as described in Table
N. Accordingly, Table N describes organisms that can
serve as a source of antigens, and the diseases that
can result following infection of the mucosal
membrane. Table NMUCOSAL IMMUNOGENIC SUBSTANCES
COMPRISING A POLYINOSINIC ACID - POLYCYTIDILIC ACID
BASED ADJUVANT FIELD OF INVENTION The invention
generally relates to immunogenic compositions and
methods of their use. More specifically the invention
relates to an immunogenic composition comprising a
polynucleotide adjuvant in combination with one or
more antigenic substances to be used to elicit disease
specific mucosal immune response in a host. BACKGROUND
OF INVENTION The immune system may exhibit both
specific and nonspecific immunity. Nonspecific
immunity encompasses various cells and mechanisms such
as phagocytosis (the engulfing of foreign particles or
antigens) by macrophages or granulocytes, and natural
killer (NK) cell activity, among others. Nonspecific
immunity relies on mechanisms less evolutionarily
advanced and does not display the acquired nature of
specificity and memory, which are exemplary hallmarks
of a specific immune response. The key differences
between specific and nonspecific immunity are based
upon B and T cell specificity. These cells
predominantly acquire their responsiveness after
activation with a specific antigen and have mechanisms
to display memory in the event of future exposure to
that specific antigen. As a result, vaccination
(involving specificity and memory) is an effective
protocol to protect against harmful pathogens.
Generally, B and T lymphocytes, which display specific
receptors on their cell surface for a given antigen,
produce specific immunity. The specific immune system
may respond to different antigens in two ways: 1)
humoral-mediated immunity, which includes B cell
stimulation and production of antibodies or
immunoglobulins and helper T cells (predominantly
Th2), and 2) cell-mediated immunity, which generally
involves T cells including cytotoxic T lymphocytes
(CTLs), although other cells are also involved in the
generation of a CTL response (e.g., antigen presenting
cells and ThI cells).The immune system has developed a
distinct and specialized repertoire of immune
responses to combat infections. The human immune
system may be broadly sub-divided into two interacting
sub-systems. The systemic immune system, comprising
the lymph nodes, bone marrow and spleen, that patrols
the inner organs and tissues, and the mucosal immune
system comprising the lymphoid tissues associated with
mucosal surfaces and external secretory glands which
provides a defensive barrier against pathogens
entering the body through epithelial lining of
respiratory, gastrointestinal, sensory and
genitourinary tracts. Immune responses of the systemic
and mucosal immune system have evolved with specific
functions and largely remain distinct in their
defensive mechanisms against pathogens. Mucosal
immunity for instance is generally characterized by
the presence of a specialized class of antibodies,
immunoglobulin A (IgA) antibodies, primarily secretory
IgA (S-IgA) protecting the mucosal surfaces. S-IgA
antibodies neutralize pathogens in the mucosae that
have not yet crossed the mucosal barrier. In general,
existing immunization strategies which involve
intramuscular, subcutaneous, intraperitoneal or
intradermal administration of antigens evoke the
systemic immune system in the production of different
classes of antibodies for instance, immunoglobulin G
(IgG) that neutralize pathogens after they have
entered the body. Vaccines administered by injection
tend not evoke substantial S-IgA response.
Furthermore, systemic immunity does not necessarily
provide for inhibition of the entry of pathogens into
the body via the mucosal surfaces. Thus a vaccination
strategy that only induces a systemic immune response
leaves the subject prone to infection via the mucosal
surface with the body' s immune system fighting the
pathogen once it is in circulation. Mucosal
administration on the other hand induces mucosal (at
local and sometimes remote sites of administration)
and systemic immune responses. Furthermore,
traditional methods of injected immunization regimes
are known to have a number of drawbacks, including
risk of infection and low tolerance by many
individuals with casesof induration (hardening of
tissue), hemorrhage (bleeding) and/or necrosis (local
death of tissue) at the injection site. However it is
not possible to conclude that since an adjuvant
enhances a systemic immune response it will
necessarily also enhance a mucosal immune response. A
typical example is aluminum hydroxide which enhances
the systemic immunogenicity of a substance on
intramuscular, subcutaneous, intraperitoneal or
intradermal administration but is ineffective in
enhancing a mucosal immune response when administered
by injection or by a mucosal route. There has been an
intensive search in recent years for novel adjuvants,
including those to enhance a mucosal immune response.
Efforts to take advantage of S-IgA protection at
mucosal barriers have included oral immunization, as
well as applying monoclonal SIgA antibodies directly
to respiratory surfaces in an effort to protect
against pathogen entry. However there remains a
medical need for safe and effective adjuvants that are
able to elicit a beneficial mucosal immune response in
a host. The present invention provides novel
immunogenic compositions that exhibit improved safety
and efficacy profiles; and methods of use of such
compositions to enhance a mucosal immune response.
Subject immunogenic compositions include a
polynucleotide adjuvant and an antigen. LITERATURE The
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ISBN 92 4 1544 1 SUMMARYOF THE INVENTION In general,
the present invention, relates to immunogenic
compositions comprising a polyinosinic
acid-polycytidylic acid, kanamycin and calcium complex
adjuvant and their methods of use to elicit a disease
specific mucosal immune response. Accordingly, there
is provided an immunogenic composition comprising: (a)
a polynucleotide adjuvant comprising: a
polyriboinosinic-polyribocytidylic acid (PIC), at
least one antibiotic, and at least one positive ion;
and (b) at least one antigen; wherein the composition
is formulated for mucosal administration.
Particularly, the invention relates to the application
of immunogenic compositions comprising a polyinosinic
acid-polycytidylic acid, kanamycin and calcium complex
as an adjuvant that is safe for use in humans and
non-human animals, which when administered in
combination with antigenic and/or immunomodulating
substance(s), enhances the specific mucosal immune
response and in certain applications enhances both a
specific mucosal and systemic immune response. More in
particular, the immunogenic composition according to
the invention may comprise a polynucleotide adjuvant
composition molecules heterogeneous for molecular
weight, wherein the molecular weight is at least
66,000 Daltons.BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 - ELISA detection of specific S-IgA titers in
lung supernatant after immunization with vaccines
comprising PIKA and/or whole inactivated SARS antigen
Figure 2 - ELISA detection of specific IgA titers in
blood serum after immunization with vaccines
comprising PIKA and/or whole inactivated SARS antigen
Figure 3 -ELISA detection of specific IgG titers in
blood serum after immunization with vaccines
comprising PIKA and/or whole inactivated SARS antigen
Figure 4 - ELISA detection of specific S-IgA titers in
lung supernatant after immunization with vaccines
comprising PIKA and/or inactivated split influenza
antigen Figure 5 - ELISA detection of specific S-IgA
titers in intestinal supernatant after immunization
with vaccines comprising PIKA and/or inactivated split
influenza antigen Figure 6 - ELISA detection of
specific IgG titers in blood serum after immunization
with vaccines comprising PIKA and/or inactivated split
influenza antigen Figure 7 - ELISA detection of
specific IgA titers in blood serum after immunization
with vaccines comprising PIKA and/or inactivated split
influenza antigen Figure 8 - ELISPOT detection of
murine splenocytes producing IL-2 after immunization
with vaccines comprising PIKA and/or inactivated split
influenza antigen Fig. 9:ELISA detection of specific
S-IgA in lung supernatant (32x dilution) after
immunization with vaccines comprising PIKA orAl(OH)3
and/or split inactivated influenza antigen Fig. 10:
ELISA detection of specific S-IgA in intestine
supernatant (32x dilution) after immunization with
vaccines comprising PIKA or A1(OH)3 and/or split
inactivated influenza antigen Fig. 11: ELISPOT
detection of murine splenocytes producing IFN-gamma
after immunization with vaccines comprising PIKA or
alum and/or split inactivated flu antigen Fig. 12:
ELISPOT detection of murine splenocytes producing IL-2
after immunization with vaccines comprising PIKA or
alum and/or split inactivated flu antigenDETAILED
DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE INVENTION
The present invention may be understood more readily
by reference to the following detailed description of
certain embodiments of the invention and the Examples
included herein. Throughout this application, where
publications are referenced, the disclosures of these
publications are hereby incorporated by reference, in
their entireties, into this application in order to
describe more fully the state of art to which this
invention pertains. Before the present invention is
further described, it is to be understood that this
invention is not limited to particular embodiments
described, as such may, of course, vary. It is also to
be understood that the terminology used herein is for
the purpose of describing particular embodiments only,
and is not intended to be limiting, since the scope of
the present invention will be limited only by the
appended claims. Unless defined otherwise, all
technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary
skilled in the art to which this invention belongs.
