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METHODS AND PRODUCTS FOR STIMULATING 
THE IMMUNE SYSTEM USING 

IMMUNOTHERAPEUTIC OLIGONUCLEOTIDES 
AND CYTOKINES 

FIELD OF THE INVENTION 

[0001] The present invention relates to synergistic com 
binations of immunostimulatory CpG oligonucleotides and 
immunopotenitiating cytokines. In particular, the invention 
relates to methods of stimulating an immune response using 
the synergistic combination of compounds and products 
related thereto. 

BACKGROUND OF THE INVENTION 

[0002] The theory of immune surveillance is that a prime 
function of the immune system is to detect and eliminate 
neoplastic cells before a tumor forms. A basic principle of 
this theory is that cancer cells are antigenically different 
from normal cells and thus elicit immune reactions that are 
similar to those that cause rejection of immunologically 
incompatible allografts. Studies have con?rmed that tumor 
cells differ, either qualitatively or quantitatively, in their 
expression of antigens. For example, “tumor-speci?c anti 
gens” are antigens that are speci?cally associated With tumor 
cells but not normal cells. Examples of tumor speci?c 
antigens are viral antigens in tumors induced by DNA or 
RNA viruses. “Tumor-associated” antigens are present in 
both tumor cells and normal cells but are present in a 
different quantity or a different form in tumor cells. 
Examples of such antigens are oncofetal antigens (e.g., 
caricnoembryonic antigen), differentiation antigens (e.g., T 
and Tn antigens), and oncogene products (e.g., HER/neu). 

[0003] Different types of cells that can kill tumor targets in 
vitro and in vivo have been identi?ed: natural killer cells 
(NK cells), cytolytic T lymphocytes (CTLs), lymphokine 
activated killer cells (LAKs), and activated macrophages. 
NK cells can kill tumor cells Without having been previously 
sensitiZed to speci?c antigens, and the activity does not 
require the presence of class I antigens encoded by the major 
histocompatibility complex (MHC) on target cells. NK cells 
are thought to participate in the control of nascent tumors 
and in the control of metastatic groWth. In contrast to NK 
cells, CTLs can kill tumor cells only after they have been 
sensitiZed to tumor antigens and When the target antigens is 
expressed on the tumor cells that also express MHC class 1. 
CTLs are thought to be effector cells in the rejection of 
transplanted tumors and of tumors caused by DNA viruses. 
LAK cells are a subset of null lymphocytes distinct from the 
NK and CTL populations. Activated macrophages can kill 
tumor cells in a manner that is not antigen dependent nor 
MHC restricted bnce activated. Activated macrophages are 
through to decrease the groWth rate of the tumors they 
in?ltrate. In vitro assays have identi?ed other immune 
mechanisms such as antibody-dependent, cell-mediated 
cytotoxic reactions and lysis by antibody plus complement. 
HoWever, these immune effector mechanisms are thought to 
be less important in vivo than the function of NK, CTLs, 
LAK, and macrophages in vivo (for revieW see Piessens, W. 
F., and David, J ., “Tumor Immunology”, In: Scienti?c 
American Medicine, Vol. 2, Scienti?c American Books, 
N.Y., pp. 1-13, 1996. 

[0004] One of the most complex phenomenon in cancer 
immunology relates to the failure of the immune system to 
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eliminate tumors. In the 1970’s, HeWitt articulated the 
notion that most tumors did not express any tumor-speci?c 
or neoantigens and, thus, could not be recogniZed as “for 
eign” by the immune system. Indeed, virtually no tumor cell 
surface antigens recogniZed by antibodies Were found to be 
tumor speci?c, and furthermore, most spontaneous murine 
tumors Were considered “poorly immunogenic” as de?ned 
by their failure to be eliminated When transferred into 
syngeneic hosts (HeWitt, et al., Br. J. Cancer; 33:241-259, 
1976). HoWever, these same tumors could be rendered 
“immunogenic” by mutagenesis (Van Pel and Boon, Proc. 
Natl. Acad. Sci. USA, 79:4718-4722, 1982) When neW 
antigens Were expressed on the tumor cells surface. It is 
possible that the immune system fails to eliminate tumors 
not because neoantigens are absent, but rather because in 
vivo the response to antigens is inadequate. Therefore, a 
method for enhancing immunogenicity of the tumor cells by 
potentiating the host’s immune response to the tumor cells 
Would provide a key advance in immunotherapy. 

