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It has been previously reported that immunostimulatory activity of CpG oligonucleotides is

30  dependent on the number of CpG motifs, the sequences flanking the CG dinucleotide, 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 et al., 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 disclosed 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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In some embodiments, the immunostimulatory oligonucleotide comprises one or more
modified linkages. In further embodiments, the immunostimulatory oligonucleotide comprises one
or more phosphorothioate linkages. In certain embodiments, all internucleotide linkages of the
oligonucleotide are phosphorothioate linkages. In other embodiments, the immunostimulatory

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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25 Figure 2: Nature of the humoral immune response induced in mice. Adult (6-8 wk; n=10/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 24555, 10103 or 7909 (10 pg) or non-CpG control
ODN 2137 (10 pg; with OVA only). Plasma from 2 weeks (for HBsAg) or 1 week (for OVA) post
last boost was assayed for IgG1 (clear bars) and 1gG2a or 1gG2¢ (black bars) levels against

30  HBsAg (Anti-HBs) or OVA (anti-OVA). Each bar represents the geometric mean (+ SEM) of the
ELISA end point dilution titer for the entire group (n=10). Titers were defined as the highest
dilution resulting in an absorbance value two times that of non-immune plasma with a cut-off
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 ug of HBsAg (left hand panel) or 20 pg OVA (right hand panel) without
adjuvant or in combination with CPG 24555, 10103 or 7909 (10 pg) or non-CpG control ODN
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Figure 8: Antigen specific multi-cytokine secreting T cell populations in mice. Adult (6-8
30  wk; n=5/gp) mice were immunized with 1 pg of HBsAg with antigen alone or in combination with
CPG 24555, 10103 or 7909 (10 pg). Splenocytes from 2 weeks post boost were re-stimulated
with the HBsAg antigen (for CD4) or HBs Class | peptide (for CD8) and CD4 (Panel A) and CD8
(Panel B) T cell populations secreting IFN-y, TNF-a and/or IL-2 were quantified using flow
cytometry.
35
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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mice were injected’on 0, 7 and 21 days. Figure 12B shows OVA specific CTL measured by > Cr

25 release at 1 week post last boost.

Figure 13: T cell responses in BALB/c mice. BALB/c mice were injected intramuscularly with
HBsAg (1 pg) with or without CPG ODN 2455, CPG 10103 or non-CpG control ODN 2137 at 10
pug. The mice were injected on 0 and 14 days. Splenocytes from 2 week post last boost were

30 incubated with respective antigen for 72 hours and culture supernatants tested for IFN-y by
ELISA (Figure 13A). C57bl/6 mice were injected intramuscularly with OVA (20 pg) with or without
CPG ODN 2455, CPG 10103 or non-CpG 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 hours and culture supernatants tested for IFN-y by ELISA (Figure 13B).
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Figure 20: T Cell Responses: Poly Functional CD4 T Cells; Quantitative Analysis.

Cynomolgus monkeys (3-5 yrs of age; n=5 per group) were immunized with Engerix-B (10 pg
35 HBsAg; 250 ug Al) alone or in combination with 0.5 mg of CPG 7909 or CPG 24555 by
intramuscular injection on weeks 0, 4 and 8, Peripheral blood mononuclear cells (PBMC) at 2

weeks post 3" immunization were tested for HBsAg specific CD4 T cells secreting one, two or



20 antigen-specific OD8+ T cells producing I NF-a were obtai ned when
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35 because it has been previously reported that immunostimulatory activity of CpG oligonucleotides
is dependent on the number of CpG motifs, the sequences flanking the CG dinucleotide, the

location of the CpG motif(s) and the spacing between the CpG motifs (Ballas et al., 1996, , J.
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35 sone aspects, an immunostinul atory oligonucl eotide can contain uracil
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In an enbodi ment, the invention pertains to the i munostinul atory

ol i gonucl eotide of the 15 invention for use as an adjuvant in a vaccine
for the tweavmawr2edr prevention of a di sease, wherei n s&CUH/IB20YDITe44
conprises at |east one antigen and wherei n said di sease benefits fromthe
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example, the replacement by a PNA backbone unit, e.g., by 2-aminoehtylglycine. The



20 who through lifestyle or nedical procedures is exposed to an organi sm
either directly or indirectly by contact with bodily fluids that may

cont ai n iwbeeotowmwus2or gani sms. Subj ects at risk of devel epirng0ombssa14 on al so
i ncl ude general populations to which & nmedi cal agency recomrends
vaccination for a particular infectious organism A subject is a subject
treated by veterinarian nedicine, a rodent or a non-rodent subject. 25
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will allowtor | onger term protection. A subj ect having an infection
is a subject thbfibysadnteen Bdxpssexyripase anit PHY kecterlaess! Qyaa medified stgrt ks acut e
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t unor antévgﬁ'ﬂle |§ t%kél ’T %Cﬁl é%cle%af%:gr’efe% &43 {Hétl%ﬁéo dlé@‘GE Al0,
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HER- 2, AﬁﬁessEﬁgﬁ‘Q(orkF%ﬁandmeﬁérﬁbed'r@zsméﬂ'ey bl&:eg M‘-adrﬁnﬁ) ltere%gﬁholg %smn@yr vivin,
Survivin ZBI W, Thomsen- Friedenreic ant i 514, PSCA, P, TGR
Adi pophi | \fleicgegs san g9 pepparggsfr Omﬁ%'sﬂ*@ﬁ&lﬁe{;lc coege 6% (RAs APRI™IC BOCW (seb4D),
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PRAI\/E ADAppuZeotEDBRPhosGDEBthioRe fifikagest | on Protein A, CDK2, GW, d obo H,