Although any methods and materials similar or
equivalent to those described herein can also be used
in the practice or testing of the present invention,
the preferred methods and materials are now described.
AUpublications mentioned herein are incorporated
herein by reference to disclose and describe the
methods and/or materials in connection with which the
publications are cited. It must be noted that as used
herein and in the appended claims, the singular forms
"a," "and," and "the" include plural referents unless
the context clearly dictates otherwise. Thus, for
example, reference to "an immunogenic composition"
includes a plurality of such compositions and
reference to "the antigen" includes reference to one
or more antigens and equivalents thereof known to
those skilled in the art, and so forth. It isfurther
noted that the claims may be drafted to exclude any
optional element. As such, this statement is intended
to serve as antecedent basis for use of such exclusive
terminology as "solely," "only" and the like in
connection with the recitation of claim elements, or
use of a "negative" limitation. DEFINITIONS OF TERMS
Prior to setting forth details of the present
invention it may be useful to an understanding thereof
to set forth definitions of several terms that are
used herein. The term "adjuvant," as used herein,
refers to any substance or mixture of substances that
increases or diversifies the immune response of a host
to an antigenic compound. Specifically: 1. The term
"PICKCa" generally refers to a composition of poly
I:C, kanamycin and calcium irrespective of particular
physical and immunogenic properties. 2. "Av-PICKCa"
refers to a form of PICKCa used commercially as an
antiviral drug. 3. "PIKA" refers to a composition of
the invention comprising poly I :C, an antibiotic
(e.g., kanamycin), and a positive ion (e.g., calcium),
where the PIKA is characterized by physical
characteristics (e.g., molecular weight, size, and the
like) such that upon administration, PIKA exhibits
characteristics of an adjuvant with reduced adverse
side effects (e.g., reduced toxicity) relative to, for
example, PICKCa and greater potency (e.g., stimulates
an enhanced immune response) relative to, for example,
Av-PICKCa. The term "Poly LC" or "PIC" refers to a
composition comprising polyriboinosinic and
polyribocytidylic nucleic acids, which may also be
referred to as polyinosinic acidpolycytidylic acid,
respectively."PIC-containing molecule" or
"PIC-containing compound" refers to, without
limitation, PIC, which may be optionally complexed or
otherwise combined with at least one or both of an
antibiotic (e.g., kanamycin) and a positive ion (e.g.,
calcium) present in a composition comprising the
PIC-containing molecule. In one embodiment, the
PICcontaining molecule does not include poly-L-lysine
or a derivative thereof in the complex.
"Heterogeneous" as used herein in the context of the
adjuvant compositions of the invention indicates that
components of the composition, e.g., the
PIC-containing molecules, are not uniform with respect
to a physical characteristic of molecular weight,
size, or both. Where a composition is described as
heterogenous for a given physical characteristic, and
is further described by a range of values for that
physical 



characteristic, the composition is said to be composed
substantially of molecules characterized by molecules
having a physical characteristic that is distributed
within and across the recited range. While the
composition may not contain a molecule representative
of every physical characteristic value within the
upper and lower limits of a recited range, the
composition will generally include at least one
molecule having the physical characteristic of the
upper value and of the lower value. . The composition
in certain embodiments may include molecules outside
the stated range of physical characteristics used to
describe the composition. The molecules that are
present in the composition outside the prescribed
range do not materially affect the basic and novel
characteristics of the composition. The term "mucosal"
or "mucosal membrane" or "mucosal surface" refers to
the surfaces, passages and cavities that are in
contact directly or indirectly with the exterior
environment, including the surfaces of the
respiratory, digestive, sensory and genitourinary
systems. "Mucosal surface of the gastrointestinal
tract" is meant to include mucosa of the bowel
(including the small intestine and large intestine),
rectum, stomach (gastric) lining, oral cavity, and the
like.The term "formulated for mucosal administration"
refers to a composition that is adapted for and thus
compatible with administration to the mucosa (e.g., to
a mucosal surface or mucosal membrane). In some
embodiments, the composition is formulated for mucosal
administration by a route other than rectal, vaginal,
nasal, oral, or opthamalic (e.g., the composition is
formulated for administration to lung tissue, e.g., by
pulmonary administration. The term "individual," used
interchangeably herein with "host," "subject," and
"animal," includes humans and all domestic e.g.
livestock and pets and wild mammals and fowl,
including, without limitation, cattle, horses, cows,
swine, sheep, goats, dogs, cats, rabbits, deer, mink,
chickens, ducks, geese, turkeys, game hens, and the
like. The term "antibody" includes polyclonal and
monoclonal antibodies, as well as antigenic compound
binding fragments of such antibodies including Fab,
F(ab')2, Fd, Fv fragments, and single chain
derivatives of the same. In addition, the term
"antibody" includes naturally occurring antibodies as
well as non-naturally occurring antibodies, including,
for example, chimeric, bifunctional and humanized
antibodies, and related synthetic isoforms. The term
"antibody" is used interchangeably with
"immunoglobulin." As used herein, the term "antigenic
compound" refers to any substance that can be
recognized by the immune system (e.g., bound by an
antibody or processed so as to elicit a cellular
immune response) under appropriate conditions. An
"antigen" refers to a substance, including
compositions in the form of a vaccine where the
vaccine itself comprises an antigenic compound and may
or may not comprise an adjuvant other than PIKA, which
when administered by an appropriate route (e.g.,
parenterally), induces a specific immune response, for
example, the formation of antibodies, including
antibodies that specifically bind the antigen. Two of
the characteristic features of antigens are their
immunogenicity, that is, their capacity toinduce a
specific immune response in vivo, and their
antigenicity, that is their capacity to be selectively
recognized by the antibodies whose origins are the
antigens. An "antigen" as used herein includes but is
not limited to cells; cell extracts; proteins;
lipoproteins; glycoproteins; nucleoproteins;
polypeptides; peptides; polysaccharides;
polysaccharide conjugates; peptide mimics of
polysaccharides; lipids; glycolipids; carbohydrates;
viruses; viral extracts; bacteria; bacterial extracts;
fungi; fungal extracts; multicellular organisms such
as parasites; and allergens. Antigens may be exogenous
(e.g., from a source other than the individual to whom
the antigen is administered, e.g., from a different
species) or endogenous (e.g., originating from within
the host, e.g., a diseased element of body, a cancer
antigen, a virus infected cell producing antigen, and
the like). Antigens may be native (e.g.,
naturally-occurring); synthetic; or recombinant.
Antigens include crude extracts; whole cells; and
purified antigens, where "purified" indicates that the
antigen is in a form that is enriched relative to the
environment in which the antigen normally occurs
and/or relative to the crude extract, for example, a
cultured form of the antigen.. An "immunogenic
composition" as used here in refers to a combination
of two or more substances (e.g., an antigen and an
adjuvant) that together elicit an immune response when
administered to a host. The term "polypeptide",
"peptide," "oligopeptide," and "protein", are used
interchangeably herein, and refer to a polymeric form
of amino acids of any length, which can include coded
and non-coded amino acids, chemically or biochemically
modified or derivatized amino acids, and polypeptides
having modified peptide backbones. An "effective
amount of an antigenic compound" refers to an amount
of antigenic compound which, in optional combination
with an adjuvant, will cause the subject to produce a
specific immunological response to the antigenic
compound.The term "immune response" refers to any
response to an antigenic compound or immunogenic
compound by the immune system of a vertebrate subject.
Exemplary immune responses include, but are not
limited to local and systemic cellular as well as
humoral immunity, such as cytotoxic T lymphocytes
(CTL) responses, including antigen-specific induction
of CD8+ CTLs, helper T-cell responses including T-cell
proliferative responses and cytokine release, and
B-cell responses including antibody response. The term
"eliciting an immune response" is used herein
generally to encompass induction and/or potentiation
of an immune response. The term "inducing an immune
response" refers to an immune response that is,
stimulated, initiated, or induced. The term
"potentiating an immune response" refers to a
pre-existing immune response that is improved,
furthered, supplemented, amplified, enhanced,
increased or prolonged. The expression "enhanced
immune response" or similar means that the immune
response is elevated, improved or enhanced to the
benefit of the host relative to the prior immune
response status, for example, before the
administration of an immunogenic composition of the
invention. The terms "mucosal immune response" and
"mucosal immunity" are terms well understood in the
art, and refers to an immune response characterized,
at least in part, by production of secretory IgA
and/or stimulation of a mucosal CTL response in
mucosal tissues such as gastrointestinal tract
tissues, including rectal tissues; vaginal tissues;
and tissues of the respiratory tract. The terms
"humoral immunity" and "humoral immune response" refer
to the form of immunity in which antibody molecules
are produced in response to antigenic stimulation.The
terms "cell-mediated immunity" and "cell-mediated
immune response" are meant to refer to the
immunological defense provided by lymphocytes, such as
that defense provided by T cell lymphocytes when they
come into close proximity to their victim cells. A
cell-mediated immune response normally includes
lymphocyte proliferation. When "lymphocyte
proliferation" is measured, the ability of lymphocytes
to proliferate in response to a specific antigen is
measured. Lymphocyte proliferation is meant to refer
to B cell, T-helper cell or CTL cell proliferation.