[0005] The goal of immunotherapy is to augment a 
patient’s immune response to an established tumor. One 
method of immunotherapy includes the use of adjuvants. 
Adjuvant substances derived from microorganisms, such as 
bacillus Calmette-Guerin, heighten the immune response 
and enhance resistance to tumors in animals. Although 
bacillus Calmette-Guerin has been tested in many clinical 
trials, the results have been inconclusive, and the value of 
this type of bacterial adjuvant therapy remains uncertain 
(Piessens and David, 1996, supra). 

[0006] A number of bacterial products, such as 
lipopolysaccharide, are knoWn to stimulate mammalian 
immune responses. Recently, bacterial DNA itself has been 
reported to be one such molecule (e.g., Krieg, A. M., et al., 
1995, Nature 374:546-9). One of the major differences 
betWeen bacterial DNA, Which has potent immunostimula 
tor effects, and vertebrate DNA, Which does not, is that 
bacterial DNA contains a higher frequency of unmethylated 
CpC dinucleotides than does vertebrate DNA. Select syn 
thetic oligodeoxynucleotides (ODN) containing unmethy 
lated CpG motifs (CpG ODN) have been shoWn to have an 
immunologic effects and can induce activation of B cells, 
NK cells and antigen-presenting cells (APCs) such as mono 
cytes and macrophages (Krieg, A. M., et al., supra). It can 
also enhance production of cytokines knoWn to participate in 
the development of an active immune response, including 
tumor necrosis factor-0t, IL-12 and IL-6 (e.g., Klinman D. 
M., et al., Proc. Natl. Acad. Sci. USA, 93:2879-83, 1996). 

[0007] The binding of DNA to cells has been shoWn to be 
similar to a ligand receptor interaction: binding is saturable, 
competitive, and leads to, DNA endocytosis and degradation 
into oligonucleotides (Benne, R. M., et al., J. Clin. Invest. 
0.76:2182, 1995). Like DNA, oligodeoxyribonucleotides are 
able to enter cells in a process Which is sequence, tempera 
ture, and energy independent (JarosZeWski and Cohen, Aa'. 
Drug. Del. Rev 6:235, 1991). Lymphocyte oligodeoxyribo 
nucleotide uptake has been shoWn to be regulated by cell 
activation (Krieg, A. M., et al., Antisense Research and 
Development 1:161, 1991). 

[0008] GM-CSF is knoWn to regulate cell proliferation 
under basal and stress conditions, and is knoWn to activate 
the tumoricidal activity of macrophages. Some studies indi 
cate that simultaneous treatment With GM-CSF and standard 
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induction chemotherapy may improve the efficacy of che 
motherapy (Estey, E. H., Blood 83:2015, 1994). The major 
bene?t of colony stimulating factors, such as GM-CSF, has 
been postulated to be their use in the treatment pancytope 
nia, one of the complications of chemotherapy (Piessens and 
David, 1996, supra). 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to methods and prod 
ucts for inducing a synergistic immune response using a 
combination of a CpG oligonucleotide and a cytokine. In 
one aspect the invention is a method for stimulating an 
immune response in a subject. The method includes the steps 
of administering to a subject eXposed to an antigen an 
effective amount for inducing a synergistic antigen speci?c 
immune response of an immunopotentiating cytokine and an 
immunostimulatory CpG oligonucleotide having a sequence 
including at least the folloWing formula: 

[0010] Wherein the oligonucleotide includes at least 8 
nucleotides Wherein C and G are unmethylated and Wherein 
X1 and X2 are nucleotides. 

[0011] The cytokine may, for instance be GM-CSF, IL-3, 
IL-5, IL-12, or interferon-y. The immunopotentiating cytok 
ine may also be an antigen-cytokine fusion protein. In a 
preferred embodiment the antigen-cytokine fusion protein is 
an antigen-GM-CSF fusion protein. 

[0012] The antigen may be any type of antigen knoWn in 
the art. In one embodiment the antigen is a selected from the 
group consisting of a tumor antigen, a microbial antigen, and 
an allergen. Preferably the antigen is a tumor antigen. In this 
embodiment the subject may have a neoplastic disorder. In 
other embodiments the antigen is a viral antigen and the 
subject has or is at risk of having a viral infection. 

