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(57) ABSTRACT 

The invention relates methods and products for inducing 
mucosal immunity. In particular, the invention relates to the 
use of immunostimulatory oligonucleotides containing a 
CpG motif for inducing mucosal immunity. The CpG immu 
nostimulatory oligonucleotides may be administered alone 
or in combination With antigen and/or With other adjuvants. 
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METHODS AND PRODUCTS FOR INDUCING 
MUCOSAL IMMUNITY 

FIELD OF THE INVENTION 

[0001] The present invention relates methods and products 
for inducing mucosal immunity. In particular, the invention 
relates to the use of immunostimulatory oligonucleotides 
containing a CpG motif alone or in combination With other 
mucosal adjuvants for inducing mucosal immunity. 

BACKGROUND OF THE INVENTION 

[0002] TWo distinct compartments of the immune system 
have been identi?ed: the systemic, Which comprises the 
bone marroW, spleen and lymph nodes, and (ii) the mucosal, 
Which comprises lymphoid tissue associated With mucosal 
surfaces and external secretory glands (McGhee et al, 1992). 
Mucosal surfaces are associated With the gastrointestinal 
(GI), genitourinary (GU) and respiratory tracts. Each com 
partment is associated With both humoral (antibodies) and 
cell-mediated (cytotoxic T-cells) responses, hoWever there 
are differences in the nature of the immune responses 
induced in each compartment. Antibodies associated With 
the systemic compartment are predominantly of the IgG 
isotype, Which function to neutraliZe pathogens in the cir 
culatory system. In contrast, antibodies in the mucosae are 
primarily secretory IgA (S-IgA), Which function to prevent 
entry of the pathogen into the body via the mucosal surface 
(Lamm et al., 1992). Systemic immunity cannot prevent 
entry of pathogenic organisms at mucosal surfaces. 

[0003] Successful systemic immuniZation (i.e., delivery of 
antigen to the systemic compartment) Will induce systemic 
immunity but does not usually yield mucosal immune 
responses. In contrast, antigen delivered at mucosal surfaces 
triggers both mucosal (at local and sometimes at distant 
sites) and systemic responses (Haneberg et al., 1994, Gal 
lichan and Rosenthal, 1995). 

[0004] Most vaccines developed to date are delivered 
parenterally, for example by intramuscular (IM) or intrad 
ermal (ID) injection, and as such induce primarily systemic 
immunity. HoWever, the combined mucosal surface area is 
more than 200 times greater than that of the skin and is the 
primary site of transmission of numerous infectious dis 
eases. Therefore, current vaccination strategies permit the 
pathogen to enter the body and only ?ght it once it is in 
circulation. Infection and morbidity rates could be reduced 
if effective mucosal immunity could be induced. Further 
more, there is evidence that mucosal vaccines may have a 
broader age range of recipients. Finally, mucosal vaccines 
are often administered by non-invasive means (e.g., nose 
drops, nasal spray, inhaled nebuliZer), thus they are easier 
and less expensive to administer, have less need for trained 
personnel and no risk of needle stick injury or cross con 
tamination (for revieWs see Mestecky et al., 1992, Staats et 
al., 1994, O,Hagan 1994). 
[0005] As mentioned above, the hallmark of mucosal 
immunity is local production of S-IgA antibodies. These 
constitute >80% of all antibodies in mucosae-associated 
tissues and are induced, transported and regulated by mecha 
nisms quite distinct from those of the systemic response. IgA 
is of primary importance to the host defense because it acts 
not only to resist strict mucosal pathogens but also of the 
many microorganisms Which initially coloniZe mucosal sur 
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faces but subsequently cause systemic disease. There appear 
to be three sites of IgA mediated mucosal defense: in the 
lumen, Where S-IgA can neutraliZe viruses, bacterial toxins 
and enZymes, and act as a mucosal barrier to prevent viral 
attachment, microbial adherence and adsorption of antigen; 
(ii) Within epithelial cells Where dimeric IgA can bind to 
intracellular antigen; (iii) Within the lamina propria Where 
dimeric IgA can complex With antigen and the immune 
complex thus formed transported to the lumen (Lamm et al., 
1992). 
[0006] Many vaccines in development are composed of 
synthetic or recombinant antigens (peptides or polypep 
tides). These are considered safer than traditional attenuated 
or inactivated Whole pathogens, hoWever they are often 
poorly immunogenic and require adjuvants to enhance spe 
ci?c immunity. For systemic administration, aluminum pre 
cipitates (alum) may be added to the antigens to augment 
immune responses. Alum is currently the only adjuvant 
licensed for human use in most countries including the USA, 
hoWever it is not suitable for delivery to mucosal surfaces. 
Therefore most mucosal vaccines used today contain live 
attenuated organisms, and little success has been obtained 
With mucosal delivery of subunit vaccines. 