The term "immunogenic amount" refers to an amount of
antigenic compound sufficient to stimulate an immune
response, when administered with a subject immunogenic
composition, as compared with the immune response
elicited by the antigen in the absence of the
polynucleotide adjuvant. The term "immunopotentiating
amount" refers to the amount of the adjuvant needed to
effect an increase in antibody titer and/or
cell-mediated immunity when administered with an
antigenic compound in a composition of the invention,
as compared with the increase in antibody and/or cell
mediated immunity level observed in the absence of the
polynucleotide adjuvant. The terms "treatment",
"treating", "treat" and the like are used herein to
generally refer to obtaining a desired pharmacologic
and/or physiologic effect. The effect may be
prophylactic in terms of completely or partially
preventing a disease or symptom thereof and/or may be
therapeutic in terms of a partial or complete
stabilization or cure for a disease and/or adverse
effect attributable to the disease. "Treatment" as
used herein covers any treatment of a disease in a
subject, particularly a mammalian subject, more
particularly a human, and includes: (a) preventing the
disease or symptom from occurring in a subject which
may be predisposed to the disease or symptom but has
not yet been diagnosed as having it; (b) inhibiting
the disease symptom, e.g., arresting its development;
or relieving the disease symptom, i.e., causing
regression of the disease or symptom (c) reduction of
a level of a product produced by the infectious agent
of a disease (e.g., a toxin, an antigen, and the
like); and (d) reducing an undesiredphysiological
response to the infectious agent of a disease (e.g.,
fever, tissue edema, and the like). As used herein,
the term "mixing" includes any method to combine the
components of the composition; such methods include,
but are not limited to, blending, dispensing,
dissolving, emulsifying, coagulating, suspending, or
otherwise physically combining the components of the
composition. A "pharmaceutically acceptable salt" of a
compound means a salt that is pharmaceutically
acceptable and that possesses the desired
pharmacological activity of the parent compound. Such
salts include: (1) acid addition salts, formed with
inorganic acids such as hydrochloric acid, hydrobromic
acid, sulfuric acid, nitric acid, phosphoric acid, and
the like; or formed with organic acids such as acetic
acid, propionic acid, hexanoic acid,
cyclopentanepropionic acid, glycolic acid, pyruvic
acid, lactic acid, malonic acid, succinic acid, malic
acid, maleic acid, fumaric acid, tartaric acid, citric
acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-
hydroxyethanesulfonic acid, benzenesulfonic acid,
4-chlorobenzenesulfonic acid, 2- naphthalenesulfonic
acid, 4-toluenesulfonic acid, camphorsulfonic acid,
glucoheptonic acid,
4,4'-methylenebis-(3-hydroxy-2-ene-l-carboxylic acid),
3-phenylpropionic acid, trimethylacetic acid, tertiary
butylacetic acid, lauryl sulfuric acid, gluconic acid,
glutamic acid, hydroxynaphthoic acid, salicylic acid,
stearic acid, muconic acid, and the like; or (2) salts
formed when an acidic proton present in the parent
compound either is replaced by a metal ion, e.g., an
alkali metal ion, an alkaline earth ion, or an
aluminum ion; or coordinates with an organic base such
as ethanolamine, diethanolamine, triethanolamine,
tromethamine, N-methylglucamine, and the like. The
term "unit dosage form" as used herein refers to
physically discrete units suitable as unitary dosages
for human and animal subjects, each unit containing a
predetermined quantity of compounds of the present
invention calculated in an amount sufficient toproduce
the desired effect in association with a
pharmaceutically/physiologically acceptable diluent,
carrier or vehicle. EXEMPLARYEMBODIMENTS OF THE
INVENTION The present invention is directed to
immunogenic compositions and methods useful for
induction and/or enhancement of an immune response,
which may be mucosal and/or systemic, humoral and/or
cell-mediated, in a human, in a non-human animal, or
in cell culture. In general, a immunogenic composition
according to the invention comprises an antigen (an
"antigenic composition") and an adjuvant. The presence
of the adjuvant enhances or modifies the immune
response to the antigen. The adjuvant may alter the
quality of the immune response by affecting the
subclasses (isotypes) of immunoglobulins and /or
chemokines and/or cytokines produced. As a result the
innate immunity, humoral and/or cell-mediated immune
responses are more effective with the presence of the
adjuvant. A particular advantage is the effectiveness
of the PIKA adjuvant in combination with an antigenic
substance in inducing a specific humoral immune
response thereby enhancing protective immunity. A
further important advantage is that the PIKA adjuvant
in combination with an antigen can induce a specific
cell mediated immune response that is essential for a
therapeutic vaccine for limiting and treating
intracellular viral, bacterial and parasite
infections. Accordingly, included in the invention are
compositions having the unique product attributes that
make them most suitable for use as vaccines to be
administered to animals and/or humans that address the
need for a safe adjuvant, which elicits a beneficial
immune response. Accordingly, the present invention
provides an adjuvant and an immunogenic composition
that can be used safely in humans and
animals.Accordingly, there is provided an immunogenic
composition comprising: (a) a polynucleotide adjuvant
comprising: a polyriboinosinic-polyribocytidylic acid
(PIC), at least one an antibiotic, and at least one
positive ion; and (b) at least one antigen; wherein
the composition is formulated for mucosal
administration. In particular, the immunogenic
composition according to the invention may comprise a
polynucleotide adjuvant composition molecules
heterogeneous for molecular weight, wherein the
molecular weight is at least 66,000 Daltons. The value
of 66,000 Daltons corresponds to the size of about 6.4
Svedbergs. Accordingly, a molecular weight range of
66,000 to 1,200,000 Daltons corresponds to the size
from about 6.4 to 24.0 Svedbergs. More specifically,
the present invention provides the PIKA adjuvant
composition comprising a polynucleotide, an antibiotic
and a positive ion, wherein the polynucleotide may be
polyriboinosinic-polyribocytidylic acid (PIC); the
antibiotic may be kanamycin, and the ion may be
calcium. In one aspect of particular interest, the
invention provides for an immunogenic composition for
enhancing the antigenicity of an antigenic compound
comprising the polynucleotide adjuvant composition
that is capable of eliciting an antigen specific cell
mediated immune response. In one aspect of particular
interest, the invention provides for an immunogenic
composition for enhancing the antigenicity of an
antigenic compound comprising the polynucleotide
adjuvant composition that is capable of eliciting an
antigen specific humoral immune response. In one
aspect of particular interest, the invention provides
for an immunogenic composition for enhancing the
antigenicity of an antigenic compound comprising the
polynucleotide adjuvant composition that is capable of
eliciting a combined specific cell mediated and
humoral immune responseIn one aspect of particular
interest, the invention provides for an adjuvant
composition or immunogenic composition comprising an
adjuvant composition wherein the adjuvant composition
or the immunogenic composition is freeze-dried. In one
aspect of particular interest, the invention provides
for the use of a polynucleotide adjuvant composition
for the preparation of a medicament for enhancing the
immunogenic response of a host. Polynucleotide
Adjuvant A subject immunogenic composition comprises a
PIC-containing polynucleotide adjuvant, e.g., a PIKA
composition, is generally composed of polyinosinic
acid, polycytidylic acid, an antibiotic (e.g.,
kanamycin), and a divalent cation (e.g., calcium).It
will be understood that reference to PIKA herein is
exemplary of such PICcontaining adjuvants.