TF(c), Led, 25/dured bacRbéHeS JsucHEL phoshidrdthiodtda3hay be synthesized using automated

techniques employing either phosphoramidate or H-phosphonate chemistries. Aryl- and alkyl-

In

phoshonates can be made, e.g., as described in US. Patent No. 4,469,863, and
35 alkylphosphotriesters (in which the charged oxygen moiety is alkylated as described in U.S.
Patent No. 5,023,243) can be prepared by automated solid phase synthesis using commercially

available reagents. Methods for making other DNA backbone modifications and substitutions



A di sorder associated with an addictive substance is any disorder that

i nvol ves a chem cal or biological substance that causes a subject to

devel op awoOaddvsricdon to an addi ctive substance. For examrpraB2009035a4e

enbodi ments, an addi ctive substance nm@y be nicotine or cocaine. In sone
enbodi nents, a nicotine antigen nmay be a nicotine hapten conjugated to a 30
carrier. In sone enbodinents, the carrier to which a nicotine hapten IS
conj ugated is diphtheria toxin. As used herein, the term"treat"

"treated"ha& beénrc%@f&rib&g IMUBIhaHS &d akd PEYNTaASREChent. (Re@ o052k eRbD;AtBDAEHIIS, case
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synptons 0 opl ng_such I sorder uce ect 0
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is a nol ebeihusleicdagids pre capabieif indedingimaviarkiesnynsas thatrﬁwvenerﬁeislﬁ@ﬂngéhemﬁ@tngens
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of pol ysaccharides and ot her nol ecul es encoded by plasm d DNA, haptens,
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and viral extracts, live attenuated virus or viral vector, live attenuated
bacteria or a bacterial vector and nulticellular organisns such as

par asi t eswandioglstmegens. The term anti gen broadly i ncl uges/argonispel of

nol ecul e which is recogni zed by a hos¥ i nmune system as being foreign.
Antigens include, but are not limted to, mcrobial antigens, self antigens
and addi ctive 5substances. In sone aspects, an antigen is
conjugated to a carrier. In sone enbodinments, the carrier is diphtheria
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ell populations’). In an embodiment, the antigen is any of the antigens disclosed herein.

25 In an embodiment, the invention pertains to the immunostimulatory oligonucleotide of the
invention for use in inducing an immune response against an antigen, wherein at least 30%,
preferably at least 40%, even preferably at least 45%, even preferably about 47% of the antigen-
specific CD8+ T-cells induced are double cytokine producers, preferentially secreting both IFN-y
and TNF-q, in the antigen-specific CD8+ T-cell population secreting IFN-y, TNF-a and/or IL-2. In

30 an embodiment, said proportion of antigen-specific CD4+ T-cells secreting both IFN-y and TNF-a
is determined by polychromatic flow cytometry. An example of such determination is disclosed at
example 1 of the present document (see paragraph ‘Antigen specific multi-cytokine secreting T
cell populations’). In an embodiment, the antigen is any of the antigens disclosed herein.

In an embodiment, the invention pertains to the immunostimulatory oligonucleotide of the

35 invention for use as an adjuvant in a vaccine wherein said vaccine induces an immune response
against an antigen and wherein at least 40%, preferably at least 45%, even preferably at least

50%, even preferably about 53% of the antigen-specific CD4+ T-cells induced secret IFN-y, in the
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T-cell population secreting IFN-y, TNF-a and/or IL-2. In an embodiment, said proportion of
double-producing antigen-specific CD8+ T-cells secreting both IFN-y and TNF-a is determined by
polychromatic flow cytometry. An example of such determination is disclosed at example 1 of the
present document (see paragraph ‘Antigen specific multi-cytokine secreting T cell populations’).

25 In an embodiment, the antigen is any of the antigens disclosed herein.

In an embodiment, the invention pertains to a vaccine comprising an antigen and an
immunostimulatory oligonucleotide of the invention for use in inducing an immune response to
said antigen wherein at least 40%, preferably at least 45%, even preferably at least 50%, even
preferably about 53% of the antigen-specific CD4+ T-cells induced secret IFN-y, in the antigen-

30  specific CD4+ T-cell population secreting IFN-y, TNF-a and/or IL-2. In an embodiment, said
proportion of antigen-specific CD4+ T-cells secreting IFN-y is determined by polychromatic flow
cytometry. An example of such determination is disclosed at example 1 of the present document
(see paragraph ‘Antigen specific multi-cytokine secreting T cell populations’). In an embodiment,
the antigen is any of the antigens disclosed herein.

35 In an embodiment, the invention pertains to a vaccine comprising an antigen and an
immunostimulatory oligonucleotide of the invention for use in inducing an immune response to

said antigen wherein at least 10%, preferably at least 15%, even preferably at least 20%, even
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particular CpG immundstimulatory ollgonucleotlde being administered, the size of the subject, or

the severity of the disease or condition. One of ordinary skill in the art can empirically determine
the effective amount of a particular oligonucleotide without necessitating undue experimentation.
30 In aspects of the invention, a vaccine may further include an adjuvant. In some
embodiments, an adjuvant is an agonist for a Toll-like receptor (TLR) that is not TLRS. An
agonist for a TLR in some embodiments is an agonist for TLR3 (for example, stabilized polyl:C),
TLR4 (for example, a derivative of lipopolysaccharide (LPS) for example, MPL or GLA), TLR5 (for
example, flagellin), TLR7 (for example, a small molecule of the imidazoquinoline family) or TLR8
35 (for example, a small molecule of the imidazoquinoline family). In some embodiments, the

adjuvant is aluminum salt, for example, aluminum hydroxide, an immune stimulatory complex
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administration which, depending on the application, could be given daily, weekly, or monthly and
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35 range from about 10 pg to 5 mg per administration, and most typically from about 100 pg to 1 mg,

with 2-4 administrations being spaced days or weeks apart. In some embodiments, however,
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therapeutic agents, may be administered via any route described herein. In some preferred
25 embodiments, the administration is local. Local administration may include topical application to
mucosal surfaces, e.g., the skin, such as those of the mouth and genitals.