[0007] Cholera toxin (CT) is the mucosal adjuvant most 
commonly used in animal models. CT is the primary entero 
toxin produced by Vibrio cholerae. It is an 84 kilodalton 
polymeric protein consisting of tWo subunits, a monomeric 
A subunit and a pentameric ring shaped B subunit. The B 
subunit binds GM1 gangliosides at the surface of eukaryotic 
cells and enables insertion of the A subunit into the cytosol, 
Where it ADP-ribosylates GTP-binding regulatory protein 
associated With adenylate cyclase (Spangler, 1992). 

[0008] CT enhances antigen presentation by macrophages, 
epithelial cells and B cells, promotes differentiation and 
isotype sWitching in B cells, and has complex inhibitory and 
stimulatory effects on T-cell proliferation and lymphokine 
production (Snider, 1995). Some groups report that CT can 
selectively activate Th2-type CD4+ T cells While inhibiting 
Th1-type cells (Takahashi et al., 1996,) While others report 
activation of both TH1 and Th2-type CD4+ T cells (Horn 
quist and Lycke, 1993). Differences may be due to a number 
of factors including route of immuniZation and the nature of 
the antigen. 

[0009] The Escherichia coli heat-labile enterotoxin (labile 
toxin, LT) is structurally and functionally closely related to 
CT, and has similar adjuvant properties (Lycke et al., 1992). 
LT can confer immunity to co-administered antigens that are 
on their oWn non-immunogenic When administered by 
mucosal routes; this adjuvant effect is noted Whether LT is 
simply mixed With or is physically coupled to the antigen 
(Holmgren et al., 1993). 

[0010] While very effective as mucosal adjuvants in ani 
mal models, CT and LT are highly toxic, and especially so 
in humans. Genetically detoxi?ed mutants of both CT and 
LT have been developed by using site-directed mutagenesis, 
Which, at least in animal models appear to be less toxic yet 
retain some adjuvanticity (e.g., LTK63 is LT With a single 
substitution at serine-63) (Rappuoli et al., 1995, Douce et al., 
1994, PiZZa et al., 1994, De Haan et al., 1996). Nevertheless, 
the level of adjuvanticity appears to be proportional to the 
level of retained toxicity, and thus there is a clear need for 
an alternative safe and effective mucosal adjuvant. 



US 2004/0266719 A1 

SUMMARY OF THE INVENTION 

[0011] The present invention relates to methods and prod 
ucts for inducing immune responses using immunostimula 
tory CpG dinucleotide containing oligonucleotides. In one 
aspect the invention is a method for inducing a mucosal 
immune response. The method includes the step of admin 
istering to a mucosal surface of a subject an effective amount 
for inducing a mucosal immune response of an oligonucle 
otide, having a sequence including at least the folloWing 
formula: 

[0012] Wherein C and G are unmethylated, Wherein X1, 
X2, X3, and X4 are nucleotides, and exposing the subject to 
an antigen to induce the mucosal immune response, and 
Wherein the antigen is not encoded in a nucleic acid vector. 

[0013] In another aspect the invention is a method for 
inducing a mucosal immune response. The method includes 
the step of administering to a mucosal surface of a subject 
an effective amount for inducing a mucosal immune 
response of an antigen and a plasmid vector, having a 
sequence including at least the folloWing formula: 

[0014] Wherein C and G are unmethylated, Wherein X1, 
X2, X3, and X4 are nucleotides. 

[0015] In one embodiment the antigen is not encoded in a 
nucleic acid vector. In another embodiment the antigen is 
encoded by a nucleic acid vector, Which optionally may be 
the plasmid vector. In yet another embodiment the plasmid 
vector includes a nucleic acid sequence Which operatively 
encodes for a cytokine. Preferably the antigen and the 
plasmid vector are administered orally or intranasally. In 
some embodiments at least 50 pg of the plasmid vector is 
administered to the subject. 

[0016] According to another aspect of the invention a 
method for inducing a mucosal immune response is pro 
vided. The method includes the step of administering to a 
mucosal surface of a subject an effective amount for induc 
ing a mucosal immune response of an antigen and of an 
oligonucleotide, having a sequence including at least the 
folloWing formula: 

[0017] Wherein C and G are unmethylated, Wherein X1, 
X2, X3, and X4 are nucleotides, and Wherein the antigen is 
encoded by a nucleic acid vector. Preferably the antigen and 
the oligonucleotide are administered orally or intranasally. 

[0018] In some embodiments of the invention the oligo 
nucleotide has a backbone selected from the group consist 
ing of a phosphodiester backbone and a chimeric backbone. 
In other embodiments the oligonucleotide has a phospho 
rothioate backbone. In the embodiments Wherein the oligo 
nucleotide has a phosphorothioate backbone and Wherein the 
antigen is encoded by a nucleic acid vector and the CpG is 
an oligonucleotide it is a preferred but not limited embodi 
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ment that the plasmid and oligonucleotides are delivered 
With a colloidal dispersion system. In some embodiments 
the colloidal dispersion system is selected from the group 
consisting of macromolecular complexes, nanocapsules, 
microspheres, beads, and lipid-based systems. In other 
embodiments the plasmid and oligonucleotide are coated 
onto gold particles and are delivered With a gene-gun. 

