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OF THE | NVENT g\las been previously reported that immunostimulatory activity of CpG oligonucleotides is

30  dependent on the number of CpG motifs, the sequences flanking the CG dinuclectide, the
location of the CpG motif{s) and the spacing between the CpG motifs (Ballas et al., 1996, , J.
Immunol. 157(5): 1840-5; Hartmann ef af., 2000, J. Immunol., 164(3): 1617-24; Klinman et al.,
2003, Clin. Exp. Immunol., 133(2): 227-32). An immunostimulatory oligonucleotide having the 3'
CpG motif removed is disclesed herein that surprisingly retains its immunostimulatory activity. A

35  vaccine comprising the immunostimulatory oligonucleotide and an antigen, and methods of using
such vaccine are further disclosed.
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35  oligonucleotide comprises at least one lipophilic substituted nucleotide analog and a pyrimidine-
purine dinucleotide. In some embodiments, the antigen and/or immunostimulatory
oligonucleotide is formulated for administration. In further embodiments, the antigen and/or
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value of 0.05.

35 Figure 3: Cytotoxic T lymphocyte responses induced in mice. Adult {6-8 wk; n=5/gp) mice
were immunized with 1 pg of HBsAg (left hand panel) or 20 pg OVA (right hand panel) without
adjuvant or in combination with CPG 24585, 10103 or 7908 (10 pg) or non-CpG control ODN
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Figure 17: Hunor al Responses in non human primates. Cynonol gus
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wk; n=5/gp) mice were immunized with 1 ug of HBsAg with antigen alone or in combination with
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cytometry.
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Figure 9: Innate immunity in Human PBMC. Human PBMC (5x10%ml) were incubated with
varying concentrations of CPG 10103, CPG 24555 or non-CpG control ODN 22881 for 24 or 48
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antigen for 72 hours and culture supernatants tested for IFN-y by ELISA (Figure 13B).
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an infectious pathogen and has acute or chronic detectable |evels of
t he pat hogeo zuivkrez body, or in bodily waste. When use®CT/IB2009/055444
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A "m crobial antigen” as used herein is an antigen of a m croorgani sm
and includes, but is 10 not limted to, virus, bacteria, parasites
and fungi .wbrrosdgweeznbodi nents, a bacterial antigen is PTABABYSSHEL ed
wi th the bacterium Staphyl ococcus aur®us. |In other enbodi nents, a
bacterial antigen is one associated with a bacteriumthat causes
dental caries, for exanple, Streptococcus nutans, Streptococcus
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Al t hough many of the mcrobial antigens described herein relate to
human di sorders, the 30 invention is also useful for treating other
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addition to the treatnment of infectious human di seases, the nethods
of the invention are useful for treating infections of aninals.
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cell populations’). In an embodiment, the antigen is any of the antigens disclosed herein.
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30  response, for increasing ADCC, for inducing an antigen specific immune response when the CpG
immunoslimulatory oligonucleotides are adminisiered in combination with other therapeutic

agents or in specialized delivery vehicles typically range from about 0.1 pg to 10 mg per

administration which, depending on the application, could be given daily, weekly, or monthly and

any other amount of time therebetween. More typically parenteral doses for these purposes

35  range from about 10 pg to 5 mg per administration, and most typically from about 100 ug to 1 mg,

with 2-4 administrations being spaced days or weeks apart. In some embodiments, however,
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(Figure 5). The immunostimulatory oligonucleotides, when it is desirable to deliver them

systemically, may be formulated for parenteral administration by injection, e.g., by bolus injection

or continuous infusion. Formulations for injection may be presented in unit dosage form, e.g., in

30 ampoules or in multi-dose containers, with an added preservative. The compositions may take

such forms as suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain

formulatory agents such as suspending, stabilizing and/or dispersing agents.

Pharmaceutical formulations for parenteral administration include aqueous solutions of

the immunostimulatory oligonucleotides in water-soluble form. Additionally, suspensions of the

35  immunostimulatory oligonucleotides may be prepared as appropriate oily injection suspensions.

Suitable lipophilic solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty acid

esters, such as ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions may
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25 Pharmaceutical formulations for parenteral administration include agqueous solutions of
the immunostimulatory oligonucleotides in water-soluble form. Additionally, suspensions of the
immunostimulatory oligonucieolides may be prepared as appropriate oily injection suspensions.
Suitable lipophilic solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty acid
esters, such as ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions may
30 contain substances which increase the viscosity of the suspension, such as sodium
carboxymethy! cellulose, sorbitol, or dexiran. Optionally, the suspension may also contain
suitable stabilizers or agents which increase the solubility of the immunostimulatory
aligonucleotides to allow for the preparation of highly concentrated solutions.
Alternatively, the immunostimulatory oligonuclectides may be in powder form for
35  constitution with a suitable vehicle, e.g., sterile pyrogen-free water, before use.
For oral administration, the compounds (i.e., CpG immunostimulatory oligonucleotides,
antigens and other therapeutic agenis) can be formulated readily by combining the
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immunostimulatory oligonucleotides with pharmaceutically acceptable carriers well known in the
art. Such carriers enable the immunostimulatory oligonuclectides of the invention to be
formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, suspensions and the
like, for oral ingestion by a subject to be treated. Pharmaceutical preparations for oral use can be
5  obtained as solid excipient, optionally grinding a resulting mixture, and processing the mixture of
granules, after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable
excipients are, in particular, fillers such as sugars, including lactose, sucrose, mannitol, or
sorbitol; cellulose preparations such as, for example, maize starch, wheat starch, rice starch,
potato starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl-cellulose, sodium

10 carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP). If desired, disintegrating agents may
be added, such as the cross-linked pelyvinyl pyrrolidone, agar, or alginic acid or a salt thereof
such as sodium alginate. Optionally the oral formulations may also be formulated in saline or
buffers, i.e. EDTA for neutralizing internal acid conditions or may be administered without any
carriers.