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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carboxymethyl cellulose. These surfactants could be present in the formulation of the
immunostimulatory oligonucleotides either alone or as a mixture in different ratios.

25 Pharmaceutical formulations for parenteral administration include aqueous solutions of
the immunostimulatory oligonucleotides in water-soluble form. Additionally, suspensions of the
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

30 contain substances which increase the viscosity of the suspension, such as sodium
carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension may also contain
suitable stabilizers or agents which increase the solubility of the immunostimulatory
oligonucleotides to allow for the preparation of highly concentrated solutions.

Alternatively, the immunostimulatory oligonucleotides 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 agents) can be formulated readily by combining the
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such as sodium alglnate Optionally the oral formulatlons 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 to 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, polyvinyl alcohol, polyvinyl pyrrolidone and
polyproline. Abuchowski and Davis, 1981, "Soluble Polymer-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. Intranasal 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.

Alternatively, 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

5 is usually found in the top of the bottle, and the top is generally tapered to partially fit in the nasal
passages for efficient 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

10 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

15  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 resins, 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

20 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 liposomes, nebulized, aerosols, pellets for implantation into the skin, or

25 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

30 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 (neat) or in the form of a pharmaceutically acceptable salt.

35 When used in medicine, the salts should be pharmaceutically acceptable, but non-
pharmaceutically acceptable salts may conveniently be used to prepare pharmaceutically

acceptable salts thereof. Such salts include, but are not limited to, those prepared from the
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following acids: hydrochloric, hydrobromic, sulphuric, nitric, phosphoric, maleic, acetic, salicylic,
p-toluene sulphonic, tartaric, citric, methane sulphonic, formic, malonic, succinic, naphthalene-2-
sulphonic, and benzene sulphonic. Also, such salts can be prepared as alkaline metal or alkaline
earth salts, such as sodium, potassium or calcium salts of the carboxylic acid group.

5 Suitable buffering agents include: acetic acid and a salt (1-2% w/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% w/v).
Suitable preservatives include benzalkonium chloride (0.003-0.03% w/v); chlorobutanol (0.3-0.9%
w/v); parabens (0.01-0.25% w/v) and thimerosal (0.004-0.02% w/v).

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

10 immunostimulatory oligonucleotide and optionally antigens and/or other therapeutic 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 oligonucleotide 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
dissolved 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 (HBsSAg)

15 BALB/c mice (n=10/group) were immunized intramuscularly (IM) in the left tibialis anterior
muscle with 1 ug 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 pl. 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 (culture 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 IgG and IgG isotypes IgG1 and IgG2a.

25
Chicken Ovalbumin (OVA)

C57BI/6 wild type and TLR9 deficient (C57BI/6 TLR9-/-) mice (n=10/group) were
immunized intramuscularly (IM) in the left tibialis anterior muscle with 20 pg OVA grade VIl
(Sigma, A7641) alone or in combination with 10 ug CPG 24555, 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-ast 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 supernatants),

35  tetramer positive CD8 T cells and multi-cytokine (IFN-y, TNF-a and IL-2) secreting CD4 vs. CD8
T cells. Plasma was used for detection of antigen specific total IgG and IgG isotypes IgG1 and
IgG2c.
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Immune Assays

Determination of antigen specific antibody titers
5 Antibodies (total IgG, 19G1 and 1gG2a/c) specific to HBsAg (anti-HBs) or ovalbumin (anti-
OVA) were detected and quantified by endpoint dilution ELISA assay, which was performed in
triplicate on samples from individual animals. End-point titers were defined as the highest plasma
dilution that resulted in an absorbance value (OD 450nm) two times greater than that of non-
immune plasma with a cut-off value of 0.05. These were reported as group geometric mean titers
10 (GMT) + SEM.

Evaluation of CTL responses
Spleens removed at 1 week (for OVA) or 2 week (for HBsAg) post last immunization were
used for assay of antigen specific cytotoxic T lymphocyte (CTL) responses. Spleens were
15 homogenized into single cell suspension in RPMI 1640 (Hyclone, Logan, UT) tissue culture
medium supplemented with 10% fetal bovine serum (Hyclone, Logan, UT), 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 5x10° M B-
mercaptoethanol (Invitrogen, Burlington, ON). HBsAg-specific lymphocytes in splenocyte
20  suspensions (3 x 10° cells/ml) were re-stimulated for 5 days by incubating with an irradiated
murine cell line (P815/S) expressing HBsAg and OVA-specific lymphocytes in splenocyte
suspensions (3 x 10° cells/ml) were re-stimulated for 5 days by incubating with an irradiated
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 *1Cr 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 splenocytes
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) tissue culture medium supplemented with 2% normal 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-mercaptoethanol
35 (Invitrogen, Burlington, ON) [Complete RPMI 1640]. Splenocyte suspension was plated onto 96-
well U-bottom tissue culture plates (100 pl/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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Concanavalin A (10 pg/ml, Sigma) was used as a positive control and cells cultured with media
alone were used as negative controls. Each splenocyte sample was plated in triplicate and the
cells were incubated in a humidified 5% CO, incubator at 37°C for 72 hr. Culture supernatants
were harvested at the end of the incubation period and stored at -80°C until assayed.
5 Commercially available assay kits (mouse IFN-y OptEIA; BD Pharmingen, Mississauga, ON)

were used according to manufacturer’s instructions to assay IFN-y levels in culture supernatants.