[0019] Amethod for inducing a mucosal immune response 
in a subject is provided in other aspects. The method 
involves the step of administering to a subject an antigen and 
an effective amount for inducing a mucosal immune 
response of an oligonucleotide, having a sequence including 
at least the folloWing formula: 

[0020] Wherein C and G are unmethylated, Wherein X1, 
X2, X3, and X4 are nucleotides, and administering to the 
subject a hormone to induce the mucosal immune response. 

[0021] In one embodiment the antigen and the oligonucle 
otide are administered to a mucosal surface of the subject. In 
another embodiment the hormone is administered systemi 
cally. In one embodiment the hormone is encoded by a 
nucleic acid vector. 

[0022] The invention in other aspects involves methods 
for inducing an immune response. The method involves the 
steps of orally, intranasally, ocularly, vaginally, or rectally 
administering to a subject an effective amount for inducing 
an immune response of an oligonucleotide, having a 
sequence including at least the folloWing formula: 

[0023] Wherein C and G are unmethylated, Wherein X1, 
X2, X3, and X4 are nucleotides, and exposing the subject to 
an antigen to induce the immune response. 

[0024] In some embodiments the antigen is administered 
orally, intranasally, ocularly, vaginally, or rectally. In other 
embodiments the antigen is administered simultaneously 
With the oligonucleotide. Preferably the oligonucleotide is 
administered in an effective amount for inducing mucosal 
immunity. 
[0025] According to other aspects the invention is a 
method for inducing an immune response. The method 
involves the step of orally, intranasally, ocularly, vaginally, 
or rectally administering to a subject an effective amount for 
inducing an immune response of a CpG containing plasmid, 
having a sequence including at least the folloWing formula: 

[0026] Wherein C and G are unmethylated, Wherein X1, 
X2, X3, and X4 are nucleotides, and exposing the subject to 
an antigen to induce the immune response. 

[0027] In some embodiments the antigen is administered 
orally, intranasally, ocularly, vaginally, or rectally. In other 
embodiments the antigen is administered simultaneously 
With the CpG containing plasmid. Preferably the CpG con 
taining plasmid is administered in an effective amount for 
inducing mucosal immunity. 



US 2004/0266719 A1 

[0028] The methods involve an induction of mucosal 
immunity. Mucosal immunity can be induced in a local 
and/or remote site. In some embodiments the mucosal 
immunity is induced in a local site and in others the mucosal 
immunity is induced in a remote site, or both. 

[0029] In order to induce a mucosal immune response the 
CpG oligonucleotide can be administered With a prime dose, 
a boost dose or both. For instance the CpG oligonucleotide 
may be administered With a priming dose of antigen. In 
another embodiment the CpG oligonucleotide is adminis 
tered With a boost dose of antigen. In some embodiments the 
subject is administered a priming dose of antigen and CpG 
oligonucleotide before the boost dose. In yet other embodi 
ments the subject is administered a boost dose of antigen and 
CpG oligonucleotide after the priming dose. 

[0030] In another aspect the invention is a method for 
inducing a systemic immune response. The method involves 
administering to a mucosal surface of a subject an effective 
amount for inducing a systemic immune response of an 
oligonucleotide, having a sequence including at least the 
folloWing formula: 

[0031] Wherein C and G are unmethylated, Wherein X1, 
X2, X3, and X4 are nucleotides, and administering to the 
mucosal surface of the subject an antigen to induce the 
systemic immune response. In one embodiment the antigen 
is not encoded in a nucleic acid vector, and Wherein the 
antigen does not produce a systemic immune response When 
administered to the mucosal surface alone. 

[0032] According to another aspect of the invention a 
method for inducing a systemic immune response is pro 
vided. The method involves the step of administering to a 
mucosal surface of a subject an effective amount for induc 
ing a systemic immune response of a combination of a 
non-oligonucleotide mucosal adjuvant and an oligonucle 
otide, having a sequence including at least the folloWing 
formula: 

[0033] Wherein C and G are unmethylated, Wherein X1, 
X2, X3, and X4 are nucleotides, and eXposing the subject an 
antigen to induce the systemic immune response. 

[0034] In one embodiment the antigen is delivered to a 
mucosal surface. In another embodiment the antigen is not 
encoded in a nucleic acid vector. 

[0035] The subject may be actively eXposed to the antigen 
or passively eXposed to the antigen. In one embodiment of 
the methods described herein the subject is actively eXposed 
to the antigen and the antigen is delivered to a mucosal 
surface. In other embodiments the antigen is administered 
concurrently With the oligonucleotide. The antigen may be 
delivered alone or in conjunction With a colloidal dispersion 
system. In some embodiments the colloidal dispersion sys 
tem is selected from the group consisting of macromolecular 
compleXes, nanocapsules, microspheres, beads, and lipid 
based systems. Lipid-based systems optionally include oil 
in-Water emulsions, micelles, miXed micelles, or liposomes. 
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[0036] In other embodiments the subject is passively 
eXposed to the antigen through environmental contact. The 
subject that is passively eXposed to the antigen in some 
embodiments is a subject at risk of developing an allergic 
reaction, an infectious disease, or a cancer. In other embodi 
ments the subject has an infectious disease, a cancer, an 
allergy or is an asthmatic. 