15 Also contemplated are oral dosage forms of the above agents or formulations. The
agents or formulations may be chemically modified so that oral delivery of the derivative is
efficacious. Generally, the chemical modification contemplated is the attachment of at least one
moiety {o the agent or formulation itself, where said moiety permits (a) inhibition of proteolysis;
and (b) uptake into the blood stream from the stomach or intestine. Also desired is the increase

20 in overall stability of the agent or formulation and increase in circulation time in the body.
Examples of such moieties include: polyethylene glycol, copolymers of ethylene glycol and
propylene glycol, carboxymethyl cellulose, dextran, polyvinyt alcchol, polyvinyl pyrrolidone and
polyproline. Abuchowski and Davis, 1881, "Soluble Palymer-Enzyme Adducts” In: Enzymes as
Drugs, Hocenberg and Roberts, eds., Wiley-Interscience, New York, N.Y., pp. 367-383;

25  Newmark, et al., 1982, J. Appl. Biochem. 4:185-189. Other polymers that could be used are poly-
1,3-dioxolane and poly-1,3,6-tioxocane. Preferred for pharmaceutical usage, as indicated above,
are polyethylene glycol moieties.

Intranasal delivery of a pharmaceutical composition of the present invention is also
contemplated. [ntranasal delivery allows the passage of a pharmaceutical composition of the

30  present invention to the blood stream directly after administering the therapeutic product to the
nose, without the necessity for deposition of the product in the lung. Formulations for nasal
delivery include those with dextran or cyclodextran.

For intranasal administration, a useful device is a small, hard bottle to which a metered
dose sprayer is attached. In one embodiment, the metered dose is delivered by drawing the

35 pharmaceutical composition of the present invention solution into a chamber of defined volume,
which chamber has an aperture dimensioned to aerosolize an aerosol formulation by forming a
spray when a liquid in the chamber is compressed. The chamber is compressed to administer
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the pharmaceutical composition of the present invention. In a specific embodiment, the chamber
is a piston arrangement. Such devices are commercially available.

Aiternalively, a plastic squeeze bottle with an aperture or opening dimensioned to
aerosolize an aerosol formulation by forming a spray when the bottle is squeezed. The opening
is usually found in the top of the bottle, and the top is generally tapered to partially fit in the nasal
passages for efiicient administration of the aerosol formulation. Preferably, the nasal inhaler will
provide a metered amount of the aerosol formulation, for administration of a measured dose of
the drug.

For trans-buccal administration, the compositions may take the form of tablets or
lozenges formulated in conventional manner,

The compounds may also be formulated in rectal or vaginal compositions such as
suppositories or retention enemas, e.g., containing conventional suppository bases such as
cocoa butter or other glycerides.

In addition to the formulations described previously, the compounds may also be
formulated as a depot preparation. Such long acting formulations may be formulated with
suitable polymeric or hydrophobic materials {for example, as an emulsion in an acceptable oil) or
ion exchange resing, or as sparingly soluble derivatives, for example, as a sparingly soluble salt.

The pharmaceutical compositions also may comprise suitable solid or gel phase carriers
or excipients. Examples of such carriers or excipients include but are not limited to calcium
carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, gelatin, and
polymers such as polyethylene glycols.

Suitable liquid or solid pharmaceutical preparation forms are, for example, aqueous or
saline solutions for inhalation, microencapsulated, encochleated, coated onto microscopic gold
particles, contained in lipocsomes, nebulized, aerosols, pellets for implantation into the skin, or
dried onto a sharp object to be scratched into the skin. The pharmaceutical compositions also
include granules, powders, tablets, coated tablets, (micro)capsules, suppositories, syrups,
emulsions, suspensions, creams, drops or preparations with protracted release of active
compounds, in whose preparation excipients and additives and/or auxiliaries such as
disintegrants, binders, coating agents, swelling agents, lubricants, flavorings, sweeteners or
solubilizers are customarily used as described above. The pharmaceutical compositions are
suitable for use in a variety of drug delivery systems. For a brief review of methods for drug
delivery, see Langer, Science 249:1527-1533, 1990.

The CpG immunostimulatory oligonucleotides and optionally other therapeutics and/or
antigens may be administered per se (heat) or in the form of a pharmaceutically acceptable salt.
When used in medicine, the salts should be pharmaceutically acceptable, but non-
pharmaceutically acceptable salts may convenienlly be used to prepare pharmaceutically

acceptable salts thereof. Such salts include, but are not limited to, those prepared from the
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HBsAg-specific CD8+ T cells that are single, double or triple
cyt oki ne producers secreting | FNy and/or IL-2 and/or TNF-a CD8 + T
cells Ag alone Ag + CpG 24555 Ag + CpG 10103 I FN-y* 63% 67% 76%

TNF-a*  42%ib6Gfty 3486 hidradfiodd) afdromic, sulphuric, nitric, phosphoric, maleic, acetic, salicylic,
p-toluene sulphonic, tartaric, citric, methane sulphonic, formic, malenic, succinic, naphthalens-2-
sulphonic, and benzene sulphonic. Also, such salts can be prepared as alkaline metat or alkaline
earth salls, such as sodium, potassium or calcium salts of the carboxylic acid group.

5 Suitable buffering agents include; acetic acid and a salt (1-2% wi/v); citric acid and a salt
(1-3% wiv); boric acid and a salt (0.5-2.5% w/v); and phosphoric acid and a salt (0.8-2% wiv).
Suitable preservalives include benzalkonium chloride (0.003-0.03% w/v); chlorobutanol (0.3-0.9%
wiv}; parabens (0.01-0.25% wiv) and thimerosal (0.004-0.02% wiv).

The pharmaceutical compositions of the invention contain an effective amount of a CpG

10 immunostimulatory oligonucleotide and optionally antigens and/or olher therapeulic agents
optionally included in a pharmaceutically-acceptable carrier. The term pharmaceutically-
acceptable carrier means one or more compatible solid or liquid filler, diluents or encapsulating
substances which are suitable for administration to a human or other vertebrate animal. The term
carrier denotes an organic or inorganic ingredient, natural or synthetic, with which the active

15 ingredient is combined to facilitate the application. The components of the pharmaceutical
compositions also are capable of being commingled with the compounds of the present invention,

and with each other, in a manner such that there is no interaction which would substantially

impair the desired pharmaceutical efficiency.

20 The present invention is further illustrated by the following Examples, which in no way
should be construed as further limiting. The entire contents of all of the references (including
literature references, issued patents, published patent applications, and co-pending patent
applications) cited throughout this application are hereby expressly incorporated by reference in
their entireties.

25
EXAMPLES

Example 1:
Immunostimulatory cligonucleotide CPG 24555 was compared with oligonucleotides
30 CPG 10103 and CPG 7909 for their ability to augment antigen-specific immune responses in
mice when immunized intramuscularly (IM) using hepatitis B surface antigen (HBsAg) or
ovalbumin {OVA) as model antigens.