[0013] In some embodiments the antigen is administered 
to the subject in conjunction With the immunostimulatory 
CpG oligonucleotide and the immunopotentiating cytokine. 
In other embodiments the subject is passively eXposed to the 
antigen. 
[0014] In other aspects the invention is a composition of 
an effective amount for synergistically activating a dendritic 
cell of an immunostimulatory CpG oligonucleotide having a 
sequence including at least the folloWing formula: 

[0015] Wherein the oligonucleotide includes at least 8 
nucleotides Wherein C and G are unmethylated and Wherein 
X1 and X2 are nucleotides; and a cytokine selected from the 
group consisting of GM-CSF, IL-4, TNFot, Flt3 ligand, and 
IL-3. Preferably the cytokine is GM-CSF. 

[0016] The composition may also include an antigen. In 
some embodiments the antigen is selected from the group 
consisting of a cancer antigen, a microbial antigen, and an 
allergen. 
[0017] A method for activating a dendritic cell is provided 
according to another aspect of the invention. The method 
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includes the step of contacting a dendritic cell eXposed to an 
antigen With an effective amount for synergistically activat 
ing a dendritic cell of an immunopotentiating cytokine and 
an immunostimulatory CpG oligonucleotide having a 
sequence including at least the folloWing formula: 

[0018] Wherein the oligonucleotide includes at least 8 
nucleotides Wherein C and G are unmethylated and Wherein 
X1 and X2 are nucleotides. 

[0019] The cytokine may, for instance be GM-CSF, IL-3, 
IL-5, IL-12, or interferon-y. The immunopotentiating cytok 
ine may also be an antigen-cytokine fusion protein. In a 
preferred embodiment the antigen-cytokine fusion protein is 
an antigen-GM-CSF fusion protein. 

[0020] The antigen may be any type of antigen knoWn in 
the art. In one embodiment the antigen is a selected from the 
group consisting of a tumor antigen, a microbial antigen, and 
an allergen. Preferably the antigen is a tumor antigen. In this 
embodiment the subject may have a neoplastic disorder. In 
other embodiments the antigen is a viral antigen and the 
subject has or is at risk of having a viral infection. 

[0021] According to another aspect the invention is a 
method for treating a subject having a neoplastic disorder. 
The method includes the step of administering to the tumor 
of a subject having a neoplastic disorder an immunopoten 
tiating cytokine and an immunostimulatory CpG oligonucle 
otide having a sequence including at least the folloWing 
formula: 

[0022] Wherein the oligonucleotide includes at least 8 
nucleotides Wherein C and G are unmethylated and Wherein 
X1 and X2 are nucleotides, in an amount effective for 
synergistically increasing survival time of the subject With 
respect to a subject administered the immunostimulatory 
CpG oligonucleotide or the immunopotentiating cytokine 
alone. 

[0023] Preferably the tumor is selected from the group 
consisting of a tumor of the brain, lung, ovary, breast, 
prostate, colon, skin, and blood. In one embodiment the 
immunostimulatory CpG oligonucleotide and the immuno 
potentiating cytokine are injected directly into the tumor. 

[0024] A contraceptive method is provided in another 
aspect of the invention. The method involves the step of 
administering to a subject an antigen, an immunopotentiat 
ing cytokine and an immunostimulatory CpG oligonucle 
otide having a sequence including at least the folloWing 
formula: 

[0025] Wherein the oligonucleotide includes at least 8 
nucleotides Wherein C and G are unmethylated and Wherein 
X1 and X2 are nucleotides, Wherein the antigen is an antigen 
selected from the group consisting of a gonadal cell antigen 
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and an antigen from a cytokine or hormone required for the 
maintenance of a gonadal cell. 

[0026] 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 

[0027] FIG. 1 is a graph shoWing the production of anti-Id 
IgG folloWing immuniZation using a combination of CpG 
ODN and soluble GM-CSF. Mice Were immuniZed With 50 
pg of Id-KLH as a single subcutaneous dose mixed in 
aqueous solution With GM-CSF, CpG ODN or both. Blood 
Was obtained Weekly, and serum Was evaluated for the 
presence of anti-Id IgG by ELISA. Normal mouse serum 
supplemented With a knoWn concentration of monoclonal 
anti-Id Was used as a standard. Three mice Were included in 

each group. 