[0037] The antigen that is passively or actively adminis 
tered to the subject is any type of antigen knoWn in the art 
and includes for eXample cells, cell eXtracts, proteins, 
polypeptides, peptides, polysaccharides, polysaccharide 
conjugates, peptide mimics of polysaccharides, lipids, gly 
colipids, carbohydrates, allergens, viruses and viral eXtracts 
and muticellular organisms such as parasites. In one embodi 
ment the antigen is derived from an infectious organism 
selected from the group consisting of infectious bacteria, 
infectious viruses, infectious parasites, and infectious fungi. 

[0038] The method may also include the step of adminis 
tering a non-oligonucleotide mucosal adjuvant in conjunc 
tion With the antigen. Non-oligonucleotide mucosal adju 
vants may include, for eXample, cholera toXin, derivatives of 
cholera toXin, labile toXin, derivatives of labile toXin, alum, 
MLP, MDP, saponins such as QS21, cytokines, oil-in-Water 
and other emulsion formulations such as M1359, SAF, Mon 
tanide ISA 720 and PROVAX, PCPP polymers, and 
ISCOMS. 

[0039] In other embodiments the method includes the step 
of administering a cytokine or a B-7 costimulatory molecule 
to the subject. 

[0040] In some embodiments, the oligonucleotide is 
administered orally, mucosally, ocularly, vaginally, rectally, 
or by inhalation to a subject. 

[0041] The oligonucleotide may be modi?ed. For 
instance, in some embodiments at least one nucleotide has a 
phosphate backbone modi?cation. The phosphate backbone 
modi?cation may be a phosphorothioate or phospho 
rodithioate modi?cation. In some embodiments the phos 
phate backbone modi?cation occurs on the 5‘ side of the 
oligonucleotide or the 3‘ side of the oligonucleotide. 

[0042] The oligonucleotide may be any siZe. Preferably 
the oligonucleotide has 8 to 100 nucleotides. In other 
embodiments the oligonucleotide is 8 to 40 nucleotides in 
length. 

[0043] In some embodiments XlX2 are nucleotides 
selected from the group consisting of: GpT, GpG, GpA, 
ApA, ApT, ApG, CpT, CpA, CpG, TpA, TpT, and TpG; and 
X3X4 are nucleotides selected from the group consisting of: 
TpT, CpT, ApT, TpG, ApG, CpG, TpC, ApC, CpC, TpA, 
ApA, and CpA. Preferably XlX2 are GpA or GpT and X3X4 
are TpT. In other preferred embodiments X1 or X2 or both 
are purines and X3 or X4 or both are pyrimidines or XlX2 are 
GpA and X3 or X4or both are pyrimidines. In one embodi 
ment X2 is a T and X3 is a pyrimidine. The oligonucleotide 
may be isolated or synthetic. 

[0044] In some embodiments the oligonucleotide has a 
sequence including at least the folloWing formula: 
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[0045] wherein X1, X2, X3, and X4 are nucleotides, N is a 
nucleic acid sequence composed of from about 0-25 nucle 
otides. 

[0046] In other aspects, the invention encompasses phar 
maceutical compositions for orally, intranasally, ocularly, 
vaginally, or rectally administering CpG oligonucleotides or 
CpG plasmids. In one aspect the composition is an oral 
formulation of a CpG oligonucleotide in a buffer for neu 
traliZing biological acids. In another aspect the composition 
is an intranasal formulation of a CpG oligonucleotide in an 
aerosol. In other aspects the composition is a vaginal or 
rectal formulation of a CpG oligonucleotide in a suppository 
or other vehicle suitable for delivery to vaginal and rectal 
tissue. In other aspect the composition is an ocular formu 
lation of a CpG oligonucleotide in a solution compatible 
With the eye. Such formulations are described herein as Well 
as in Remingtons Pharmaceutical Sciences, Which is hereby 
incorporated by reference. 

[0047] Each of the limitations of the invention can encom 
pass various embodiments of the invention. It is, therefore, 
anticipated that each of the limitations of the invention 
involving any one element or combinations of elements can 
be included in each aspect of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] FIG. 1 is a bar graph depicting the effect of 
different adjuvants on total IgG titers of anti-HBS, Wherein 
BALB/c mice Were immunized by IN inhalation With 
HBsAg (1 or 10 pg) Without or in combination With Cholera 
toxin (CT) and/or CpG oligonucleotide (motif #1826, SEQ 
ID NO. 90) adjuvants. 