Methods and Materials

35 All ODN were prepared from lyophilized oligodeoxynucleotide (ODN). Briefly, ODN were
dissalved in endotoxin free Tris-EDTA buffer at pH 8.0 (OmniPur®; EM Science, Gibbstown, NJ)
and diluted in sterile endotoxin-free Phosphate Buffered Saline (PBS) at pH 7.2 (Sigma Chemical
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Company, St. Louis, MO) under aseptic conditions to prevent both microbial and endotoxin

contamination. Stock solutions were stored at 4°C until use. '
Female wild type BALB/c and C57BI/6 mice were purchased from Charles River Canada
{Quebec, Canada). TLR9 deficient mice in C57 background were bred at Taconic Farms and
5  transferred to Coley Animal Care Facility for studies. Mice were housed in micro-isolator cages in
the Animal Care Facility at Coley Pharmaceutical Group Canada. All studies were conducted in
accordance with the Animal Care Committee of Coley Canada under the guidance of Association
for assessment and accreditation of laboratory animal care (AAALAC international) and the
Canadian Council on Animal Care. Animals were approximately 18-20 g of weight at start of

10 study.

Immunization of mice

Hepatitis B surface antigen (HBsAg)

15 BALB/c mice (n=10/group) were immunized intramuscularly (IM) in the left tibialis anterior
muscle with 1 pg HBsAg; subtype ad (Cliniga, 4076), alone or in combination with 10 pg CPG
24555, CPG 10103 or CPG 7909 in a total volume of 50 pi. At 2 weeks post prime, animals were
bled via the sub-mandibular vein using heparin as an anti-coagulant and boosted using the same
vaccine formulation used for the primary immunization. At 2 weeks post-boost, animals were

20 bled by cardiac puncture using heparin as an anti-coagulant, euthanized by cervical dislocation
and spleens removed aseptically for use in immune assay for detection of antigen-specific CTL
activity, IFN-y secretion {culiure supernatants) and multi-cytokine (IFN-y, TNF-a and IL-2)
secreting CD4 vs CD8 T cells. Plasma from each bleed time point was used for detection of
antigen specific total 1gG and IgG isotypes IgG1 and IgG2a.

25
Chicken Ovalbumin (OVA)

C57BI/6 wild type and TLR9 deficient (C57BI/6 TLRS-~) mice (n=10/group) were
immunized intramuscularly (IM) in the left fibialis anterior muscle with 20 pg OVA grade VIl
{Sigma, A7641) alone or in combination with 10 pg CPG 245565, CPG 10103, CPG 7909 or non-

30 CpG control ODN 2137 in a total volume of 50 pl. Animals were boosted using the same vaccine
formulation as used for the primary immunization at 14 and 21 days post primary immunization.
At 7 days post-last boost, animals were bled through cardiac puncture using heparin as an anti-
coagulant, euthanized by cervical dislocation and spleens removed aseptically for use in immune
assay for detection of antigen-specific CTL activity, IFN-y secretion (culture supematants},

35  tetramer positive CD8 T cells and multi-cytokine (IFN-y, TNF-at and IL-2) secreting CD4 vs. CD8
T cells. Plasma was used for detection of anfigen specific total IgG and IgG isotypes IgG1 and
lgG2c.
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secr et i ng U-@ppryineg Nfnah capvantiation? pf \Rendl; gatitepigee dBurlington, ON) and 5x10™ M B-
mercaptoethanol (Invifrogen, Burlington, CN). HBsAg-specific lymphocytes in splenocyte
20  suspensions (3 x 10° cellsiml) were re-stimulated for 5 days by incubating with an irradiated
murine cell line (P815/S) expressing HBsAg and OVA-specific lymphocytes in splenocyie
suspensions (3 x 10° cells/ml) were re-stimulated for 5 days by incubating with an iradiated
murine cell line {EG.7)} expressing OVA. Following re-stimulation, the potential of the
lymphocytes to Kill cells expressing HBsAg or OVA was determined by using *Cr release assay.
25  The results are presented as % specific lysis at different effector to target (E:T) ratios.

Evaluation of antigen specific IFN-y secretion by splenocyles
Splenocytes from 1 week {for OVA) or 2 week (for HBsAg) post last immunization were
used measuring IFN-y secretion following antigen re-stimulation. Briefly, spleen cell suspensions
30  were prepared as done for CTL assay and adjusted to a final concentration of 5 x 10° cells per ml
in RPMI 1640 (Hyclone, Logan, UT) tissug cultlure medium supplemented with 2% normal mouse
serum {Cedarlane Laboratories, Ontario, Canada), penicillin-streptomycin sclution (final
concentration of 1000 U/ml and 1 mg/ml respectively; Invitrogen, Burington, ON), L-glutamine
(final concentration of 2mM; Invitrogen, Burlington, ON) and 5 x 10° M B-mercaptoethanol
35 (Invitrogen, Burlington, ON) [Complete RPMI 1640]. Splenocyte suspension was plated onto 96-
well U-bottom tissue culture plates (100 pt/well) along with 100 pl of each stimulant {as described
on appropriate figure legends) diluted to appropriate concentrations in Complete RPMI 1640.
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and Fi gur ecedgt 4°C for 10 minutes with anti-mouse CD16/CD32 (Fc block) (BD Pharmingen). Cells were
15  washed with staining buffer and stained for 20 minutes at 4°C using class-1 OVA-specific

{(SIINFEKL) tetramer {Beckman Coulter). Cells were then washed again with staining buffer and
stained for 20 minutes at 4°C with anti-mouse CD8a-FITC (BD Pharmingen). Cells were washed
with staining buffer, resuspended in 500 pl of staining buffer and analyzed using a FC500 flow
cytometer (Beckman coulter). OVA-specific CD8 T cells were identified as cells that were both
20  positive for CD8a as well as tetramer. Data is expressed as % CD8 and ietramer positive cells.