[0028] FIG. 2 is a graph shoWing that immuniZation using 
a combination of Id/GM-CSF fusion protein and CpG ODN 
enhances production of antigen-speci?c IgG. Mice Were 
immuniZed With 50 pg of Id/GM-CSF as a single subcuta 
neous dose With or Without CpG ODN. Blood Was obtained 
Weekly, and serum Was evaluated for the presence of anti-Id 
IgG by ELISA. Normal mouse serum supplemented With a 
knoWn concentration of monoclonal anti-Id Was used as a 

standard. Three mice Were included in each group. 

[0029] FIG. 3 is a graph shoWing that immuniZation using 
repeated immuniZations With a combination of Id/GM-CSF 
fusion protein and CpG ODN induces high levels of antigen 
speci?c IgG. Mice Were immuniZed With 50 pg of Id/GM 
CSF as a subcutaneous dose With or Without CpG ODN on 
Week 0 and again on Week 2. Blood Was obtained Weekly, 
and serum Was evaluated for the presence of anti-Id IgG by 
ELISA. Normal mouse serum supplemented With a knoWn 
concentration of monoclonal anti-Id Was used as a standard. 
Three mice Were included in each group. 

[0030] FIG. 4 is a bar graph shoWing that CpG ODN 
enhances production of antigen speci?c antibody of IgG2'‘) 
isotype. Mice Were immuniZed With a single dose using 
various combinations of Id-KLH, GM-CSF, Id/GM-CSF 
fusion protein, and CpG ODN. Serum Was obtained 4 Weeks 
after a single immuniZation. Anti-Id IgG1 and IgG2'‘) Was 
determined by ELISA. Three mice Were included in each 
group. 

[0031] FIG. 5 is a survival curve shoWing that CpG ODN 
enhances the protective effect of Id/GM-CSF protection 
against tumor groWth. Mice Were immuniZed With a single 
injection of Id/GM-CSF and/or CpG ODN and challenged 
With tumor 3 days later. Survival Was folloWed for 100 days. 
All mice that Were alive after 51 days remained tumor-free 
for the entire observation period. TWenty mice Were 
included in each group. 

[0032] FIG. 6 is a bar graph shoWing the expression of 
MHC class I, MHC class II, CD80, and CD86 after pulsing 
of bone marroW-derived dendritic cells With Id/GM-CSF 
and/or CpG ODN. 

[0033] FIG. 7 is a bar graph illustrating that CpG ODN 
enhances production IL-12 by dendritic cells pulsed With 
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Id-KLH or Id/GM-CSF. Bone marroW derived dendritic 
cells Were pulsed With antigen With and Without CpG ODN 
for 18 hours, and production of IL-12 and IL-6 determined 
by ELISA. CpG ODN markedly enhanced production of 
IL-12 by dendritic cells, particularly those pulsed With the 
Id/GM-CSF fusion protein. 

[0034] FIG. 8 shoWs FACS charts demonstrating that 
ICAM-1 and MHC II expression of dendritic cells in 
response to GM-CSF and CpG. Dendritic precursor cells 
Were incubated for 48 hours in the presence of GM-CSF 
(800 U/ml) and 2006 (CpG phosphorothioate; 6 pig/ml). 

[0035] Expression of ICAM-1 (CD54) and MHC II Was 
examined by How cytometry (2500 viable cells are counted 
in each sample). 