[0049] FIG. 2 is a graph depicting the effect of different 
adjuvants on total IgG titers of anti-HbS, Wherein BALB/c 
mice Were immuniZed by IN inhalation With HBsAg (1 pg) 
Without or in combination With Cholera toxin (CT) and/or 
CpG oligonucleotide (motif #1826, SEQ ID NO. 90) adju 
vants and at 8 Weeks mice Were boosted in the same manner 
as prime. 

[0050] FIG. 3 is a bar graph depicting the effect of 
different adjuvants on anti-HBs IgG isotype, Wherein 
BALB/c mice Were immuniZed by IN inhalation With 
HBsAg (1 pg) Without or in combination With Cholera toxin 
(CT) and/or CpG oligonucleotide (motif #1826, SEQ ID 
NO. 90) adjuvants (1 pg) and at 8 Weeks mice Were boosted 
in the same manner as prime. 

[0051] FIG. 4 is a bar graph depicting the effect of 
different adjuvants on HBsAg speci?c CTL response, 
Wherein BALB/c mice Were immuniZed by IN inhalation 
With HBsAg (10 pg) Without or in combination With Cholera 
toxin (CT) and/or CpG oligonucleotide (motif #1826, SEQ 
ID NO. 90) adjuvants at different doses (1 or 10 pg) and four 
Weeks after immuniZation mice Were killed by Halothane 
overdose, splenocytes isolated and HBsAg speci?c CTL 
activity measured. 

[0052] FIG. 5 is a bar graph depicting the effect of 
different adjuvants on anti-HBs IgA titers in lung Washes, 
Wherein BALB/c mice Were immuniZed by IN inhalation 
With HBsAg (1 or 10 pg) Without or in combination With 
Cholera toxin (CT) and/or CpG oligonucleotide (motif 
#1826, SEQ ID NO. 90) adjuvants at different doses (1 or 10 
pg) and four Weeks after immuniZation (or after boost for 
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group marked by *) mice Were killed by Halothane overdose 
and lungs Were Washed With 1 ml TBS. 

[0053] FIG. 6 is a bar graph depicting the effect of 
different adjuvants on anti-HBs IgA titers in fecal pellet 
solutions, Wherein BALB/c mice Were immuniZed by IN 
inhalation With HBsAg (1 or 10 pg) Without or in combi 
nation With Cholera toxin (CT) and/or CpG oligonucleotide 
(motif #1826, SEQ ID NO. 90) at different doses (1 or 10 pg) 
and four Weeks after immuniZation (or after boost for group 
marked by *) mice Were isolated for 24 hr and fecal pellets 
Were collected and resuspended in TBS at 0.1 mg/ml. 

[0054] FIG. 7 is a graph depicting the effect of different 
adjuvants on total IgG titers of anti-HBs, Wherein BALB/c 
mice Were immuniZed by IN inhalation With HBsAg (1 pg) 
Without or in combination With Cholera toxin (CT), Escheri 
chia coli heat-labile enterotoxin (LT), the B subunit of 
Cholera toxin (CTB), a detoxi?ed mutant of Escherichia 
coli heat-labile enterotoxin (LTK63), CpG oligonucleotide 
(motif #1826, SEQ ID NO. 90) or non-CpG control oligo 
nucleotide (motif #1982, SEQ ID NO. 90) as adjuvants (1, 
10 or 500 pg). In groups Which responded, all mice gave 
titers >10, except in the case of 10 pg LT Where only 1/5 
mice responded. 

[0055] FIG. 8 is a bar graph depicting the effect of 
different prime/boost strategies on total IgG titers of anti 
HBs, Wherein BALB/c mice Were immuniZed: by IM 
injection With HBsAg (1 pg) in combination With alum plus 
CpG oligonucleotide (motif #1826, SEQ ID NO. 90) and 
boosted at 4 Weeks as prime, or by IN inhalation With 
HBsAg (1 pg) Without or in combination With Cholera toxin 
(CT) and/or CpG oligonucleotide (motif #1826, SEQ ID 
NO. ); or (ii) by IN inhalation With HBsAg (1 pg) Without 
or in combination With Cholera toxin (CT) and/or CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90) and boosted 
at 4 Weeks as prime or by IM injection With HBsAg (1 pg) 
in combination With alum plus CpG oligonucleotide (motif 
#1826, SEQ ID NO. 90). Numbers at the top of each bar 
represent the IgGa/IgG1 ratio. 