Quantification of antigen specific multi-cytokine secreting T cell populations
Pooled splenccyte suspensions for each group were re-stimulated in 24-well tissue
culture plates in RPMI 1640 (Hyclone, Logan, UT) tissue culture medium supplemented with 2%
25 nomal mouse serum (Cedarlane Laboratories, Ontario, Canada), penicillin-streptomycin solution
(final concentration of 1000 U/ml and 1 mg/ml respectively; Invitrogen, Burlington, ON), L-
glutamine (final concentration of 2mM; Invitrogen, Burlington, ON) and 5 x 10° M B
mercaptoethanal (Invitrogen, Burlington, ON).
For CD4 re-stimulation: 5x10° cells were stimulated overnight in a final volume of 1 m!
30  containing 5 ug/ml of HBsAg.
For CD8 re-stimulation; 5x10° cells were stimulated for 5 hours in a final volume of 1 ml
containing 5 pg/ml of HBs peptide (IPQSLDSWWTSL).
Media without stimulants was used as negative control where as 10 ng/ml of PMA
(Sigma) and 1 pg/ml ionomycin (Sigma) [added during the last 4 hours of incubation] were used
35 as positive controls. Additionally, during the last 4 hours of re-stimulation, Brefelden A (BD
Pharmingen) and monensin (BD Pharmingen) were added to halt protein transport.
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deficient animals was lested using OVA. The overall antibody titers detected at 1 week post

boost with any of the vaccination regimes was less than 100 and ncne of the CpG ODNs was
able to significantly augment antibody titers against OVA compared to when vaccine was used
alone or in combination with non-CpG ODN 2137 (data not shown).

25 in mice IgG isotype distribution is widely used as an indication of the nature of the
immune response where high IgG2a or IgG2¢ levels are indicative of a Th1 biased immune
response whereas high IgG1 titres are indicative of a Th2 biased immune response. All three
CpG ODNs helped induce strong Th1 biased immune responses with 1gG2a/lgGi and
1gG2c/lgG1 ratios >1 (Figure 1) and with significantly enhanced IgG2a/c titers compared fo when

30  antigen was used alone (P<0.05) (Figure 2).

Ceilular immune responses: CTL Responses
A functional way to measure Th1-based responses is to measure CTL activity against
antigen presenting target cells. As seen in Figure 3, all CpG ODN tested were capable of
35  significantly enhancing antigen-specific CTL responses against OVA in mice compared to when
antigen was used alone or in combination with non-CPG ODN 2137 (P<0.05; Figure 3 right
panel). There was no significant difference between the CpG ODN tested in promoting the
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20 Antigen Specific IFN-y secretion
Interferon gamma (IFN-y) production in response to antigen stimulation as a measure of
cellular immunity was also investigated by detection of the cytokine in culiure supernatant of
splenocytes re-stimulated with vaccinated antigen using enzyme immunoassay. Cullure
supernatants of splenocytes harvested from animals immunized with either HBsAg or OVA using
25 CPG 24555 or CPG 10103 showed significantly higher levels of IFN-y compared to ones
immunized with antigen alone. When used with HBsAg, CPG 24555 was significantly better in
promoting antigen specific IFN-y secretion compared to CPG 10103 or CPG 7909 (Figure 6; left
panel). When used with OVA CPG 24555 was equal to CPG 10103 but superior to CPG 7909 in
promoting antigen specific IFN-y secretion (Figure 6; right pane).
30 CpG ODN mediated augmentation of antigen-specific IFN-y secretion was not observed
in TLR9 deficient animals (Figure 7).

Antigen specific multi-cylokine secreting T cell populations
According to more recent findings, IFN-y production by T cells alone is not predictive of
35  the ability of antigen-specific T cells to induce protective immune response. Therefore, in this
study we evaluated the ability of antigen-specific CD4 and CD8 T cells to produce IL-2, TNF-a
and IFN-y using polychromatic flow cytometry.
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With both CD4 and CD8 T cells, a relatively low level of IL-2 secretion was seen in
comparison to {IFN-y and TNF-a secretion (Figure 8). With CD4 T cells, CPG 24555 helped
induce higher percentage of double cytokine secreting T cells compared to CPG 10103 and 7909
(23% with CPG 24555 where as 4 and 6 % with CPG 10103 and 7909 respectively). Overall,
very low percentage of triple cytokine producing HBsAg specific CD4 T cells were observed (2, 0
and 1 % with CPG 24555, 10103 and 7909 respectively) (Figure 8A).

With CD8 T cells, both CPG 24555 and CPG 7909 helped induce high level of double
cytokine secreting T celis compared to CPG 10103 {48 and 56 % with CPG 24555 and CPG 7909
respectively, whereas only 19% with CPG 10103). Similar to CB4 cells, very low percentage of
triple cytokine producing HBsAg-specific CD8+ T cells were observed (1, 0 and 0 % with CPG
24555, 10103 and 7909 respeclively) (Figure 8B).

Table 1: Percentage of HBsAg-specific CD4+ T cells that are single, double or triple cytokine
producers secreting IFN-y and/or IL-2 and/or TNF-a

CD4 + T cells Ag alone Ag + CpG 24555 Ag +CpG 10103
IFN-y * 69% 53% 36%
TNF-o* 41% 65% 62%
IL-2* 15% 9% 6%
IFN-y /1L-2* 7% 2% 0%
IFN-y / TNF-a * 10% 22% 2%
TNF-a/IL-27 8% 5% 2%
IFN-y /IL-2 f TNF-a 0% 2% 0%
% of single cytokine | 75% 75% 96%
producer

% producing at least | 25% 25% 4%
two cytokines

* indicates total proportion of cells producing these cytokines whether they are single, double or

riple producers

#indicates total proportion of cells producing these two cytokines whether they are double or triple

producers

Table 2: Percentage of HBsAg-specific CD8+ T cells that are single, double or triple cytokine

producers secreting IFN-y and/or IL-2 and/or TNF-a

CD8 + T cells Ag alone Ag + CpG 24555 Ag +CpG 10103
IFN-y* 63% 67% 76%

TNF-a* 42% 76% 3%

IL-2* 10% 7% 6%

IFN-y / IL-2* 5% 2% 0%
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IFN-y / TNF-a * 10% 47% 18%
TNF-o/1L-2* 2% 2% 1%
IEN-y /1L-2/ TNF-a 2% 1% 0%
% of single cytokine | 87% 51% 81%
producer
% producing at least | 13% 49% 19%
two cytokines

* indicates total proportion of cells producing these cytokings whether they are single, double or
triple producers

*indicates total proportion of cells producing these two cytokines whether they are double or triple
producers