PIC-containing adjuvants of interest can be
manufactured using methods available in the art. The
PIC-containing adjuvant composition can be
manufactured through any appropriate process. For
example the polynucleotide adjuvant composition can be
manufactured by mixing of polyinosinic acid,
polycytidylic acid, an antibiotic and the source of a
positive ion in a sodium chloride/phosphate buffer
solution that has a pH between pH6 and pH8. The
polyinosinic acid and polycytidylic acid are generally
provided at a concentration of 0.1 to 10 mg/ml, 0.5 to
5 mg/ml, or 0.5 to 2.5 mg/ml. The hyperchromicity
value should be at least or greater than 10%, greater
than 15%, greater than 20%, or greater than 50%. The
preparation of the PIC and the combination with the
antibiotic (e.g., kanamycin) and the positive ion
(e.g., calcium) is generally conducted under quality
standards consistent with international Good
Manufacturing Process. In certain embodiments of the
present invention, the antibiotic component of the
adjuvant is kanamycin. Where the antibiotic is
kanamycin, in some embodiments, the kanamycin in the
polynucleotide adjuvant composition is used together
with orsubstituted by one or more antibiotics selected
from the group including tobramycin, anthracyclines,
butirosin sulfate, gentamicins, hygromycin, amikacin,
dibekacin, nebramycin, metrzamide, neomycin,
puromycin, streptomycin and streptozocin. The
antibiotic (e.g., Kanamycin or the like) in the
polynucleotide adjuvant composition of the invention
is generally provided at a concentration of from about
10 units/ml to 100,000 units/ml, from about 100
units/ml to 10,000 units/ml, or from about 500 



units/ml to 5,000 units/ml. In certain embodiments of
the present invention, the polynucleotide adjuvant
composition further comprises a positive ion (cation),
usually a divalent cation, normally a cation of an
alkali metal. The positive ion is generally provided
in the composition of the invention as a source of
positive ions such as a salt or complex, e.g., an
organic or inorganic salt or complex, usually an
inorganic salt or organic complex. Exemplary positive
ions include, but are not necessarily limited to,
calcium, cadmium, lithium, magnesium, cerium, cesium,
chromium, cobalt, deuterium, gallium, iodine, iron, or
zinc. The positive ion can be provided in the form of
any suitable salt or organic complex, including, but
not necessarily limited to chloride, fluoride,
hydroxide, phosphate, or sulfate salts. For example,
where the positive ion is calcium, the ion can be in
the form of calcium carbonate, calcium chloride,
calcium fluoride, calcium hydroxide, calcium
phosphates, or calcium sulfate. The positive ion (e.g.
calcium) can be provided in the composition of the
invention at a concentration in the range of from
about 10 umol to10 mmol/ml, usually from about 50 umol
to 5 mmol/ml, and more usually from about 100 umol to
1 mmol/ml. The term "umol" is used throughout to refer
to micromole. Where the positive ion in the adjuvant
composition of the invention is calcium, it can be in
combination with or substituted by other positive
ions, including cadmium, lithium,magnesium, cerium,
cesium, chromium, cobalt, deuterium, gallium, iodine,
iron, and zinc, wherein the ions can be in the form of
inorganic salts or organic complexes. The resulting
composition is a PIC-containing adjuvant that further
contains an antibiotic and a positive ion. In a
particular embodiment, where the antibiotic is
kanamycin and the ion is calcium the product may be
described as PICKCa. hi a related embodiment the
PICKCa composition may contain molecules without
restriction of different physical characteristics.
PIKA adjuvant composition hi an embodiment of
particular interest, the polynucleotide adjuvant is
PIKA. PIKA may be produced in a variety of ways, with
production from PICKCa being of particular interest.
PIKA may be produced from PICKCa through additional
manufacturing processes that involves the isolation
and/or concentration of molecules of a defined
molecular size and/or weight. The separation and
concentration of polynucleotide molecules of
particular characteristics using filtration,
chromatography, thermal treatment, centrifugal
separation, electrophoresis, and similar methods that
are standard processes and are known to those skilled
in the art. The immunogenic composition may be
prepared as a dry powder, liquid solution, suspension
or emulsion. The preparation of formulations of a
desired immunogenic composition is generally described
in Vaccine 4th Edition by Stanley A Plotkin et al.,
W.B. Saunders Company; 4th edition 2003. Suitable
formulations are also described in, e.g., A. Gennaro
(2000) "Remington: The Science and Practice of
Pharmacy," 20th edition, Lippincott, Williams, &
Wilkins; Pharmaceutical Dosage Forms and Drug Delivery
Systems (1999) H.C. Ansel et al., eds., 7th ed.,
Lippincott, Williams, & Wilkins; and Handbook of
Pharmaceutical Excipients (2000) A.H. Kibbe et al.,
eds., 3rd ed. Amer. Pharmaceutical Assoc; Methods in
Molecular Medicine, Vol. 87: Vaccine Protocols, 2nd
edition (2003), Humana Press; Mucosal Vaccines (1996),
Kiyono et al., eds., Academic Press; and Vaccine
Adjuvants: Preparation Methods and Research Protocols
(2000) D.T. O'Hagan, Humana Press.In embodiments of
particular interest, the invention features an
adjuvant generally referred to as PIKA comprising a
polyriboinosinic-polyribocytidylic acid (PIC), an
antibiotic (e.g., kanamycin), and a positively charged
ion (e.g., a calcium ion), wherein the composition
contains molecules of the adjuvant heterogeneous for
molecular weight having a molecular weight of from
about 66,000 to 1,200,000 Daltons. That is, the
adjuvant composition comprises molecules with a weight
distribution in the range of from about 66,000 to
1,200,000 Daltons. In related embodiments, the PIKA
polynucleotide adjuvant composition molecules in the
composition are heterogeneous, that is the weight of
the adjuvant molecules are distributed within a range
of molecular weight, where the molecular weight is
from about 300,000 to 1,200,000 Daltons, or from about
66,000 to 660,000 Daltons, or from about 300,000 to
660,000 Daltons, or from about 300,000 to 2,000,000
Daltons, or from about 66,000 Daltons to about 100,000
Daltons, 100,000 to 200,000 Daltons, from about
300,000 Daltons to about 4,000,000 Daltons, or from
about 500,000 Daltons to 1,000,000 Daltons, or from
about 1,000,000 Daltons to 1,500,000 Daltons, or from
about 1,500,000 Daltons to 2,000,000 Daltons, or from
about 2,000,000 Daltons to 2,500,000 Daltons, or from
about 2,500,000 Daltons to 3,000,000 Daltons, or from
about 3,000,000 Daltons to 3,500,000 Daltons, or from
about 3,500,000 Daltons to 4,000,000 Daltons, or from
about 4,000,000 Daltons to 4,500,000 Daltons, or from
about 4,500,000 Daltons to 5,000,000 Daltons. In
related embodiments, the PIKA polynucleotide adjuvant
composition molecules in the composition have an
average molecular weight or equal to or greater than
66,000 Daltons, equal or greater than 150,000 Daltons,
or equal to or greater than 250,000 Daltons, or equal
to or greater than 350,000 Daltons, or equal to or
greater than 500,000 Daltons, or equal to or greater
than 650,000 Daltons, or equal to or greater than
750,000 Daltons, or equal to or greater than 1,000,000
Daltons, or equal to or greater than 1,200,000
Daltons, or equal to or greater than 1,500,000
Daltons, or equal to or greater than 2,000,000
Daltons.In embodiments of particular interest, the
invention features an adjuvant generally referred to
as PIKA comprising a
polyriboinosinic-polyribocytidylic acid (PIC), an
antibiotic, and a positive ion wherein the composition
contains molecules of the adjuvant heterogeneous, that
is the size of the adjuvant molecules are distributed
within a range of molecular size, for molecular size
having a sediment co-efficient Svedbergs (S) of from
about 6.43S to 24.03S. hi related embodiments, the
PIKA polynucleotide adjuvant composition molecules in
the composition are heterogeneous, that is the size of
the adjuvant molecules are distributed within a range
of molecular size, where the molecular size is from
about 12.8S to 24.03S, or from about 3S to 12S or from
about 6.43 to 18.31S, or from about 12.8 to 18.31S, or
from about 12.8S to 30.31S, or from about 12.8S to
41.54S, or from about 13.5S, to 18.3 IS, or from about
13.5S to 24.03S, or from about 16.14 to 22.12S, or
from about 22.12S to 26.6S, or from about 26.6S to
30.3 IS, or from about 30.3 IS to 33.55S, or from
about 33.55S to 36.45S, or from about 36.45S to 39.1S,
or from about 39.1S to 41.54S, or from about 41.54S to
43.83S, or from about 43.83S to 45.95S. hi further
related embodiments, the PIKA polynucleotide adjuvant
composition has an average sedimentation co-efficient
(Svedbergs) greater than 9, or greater than 12, or
greater than 13.5, or greater than 15, or greater than
16, or greater than 17, or greater than 18, or greater
than 19, or greater than 20, or greater than 21, or
greater than 22 or greater than 25, or greater than
30. Immuno2enic properties An immunogenic composition,
including PIKA and an antigen, can generally induce an
antigen-specific immune response in at least two ways:
i) humoral-mediated immunity, which includes B cell
stimulation and production of antibodies or
immunoglobulins (other cells are also involved in the
generation of an antibody response, e.g.