Quantification of OVA tetramer positive CD8 population
Splenocyte suspensions obtained as described above were also used for quantification of
10 OVA tetramer positive CD8 populations by FACS. Splenocytes (2x1 06) from individual spleens
were transferred to 12x75mm test tubes containing 500pl of staining buffer: DPBS containing 1%
fetal bovine serum (Hyclone, Logan, UT) and 0.1% Sodium Azide (Sigma). Cells were centrifuged
at 1200 rpm for 5 minutes and supernatant removed. Fc receptors were blocked by incubating
cells at 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 tetramer positive cells.

Quantification of antigen specific multi-cytokine secreting T cell populations
Pooled splenocyte 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 normal 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-
mercaptoethanol (Invitrogen, Burlington, ON).
For CD4 re-stimulation: 5x10° cells were stimulated overnight in a final volume of 1 ml
30  containing 5 pg/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 tested using OVA. The overall antibody titers detected at 1 week post
boost with any of the vaccination regimes was less than 100 and none 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 1gG2a or IgG2c 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 IgG2a/lgG1 and
IgG2c/IgG1 ratios >1 (Figure 1) and with significantly enhanced IgG2al/c titers compared to when

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

Cellular 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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2010/ 067 263HPCsES /B0 onrusizad with OVA. All CpG ODN tested enhanced antigen-specific CD8 T

cells compared to when OVA was used alone or in combination with the non-CpG control ODN

2137 (Figure 5). CPG 7909 was superior to CPG 24555 and 10103 in promoting the induction of

15 OVA-specific CD8 T cells (P<0.05). There was no significant difference between CPG 24555 and
10103 in their ability to induce OVA-specific CD8 T cells (P>0.05).

CPG mediated augmentation of OVA specific CD8 T cells was not observed in TLR9

deficient mice (Figure 5).

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 culture supernatant of
splenocytes re-stimulated with vaccinated antigen using enzyme immunoassay. Culture
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 panel).
30 CpG ODN mediated augmentation of antigen-specific IFN-y secretion was not observed

in TLRY deficient animals (Figure 7).

Antigen specific multi-cytokine 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.



46

or without CPG CODN 2455, CPG 10103 or
The m ce werelvmwymet ed on 0, 7 and 21 days.
lgGtiters at 1 week post
injected intranmuscularly with Influenza A HA from Texas 1/77,

t ot al

C57bl /6 mce were injected intranuscularly wwth OVA (20 pg) with

non- CpG

| ast 43oost (Figure 11B).

contr ol

alum (25 pg A13+) with or w thout CPG ODN 2455, CPG 10103 or
ODN 2137 at 10 pg. Results shown are kinetics of HA specific total

1 gG at vari ousw.tH' Ha$ CPAShd iDL B! Wélatna@w Rkl Ry 180 dedplibR tvaElsk&Ain( Fi gur e

contr ol

110). T
i ntramus

cell res

K orngarrson

RORSES )

L B/
SdRTI\ﬁf(A\(I sec(::r?

ODN 2137 at 10 pg.
Resul t s showraTAB®OMNFA4speci fiC
BALB/c m ce were

H3N2 5 (1 pg)
non- CpG

08 TEiporg v Lﬁéﬂf&‘éﬂeoﬁfs%ﬁ@ Rhse 10103

or non- Cp®lued h'giﬂ%lpeméﬂgzpf:’.f?oué'@ cytokipssecriing Tngetizcampateditnpieefletd3gnd 0°0And 14

dayi. ReS(gie%sV.tsfwmmwthsAg4%@@@i%ivmh CPls 1as tierbob Yespddilely) € lRBSE ?t I2
WeekKs ost U ce I {ra u ar Yy
e UA Fo0naioR U ot o e SR AR I L0 LB s SBATIE
control GDWZ&BWP“ @G %556@.01qﬁr@dr?%%remﬂevewf@eqe@d) on 0, 7 and 21 days

Resul ts shown \giteCEd/A csReBéth ICPGCHEENBRASCF @ dodByheipkllindu€ BgsRvaof dousRek post

St iokib o ularly
Ryt WelSiod B congersa o PRI §88 P BT s b GRTTRES
CEppectvely. vterepg oply 19% héth GPEe! iR e SI”H'P"e‘etCéH i, geratow pfzpezfege efays.

Spl en@cytigge tyteknedrodeiky pPBsAg-dpasiic COBST caemerd siseved adowhd b % eapeeti ve

| ast boo
wi th HBs
contr ol

antigen
(Figure

f

v

g %o}(b%‘éhﬁ%)g?%s%‘@%{ ) TgHDEE

(20 pg) with or without CPG CDN 2455 CPG 10103 or

nat ants

tested for

| FN-y by ELI SA
injected intranuscularly with OVA
non- CpG cont r ol

ODN 2137

at 10 pg.Tableet:receentags ef HBYAGGh&iicaBD4d, T dellaftcht 2tk haes doubR! @nagy tyaskider om 1
week postproédusérs bepoing Fveandiociui2aand/dr iR-d r especti ve antigen for 72 25hours

and cl ture supernatants tested for IEN-y by FIISA (Figure 13B). Results
and Di sclueR4 bh cells CP&y alyne3 phei+ EPB 2855555 [Aa/eCPEARt9Bcal| nucl eoti de
sequences except for the reversal of the 3" npst CG dinucl eqtide present in
CPG 10103FNftto GC in CPEEPA555 resashting in 30 3kd m nation gf a CpG noti f
in CPG 24B8>%" Based on Jﬁ%l ous refferts, given G%e sane fl anki ng sequence,
motif | och#2ion and spac an i hf¥eased nunheré%f CPG notifls shoul d | ead
to enhanldENY:meg sti ly%flnn wed on the Irqz/mr knowl edge, it was
expect edENAY THE& 24555 {001 o be—?—?g&': i rrunostlidl CPG 10103 and
Iegs ef f e LgZ” 2! vac: .e aeh u'5ﬁoﬁt However Ed/ﬂ.e resuts—gbove
dermnstr"lzé'v‘/o‘ o & Biife 52 A)has S %’,}L ar—ot—gfe tcr6% 35+rruroest|i nul at ory
potenti ajlpr@dmgerﬁl%j uvanfT activity pompared to CHG 10103. Examjl e 3