Discussion

Studies were designed to compare CPG 24555 with CPG 10103 and CPG 7909 for its

ability to augment antigen-specific immune responses in mice when used with 2 model antigens:

10  HBsAg and OVA. CPG 24555 and CPG 10103 have identical nuclectide sequence except CPG
24555 has a reversal of the 3’ most CG dinucleotide resulting in the elimination of a CpG motif in
CPG 24555, CPG 7809 is a B-class CpG ODN that has proven adjuvant activity in human clinical
trials with a number of vaccine antigens. '

Elimination of the 3' CpG motif in CPG 24555 did not have any negative impact on its

15  ability to augment antigen-specific immune responses and showed equal (antibody responses
and antigen-specific CD8 T cells as measured by tetramer staining) or better (antigen specific
IFN-y secretion) augmentation of adaptive immune responses compared to CPG 10103
Similarly CPG 24555 was equal to CPG 7909 in augmenting antigen specific antibody responses
as well as CTL responses. CPG 24555 was superior to CPG 7909 in promoting antigen specific
20 IFN-g secretion.

Augmentation of adaptive immune responses with all three CpG ODN tested were TLRS
dependent as no augmentation in adaptive immune responses were seen in TLRY deficient mice.

As shown in table 1, a higher proportion of antigen-specific CD4+ T cells producing IFN-y
were obtained with CPG 24555. Also a higher proportion of poly-functional antigen-specific CD4+

25 T cells producing at least two cytokines among [FN-y TNF-a and IL-2 (i.e., both IFN-y and TNF-
a, both IFN-y and IL-2 or both TNF-a and IL-2, or even triple-producers secreting IFN-y TNF-a
and IL.-2) was obtained.

As regard CD8 + T cells {table 2) a higher proportion of poly-functional antigen-specific
CD&+ T cells producing two cytokines, and in particular IFN-y and TNF-a, both IFN-y and IL-2

30  was obtained.

Altogether, these results show that CPG 24555 is better than CPG 10103 for generating
poly-functional antigen-specific T cells populations when used as an adjuvant. This can be of
importance as poly-functional T cells, in particular in terms of chemokine production (such as IFN-
v, TNF-a and IL-2) are thought to be better effector cells compared to T cells that secrete a single

35  cytokine.
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i muni zat i ons:

€ ( *q(,*pr“ mew) . *éq((boost *1%) and 8 (boost 2). The
ani mal s 25%#‘@0‘@‘?98 pT?éT ATREERS PESTT pAFRRIPANRRK 4), 2 weeks
post - btﬁost*ﬂdnc@maios;&)a;othzrbamm-iegem?sm- boost 1 (week 8) and 2 weeks
post - boostyrd hMARK pdfdh-of the sequences represents the difference between CPG ODN 10103 and
CPG ODN 24555,

Optimal CpG motif for humans; GTCGTT

20 Innate immunity in Human PBMC
Human PBMC (5x105fml) were incubated with varying concentrations of CPG 10103,
CPG 24555 or non-CpG control ODN 22881 for 24 or 48 h. Cell supematants were collected and
assayed for cytokine/chemakine secretion using a commercial ELISA kit (Figure SA and Figure
9B).
25
Innate immunity in vivo in BALB/c mice
BALB/c mice (n=5/group) were injected subcutaneously with PBS (placebo control), CPG
24555, CPG 10103 or non-CpG control ODN 2137 at 100pg dose level. Animals were bled at 3
hour post injection and plasma assayed for IP-10 (Figure 10A} and IL-12 (Figure 10B) or IL-6
30  (Figure 10C) using commercial ELISA. Results shown are the group means + standard error of

the mean (NS = not significant).

Humoral immunity in vivo in BALB/c mice
BALB/c mice were injected intramuscularly with HBsAg (1 pg) with or without CPG 2455,
35  CPG 10103 or non-CpG control ODN 2137 at 10 pg. The mice were injected on 0 and 14 days.
Results shown are HBsAg specific total 1gG titers at 2 weeks post boost measured by endpoint
ELISA (Figure 11A).



HBsAq specific i mmuune assays were perforned as follows: 1) Antibody

titer and avidity 302) Intracellular cytokine secretion (IL-2, |IFNYy,

TNF-a) 3) Wwolwtfogneti onal T cells 4) ELI SPOT assay: 1LZctrlibkoospss444

| FN-y, Perforin Results and Discussio®w 35 Hunoral Responses WO

2010/ 067262PCT/ 1B2009/ 055444 49 A possibility of previous

exposure of animals in this study to hepatitis B virus was evi dent by

hi gh | evel of HBsAg specific antibody titers detected at pre
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Cyt oki ne Secretion by CD4 T Cells The addition of CpGto
Engeri x- B ded. k8 il BalBass, t he frequency of CD4 T cell nediated
| FN-y and 5]-'%@ g(E)ut "not g secretion ure 19A, B and

overal 9 PG 24?@5%’0\?0&& “@Efd%i?C‘%dd”‘b“F““?féF?Ve‘?’"ht 50 Cpe) W8I ‘“‘f“?i’%‘2 ¢z ODN
i nduct i on 215 CDE 19del anedCry take 9B 2135631 1Cab.| THRegpOmse BiectRbin/O and 14

Funct i onal gd4rebuffetshbin arbMBEAd dpadilc B AMBBSYS Y 5'Cr release dtiPOwdRKERBI bodét

cells SGCI’@IIrng ne, two or three cytokines was neasured at week 10
(2 weeks p SECBodst 2). CPG 24555 was equal to CPG 7909 in inducing
Engeri x- B specﬁWWGG}M werg iglepteds g e Ry WO (28 kphwth qoyiliog) ¢FG ODN
rel ati vl y24seveAceieds @fnot-Cpebantralydink2 192 atpioqg U Chewgic€ére Thjected os 0 \Weane

detected. Hoygy ehesu@%@#éé&)\w&e&edcﬂl B8lred 5y PES BNk %elp.sdaﬂegl ng
CD4 Tecells' t G 7909 or Engerix-B al one (Figure 20A).