[0036] FIG. 9 is several graphs depicting induction of 
co-stimulatory molecule expression on dendritic cells by 
CpG. Dendritic precursor cells Were incubated for 48 hours 
in the presence of GM-CSF (800 U/ml) and oligonucleotides 
(2006: CpG phosphorothioate, 6 pig/ml) as indicated. 
Expression of CD54 (ICAM-l) (panel A), CD86 (B7-2) 
(panel B) and CD40 (panel C) Was quanti?ed by How 
cytometry (MFI, mean ?uorescence intensity). The combi 
nation of GM-CSF and 2006 shoWs synergy for increasing 
the expression of CD86 and CD40, While the effect on CD54 
Was additive. Results represent the mean of 5 independent 
experiments (CD54 and CD86) and 4 experiments (CD40). 
Statistical signi?cance of the increase compared to the cell 
only sample is indicated by * (p<0.05). Statistical evaluation 
is performed by the unpaired t-test, error bars indicate SEM. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] The invention relates to methods and products for 
stimulating an immune response in a subject. It Was discov 
ered according to the invention that synergistic responses to 
combinations of immunopotentiating compounds could be 
achieved. These synergistic effects Were observed in vitro, in 
vivo and ex vivo. Asynergistic increase in survival rate Was 
even observed in animals having an established tumor. The 
method is performed by administering to the subject Who 
has been exposed to an antigen an effective amount for 
inducing a synergistic antigen speci?c immune response of 
an immunopotentiating cytokine and an immunostimulatory 
CpG oligonucleotide. 
[0038] The ?nding is based on the discovery that When an 
immunostimulatory CpG oligonucleotide is administered to 
a subject in combination With an immunopotentiating cytok 
ine the resultant immune response is synergistic. Both CpG 
oligonucleotides and immunopotentiating cytokines have 
the ability to produce immune responses on their oWn When 
administered to a subject. When the combination of the tWo 
is administered together, hoWever, the quantity and type of 
immune response shifts. For instance, When the CpG oligo 
nucleotide and immunopotentiating cytokine are adminis 
tered in conjunction With an antigen using repeat immuni 
Zations, as shoWn in FIG. 3, a synergistic induction in 
antigen speci?c IgG is observed. Additionally, When CpG 
and GM-CSF are administered together an antibody 
response develops that includes both IgG2a (indicative of a 
Th1 immune response) and IgG1 (indicative of a Th2 
immune response) Whereas When GM-CSF is administered 
alone IgG2a antibodies are undetectable or loW depending 
on the strain of the animal. 
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[0039] Amazingly, the combination of a CpG oligonucle 
otide and immunopotentiating cytokine has a dramatic effect 
on the survival rate of animals injected With a tumor, even 
When administered several days after tumor inoculation. The 
?nding Was remarkable because it demonstrated that the 
combination of drugs Was able to eliminate an established 
tumor. Typical prior art immuniZation strategies generally 
are performed prior to inoculation to prevent the establish 
ment of a tumor. When mice Were injected With a tumor and 
not provided With any subsequent tumor therapy the survival 
rate Was 0%. Mice treated With CpG oligonucleotide alone 
or GM-CSF and antigen had survival rates of 0 and 30% 
respectively. The combination of CpG oligonucleotide and 
GM-CSF produced a dramatic survival rate of 70%. This 
?nding has serious implications for the treatment of estab 
lished tumors as Well as for the prevention of tumor devel 
opment. 

[0040] The invention in one aspect is a method for stimu 
lating an immune response in a subject. The method is 
performed by administering to the subject Who has been 
exposed to an antigen an effective amount for inducing a 
synergistic antigen speci?c immune response of an immu 
nopotentiating cytokine and an immunostimulatory CpG 
oligonucleotide. The immunostimulatory CpG oligonucle 
otide has a sequence including at least the folloWing for 
mula: 

[0041] Wherein the oligonucleotide includes at least 8 
nucleotides Wherein C and G are unmethylated and Wherein 
X1 and X2 are nucleotides. 

[0042] An “antigen” as used herein is a molecule capable 
of provoking an immune response. Antigens include but are 
not limited to cells, cell extracts, polysaccharides, polysac 
charide conjugates, lipids, glycolipids, carbohydrate, pep 
tides, proteins, viruses, and viral extracts. The term antigen 
broadly includes any type of molecule Which is recogniZed 
by a host immune system as being foreign. Antigens include 
but are not limited to cancer antigens, microbial antigens, 
and allergens. 

[0043] The methods of the invention are useful for treating 
cancer by stimulating an antigen speci?c immune response 
against a cancer antigen. A “cancer antigen” as used herein 
is a compound, such as a peptide, associated With a tumor or 
cancer cell surface and Which is capable of provoking an 
immune response When expressed on the surface of an 
antigen presenting cell in the context of an MHC molecule. 
Cancer antigens can be prepared from cancer cells either by 
preparing crude extracts of cancer cells, for example, as 
described in Cohen, et al., 1994, Cancer Research, 54:1055, 
by partially purifying the antigens, by recombinant technol 
ogy, or by de novo synthesis of knoWn antigens. Cancer 
antigens include antigens that are immunogenic portions of 
or are a Whole tumor or cancer. Such antigens can be isolated 

or prepared recombinately or by any other means knoWn in 
the art. Cancers or tumors include but are not limited to 

biliary tract cancer; brain cancer; breast cancer; cervical 
cancer; choriocarcinoma; colon cancer; endometrial cancer; 
esophageal cancer; gastric cancer; intraepithelial neoplasms; 
lymphomas; liver cancer; lung cancer (e.g. small cell and 
non-small cell); melanoma; neuroblastomas; oral cancer; 
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ovarian cancer; pancreas cancer; prostate cancer; rectal 
cancer; sarcomas; skin cancer; testicular cancer; thyroid 
cancer; and renal cancer, as Well as other carcinomas and 
sarcomas. 