% producing at least | 25% 25% 4%

two cytokines

* indicates total proportion of cells producing these cytokines whether they are single, double or
trlple producers
*indicates total proportion of cells producing these two cytokines whether they are double or triple
producers
20

25

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

63%
42%
10%
5%

67%
76%
7%
2%

76%
37%
6%
0%

IFN-y*
TNF-a*

IL-2*

IFN-y / IL-2 *
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* indicates total proportion of cells producing these cytokines 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:
HBsAg and OVA. CPG 24555 and CPG 10103 have identical nucleotide 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 7909 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
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
IFN-g secretion.

Augmentation of adaptive immune responses with all three CpG ODN tested were TLR9
dependent as no augmentation in adaptive immune responses were seen in TLR9 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+
T cells producing at least two cytokines among IFN-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
CD8+ T cells producing two cytokines, and in particular IFN-y and TNF-a, both IFN-y and IL-2
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-
Y, TNF-a and IL-2) are thought to be better effector cells compared to T cells that secrete a single

cytokine.

13037A8
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Example 2:
Comparison of CPG 24555 and CPG 10103

5 Nucleotide sequences of ODNs tested

CPG ODN 10103
5 T*C*G* T*C*G* T*'T*T*T*T*C*G*G*T*C*G*T*T*T*T 3’ (SEQ ID NO:2)
CPG ODN 24555
10 5 T CETCETTTTT'C'G* G T*G'C*T*T*T*T 3 (SEQ ID NO:1)
Non-CpG ODN 22881
5 T*G*C* T*G*C*T*"T*T*T*T*G*G*C*T*G*C*T*T*T*T 3’ (SEQ ID NO:4)
Non-CpG ODN 2137
5 T*G*C*T*G*C*T*'T*T*T*G*T*G*C*T*T*T*T*G*T*G*C*T*T 3’ (SEQ ID NO:5)
15 * indicates phosphorothioate linkage (PS)
The underline portion 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 (5x106/ml) were incubated with varying concentrations of CPG 10103,
CPG 24555 or non-CpG control ODN 22881 for 24 or 48 h. Cell supernatants were collected and
assayed for cytokine/chemokine secretion using a commercial ELISA kit (Figure 9A 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 100ug 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 I1gG titers at 2 weeks post boost measured by endpoint
ELISA (Figure 11A).
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C57bl/6 mice were injected intramuscularly with OVA (20 ug) with or without CPG ODN
2455, CPG 10103 or non-CpG control ODN 2137 at 10 ug. The mice were injected on 0, 7 and

21 days. Results shown are OVA specific total IgG titers at 1 week post last boost (Figure 11B).
BALB/c mice were injected intramuscularly with Influenza A HA from Texas 1/77, H3N2
5 (1 pg) £ alum (25 pg Al3+) with or without CPG ODN 2455, CPG 10103 or non-CpG control ODN
2137 at 10 pg. Results shown are kinetics of HA specific total IgG at various times post

immunization measured by end point ELISA (Figure 11C).

T cell responses in BALB/c mice
10 BALB/c mice were injected intramuscularly with HBsAg (1 pg) with or without CPG ODN
2455, 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 CTL measured by *ICr release at 2 weeks post boost
(Figure 12A).
C57bl/6 mice were injected intramuscularly with OVA (20 ug) with or without CPG ODN
15 2455, CPG 10103 or non-CpG control ODN 2137 at 10 ug. The mice were injected on 0, 7 and
21 days. Results shown are OVA specific CTL measured by °'Cr release at 1 week post last
boost (Figure 12B).
BALB/c mice were injected intramuscularly with HBsAg (1 pg) with or without CPG ODN
2455, CPG 10103 or non-CpG control ODN 2137 at 10 pg. The mice were injected on 0 and 14
20  days. Splenocytes from 2 week post last boost were incubated with respective antigen for 72
hours and culture supernatants tested for IFN-y by ELISA (Figure 13A).
C57bl/6 mice were injected intramuscularly with OVA (20 ug) with or without CPG ODN
2455, CPG 10103 or non-CpG control ODN 2137 at 10 ug. 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
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conbi natign wi.th al S L 10t o CPG, 10103 and CPG 7909
For augreriiien SR 1707 AR 2GRS b os 8 Boqie adithinig i e
Conpar i sorensdogiar® As8EHANE BEPEECMEG as a Vacci ne Adjuvant to Hepatitis B
Surface Antigen 15 (HBsAg) in Cynonol gus Monkeys Materials and Met hods
Cyno gu nke 3-5 yrs; 2.5 to 5.5 kg; n=5/gp; except for n=4 in HBsAg
+ | Wn%lgro'ﬁgg&\’/svear@a(%% zed intranuscularly (0.6nml IMinjection in the

ri ght quadri cépgRieRALRC NI V/gmgiare nBinzpe el iatramuscuirs S ineotiordnte4Bs &)  2)
Enger i X- Bibhiidhf@ri6PAA) s VA InfRiknAagRdmaggiBint @RGraif 76@s (187 SHAQ1 ug) +Ani mal s
recei ved rmunli Nolaish thr Iweﬁléo %gn@ tI4 ‘Llﬁfo%o%\)l\g@nd 8 &%Potst 2) .
The ani met®® IeRETE OBNSA0 Fokt pinded Mg RN e &R "B V'Y Reeks
post - boostiffetent e kntgYyals gospiraRignizaticnt to d3eerstHAspEvife Rnt®@Ydyariesbopsane HRIE the