antigenpresenting cells, including macrophages and
helper T cells (ThI and Th2), and i) cellmediated
immunity, which generally involves T cells including
cytotoxic Tlymphocytes, although other cells are also
involved in the generation of a cytotoxic T lymphocyte
response (e.g., TM and/or Th2 cells and antigen
presenting cells). Furthermore, the polynucleotide
adjuvant composition may alter the quality of the
immune response by affecting the subclasses (isotypes)
of immunoglobulins produced, as well as their
affinities. The degree and nature of the immunogenic
response induced by a subject immunogenic composition
may be thus assessed by measuring the presence of
molecules including cytokines, chemokines and
antibodies produced by cells of the immune system. The
current invention provides for novel immunogenic
substances comprising the PIKA adjuvant that enhance
the overall level of immune response in a host by
inducing a mucosal immune response. In certain
embodiments, a subject immunogenic composition induces
a mucosal immune response and enhances the systemic
level of immunity. The induction of a mucosal immune
response as well as the enhancement of the systemic
immunity is of interest in treating infectious
diseases caused by pathogenic organisms that enter the
body through a mucosal surface. The examples provided
demonstrate that an immunogenic composition comprising
PIKA and a SARS antigen, when administered by
peritoneal injection induce systemic immune response,
where the expression of specific IgA and specific IgG
in the blood are measures of systemic immune activity.
However, identical immunogenic composition comprising
PIKA and a SARS antigen, when administered by
peritoneal injection did not induce a mucosal immune
response, where the expression of S-IgA is a measure
of the mucosal immune activity. Surprisingly, the
identical immunogenic composition comprising PIKA and
a SARS antigen, when administered mucosally induces a
mucosal immune response, as indicated by the
expression of specific S-IgA in the mucosal
surface.Example 1 illustrates that the presence of the
PIKA adjuvant in an immunogenic composition
administered by peritoneal injection does not induce
an enhanced expression of specific S-IgA in the
mucosal membrane. However, the presence of the PEKA
adjuvant in an immunogenic composition administered
mucosally induces the expression of specific S-IgA in
the mucosal membrane in a dose dependent manner (Table
A). The presence of the PIKA adjuvant in an
immunogenic composition administered by peritoneal
injection elicited a dose dependent increase in the
presence of IgA in the blood. Further, the presence of
the PIKA adjuvant in the immunogenic composition
administered mucosally also increased the level of
specific IgA in the blood in a dose dependent manner
(Table B). Further, the presence of the PIKA adjuvant
in an immunogenic composition administered by
peritoneal injection elicited a dose dependent
increase in the presence of IgG in the blood. The
presence of the PIKA adjuvant in the immunogenic
composition administered mucosally also increased the
level of specific IgG in the blood in a dose dependent
manner (Table C). The results of these examples are
summarized in Figures 1 to 3. The production of
specific IgG in the blood induced by mucosal delivery
of the vaccine composition of PIKA and SARS antigen,
was over to 70% of the observed levels for peritoneal
delivery (Table B). Thus the presence of PIKA in an
immunogenic substance delivered mucosally has the
additional unexpected benefit of inducing an immune
response in both the mucosal and systemic immune
sub-systems. Example 2 demonstrates that the presence
of PIKA induce both a mucosal and systemic immune
response. Further the mucosal administration of an
immunogenic composition comprising PIKA was
unexpectedly observed to induce a mucosal immune
response at a remote mucosal site. In addition, the
mucosal administration of an immunogeniccomposition
comprising PIKA was unexpectedly observed to induce a
T cell mediated immune response. In Example 2
influenza antigen used was an approved human influenza
vaccine VAXIGRIP from Sanof  Pasteur comprising, HlNl,
H3N2 like strains and b/Shanghai5/361/2002 strain. The
influenza antigen alone and a composition comprising
the influenza antigen plus PIKA administered by
subcutaneous injection induces a strong specific
systemic humoral immune response but only a weak
specific mucosal immune response as measured by the
production of S-IgA in the mucosal surfaces of the
lung and intestine. The administration of the
influenza antigen alone and the influenza antigen
combined with alum (a recognized vaccine antigen) via
a nasal drip also induced only a weak specific mucosal
immune response (see Tables E and F, Figures 4 and 5)
as measured by the production of S-IgA in the mucosal
surfaces of the lung and intestine. In contrast, the
presence of PIKA in an immunogenic composition
comprising the influenza antigen induced an
unexpectedly strong specific mucosal site in the
mucosal surface of the lung as measured by the
production of S-IgA (Table E Figure 4) Further it was
observed that at the remote mucosal site of the
intestine there was also a strong specific mucosal
immune response as indicated by the presence of S-IgA
(Table F Figure 5) In addition the administration of
an immunogenic composition comprising PIKA and the
influenza antigen induced a strong specific systemic
response both humoral as measured by specific IgA and
specific IgG in the blood serum (see Tables G and H,
Figures 6 and 7) as well as a T cell mediated immune
response and measured by the production of 11-2 by
splenocytes (Table I Figure 8).Example 3 farther
demonstrates that the presence of PIKA enhances the
mucosal immune response while also specifically
amplifying the cell mediated immune response. In
comparison, the use of an alum adjuvant under
identical experimental conditions did not enhance
either the degree of mucosal immune activity or the
cell mediated immune response. Additional features In
a further embodiment a subject immunogenic composition
is further defined by the relative presence of the
PIKA adjuvant and the antigen or antigens where the
presence is measured in terms of one or more
characteristics of quantity, concentration, volume,
number of molecules or other recognized metric. In
related embodiments, a subject immunogenic composition
comprises a polynucleotide adjuvant composition and an
antigen or antigens where the presence of the adjuvant
and the antigen in terms of weight or number of
molecules is in a ratio of less than 1 to 1,000, of
less than 1 to 900, of less than 1 to 800, of less
than 1 to 700, of less than 1 to 500, of less than 1
to 400, of less than 1 to 300, of less than 1 to 200,
of less than 1 to 100, of less than 1 to 50, of less
than 1 to 10, of less than 1 to 5, of less than 1 to
2, of about 1 to 1, of greater than 2 to 1, of greater
than 5 to 1, of greater than 10 to 1, of greater than
50 to 1, of greater than 100 to 1, of greater than 200
to 1, of greater than 300 to 1, of greater than 400 to
1, of greater than 500 to 1, of greater than 600 to 1,
of greater than 700 to 1, of greater than 800 to 1, of
greater than 900 to 1, of greater than 1,000 to 1. In
a further related embodiment, a subject immunogenic
composition is defined in terms of dose; that is the
quantity of immunogenic composition that is to be
administered to induce the optimal beneficial immune
response or alternatively the range of dose that may
be administered from the minimum required to elicit an
immune response to the maximum dose beyond which the
incremental beneficial response is not medically
justified in the context of the potential inducement
of adverse side effects.In certain embodiments of
particular interest, the immunogenic composition
comprises a polynucleotide adjuvant composition and
antigen where the presence of the antigen in a unit
dose is provided in a quantity, that is more than
O.lug, is more than 0.5ug is more than 0.001 mg is
more than 0..005 mg, is more than 0.01 mg, is more
than 0.025 mg, is more than 0.05 mg, is more than
0.075 mg, 0.1 mg is more than 0.25 mg, is more than
0.5 mg, is more than 1.2 mg, is more than 1.4 mg, is
more than 1.6 mg, is more than 1.8 mg, is more than
2.0 mg is more than 2.5 mg, is more than 3 mg, is more
than 3.5mg, is more than 4 mg, is more than 5 mg, is
more than 6 mg, is more than 7 mg, is more than 8 mg,
is more than 9 mg, is more than 10 mg, is more than 15
mg, is more than 20 mg, is more than 25 mg, or is more
than 50 mg An optimal amount of antigen and the
optimal ratio of antigen to PIKA adjuvant can be
ascertained by standard studies involving observations
of antibody titers and other immunogenic responses in
the host. Antigens In an embodiment of particular
interest the invention provides for an immunogenic
composition comprising a polynucleotide adjuvant
composition and an antigen or vaccine, where the
source of the antigen is a human antigen, a non-human
animal antigen, a plant antigen, one or more agents
from infectious agents from any virus, bacteria
including mycobacterium, fungus or parasite, cancer
antigen, allergenic agents and other antigens, such as
for developing autoimmune diseases. In certain
embodiments, the antigens may be derived from a
natural source either crude or purified and used in
its original live form or after having been killed, or
inactivated, or truncated, or attenuated, or