[0044] Tumors are antigenic and can be sensitive to immu 
nological destruction. The term “tumor” is usually equated 
With neoplasm, Which literally means “neW groWth” and is 
used interchangeably With “cancer.” A “neoplastic disorder” 
is any disorder associated With cell proliferation, speci?cally 
With a neoplasm. A “neoplasm” is an abnormal mass of 
tissue that persists and proliferates after WithdraWal of the 
carcinogenic factor that initiated its appearance. There are 
tWo types of neoplasms, benign and malignant. Nearly all 
benign tumors are encapsulated and are noninvasive; in 
contrast, malignant tumors are almost never encapsulated 
but invade adjacent tissue by in?ltrative destructive groWth. 
This in?ltrative groWth can be folloWed by tumor cells 
implanting at sites discontinuous With the original tumor. 
The method of the invention can be used to treat neoplastic 
disorders in humans, including but not limited to: sarcoma, 
carcinoma, ?broma, lymphoma, melanoma, neuroblastoma, 
retinoblastoma, and glioma as Well as each of the other 
tumors described herein. 

[0045] The invention can also be used to treat cancer and 
tumors in non human subjects. Cancer is one of the leading 
causes of death in companion animals (i.e., cats and dogs). 
Cancer usually strikes older animals Which, in the case of 
house pets, have become integrated into the family. Forty 
?ve % of dogs older than 10 years of age, are likely to 
succomb to the disease. The most common treatment options 
include surgery, chemotherapy and radiation therapy. Others 
treatment modalities Which have been used With some 
success are laser therapy, cryotherapy, hyperthermia and 
immunotherapy. The choice of treatment depends on type of 
cancer and degree of dissemination. Unless the malignant 
groWth is con?ned to a discrete area in the body, it is difficult 
to remove only malignant tissue Without also affecting 
normal cells. 

[0046] Malignant disorders commonly diagnosed in dogs 
and cats include but are not limited to lymphosarcoma, 
osteosarcoma, mammary tumors, mastocytoma, brain 
tumor, melanoma, adenosquamous carcinoma, carcinoid 
lung tumor, bronchial gland tumor, bronchiolar adenocarci 
noma, ?broma, myxochondroma, pulmonary sarcoma, neu 
rosarcoma, osteoma, papilloma, retinoblastoma, EWing’s 
sarcoma, Wilms tumor, Burkitt’s lymphoma, microglioma, 
neuroblastoma, osteoclastoma, oral neoplasia, ?brosarcoma, 
osteosarcoma and rhabdomyosarcoma. Other neoplasias in 
dogs include genital squamous cell carcinoma, transmiss 
able veneral tumor, testicular tumor, seminoma, Sertoli cell 
tumor, hemangiopericytoma, histiocytoma, chloroma 
(granulocytic sarcoma), corneal papilloma, corneal squa 
mous cell carcinoma, hemangiosarcoma, pleural mesothe 
lioma, basal cell tumor, thymoma, stomach tumor, adrenal 
gland carcinoma, oral papilloniatosis, hemangioendothe 
lioma and cystadenoma. Additional malignancies diagnosed 
in cats include follicular lymphoma, intestinal lymphosar 
coma, ?brosarcoma and pulmonary squamous cell carci 
noma. The ferret, an ever-more popular house pet is knoWn 
to develop insulinoma, lymphoma, sarcoma, neuroma, pan 
creatic islet cell tumor, gastric MALT lymphoma and gastric 
adenocarcinoma. 
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[0047] Neoplasias affecting agricultural livestock include 
leukemia, hemangiopericytoma and bovine ocular neoplasia 
(in cattle); preputial ?brosarcoma, ulcerative squamous cell 
carcinoma, preputial carcinoma, connective tissue neoplasia 
and mastocytoma (in horses); hepatocellular carcinoma (in 
sWine); lymphoma and pulmonary adenomatosis (in sheep); 
pulmonary sarcoma, lymphoma, Rous sarcoma, reticulen 
dotheliosis, ?brosarcoma, nephroblastoma, B-cell lym 
phoma and lymphoid leukosis (in avian species); retinoblas 
toma, hepatic neoplasia, lymphosarcoma (lymphoblastic 
lymphoma), plasmacytoid leukemia and sWimbladder sar 
coma (in ?sh), caseous lumphadenitis (CLA): chronic, infec 
tious, contagious disease of sheep and goats caused by the 
bacterium Corynebacterium pseudotuberculosis, and conta 
gious lung tumor of sheep caused by jaagsiekte. 