Fur t her nor ¥°st '%5?% Vi m*rum zed with Engerix-B + CPG 24555 had a
hi gher propor t iEAhBigmicemiers iniecisttiviiamuesulaiodiidiBagy T Hokithsor wishaybERe OPY
ani mal s i nygaicrechondd & nERQRE tontr criNan 87 ﬁr10|ﬁ@g'ﬁfei MficBwete ffebed &Oand 14
(Figur o
Qual' 130 1 LI AT Poles BREASR ponth torkty LB ¥ e R g 2o
TNFa, or CWIaﬁ%‘H "dfﬁé”p@f"a'ﬁﬂtééeéte‘éi?f BRvive ELISHEALURREUr ed.  CPG 24555 was
equal to or betGsgn/6mticenweBPigeqtedBirnpscularl witi G (2011g) withve wittomePPE OB | s
(Figure 21Asansbd086d & néd-BYG control ODN 2137 at 10 pg. The mice were injected on 0, 7 and

21 days. Splenocytes from 1 week post last boost were incubated with respective antigen for 72

25  hours and culture supernatants tested for IFN-y by ELISA (Figure 13B).

Results and Discussion
CPG 10103 and CPG 24555 have identical nucleotide sequences except for the reversal
of the 3' most CG dinucleotide present in CPG 10103 into GC in CPG 24555 resulting in
30 elimination of a CpG motif in CPG 24555. Based on previous reports, given the same flanking
sequence, motif location and spacing, an increased number of CPG motifs should lead to
enhanced immune stimulation. Based on the prior knowledge, it was expected that CPG 24555
would be less immunostimulatory than CPG 10103 and less effective as a vaccine adjuvant.
However, the results above demonstrate that CPG 24555 has similar or greater
35  immunostimulatory potential and adjuvant activity compared to CPG 10103.

Example 3



30 T Cell Responses: Poly Functionality of CD4 T cells The
proportion of triple cytokine producing CD4 T cells was neasured at 2
weeks postwbawowtos262 A hi gher proportion of triple cytolcCmaBpnBEacHNng
C4 T cells was observed with CPG 24985 than with CPG 7909. 35

Concl usions WD 2010/ 067262PCT/ 1B2009/ 055444 50 Based on the
data, elimnation of the 3 CpG notif in CPG 24555 did not have any
negative inpact on its ability to augnent antigen-specific inmune
responses and showed equal or better augnentation of adaptive inmune

responses @é}fﬁgﬁ’sroﬁ dr EPG QB@B]- @ﬂ’@ 3 42630a,GRP e M9 -as @Vé&&ﬁ@kq%&' t4 'IﬁfMerQ‘]:z
CPG 24555 eenﬂgl QP{’N A?Bf égféns in mce was al so'transl ated
into non BREHERHFTR ”’vﬁ 24555 showi ng equal (hunor al

i munity) or superior (Ag-specific poly functional T cells) adjuvant
activity tmethdtloar@MBteribith hepatitis B surface antigen in cynonol gus

nmonk eys. Female Eﬂlﬁgmﬁg%/b@%%]&m%ﬁz&r k IJB scﬂlg'c( @ﬁ@k&ﬁm Jn?c[ thp Igft

able to ascertaln usin an routi experi
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responses (CTL, HA-specific IFN-g secretion and flow cytometric analys:s of T-cell cytokine

secretion).
Table 3
Reagent Source, Lot N° Stock Conc Final Conc
Influenza A Antigen Microbix Biosystems Inc.
1.0 mg/mi 0.02 mg/m!
(Texas 1/77 H3N2) 13037A8
Alum (Al3+) Alhydrogel
Cedarlane 85339 10.4 mg/ml 0.5 mg/ml
l185"2%
CPG 7909 Coley, Lot ACZ-031-016-M | 37.15mg/ml 0.2 mg/ml
CPG 24555 (also Avecia, Lot#ASD-ADZ218-157 17.75
known as CPG [labeled as CPG 10103] 0.2 mg/mi
10103_GC4)
CPG 10103 Dow Chemical, Lot# 24.51 mg/ml
0.2 mg/ml
MM021230
Control ODN 2137 Coley, Lot# 008 22.18 mg/ml 0.2 mg/ml
PBS Sigma (P4244) Lot # N/A N/A
096K6064

15

Resulfs and Discussion

Anti-HA at 6 Weels Post Immunization
At 6 weeks post Immunization, the amount of anti-HA was measured. CPG 24555 was
20 superior to CPG 10103 and CPG 7909 in augmenting HA-specific IgG (Figure 14),

Hemagglutination Inhibition (HIA) Titers at 4 Weeks Post Immunization



52. The i mmunosti mul atory ol i gonucl eotide of claim11l, wherein the

ol i gonucl eoti de conprises one or nore nodified |inkages. 3. The

i munost i nwbabwrog726t | gonucl eoti de of claim 2, wherein tHE/B2009/055444

ol i gonucl eoti de conpri ses one or nore8phosphorot hi oate |inkages. 4The
i mrunostinul atory oligonucl eotide of claim1l1, wherein the

ol i gonucl eoti de conprises 10at |east one |ipophilic substituted

nucl eoti de anal og and a pyri m di ne-purine dinucleotide. 5. A vaccine
conpri sing The fumbtica#lityi ofehe amidodid viermEMaDSEd NRIhgad deyagolutirgtomuictilgiani de

phar mmceut Ty oo BRIt Orbl AR outerbd Bha 1O - 900) 2
Bhar ot K SHANCHS oI Y 1 GrsAE Ao aaEege 15 o TribEPR et
15anpunt teeré eadialder angmening ljé titers pb e dsedincomitinabiorwdiygomse. 7. The
vacci nesof claim®6, wherein the antigen-specific inmune response

i nduced | sH}g_S;Q%CjFWTgQCgetlggspon_se. 8. The vaccine of claim5, wherein
the antigen 1I's a m Erobi al antigen, a self antlgen or an addictive

subst ance. 209.Trpeongyraionef BNy gqcrptah s Mepuredi AP RASREFbETEARIOEAS Hen
i S a bact eadjusént &g supetor toaCPE 10803 fardugigertingiiA-apepidle ESivtsecetan {magien of c2iB.
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viral antigen is associated with Respiratory Syncytial virus (RSV),
Her pes Si nplagpsiedi rus 1, Herpes Sinplex virus 2, Human

| mmunodeficiency Virus-1 (HV-1) or HHV-2, or c) the parasitic
antigen is_assqciated with aé)arasi te that causes malaria, 11. The

vacci ne of CEPRRISHT RSP ERAEPRFN CFG 7009 as a Vaccine fguvppido Bepafis A Jpieritioen

causes ldent-8kAgt arGyesndigys Bpniept ococcus nut ans, Streptococcus

Materials and Methods

Cynomolgus monkeys (3-5 yrs; 2.5 to 5.5 kg; n=5/gp; except for n=4 in HBsAg + IMX
group) were immunized intramuscularly (0.6ml 1M injection in the right quadriceps) with:
20 1) Engerix-B (pediatric dose; 10 mg HBsAg)
2) Engerix-B + CPG 7909 (0.5 mg)
3) Engerix-B + CPG 24555 (0.5 mg)

Animals received 3 immunizations; at week 0 {prime), 4 (boost 1) and 8 (boost 2). The animals
25  were bled pre-prime, 4 waeks post-prime (week 4), 2 weeks post-boost 1 (week 6), 4 weeks post-
boost 1 (week 8) and 2 weeks post-boost 2 (week 10).