transformed into a non-reverting form, or detoxified,
or mutated into a nontoxic form, or filtered or
purified. In some embodiments, the antigen is an
isolated micro-organism antigen for example, a viral
antigen, a bacterial antigen, a fungal antigen, an
allergy antigen, a cancer antigen 



or an autoimmune antigen. In other embodiments, the
antigen is a whole, inactivatedantigen. Methods of
inactivating a whole antigens are well known in the
art; any known method can be used to inactivate an
antigen and can be selected appropriately for the type
of antigen of interest. Such methods of inactivating
an antigen include for example, use of photoreactive
compounds; oxidizing agents; irradiation (e.g., UV
irradiation; g-irradiation); combinations of
riboflavin and UV irradiation; solventdetergent
treatment (e.g., treatment with organic solvent
tri-N-butyl-phosphate with a detergent such as Tween
80); polyethylene glycol treatment; pasteurization
(heat treatment); and low pH treatment; mild enzymatic
treatment with pepsin or trypsin; Methylene blue (MB)
phototreatment; treatment with Dimethylmethylene blue
(DMMB) and visible light; treatment with S-59, a
psoralen derivative and UVA illumination; and the
like. In a related embodiment of particular interest
the antigen may be synthesized by means of solid phase
synthesis, or may be obtained by means of recombinant
genetics, or may be otherwise manufactured
artificially so as to imitate the immunogenic
properties of a pathogen. The antigen may be
acellular, capsular,- infectious clone, replicon,
vectored, microencapsulated, monovalent, bivalent or
multivalent. In some embodiments, a subject
immunogenic composition comprises a polynucleotide
adjuvant, and at least two different antigens, e.g.,
in some embodiments, a subject immunogenic composition
comprises two antigens, three antigens, four antigens,
five antigens, or more than five antigens. Polypeptide
antigens may be isolated from natural sources using
standard methods of protein purification known in the
art, including, but not limited to, liquid
chromatography (e.g., high performance liquid
chromatography, fast protein liquid chromatography,
etc.), size exclusion chromatography, gel
electrophoresis (including one-dimensional gel
electrophoresis, two-dimensional gel electrophoresis),
affinity chromatography, or other purification
technique. One may employ solid phase peptidesynthesis
techniques, where such techniques are known to those
of skill in the art. See Jones, The Chemical Synthesis
of Peptides (Clarendon Press, Oxford)(1994).
Generally, in such methods a peptide is produced
through the sequential additional of activated
monomelic units to a solid phase bound growing peptide
chain. WeIlestablished recombinant DNA techniques can
be employed for production of polypeptides, such
methods include, but are not limited to, for example,
e.g., an expression construct comprising a nucleotide
sequence encoding a polypeptide is introduced into an
appropriate host cell (e.g., a eukaryotic host cell
grown as a unicellular entity in in vitro cell
culture, e.g., a yeast cell, an insect cell, a
mammalian cell, etc.) or a prokaryotic cell (e.g.,
grown in in vitro cell culture), generating a
genetically modified host cell; under appropriate
culture conditions, the protein is produced by the
genetically modified host cell. In some embodiments,
the antigen is a purified antigen, e.g., from about
25% to 50% pure, from about 50% to about 75% pure,
from about 75% to about 85% pure, from about 85% to
about 90% pure, from about 90% to about 95% pure, from
about 95% to about 98% pure, from about 98% to about
99% pure, or greater than 99% pure. The antigen may be
acellular, capsular, infectious clone, replicon,
vectored, microencapsulated, monovalent, bivalent or
multivalent. The polynucleotide adjuvant composition
of the present invention can also be utilized to
enhance the immune response against antigens produced
by the use of DNA vaccines and/or DNA expressed
proteins. The DNA sequences in these vaccines coding
for the antigen can be either "naked" or contained in
a delivery system, such as liposomes. In one aspect of
particular interest the novel vaccine composition may
be defined by the selection of antigen or antigens
that are used in combination with the PIKA adjuvant.In
an embodiment of particular interest, the present
invention provides for a polynucleotide adjuvant
composition and method of use where the polynucleotide
adjuvant composition comprises the PIKA adjuvant
together with an antigen wherein exemplary antigens
include but are not limited to antigens that are of
infectious disease pathogens which enter the host
through a mucosal surface as described in Table N.
Accordingly, Table N describes organisms that can
serve as a source of antigens, and the diseases that
can result following infection of the mucosal
membrane. Table N"METHOD FOR SECURE TRANSMITTAL OF
PINs OVER TELECOMMUNICATIONS NETWORKS" Field of the
Invention This invention relates to performing
commercial transactions using a telecommunications
medium such as a mobile phone. In particular this
invention provides a system and method for secure
transmittal of serial numbers or PINs (personal
identification numbers) associated with prepaid credit
purchased from service providers by consumers for an
account operated by the consumer. This invention has
particular application in mobile phone and other
personal communications technology where prepaid
credit is purchased by consumers. Background Art The
onset of pre-paid services world-wide has brought
about the sale of prepaid blocks of credit, to top up
credit on a user's account. While this has been
manifested in the mobile phone market, for purchase of
blocks of credit to top up the credit on prepaid
mobile phone accounts, its application is not limited
to this particular commercial activity, being also
used in relation to other services such as internet
connection, cable television, on-line gaming, etc. The
distribution medium for these blocks of credit
hitherto has typically taken the form of a card
bearing a serial number or PIN (Personal
Identification Number). Typically, the PIN is
concealed with an opaque scratchable strip by security
printers during manufacture of the card. To access the
service, the customer purchases such a "scratch card",
reveals the PIN by removing the scratchable strip,
then contacts the service provider to provide relevant
details, including the PIN, to gain access to the
required service. Serial numbers or PINs may be issued
using media other than physical scratch cards to top
up account credit, however. Likewise, in some cases a
customer need not have an account to continually top
up, and can simply pay to have theservice provider
issue a PIN that allows them to access the service
(possibly up to a specified value or for a specified
amount of time). Often the transmittal of PINs after
payment is besieged by carrier connection and or
message delivery problems. Where PIN transmittal fails
because of carrier connection and/or message delivery
problems, the customer will have paid for the service,
but be unable to access that service. These
difficulties may also occur with email transmittal of
PINs. It is therefore apparent that the secure
transmittal of such PINs over wireless networks such
as telecommunications networks poses a challenge.
Accordingly it is an object of this invention to
provide a method and system for secure transmittal of
PINs for activation of a service to which purchased
credit relates, which overcomes the aforementioned
difficulty. Throughout the specification, unless the
context requires otherwise, the word "comprise" or
variations such as "comprises" or "comprising", will
be understood to imply the inclusion of a stated
integer or group of integers but not the exclusion of
any other integer or group of integers. Disclosure of
the Invention In accordance with the invention there
is provided a method of securely transmitting a PIN
and/or user name to facilitate access by a subscriber
of a telecommunications provider to a service or
merchandise provided by a service provider, said
method having steps of: receiving a first
communication from the subscriber being a request for
provision of a service or merchandise via a
telecommunications network; generating, and recording
a PIN against data from said first communication, and
sending the PIN to the subscriber;awaiting, via a
tracked session, a second communication from the
subscriber in confirmation of receipt of the PIN
within a predetermined period of time, where if there
is no confirmation within the predetermined period of
time, the facilitator voids the transaction; and where
on successful confirmation within the predetermined
period of time, the facilitator issues instructions to
the service provider to provide the service or
merchandise; and, awaiting a message from the service
provider that the service or merchandise has been
provided, and issuing instructions to the
telecommunications provider to charge the subscriber.
Preferably said data from said first communication and
said second communication includes a unique identifier
pertaining to the subscriber. Preferably the
communication comprises a blank message containing no
text. With this arrangement, the subscriber would
understand beforehand that the sending of the
communication constituted a request for issue of a PIN
and/or user name for goods or services of a
predetermined value and from a predetermined vendor.