[0048] CpG oligonucleotide can be useful in activating B 
cells, NK cells, and antigen-presenting cells, such as mono 
cytes and macrophages. CpG oligonucleotide enhances anti 
body dependent cellular cytotoxicity and can be used as an 
adjuvant in conjunction With tumor antigen to protect 
against a tumor challenge (Wooldridge, J. E., et al., 1987, 
supra; Weiner, G. J., et al., Proc Natl Acad Sci USA 
94:10833-10837, 1997). This invention is based on the 
?nding that CpG oligonucleotide and an immunopotentiat 
ing cytokine act synergistically in order to produce an 
immune response against a tumor, such that the effect of 
CpG oligonucleotide and the immunopotentiating agent is 
greater than the sum of the individual effects of either CPG 
oligonucleotide or the immunopotentiating agent. 

[0049] In the method of the invention, CpG oligonucle 
otide are used With an immunopotentiating cytokine. 
“Immunopotentiating cytokines” are those molecules and 
compounds Which stimulate the humoral and/or cellular 
immune response. The term “cytokine” is used as a generic 
name for a diverse group of soluble proteins and peptides 
Which act as humoral regulators at nano- to picomolar 
concentrations and Which, either under normal or pathologi 
cal conditions, modulate the functional activities of indi 
vidual cells and tissues. These proteins also mediate inter 
actions betWeen cells directly and regulate processes taking 
place in the extracellular environment. Examples of cytok 
ines include, but are not limited to IL-1, IL-2, IL-4, IL-5, 
IL-6, IL-7, IL-10, IL-12, IL-15, granulocyte-macrophage 
colony stimulating factor (G-MCSF), granulocyte colony 
stimulating factor (GCSF), interferon-y (y-INF), tumor 
necrosis factor (TNF), TGF-B, FLT-3 ligand, and CD40 
ligand. 

[0050] FLT3 ligand is a class of compounds described in 
EP0627487A2 and WO94/28391. A human FLT3 ligand 
cDNAWas deposited With the American Tissue Type Culture 
Collection, Rockville, Md., and assigned accession number 
ATCC 69382. Interleukins (Ils) have been described exten 
sively in the art, e.g., Mosley, et al., 1989, Cell, 59:335, 
IdZerda, et al., 1990, J Exp. Med, 171:861. GM-CSF is 
commercially available as sargramostine, leukine (Immu 
nex). 
[0051] Cytokines play a role in directing the T cell 
response. Helper (CD4+) T cells orchestrate the immune 
response of mammals through production of soluble factors 
that act on other immune system cells, including other T 
cells. Most mature CD4+ T helper cells express one of tWo 
cytokine pro?les: Th1 or Th2. Th1 cells express IL-3, IL-4, 
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IL-5, IL-6, IL-9, IL-10, IL-13, GM-CSF and loW levels of 
TNF-ot. The TH1 subset promotes delayed-type hypersen 
sitivity, cell-mediated immunity, and immunoglobulin class 
sWitching to IgG2a. The Th2 subset induces humoral immu 
nity by activating B cells, promoting antibody production, 
and inducing class sWitching to IgG1 and IgE. 

[0052] Tumors can express “tumor-speci?c antigens” 
Which are antigens that can potentially stimulate apparently 
tumor-speci?c immune responses. These antigens can be 
encoded by normal genes and fall into several categories (1) 
normally silent genes, (2) differentiation antigens (3) embry 
onic and fetal antigens, and (4) clonal antigens, Which are 
expressed only on a feW normal cells such as the cells from 
Which the tumor originated. Tumor-speci?c antigens can be 
encoded by mutant cellular genes, such as oncogenes (e.g., 
activated ras oncogene), suppressor genes (e.g., mutant 
p53), fusion proteins resulting from internal deletions or 
chromosomal translocations. Tumor-speci?c antigens can 
also be encoded by viral genes, such as RNA or DNA tumor 
viruses. 