[0056] FIG. 9 is a bar graph depicting the effect of 
different prime/boost strategies With different adjuvants on 
HBsAg speci?c CTL response, Wherein BALB/c mice Were 
immuniZed: by IM injection With HBsAg (1 pg) in 
combination With alum plus CpG oligonucleotide (motif 
#1826, SEQ ID NO. 90) and boosted at 4 Weeks as prime, 
or by IN inhalation With HBsAg (1 pg) Without or in 
combination With Cholera toxin (CT) and/or CpG oligo 
nucleotide (motif #1826, SEQ ID NO. 90), or (ii) by IN 
inhalation With HBsAg (1 pg) Without or in combination 
With Cholera toxin (CT) and/or CpG oligonucleotide (motif 
#1826, SEQ ID NO. 90) and boosted at 4 Weeks as prime or 
by IM injection With HBsAg (1 pg) in combination With 
alum plus CpG oligonucleotide (motif #1826, SEQ ID NO. 
90), and 4 Weeks after boost mice Were killed by Halothane 
overdose, splenocytes isolated and HBsAg speci?c CTL 
activity measured. 

[0057] FIG. 10 is a bar graph depicting the effect of 
different prime/boost strategies With different adjuvants on 
HBsAg speci?c T cell proliferation, Wherein BALB/c mice 
Were immuniZed: by IM injection With HBsAg (1 pg) in 
combination With alum plus CpG oligonucleotide (motif 
#1826, SEQ ID NO. 90) and boosted at 4 Weeks as prime, 
or by IN inhalation With HBsAg (1 pg) Without or in 
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combination With Cholera toxin (CT) and/or CpG oligo 
nucleotide (motif #1826, SEQ ID NO. 90), or (ii) by IN 
inhalation With HBsAg (1 pg) Without or in combination 
With Cholera toxin (CT) and/or CpG oligonucleotide (motif 
#1826, SEQ ID NO. 90) and boosted at 4 Weeks as prime or 
by IM injection With HBsAg (1 pg) in combination With 
alum plus CpG oligonucleotide (motif #1826, SEQ ID NO. 
90 ), and 4 Weeks after boost mice Were killed by Halothane 
overdose, splenocytes isolated and HBsAg speci?c T cell 
proliferation measured. 
[0058] FIG. 11 is a bar graph depicting the effect of 
different prime/boost strategies With different adjuvants on 
anti-HBs IgA titers in lung Washes, Wherein BALB/c mice 
Were immuniZed: by IM injection With HBsAg (1 pg) in 
combination With alum plus CpG oligonucleotide (motif 
#1826, SEQ ID NO. 90) and boosted at 4 Weeks as prime, 
or by IN inhalation With HBsAg (1 pg) Without or in 
combination With Cholera toxin (CT) and/or CpG oligo 
nucleotide (motif #1826, SEQ ID NO. 90), or (ii) by IN 
inhalation With HBsAg (1 pg) Without or in combination 
With Cholera toxin (CT) and/or CpG oligonucleotide (motif 
#1826, SEQ ID NO. 90) and boosted at 4 Weeks as prime or 
by IM injection With HBsAg (1 pg) in combination With 
alum plus CpG oligonucleotide (motif #1826, SEQ ID NO. 
90). Four Weeks after boost mice Were killed by Halothane 
overdose and lungs Were Washed With 1 ml TBS. 

[0059] FIG. 12 is a bar graph depicting the effect of 
different prime/boost strategies With different adjuvants on 
anti-HBs IgA titers in saliva, Wherein BALB/c mice Were 
immuniZed: by IM injection With HBsAg (1 pg) in 
combination With alum plus CpG oligonucleotide (motif 
#1826, SEQ ID NO. 90) and boosted at 4 Weeks as prime, 
or by IN inhalation With HBsAg (1 pg) Without or in 
combination With Cholera toxin (CT) and/or CpG oligo 
nucleotide (motif #1826, SEQ ID NO. 90), or (ii) by IN 
inhalation With HBsAg (1 pg) Without or in combination 
With Cholera toxin (CT) and/or CpG oligonucleotide (motif 
#1826, SEQ ID NO. 90) and boosted at 4 Weeks as prime or 
by IM injection With HBsAg (1 pg) in combination With 
alum plus CpG oligonucleotide (motif#1826, SEQ ID NO. 
90). Four Weeks after boost mice Were injected With 100 pl 
0.5% Pilocarpine hydrochloride solution and saliva col 
lected. 

[0060] FIG. 13 is a bar graph depicting the effect of 
different prime/boost strategies With different adjuvants on 
anti-HBs IgA titers in fecal pellet solutions, Wherein 
BALB/c mice Were immuniZed: by IM injection With 
HBsAg (1 pg) in combination With alum plus CpG oligo 
nucleotide (motif #1826, SEQ ID NO. 90) and boosted at 4 
Weeks as prime, or by IN inhalation With HBsAg (1 pg) 
Without or in combination With Cholera toxin (CT) and/or 
CpG oligonucleotide (motif #1826, SEQ ID NO. 90), or (ii) 
by IN inhalation With HBsAg (1 pg) Without or in combi 
nation With Cholera toxin (CT) and/or CpG oligonucleotide 
(motif #1826, SEQ ID NO. 90) and boosted at 4 Weeks as 
prime or by IM injection With HBsAg (1 pg) in combination 
With alum plus CpG oligonucleotide (motif #1826, SEQ ID 
NO. 90). Four Weeks after boost mice Were isolated for 24 
hr and fecal pellets Were collected and resuspended in TBS 
at 0.1 mg/ml. 