With such an arrangement, the sending of a blank
message to a predetermined shortcode or email address
would constitute a request for issue of a PIN and/or
user name for goods or services of a predetermined
value and from a predetermined vendor. A plurality of
shortcodes or email addresses could be allocated by
the telecommunications provider, each being associated
with the issuing of a PIN and/or user name for
differing or the same goods or services and/or the
same goods or services of differing predetermined
value and/or from differing predetermined vendors. By
the expression "blank message", a message containing
no manually entered text or numerals or other indicia
is intended. It is understood that SMS or email
messages will contain information in headers and the
like, from which the identity of the sender can be
ascertained. Preferably the communication from said
subscriber includes a service provider ID, identifying
the service provider to which the PIN and/or user name
relates.Preferably the communication from said
subscriber includes a service or goods ID, identifying
the service or good provided by the said service
provider to which the PIN and/or user name relates.
Preferably the communication from the subscriber
includes a monetary value or unit value indication for
the value of the transaction. The inclusion of such
information is preferably provided in predetermined
format. Where more information is provided for in
communications, then fewer shortcodes or email
addresses are required, as it can be determined what
the subscriber requires, from the message content. The
subscriber may or may not be registered to access this
service. Preferably the telecommunications provider is
selected from a wireless service such as a mobile
phone service, or the internet. This does not preclude
the telecommunications provider from being a land-line
based service. Preferably the unique identifier is the
email address or phone number used by the subscriber.
Preferably in the same step of sending the PIN to the
subscriber, the facilitator sends instructions to the
subscriber to confirm receipt of the PIN from the
facilitator. Preferably the tracked session is
performed by suffixing and/or by the authentication
method and system described in the applicant's patent
specification titled "Authentication Method and
System" which is the subject of patent application
PCT/SG2004/000239, the contents of which are
incorporated herein by cross-reference. Preferably the
subscriber account with the telecommunications
provider is maintained in credit by the subscriber as
a prepaid debit account, and if the prepaid debit
account does not have enough credit or is for some
reason notcharged, the transaction authenticated
details will be withheld and the transaction
subsequently voided by the facilitator. Also in
accordance with the invention there is provided a
facilitator to facilitate access by a subscriber of a
telecommunications provider to a service or
merchandise provided by a service provider, said
facilitator receiving a first communication from the
subscriber being a request for provision of a service
or merchandise via a telecommunications network, where
said facilitator generates, and records a PIN against
data from said communication, and sends the PIN to the
subscriber; whereafter said facilitator awaits, via a
tracked session, a second communication from the
subscriber in confirmation of receipt of the PIN
within a predetermined period of time, where if there
is no confirmation within the predetermined period of
time, the facilitator voids the transaction, and where
on successful confirmation within the predetermined
period of time, the facilitator issues instructions to
the service provider to provide the service or
merchandise, and whereafter the facilitator awaits a
message from the service provider that the service or
merchandise has been provided, and on receipt of said
message, said facilitator issues instructions to the
telecommunications provider to charge the subscriber.
Preferably said data from said first communication and
said second communication includes a unique identifier
pertaining to the subscriber. Preferably when said
facilitator sends the PIN to the subscriber, said
facilitator starts a timer to time out said
predetermined period of time, said timer being
recorded against said PIN and data from said first
communication. Preferably when said facilitator
receives said second communication message, said
facilitator checks recorded PIN and data from said
first communication against data contained in said
second communication message, and when a match is
found, marks the record PIN and data from said first
communication as being authenticated.Preferably at the
end of said predetermined period, said facilitator PIN
and data from said first communication are deleted if
unauthenticated. Preferably the communication
comprises a blank message containing no text. With
this arrangement, the subscriber would understand
beforehand that the sending of the communication
constituted a request for issue of a PIN and/or user
name for goods or services of a predetermined value
and from a predetermined vendor. With such an
arrangement, the sending of a blank message to a
predetermined shortcode or email address would
constitute a request for issue of a PIN and/or user
name for goods or services of a predetermined value
and from a predetermined vendor. A plurality of
shortcodes or email addresses could be allocated by
the telecommunications provider, each being associated
with the issuing of a PIN and/or user name for
differing or the same goods or services and/or the
same goods or services of differing predetermined
value and/or from differing predetermined vendors. By
the expression "blank message", a message containing
no manually entered text or numerals or other indicia
is intended. It is understood that SMS or email
messages will contain information in headers and the
like, from which the identity of the sender can be
ascertained. Preferably the communication from said
subscriber includes a service provider ID, identifying
the service provider to which the PIN and/or user name
relates. Preferably the communication from said
subscriber includes a service or goods ID, identifying
the service or good provided by the said service
provider to which the PIN and/or user name relates.
Preferably the communication from the subscriber
includes a monetary value or unit value indication for
the value of the transaction. The inclusion of such
information is preferably provided in predetermined
format. Where more information is provided for in
communications, then fewer shortcodes or email
addresses are required, as it can be determined what
the subscriber requires, from the message content.The
subscriber may or may not be registered to access this
service. Preferably the telecommunications provider is
selected from a wireless service such as a mobile
phone service, or the internet. This does not preclude
the telecommunications provider from being a land-line
based service. Preferably the unique identifier is the
email address or phone number used by the subscriber.
Preferably in the same step of sending the PIN to the
subscriber, the facilitator sends instructions to the
subscriber to confirm receipt of the PIN from the
facilitator. Preferably the tracked session is
performed by suffixing and/or by the authentication
method and system described in the applicant's patent 



specification titled "Authentication Method and
System" which is the subject of patent application
PCT/SG2004/000239, the contents of which are
incorporated herein by cross-reference. Preferably the
subscriber account with the telecommunications
provider is maintained in credit by the subscriber as
a prepaid debit account, and if the prepaid debit
account does not have enough credit or is for some
reason not charged, the transaction authenticated
details will be withheld and the transaction
subsequently voided by the facilitator. Brief
Description of the Drawings A preferred embodiment of
the invention will now be described in the following
description, made with reference to the attached
drawing figure which is a diagram showing steps in the
method of the invention. Best Mode(s) for Carrying Out
the Invention In the method of the embodiment a
facilitator 11 is provided in communication with at
least one telecommunications provider 13 and at least
one third partyservice provider 15. The
telecommunications provider 13 has a number of
subscribers 17 having mobile phones 19 communicating
through mobile phone towers 2 1 in known manner. The
telecommunications provider 13 and third party service
provider 15 may communicate using a mobile phone
technology such as SMS (short message service), or
using internet e-mail. The communication means between
the facilitator 11, telecommunications provider 13 and
third party service provider 15 are not illustrated in
figure 1. The facilitator 11 may be provided as a
stand-alone server, in communication with the
telecommunications provider 13, as described in this
embodiment, or in an alternative embodiment may be
incorporated into the systems of the
telecommunications provider, in a server sharing
applications with other applications run by the
telecommunications provider. According to the method
of the embodiment, the subscriber 17 sends a message
23 requesting access to a particular service to the
facilitator 11. The message is in the following
format: PIN ABCD XYZ 1234 where PIN identifies that
the subscriber is requesting issuance of a PIN ABCD
identifies the third party service provider XYZ
identifies the service or good being requested from
the service provider 1234 is the monetary or unit
value that the subscriber requires to be set against
the service sought by the third party service
provider. It should be noted that in an alternative
embodiment, it may not be necessary to include the PIN
keyword in cases where the shortcode to which the
communication is sent is solely dedicated to the
issuance of PINs and/or username/password. Likewise,
where only one service or good is provided by the
service provider, it is not necessary to specify the
service or good XYZ. Similarly, it should be noted
that where there is only a single unit value
available, the need to enter an amount would be
eliminated. The facilitator 11 identifies the unique
identifier used to send the message, either the mobile
phone number or the e-mail address. In GSM systems, an
SMS to ashortcode would pass through an SMSC which
generates a Delivery Service Report (DSR) which
contains the details of the message inclusive of the
UIN (User Identity Number)/mobile phone number. In the
case of e-mail, the message details are included in
the header. It is understood that anyone can spoof an
email message by simply specifying a return address,
and for this reason where email is used as the
communications medium the sender details are retrieved
from the message header. In response, the facilitator
sends a message 25 containing a PIN back to the
subscriber via the unique identifier and requests
confirmation of receipt of the PIN from the
subscriber. The facilitator stores the unique
identifier and the PIN that has just been sent, cross
referenced along with a timer value. The timer value
initializes at a predetermined period of 72 hours and
is periodically updated so as to count down in real
time. The predetermined period of time can be any