POst - WO OSEnirdald W Qloud Wre SHREAMELISHDE Gkb pést InfATIMRELGASS BYEBsIRI theBitich MhmBE as

follows: 1) Anti titer d avidlt 02) | ntracell ul ar cytokine
secr ot oo TRréD Rl P8 s3plih e IR sl Hhatdh 8 1PERIRT assay:
| L2, | NF-sgcrefigdN-y, Perforin Results and Di scussion

Table 3
Reagent Source, Lot N° Stock Conc Final Conc
Influenza A Antigen Microbix Biosystems Inc.
1.0 mg/ml 0.02 mg/mi
(Texas 1/77 H3N2) 13037A8
Alum (Al3+) Alhydrogel
Cedarlane 85339 10.4 mg/ml 0.5 mg/ml
“85"2%
CPG 7909 Coley, Lot ACZ-03I-016-M 37.15mg/ml 0.2 mg/ml
CPG 24555 (also | Avecia, Lot#ASD-A0218-157 17.75
known as CPG [labeled as CPG 10103] 0.2 mg/ml
10103_GC4)
CPG 10103 Dow Chemical, Lot# 24.51 mg/mi
0.2 mg/ml
MM021230
Control ODN 2137 Coley, Lot# 008 22.18 mg/mi 0.2 mg/ml
PBS Sigma (P4244) Lot # N/A N/A
096K6064

15

Results and Discussion

Anti-HA at 6 Weeks 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



35 Hunoral Responses WD 2010/ 067262PCT/ 1B2009/ 055444 49 A
possibility of previous exposure of animals in this study to hepatitis B

vi rus waswewoudntr2eky hi gh | evel of HBsAg specific anti bedy/iB2ognisidet ect ed
at pre vaccination. Furthernore, one ®#ninmal in the shipnent tested positive
for HBV by serol ogy suggesting possible exposure to HBV. However, all
animals used in this study tested negative for HBV by FOR There was an
increase 5 in anti-HBsAg titer with each boost. The addition of CpGto

Engeri x-B enhamae@hcﬁﬁﬁﬁg 0B p@ceinmda.eamewéx%ateht@.hg acwmg@@tmaﬁda. iMARSEDN

E B h d
Enget B A0S LU e LA RO B0 Rl e

24555 wasandgawl ta 6PEIENT 3501) for éwﬁmnmgdyAbltﬁﬁw(Fmtq %dwl @lQpé?’r OB destedi di t y.

10T Cel | rResppasesdughitng e tliets aferQsbOkicoabifien @t Mm.by CD4 T Cel | s

The addition of CpG to Engerix-B tended to increase the frequency of CD4 T
cell nediated |FN-y and I NF-a but not IL-2 secretion (Figure 19A B and O).
Overal |, ®PEpefisdhlv\iggediual to or better than CPG 7909 for the induction
%fJ CD4 medi at ethe eyiicektiaieSof IANy Tsebilel Wae feadises (CPR0t4E5 Wikt iseabneGdbnT Oel |'s;

antitat n | T

t'hr ee cytéo Iv%rﬁ‘wgé gtzae%or to CPG&OE({&%%}HQR%%m%%A\%E&E@ Ilﬁ\?g e Letl a%%r oft(chV\% 24555
was equal MedrtePEmMpgityd(Figyre) 1ol u&hemyUse eemRingios pile P*Pmcc'@ﬁ“ﬁd\@ﬁ PURSERT et | ng
one cit Okib KRG 10VEY ki ICPGrb@dor dgin¢ntng WAL pyetc II0M-y bédrglibe (Figtiteots).ne produci ng
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). FurfP®@pPrdre, animals i muni zed with Engeri x-B + CPG 24555 had a
hi gher proportion of triple cytokine producing T cells conpared to animals

| muni Zedcé’)ﬁd} Psoﬁ%%ﬁb’%?%%'n%%%@%'go@ﬁ?;(/écéﬂgrc\dju\go (o0 120 %tlg F's%éc% . T Cell

Responses functi onal I'tatitve ysiI's e number
of celds @éé@%fﬁ?ygc’mﬂg@MqHWSy and | NFa, or combinations of these
cyt oki nes, was neasured. CPG 24555 was equal to or better than CPG 7909 for

i nduci ng pal y-f Mtgg@ T cell s (F| gure 21A and Fi gure 21B). 30 T Cell
Responses? t[é CD4 T cells ﬁ;@é‘%@rti on of
triple cytoki ”ﬁf‘?i%dmﬂjeﬁ SPrE @19 18 Al Heﬂ%reé%ph‘clor D= A9 ddMXboost 2.
A hi gher gouppeertirmunided intraplseulayt (0mnief igjediduigitiegigbiadadrices) sh:was obser ved
with ﬁDG 24555!)Eng?erﬂx-ﬁ‘(;%@lia%@o;e?q)@mg ﬁ%sAg)

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 weeks 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-qa, IFN-y, Perforin