BRIEF DESCRIPTION OF THE TABLES 

[0061] Table 1 lists immunostimulatory oligonucleotide 
sequences. 
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[0062] Table 2 lists the effect of different adjuvants on 
HBsAg-speci?c antibody isotypes. 

[0063] '3 BALB/c mice Were immuniZed by IN inha 
lation With HBsAg (1 pg) Without or in combination 
With Cholera toxin (CT), Escherichia coli heat-labile 
enterotoxin (LT), the B subunit of Cholera toxin 
(CTB), a detoxi?ed mutant of Escherichia coli heat 
labile enterotoxin (LTK63) and/or CpG oligonucle 
otide (motif #1826, SEQ ID NO. 90) (1 or 10 pg) as 
adjuvants. 

[0064] bValues represent the group geometric mean 
(GMT) of the ELISA end-point dilution titer for 
HBsAg-speci?c IgG1 or IgG2a antibodies in plasma 
taken 4 Wk after immuniZation. Titers Were de?ned 
as the highest plasma dilution resulting in an absor 
bance value tWo times that of non-immune plasma, 
With a cut-off value of 0.05. 

[0065] CThe IgG2a to IgG1 ratios (IgG2a:IgG1) are 
reported, With a value >1 indicating a predominantly 
Th-1 like response. 

[0066] dN/A: Not applicable since no antibody 
responses detected. 

[0067] e=z All mice immuniZed With these adjuvant 
combinations died Within 96 hours. 

[0068] Table 3 lists the effect of different adjuvants on 
HBsAg-speci?c IgA responses. 

[0069] 8BALB/c mice Were immuniZed by IN inha 
lation With HBsAg (1 pg) Without or in combination 
With Cholera toxin (CT), Escherichia coli heat-labile 
enterotoxin (LT), the B subunit of Cholera toxin 
(CTB), a detoxi?ed mutant of Escherichia coli heat 
labile enterotoxin (LTK63) and/or CpG oligonucle 
otide (motif #1826, SEQ ID NO. 90) (1 or 10 pg) as 
adjuvants. All groups contained 5 mice unless oth 
erWise indicated. 

[0070] bValues represent the geometric mean titers 1 
the standard error of the mean (GMTzSEM) of the 
ELISA end-point dilution titer for HBsAg-speci?c 
IgA antibodies in lung Wash or fecal solutions taken 
4 Wk after immuniZation. 

[0071] cIgA titers in lung Washes Were de?ned as the 
highest dilution that resulted in an absorbance value 
(OD 450) tWo times greater than that of non-immune 
lung Wash, With a cut-off value of 0.05. 

[0072] dIgA titers in fecal extracts Were expressed as 
OD 450x103 above background (non-immune fecal 
extract). Seroconversion Was de?ned as an endpoint 
titer for total IgG>100. 

[0073] e=z All mice immuniZed With these adjuvant 
combinations died Within 96 hours. 

[0074] Table 4 shoWs the different mucosal/parenteral 
prime boost/strategies used to immuniZe BALB/c mice and 
summariZes the results as to Which approach induced anti 
gen-speci?c systemic and mucosal immune responses. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0075] The invention relates to methods and products for 
inducing immunity using immunostimulatory CpG oligo 
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nucleotides. One aspect of the invention is based on the 
?nding that CpG oligonucleotides act as a potent mucosal 
adjuvants to induce immune responses at both local and 
remote sites against an antigen administered to the mucosal 
tissue. This ?nding is striking even in vieW of previous 
?ndings that CpG oligonucleotide is a potent adjuvant for 
systemic delivery, because With systemic delivery the pro 
tein alone induces detectable immune responses but With 
mucosal delivery the protein alone does not induce an 
immune response. As demonstrated in the Examples beloW, 
both systemic and mucosal immunity are induced by 
mucosal delivery of CpG oligonucleotides. The systemic 
immunity induced in response to CpG oligonucleotides 
included both humoral and cell-mediated responses to spe 
ci?c antigens that Were not capable of inducing systemic 
immunity When administered alone to the mucosa. Further 
more, both CpG oligonucleotides and cholera toxin (CT, a 
mucosal adjuvant that induces a Th2-like response) induced 
CTL. This is surprising since With systemic immuniZation, 
the presence of Th2-like antibodies is normally associated 
With a lack of CTL (Schirmbeck et al, 1995). 