period that is practical for the subscriber to take
the next step. Within the predetermined period, i.e.,
before the timer value reaches zero, the subscriber
must confirm the transaction by sending another
message 27 to the facilitator using the same
communication medium as utilized to send the initial
request for a PIN. Once the transaction has been
confirmed, the transaction is deemed authenticated by
the facilitator. The manner in which the message 25 or
Delivery Service Receipt (DSR) message 25 is sent from
the facilitator to the SMSC, depends upon whether
shortcode suffixing is allowed or not, and depends
upon whether the subscriber is already registered with
the facilitator. Where shortcode suffixing is allowed
and the subscriber must be pre-registered with the
facilitator, the facilitator will have a record of
subscriber PIN recorded against the mobile phone
number of the subscriber. The subscriber sends an SMS
to the facilitator predetermined shortcode, for
example shortcode 222, requesting the facilitator to
issue a third party PIN/password to allow
thesubscriber to access a service provided by the
third party service provider. The facilitator
processes the request and prompts subscriber to reply
with his subscriber PIN to a dynamically generated
suffixed shortcode, for example 22212345 where 12345
is a dynamically generated suffix. The subscriber
replies 27 and the facilitator checks to determine if
the subscriber PIN and mobile phone number matches the
subscriber PIN recorded against the mobile phone
number with the facilitator, and if the suffixed
shortcode is correct, the facilitator then allows the
authenticated transaction to continue. In cases where
shortcode suffixing is allowed and subscriber
registration is not required, on receipt of a request
for a third party service provider PIN from the
subscriber, the facilitator prompts the subscriber to
respond with a challenge to a dynamically suffixed
shortcode. For example, the subscriber requests issue
of a third party service provider PIN by sending an
SMS message 23 to the facilitator shortcode 222. The
facilitator then sends a message 25 from shortcode 222
suffixed with CLI (carrier line identifier) 1234, and
asks the subscriber to reply with a challenge code
which could be alphanumeric, in this case "DOG", to an
SMS message with CLI 2221234. The subscriber responds
27 as instructed, and the facilitator then compares
the subscriber mobile number, dynamic shortcode, and
challenge code, and if they match the facilitator then
allows the authenticated transaction to continue. Most
mobile network operators do not allow suffixing with
regards to their shortcodes. So a message 23 sent by a
subscriber to a shortcode will be processed and
message 25 will use the same CU of the original
message. In the case where the mobile network
operators do not allow suffixing with regard to their
shortcodes, and where the subscriber must be
pre-registered with the facilitator, the facilitator
will have a record of subscriber PIN recorded against
the mobile phone number of the subscriber. The
subscriber sends an SMS 23 to the facilitator
predetermined shortcode, requesting the facilitator to
issue a third party service provider PIN/password to
allow the subscriber to access a service provided by
the third party service provider. The facilitator
processes the requestand prompts the subscriber to
reply with his PIN plus a dynamically generated
alphanumeric sequence contained in message 25. The
subscriber replies 27, and upon matching the
subscriber mobile phone number, subscriber PIN, and
alphanumeric sequence (which acts as the session
tracker), the facilitator then allows the
authenticated transaction to continue. In cases where
shortcode suffixing is not allowed and subscriber
registration is not required, on receipt of a request
23 for a third party service provider PIN from the
subscriber, the facilitator prompts the subscriber to
reply with a challenge code contained in message 25.
Upon receipt of the correct challenge code contained
in message 27 from the subscriber, the facilitator
then checks the challenge code with the mobile phone
number and if there is a match with details from the
earlier response from the facilitator to the
subscribers request, the facilitator allows the
transaction to continue. Once the transaction has been
authenticated as described above the facilitator
informs 29 the third party service provider of the
details of the transaction. The service provider then
activates the PIN and/or user name and password
delivered to the subscriber in relation to the
transaction. The service provider informs 3 1 the
facilitator of the successful activation of the PIN
and/or user name and password, whereupon the
facilitator instructs 33 the telecommunications
provider or third party banker to charge the
subscriber the requisite amount. The facilitator then
informs 35 the subscriber by SMS that the transaction
has been successfully authenticated, the PIN has been
activated and the subscriber's account has been
debited. Upon issuance, the PlN transmitted to the
subscriber is not activated. That is, it is not valid
for access to the service provided by the service
provider. Attempt to use the inactive PlN by the
subscriber will result in denial of access to the
service. The PIN is activated (made valid) by the
service provider only and immediately upon receipt of
information from the facilitator that the subscriber
has confirmed receipt as per the process described
above. The subscriber is then able to use the PIN to
access the service.The telecommunications provider may
act as the collection agent that charges the
subscriber through a mechanism debiting the
subscriber's account with the telecommunications
provider. Debiting is done only and immediately upon
instruction from the facilitator. The amount debited
from the subscriber's credit is likewise based on the
instructions of the facilitator. In cases where it is
a third party banker or clearing house that keeps
track of stored value belonging or assigned to the
subscriber, it is the third party banker or clearing
house that effects the debit of the requisite amount
from the subscriber's credit only and immediately upon
receipt of instructions from the facilitator. In cases
where the facilitator acts as the clearing house that
keeps track of the stored value belonging or assigned
to the subscriber, the facilitator debits the
subscriber's credit only and immediately upon
successful authentication of the confirmation
transaction described above. The facilitator then
informs the subscriber by SMS that the transaction has
been successfully completed and that the subscriber
has been charged the requisite amount. It is in this
manner that the subscriber is charged only upon
confirmation from the subscriber that the PIN that is
purchased has in fact been successfully delivered.
Transfer of value or funds in relation to the
successful purchase and delivery of the PIN is
effected in the manner described below. Where the
telecommunications provider acts as the collection
agent, the telecommunications provider transfers the
requisite amount to the facilitator or to the service
provider immediately after each successful sale, after
an agreed reconciliation period (for example, weekly
or bi-weekly) or after a certain number or value of
transactions is reached, depending on agreements made
between all parties. The transfer of amount is done
through bank transfer, cash payment, or any other
agreed method. If the facilitator first receives the
funds on behalf of theservice provider, the
facilitator transfers the requisite amount to the
service provider in the manner and frequency agreed to
by both parties. Where a third party banker or
clearing house is employed to keep track of stored
value belonging or assigned to the subscriber, the
third party banker or clearing house transfers the
requisite amount to the facilitator or to the service
provider immediately after each successful sale, after
an agreed reconciliation period (for example, weekly
or bi-weekly) or after a certain number or value of
transactions is reached, depending on agreements made
between all parties. The transfer of amount is done
through bank transfer, cash payment, or any other
agreed method. If the facilitator first receives the
funds on behalf of the service provider, the
facilitator transfers the requisite amount to the
service provider in the manner and frequency agreed to
by both parties. Where the facilitator acts as the
clearing house that keeps track of the stored value
belonging or assigned to the subscriber, the
facilitator transfers the requisite amount to the
service provider immediately after each successful
sale, after an agreed reconciliation period (for
example, weekly or bi-weekly) or after a certain
number or value of transactions is reached, depending
on agreements made between all parties. The transfer
of amount is done through bank transfer, cash,
payment, or any other agreed method. It should be
appreciated that the scope of the invention is not
limited to the particular embodiment described
herein:The Claims Defining the Invention are as
Follows 1. A method of securely transmitting a PIN
and/or user name to facilitate access by a subscriber
of a telecommunications provider to a service or
merchandise provided by a service provider, said
method having steps of: receiving a first
communication from the subscriber being a request for
provision of a service or merchandise via a
telecommunications network; generating, and recording
a PIN against data from said first communication, and
sending the PIN to the subscriber; awaiting, via a
tracked session, a second communication from the
subscriber in confirmation of receipt of the PIN
within a predetermined period of time, where if there
is no confirmation within the predetermined period of
time, the facilitator voids the transaction; and where
on successful confirmation within the predetermined
period of time, the facilitator issues instructions to
the service provider to provide the service or
merchandise; and, awaiting a message from the service
provider that the service or merchandise has been
provided, and issuing instructions to the
telecommunications provider to charge the subscriber.
2. A facilitator to facilitate access by a subscriber
of a telecommunications provider to a service or
merchandise provided by a service provider, said
facilitator receiving a first communication from the
subscriber being a request for provision of a service
or merchandise via a telecommunications network, where
said facilitator generates, and records a PIN against
data from said communication, and sends the PIN to the
subscriber; whereafter said facilitator awaits, via a
tracked session, a second communication from the
subscriber in confirmation of receipt of the PIN
within a predetermined period of time, where if there
is no confirmation within the predetermined period of
time, the facilitator voids the transaction, and where
on successfulconfirmation within the predetermined
period of time, the facilitator issues instructions to
the service provider to provide the service or
merchandise, and whereafter the facilitator awaits a
message from the service provider that the service or
merchandise has been provided, and on receipt of said
message, said facilitator issues instructions to the
telecommunications provider to charge the subscriber. 