Results and Discussion

35

Humoral Responses



Concl usions WD 2010/ 067262PCT/ 1B2009/ 055444 50 Based on the data,
elimnation of the 3 CoG notif in CPG 24555 did not have any negative

| mpact orwote1ebriéety t o augnent anti gen-specific i Mmune@CTABpoNsSs44and
showed equal or better augnentation o adaptive inmune responses conpared
to CPG 10103 and CPG 7909. Adjuvant activity of CPG 24555 seen with
multiple antigens in mce was also translated into non 5 human pri nates
wi th CPG 24555 showi ng equal (hunoral inmunity) or superior (Ag-specific

poly functional poksisifty bisorevitilh bxaBllre fehnimélstity this@tefle heBARs By Rapaideit s B

surface qptﬁggp i n ﬁqgnnlg S q%qge S, Thos§ s¢|lled in the art
. i evel ofﬁl S petific_ antibo %{ers detected at pre vaccination. Furthermore, one

wi Il recodgni e, Or eagof'e 0 ascertal n uslng %O m)re?rhan rou?lne

10exper i naseahini tlﬁﬁﬁhiﬂmﬁve@ﬂiﬁo‘?iﬁ‘{’eefm HB\O!fy serplogy B'QQPi‘rtiP@ pesaiblg¢ikpaswe do BVt he

ib nveRt i ?ﬂ?cﬁ@s&!’én%dﬂd@fs@d i thiSstGdy t@ﬂéﬂ/ | NeghtRB s HBN By iP/GRE'Td@Q whoab@cresseonpassed
y t Q Af | ai s, 010/ .067262PCT/ 1B2009/.055444 Al W

oV ai mo 1 AT BRI pac KRt i DA APE TR I B ARy ReoAseral | e
sequence BboITEFCGPTPIFCOGTECENYTiXS wissEey! ppnabigye. 1752 Forigrmore, addition

| Munost i sNdpat éhhindet iagMdUE badl i depsatd & ahdm BngetdiE mas tisddngor! (FgoRue).eot i de
conpri ses bEi i 3. The, i ostlmul atory
oIigonucl%@??ﬁ%gggp%ﬁgﬂﬁggg7&%@%5&% gﬁim%1?§%ﬁ 8 eo f%@“%onprises one or
nor e phosphorot hi oate | i nkages.

10 T Cell Responses: Intracellular Cytokine Secretion by CD4 T Cells
The addition of CpG to Engerix-B tended to increase the frequency of CD4 T cell
mediated IFN-y and TNF-a but not IL-2 secretion (Figure 19A, B and C). Overall, CPG 24555
was equal to or better than CPG 7909 for the induction of CD4 mediated cytokines.

15 T Cell Responses: Poly Functional CD4 T Cells; 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 7909 in inducing Engerix-B specific CD4 T
cell secreting 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 cells
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



4The imunostinul atory oligonucl eotide of claim1, wherein the

ol i gonucl eoti de conprises 10at | east one |ipophilic substituted nucl eotide
anal og amsdoaomyoeiaszdi ne- puri ne di nucl eotide. 5. A vacciPo@/IBZopnisg4ing

an antigen and an i mrunosti nul at ory di0i gonucl eoti de conprising the

nucl eoti de sequence SEQ ID NGO 1, further conprising a pharmaceutically
acceptable carrier. 6. The vaccine of claimb5, wherein the

i mmunostinul atory oligonucleotide is in an effective 15anmount to induce an

anti gen- speci fiaged ammﬁeddieesemﬂa@n of ?he <] f@e\/ﬁqemi.mpgf 2456811 Bt hfesRi Nt he
I nmune r

\8/'221:?(;2_ z e%gtiv]; Ilrﬁqagmw blllgﬁ glpﬁsameenl rf\n |8en spemPc |mmune regi)onlses an[d s%gwedsequal 8 The
anti gen o bahtﬁramqtltatlvreofwﬂ@wam@newgonsh%cqm@@ﬂﬁfeCB‘E 1@1%%‘1‘1183%\/%@9 e| n t he
i crobi al q@ﬂb@;g@ﬁ\nt}" &f @@M@&é@lw.tamﬁdng@ranu@nyinrral:e ﬁéﬁélgﬂl’hngéteamﬁﬁi’oaSi tic
antig . yac. erein a tigen is
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cari es, d‘P”O&OTI?h&C@'iS @Hﬁvﬁﬁact'\@im?s%%@ 5%‘}9i windiepaiitis Blsg'éﬁlfgéﬂt@%m cyperaolgisr al
antigen imorewoci ated with Respiratory Syncytial virus (RSV), Herpes
Sinplex virus 1, Herpes Sinplex virus 2, Human | mmunodeficiency Virus-1
(H'V-1) or HHV-2, or c) the parasitic antigen is associated with a parasite
t hat causes nalnass Hilled m themiigwil iasegnize, Qe @plaithaseertainysédip more than routine a)

t he bEct edxpermehtaadn, mansemivalens & thespetiSembddimkite PHACIOCRtcGh desdriBBSherein.
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b) the bacteriumthat causes periodontal disease is Porphyrononas
gingivalis or Actinobacillus actinonycetenctonitans. 12. The vacci ne of
clai m 8, wberw/m7icke self antigen is a tunor antigen, amCanBlgenssassoci ated
with Al zheiner's Disease, an antigen ¥gai nst a human anti body, an antigen
that is expressed 5from human endogenous retroviral elenents, or a nicotine
hapt en conjugated to a carrier. 13. The vaccine of claim 12, wherein a)
the tunor antigen is HER2, MAGE, NY-ESO, PSA, CEA or a variant form of
EGFR;, b) ¢ilamenti gen associated with Al zheinmer's Disease is tau or

6- anyl oi d; ¢) \)i/h antigen is IgE, or 10d) the carrier to which the nicotine
hapten is conj u%%?"é‘d is diphtheria toxin (DT). 14The vacci ne of claimb5,

wherein the andyigflndstm@atB§RlidoHSoieofiad &ﬁ?ﬁ@&gﬂﬁ@ﬁucl@&t%%b&en&_ purified _
protein, whole killed pathogen, live attenuated virus or viral vector, live

attenuat ed bact ecGceCcEITTATOAGTE®CTEIT 3VEERAD NCat)pol ysacchari de, a hapten, or

encoded by plasm d DNA. 15. The vaccine of claimb5, wherein the antigen is

conj ugat el t o Thedamyriogtimulaldy gligPhuslegtiseof elaimdtf wiadrein the Phgonupientied eprprigescarri er
i's di pht h@gicamb@¥difiédihkages. @ virus-1like particle, wherein the virus-Ilike

particle is RNA phage Q 6, hepatitis B surface antigen (HBsAg), or

hepat i ti s3.B cdhe iremgriogt@mnlatddBaliggyucledific Bhelaime herein tfe obigoniciedide ¢amptisesr

conpri si NGe@nGoRbhdBh&omdhid¥idatss. 18. The vaccine of claim 17, wherein the
adjuvant is an agonist for a Toll-like receptor (TLR) 20that is not TLRO.