HBsAg specific immune assays were performed as follows:
1) Antibody titer and avidity
30 2} Intracellular cytokine secretion (IL-2, IFN-y, TNF-a)
3) Poly-functional T cells
4} ELISPOT assay: IL2, TNF-q, IFN-y, Perforin

Results and Discussion

35

Humoraf Responses



30sobrinus, Streptococcus sanguis, Lactobacillus acidophffis, or
Actinonyces viscosus; or WD 2010/ 067262PCT/ 1B2009/ 055444 52 b) the
bact eri umwbatiomenzses peri odontal di sease is Porphyr ompcagByod0ss444
givalis or Actinobacillus actinonycetdntomtans. 12. The vaccine
of claim8, wherein the self antigen is a tunor antigen, an antigen
associated with Al zheiner's Di sease, an antigen agai nst a human
anti body, an antigen that is expressed 5from human endogenous
retroviral el emgoatshjlityaf pravitlis @gdobure oftzaipiaie in thio stpdygabepeltitis 8 virisC\@dsrevident

13. Th ighHevel o spefeific r§' de acenati e
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protein, I've attenuat

vector, |i%&EPGtBHGEH %‘Hb%’é@t"é‘m BMpFred opdEr Ergeir B\)‘@ét%?d a'%.”e (Flgure 18).
pol ysacchatRGizssawdsaniat v, CRSY 79ehio edrexdcingybothl aatboihditdDiiil avitlBy. The vacci ne
of claimb5, wherein the antigen is conjugated to a carrier. 1516. The

[ ht h t DT
2w o0 1 RGN B DRt R SO Rt (el o 1 o RuA phage

Qp, hepatitisTh §@Fﬁtf°ac¢é CRRt o JeaerxEBEAgsy, 1o dicragep e ftepeeney eloflet drfell gen
(HBCAQ) . Irfedbi@ IMBE BhdTENFOE biitnal IRR2Secrétidh (Figfe TOONPIahG CROO@RE, CRG BARSE

adj uvants. wa%%qJ;hqé oytfe(ﬁ%lﬁb% oriE @b@#oﬁhéﬁ@a%%@d)cﬂnémd%%kﬁﬁ/e@m Is_an
agoni st for a To receptor (TLR) that 1's not”TLR9. 19. The

vacci ne of claim 18, wherein the agoni st is for TLR 3, TLR4, TLR 5,
TLR 7 r TI®RE Responses: Poly Functional CD4 T Celfs; Quantitative Analysis

The number of cells secreting one, two or three cytokines was measured at week 10 (2

weeks post-boost 2). CPG 24555 was equal to CPG 7808 in inducing Engerix-B specific CD4 T

cell secreling one cytokine, Overall, relatively low level of triple cytokine producing CD4 T cells

were detected. However, CPG 24555 induced higher triple cytokine producing CD4 T cells than

20  CPG 7909 or Engerix-B alone (Figure 20A). Furthermore, animals immunized with Engerix-B +

CPG 24555 had a higher proportion of triple cytokine producing T cells compared to animals
immunized with Engerix-B alone or Engerix-B + CPG 7909 (Figure 20B).

T Cell Responses: poly functional CD4 T cells; Qualitatitve Analysis

25 The number of cells secreting IL-2, IFN-y and TNFa, or combinations of these cytokines,
was measured. CPG 24555 was equal to or better than CPG 7909 for inducing poly-functional T
cells (Figure 21A and Figure 21B).

30
T Cell Responses: Poly Functionality of CD4 T celfs
The proportion of triple cytokine producing CD4 T cells was measured at 2 weeks post
boost 2. A higher proportion of triple cytokine producing CD4 T cells was observed with CPG
24555 than with CPG 7909.
35

Conclusions



20. The vaccine of claim 19, wherein a) the TLR 3 agonist is
stabilized polyl:C b) the TLR 4 agonist is a derivative of

| i popol ysawoharwwde2st LPS) ; 25¢) the TLR 5 agoni st is fl| aygaliBreey/ozsm44d)
the TLR 7 or TLR8 agonist is a snall ¥ol ecul e of the im dazoqui noline
famly 21. The vaccine of claim 20, wherein the LPS derivative is MPL
or GLA. 22. The vaccine of claim 17, wherein the adjuvant is an

al um num salt, an i nmune stinulatory conplex (1SCOM, an

oi [ -in-water orBasater the neig) dimyattdnsdf o, 3' TplGi pats ONMEP® 24865l hot daye any
30?%5? em | nedative ﬁnp%@tﬁon‘ft@%&iht@% a(a&ng&h ?ﬁﬁﬁérﬁ%ﬁgi%ﬁﬁ@ﬁer‘re@p))nsteg EncPdrBR a4

salt is alumnum roxi de: or’ e deliver S s a
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l'i nkages. Rman bmateshith TPGOH 583 sBowWRRual (URBRI imudy) drBberior (Ag-specific poly

i mrunosti | i . , .
phosphor ot ALY el BRFkEal'¢'8nE BRI i 32pIn Blaileigen i omompie

ol i gonucl eBEE- conpri ses at | east one |ipophilic substituted
10nucl eoti de anal og and a pyri m di ne-purine dinucl eoti de.

Those skilled in the art will recognize, or be able to ascertain using no more than routine
10 experimentation, many equivalents of the specific embodiments of the invention described herein.

Such equivalents are intended to be encompassed by the fallowing claims.