[0076] Additionally, CpG oligonucleotides Were found to 
induce a mucosal response at both local (e.g., lung) and 
remote (e.g., loWer digestive tract) mucosal sites. Although 
CpG oligonucleotide Was similar to CT for induction of 
systemic antibodies (IgG) and local mucosal antibodies 
(IgA), signi?cant levels of IgA antibodies Were induced at a 
distant mucosal site only by CpG oligonucleotide and not by 
CT. This Was surprising because CT is generally considered 
to be a highly effective mucosal adjuvant. Another manner 
in Which CpG oligonucleotide Was superior to CT Was With 
respect to the Th-type of response. As has been previously 
reported (Snider 1995), CT induces predominantly IgG1 
isotype of antibodies, Which are indicative of Th2-type 
response. In contrast, CpG oligonucleotide Was more Th1 
With predominantly IgG2a antibodies, especially after boost 
or When the tWo adjuvants Were combined. Th1-type anti 
bodies in general have better neutraliZing capabilities, and 
furthermore, a Th2 response in the lung is highly undesirable 
because it is associated With asthma (Kay, 1996, Hogg, 
1997). Thus the use of CpG oligonucleotide as a mucosal 
adjuvant has bene?ts that other mucosal adjuvants cannot 
achieve. 

[0077] The discovery of CpG oligonucleotide as a safe and 
effective mucosal adjuvant is also advantageous because 
although CT is a highly effective mucosal adjuvant, it is too 
toxic for use in humans. A mouse (~20 g body Weight) can 
tolerate the toxic effects of up to 10 pg of CT, hoWever a 
dose as little as 1-5 pg Will cause severe diarrhea in a human 

(~70 kg body Weight) (Jertborn et al., 1992). Animals 
inhaling CpG oligonucleotide shoWed no short-term signs of 
distress over those receiving HBsAg alone, and all recov 
ered quickly With no apparent long-lasting effects. CpG 
oligonucleotide is Well tolerated at very high doses (e.g., 
greater than 100 pg), When delivered systemically or mucos 
ally. 

[0078] Thus in one aspect the invention is a method for 
inducing a mucosal immune response in a subject. The 
method includes the step of administering to a mucosal 
surface of a subject an effective amount for inducing a 
mucosal immune response of an oligonucleotide, having a 
sequence including at least the folloWing formula: 
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[0079] Wherein C and G are unmethylated, Wherein X1, 
X2, X3, and X4 are nucleotides, and exposing the subject to 
an antigen to induce the mucosal immune response. In other 
aspects the method involves administering a plasmid vector, 
having a sequence including at least the above formula 
instead of the oligonucleotide. The oligonucleotide, referred 
to herein as the oligonucleotide or the CpG oligonucleotide, 
is not a plasmid vector. These distinctions are made clear in 
the de?nitions set forth beloW. For purposes of brevity, the 
invention is described herein With respect to CpG oligo 
nucleotides, but the description also applies to plasmid 
vectors. 

[0080] The CpG oligonucleotide is particularly useful as a 
prophylactic vaccine for the induction of mucosal immunity 
of a subject at risk of developing an infection With an 
infectious organism or a subject at risk of developing an 
allergy or cancer. A “subject at risk” a used herein is a 
subject Who has any risk of exposure to an infection causing 
infectious pathogen or an allergen or of developing cancer. 
For instance, a subject at risk may be a subject Who is 
planning to travel to an area Where a particular type of 
infectious agent or allergen is found or it may be a subject 
Who through lifestyle or medical procedures is exposed to 
bodily ?uids Which may contain infectious organisms or 
even any subject living in an area that an infectious organism 
or an allergen has been identi?ed. Subjects at risk of 
developing infection also include general populations to 
Which a medical agency recommends vaccination With a 
particular infectious organism antigen. If the antigen is an 
allergen and the subject develops allergic responses to that 
particular antigen and the subject is exposed to the antigen, 
i.e., during pollen season, then that subject is at risk of 
exposure to the antigen. Subjects at risk of developing 
cancer include those With a genetic predisposition or previ 
ously treated for cancer, and those exposed to carcinogens 
such as tobacco, asbestos, and other chemical toxins or 
excessive sunlight and other types of radiation. 

[0081] In addition to the use of the CpG oligonucleotide 
for prophylactic treatment, the invention also encompasses 
the use of the CpG oligonucleotide for the treatment of a 
subject having an infection, an allergy or a cancer. 

[0082] A“subject having an infection” is a subject that has 
been exposed to an infectious pathogen and has acute or 
chronic detectable levels of the pathogen in the body. The 
CpG oligonucleotide can be used With an antigen to mount 
an antigen speci?c mucosal immune response that is capable 
of reducing the level of or eradicating the infectious patho 
gen. An infectious disease, as used herein, is a disease 
arising from the presence of a foreign microorganism in the 
body. It is particularly important to develop effective vaccine 
strategies and treatments to protect the body’s mucosal 
surfaces, Which are the primary site of pathogenic entry. 

[0083] A “subject having an allergy” is a subject that has 
or is at risk of developing an allergic reaction in response to 
an allergen. An “allergy” refers to acquired hypersensitivity 
to a substance (allergen). Allergic conditions include but are 
not limited to ecZema, allergic rhinitis or coryZa, hay fever, 
conjunctivitis, bronchial asthma, urticaria (hives) and food 
allergies, and other atopic conditions. 














































