19. The vacci nerhefmblrdbtimuldiory wiyefiRiebtideldeciagonivhéreih thefogonddidtide corpRédes TLR 5,
TLR 7, pr . : ol i ein a) 1. .R 3 agonist is
oo P8 BB R LRI BBk MRS Al R T

| i popol ys@icchax isdend depising

an antigen and an immunostimulatory oligonucleotide comprising the nucleotide

sequence SEQ ID NO:1, further comprising a pharmaceutically 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 9. 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 Staphylococcus aureus, a bacterium that

causes dental caries, or a bacterium that causes periodontal 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
¢) the parasitic antigen is associated with a parasite that causes malaria.
1. The vaccine of claim 10, wherein

a) the bacterium that causes dental caries is Streptococcus mutans, Streptococcus

30 sobrinus, Streptococcus sanguis, Lactobacillus acidophilis, or Actinomyces viscosus; or



25c) the TLR 5 agonist is flagellin; or d) the TLR 7 or TLR8 agonist is a
smal | nol ecul e of the imdazoquinoline famly 21. The vacci ne of cl ai m 20,
wher ei n twe 20R®edei vative is MPL or GLA. 22. The vacci n@eCoiBzloghImdds,
wherein the adjuvant is an alumnums®&lt, an i mune stinmulatory
conplex (1SCOM), an oil-in-water or water-in-oil emulsion, a |liposone or a
delivery 30system WD 2010/ 067262PCT/ 1B2009/ 055444 53 23. The vacci ne of
claim 22, wherein a) the alum numsalt is alum num hydroxi de; or b) the

delivery syst Ebmth§ bact@mwtdagéee Seiodonil GISeRA ki BbrPayroatfbndd @ingR&Iki e Of
claimb5, wherej nuno stt]rrul atory ol i gonucl eotide conprises one or

5nore nodifie I"”Obﬁc'ﬂus GONGBYCRELIC N he of cl ai m 24, wherein a) the

| munost i ’(’2‘“' atm@wa&lnbgpmﬁ |8e\9r¥e'réﬁr¢th§9ém%{nhg°e‘ﬁ$s é)ﬂaﬁlopéntuﬁ@lrﬁmﬂh&&%%c%wa' oate
l'i nkages; léo?e i munost i nmul at orﬁ}/aéw@%onuc eotid g ses at | east

one |i pop‘?‘ﬂhl %%P‘Sﬁﬁﬁe 8" F0196e PE % PYODNG" é‘”‘tﬂ?P ‘ﬁ‘@reﬁ i ne
di nucl3eot fradrehuni26 efidpgencas citrnerabdlentdnési, on ab)icotiedagien corfl@ated &ca qagier.s f or nul at ed
for adm nistration. 27. The vaccine of claimb5, wherein
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

10 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.

15 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 (HBcAQ).

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)
20  thatis not TLR9.

19. The vaccine of claim 18, wherein the agonist is for TLR 3, TLR4, TLR 5, TLR 7 or TLR8.
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);
25 c) the TLR 5 agonist is flagellin; or
d) the TLR 7 or TLR8 agonist 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 oil-in-water or water-in-oil emulsion, a liposome or a delivery

30  system.



a) the vaccine is fornulated for admnnistration via a parenteral route,
wherein the parental route is intramuscul ar, subcutaneous, intradermal

i nt ravenowe 20ro/demteeaper i t oneal ; or 15b) the vacci ne i s PoraBmy/ets4d4or

adm nistration via a topical route, viderein the topical route is the skin
transdermal or a nucosal surface. 28.The vaccine of claim27, wherein the

mucosal route is oral, intranasal, intravaginal, intrarectal, intra-bucca
or intraocular. 29.A nethod of inducing an antigen-specific immune response
in a subject iMheRNgRmhe bl diROD WBRRMTPI i Si Ng adm nistering to a subject

an antigen and an i mrunostinul atory oligonucl eotide conprising nucl eotide
sequence SEQ ladpthe@iuininum satisefuhdei hyerogid®oent t o i nduce an anti gen-specific

i nmune response in said subject. 30. The nethod of claim?29, wherein the
antigen is a rf)&1eEBIVAIY SKTRT §@rhanepagielerr aRicigaticdr an 25addi cti ve substance.

24. The vaccine of claim 5, wherein the immunostimulatory oligonucleotide comprises one or

5  more modified linkages.
25. 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

10 nucleotide analog and a pyrimidine-purine dinucleotide.
26. The vaccine of claim 5, wherein the vaccine is formulated for administration.
27. 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

15 b) the vaccine is formulated for administration via a topical route, wherein the topical

route is the skin, transdermal or a mucosal surface.

28. The vaccine of claim 27, wherein the mucosal route is oral, intranasal, intravaginal,

intrarectal, intra-buccal or intraocular.

29. A method of inducing an antigen-specific immune response in a subject in need thereof

20  comprising

administering to a subject an antigen and an immunostimulatory oligonucleotide
comprising nucleotide sequence SEQ ID NO:1 in an effective amount to induce an antigen-

specific immune response in said subject.
30. The method of claim 29, wherein the antigen is a microbial antigen, a self antigen or an

25 addictive substance.