26. The vaccine of claimb5, wherein the vaccine is fornulated for

adm ni stration. 27.The vaccine of claimb5, wherein a) the vaccine is
f or mul at edwbanwaeizsni stration via a parenteral route, woanBo09/033644
parental route is intranuscul ar, subcutaneous, intradermal,

i ntravenous or intraperitoneal; or 15b) the vaccine is fornulated for
adm nistration via a topical route, wherein the topical route is the
skin, transdermal or a nucosal surface. 28.The vaccine of claim 27,

wherein t heeamsosal route is oral, intranasal, intravaginal,
intrarectal, i rg,gerc@a%fx_uccal or intraocular. 29. An antigen and an
I munosl i nul atory oli gonucl eol i de conprising nucl eoti de sequence SEQ

| D 20NO 1 f.or ws@nrhumodtirRaapiligonlclebii® dmerishh thelhaddsti®Sequsher ei n t he
antigen is a mcrobial antigen, a self antigen or an addictive
subst ance. 5 TCGTCGTTTTTCGGTGCTTTT 3' (SEQ ID NO:1).

5 2 The immunostimulatory oligonucleotide of claim 1, wherein the oligonucleotide comprises

one or more modified linkages.

3. The immunostimulatory oligonucleotide of claim 2, wherein the oligonucleotide comprises

one or more phosphorothioate linkages.

4 The immunostimulatory ofigonucleotide of claim 1, wherein the oligonucleotide comprises
10 atleast one lipophilic substituted nucleotide analog and a pyrimidine-purine dinucleotide.

5. A vaccine comprising

an antigen and an immunostimulatory oligonucleotide comprising the nucleotide
sequence SEQ |ID NO:1, further comprising a pharmaceulically acceptable carrier.

6. The vaccine of claim 5, wherein the immunostimulatory oligonucleotide is in an effective

15 amount to induce an antigen-specific immune response.

7. The vaccine of claim 6, wherein the antigen-specific immune response induced is a Th1

immune response.

8. The vaccine of claim 5, wherein the antigen is a microbial antigen, a self antigen or an

addictive substance.

20 s The vaccine of claim 8, wherein the microbial antigen is a bacterial antigen, a viral
antigen or a parasitic antigen.

10. The vaccine of claim 9, wherein

a) the bacterial antigen is associated with Staphyfococcus aureus, a bacterium that

causes dental caries, or a bacterium that causes pericdontal disease;

25 b) the viral antigen is associated with Respiratory Syncytial virus (RSV), Herpes Simplex
virus 1, Herpes Simplex virus 2, Human Immunodeficiency Virus-1 (HIV-1) or HIV-2, or

c) the parasitic antigen is associated with a parasite that causes malaria.
11. The vaccine of claim 10, wherein

a) the bacterium that causes dental caries is Streptococcus mutans, Streplococcus
30 sobrinus, Streptococcus sanguis, Lactobaciiius acidophilis, or Actinormyces viscosus; or
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b) the bacterium that causes periodontal disease is Porphyromonas gingivalis or

Actinobaciflus actinomycetemcomitans,

12. The vaccine of claim 8, wherein the self antigen is a tumor antigen, an antigen associated
with Alzheimer's Disease, an antigen against a human antibody, an antigen that is expressed
from human endogenous retroviral elements, or a nicotine hapten conjugated to a carrier.

13. The vaccine of claim 12, wherein
a) the tumor antigen is HER2, MAGE, NY-ESO, PSA, CEA or a variant form of EGFR;
b) the antigen associated with Alzheimer’s Disease is tau or B-amyloid;
¢) the antigen is IgE; or
d) the carrier to which the nicotine hapten is conjugated is diphtheria toxin (DT).

14 The vaccine of claim 5, wherein the antigen is a peptide, a recombinant protein, a purified
protein, whole killed pathogen, live attenuated virus or viral vector, live attenuated bacteria or a
bacterial vector, a polysaccharide, a hapten, or encoded by plasmid DNA.

15. The vaccine of claim 5, wherein the antigen is conjugated to a carrier.

16. The vaccine of claim 15, wherein the carrier Is diphtheria toxin (DT) or a virus-like
particle, wherein the virus-like particle is RNA phage Q-B, hepatitis B surface antigen (HBsAg), or
hepatitis B core antigen (HBcAg).

17. The vaccine of claim 5, further comprising one or more adjuvants.

18. The vaccine of claim 17, wherein the adjuvant is an agonist for a Toll-like receptor (TLR)
that is not TLR9.

19. The vaccine of claim 18, wherein the agonist is for TLR 3, TLR4, TLR 5, TLR 7 or TLRS.
20. The vaccine of claim 19, wherein

a) the TLR 3 agonist is stabilized polyl:C;

b) the TLR 4 agonist is a derivative of lipopolysaccharide (LPS);

c) the TLR 5 agonist is flagellin; or

d) the TLR 7 or TLR8 agenist is a small molecule of the imidazoquinoline family
21. The vaccine of claim 20, wherein the LPS derivative is MPL or GLA.

22, The vaccine of claim 17, wherein the adjuvant is an aluminum salt, an immune
stimulatory complex {(ISCOM), an cil-in-water or water-in-oil emulsion, a liposome or a delivery
system.
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23.

24,

The vaceine of claim 22, wherein
a) the aluminum salt is aluminum hydroxide; or
b) the delivery system is a nanopaiticle or a microparticle,

The vaccine of claim 5, wherein the immunostimulatory oligonuclectide comprises one or

more modified linkages.

25,

26.

27.

28,

The vaccine of claim 24, wherein

a) the immunostimulatory oligonucleotide comprises one or more phosphorothioate

linkages; or

b) the immunostimulatory oligonucleotide comprises at least one lipophilic substituted
nuclectide analag and a pyrimidine-purine dinucleotide,

The vaccine of claim 5, wherein the vaccine is formulated for administration.
The vaccine of claim 5, wherein

a) the vaccine is formulated for administration via a parenteral route, wherein the parental
route is intramuscular, subcutaneous, intradermal, intravenous or intraperitoneal; or

b) the vaccine is formulated for administration via a topical route, wherein the topical
roule is the skin, transdermal or a mucosal surface.

The vaccine of claim 27, wherein the mucosal route is oral, infranasal, intravaginal,

intrarectal, intra-buccal or intraocular,

29,

An anfigen and an immunoslimulatory cligonucleolide comprising nucleotide sequence SEQ ID

NO:1 for use in therapy.

30.

The use of claim 29, wherein the antigen is a microbial antigen, a self antigen or an addictive

substance.