[0053] In the treatment of lymphoma, the idiotype of the 
secreted immunoglobulin serves as a highly speci?c tumor 
associated antigen. By “idiotype” is meant the collection of 
V-region determinants speci?c to a speci?c antibody or a 
limited set of antibodies. In one embodiment, the immuno 
potentiating cytokine is a protein (a fusion protein) consist 
ing of a speci?c antigen idiotype secreted by a lymphoma 
fused to the immunopotentiating cytokine. Methods of pro 
ducing antigen-cytokine fusion proteins are Well knoWn in 
the art (e.g., Tao, M. H., Levy, R., Nature 362:755-758, 
1993). In one embodiment, the fusion protein is an antigen 
GM-CSF fusion protein. 

[0054] The methods of the invention are also useful for 
treating infectious diseases. An infectious disease, as used 
herein, is a disease arising from the presence of a foreign 
microorganism in the body. CpG and immunopotentiating 
cytokine are used to stimulate an antigen speci?c immune 
response Which can activate a T or B cell response against 
an antigen of the microorganism. The methods are accom 
plished in the same Way as described above for the tumor 
except that the antigen is speci?c for a microorganism using 
a microbial antigen. A “microbial antigen” as used herein is 
an antigen of a microorganism and includes but is not 
limited to infectious virus, infectious bacteria, and infectious 
fungi. Such antigens include the intact microorganism as 
Well as natural isolates and fragments or derivatives thereof 
and also synthetic compounds Which are identical to or 
similar to natural microorganism antigens and induce an 
immune response speci?c for that microorganism. A com 
pound is similar to a natural microorganism antigen if it 
induces an immune response (humoral and/or cellular) to a 
natural microorganism antigen. Such antigens are used rou 
tinely in the art and are Well knoWn to those of ordinary skill 
in the art. 

[0055] Examples of infectious virus that have been found 
in humans include but are not limited to: Retroviridae (e.g. 
human immunode?ciency viruses, such as HIV-1 (also 
referred to as HTLV-III, LAV or HTLV-III/LAV, or HIV-III; 
and other isolates, such as HIV-LP; Picornaviridae (e.g. 
polio viruses, hepatitis A virus; enteroviruses, human Cox 
sackie viruses, rhinoviruses, echoviruses); Calciviridae (e.g. 
strains that cause gastroenteritis); Togaviridae (e.g. equine 
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encephalitis viruses, rubella viruses); Flaviridae (e. g. dengue 
viruses, encephalitis viruses, yelloW fever viruses); Coro 
noviridae (e.g. coronaviruses); Rhabdoviradae (e.g. vesicu 
lar stomatitis viruses, rabies viruses); Coronaviridae (e.g. 
coronaviruses); Rhabdoviridae (e.g. vesicular stomatitis 
viruses, rabies viruses); Filoviridae (e.g. ebola viruses); 
Paramyxoviridae (e.g. parain?uenZa viruses, mumps virus, 
measles virus, respiratory syncytial virus); Orthomyxoviri 
dae (e.g. in?uenza viruses); Bungaviridae (e.g. Hantaan 
viruses, bunga viruses, phleboviruses and Nairo viruses); 
Arena viridae (hemorrhagic fever viruses); Reoviridae (e.g. 
reoviruses, orbiviurses and rotaviruses); Birnaviridae; Hep 
adnaviridae (Hepatitis B virus); Parvovirida (parvoviruses); 
Papovaviridae (papilloma viruses, polyoma viruses); Aden 
oviridae (most adenoviruses); Herpesviridae (herpes sim 
plex virus (HSV) 1 and 2, varicella Zoster virus, cytomega 
lovirus (CMV), herpes virus; Poxyiridae (variola viruses, 
vaccinia viruses, pox viruses); and Iridoviridae (e.g. African 
sWine fever virus); and unclassi?ed viruses (eg the etio 
logical agents of Spongiform encephalopathies, the agent of 
delta hepatitis (thought to be a defective satellite of hepatitis 
B virus), the agents of non-A, non-B hepatitis (class 1=inter 
nally transmitted; class 2=parenterally transmitted (i.e. 
Hepatitis C); NorWalk and related viruses, and astroviruses). 

[0056] Both gram negative and gram positive bacteria 
serve as antigens in vertebrate animals. Such gram positive 
bacteria include, but are not limited to Pasteurella species, 
Staphylococci species, and Streptococcus species. Gram 
negative bacteria include, but are not limited to, Escherichia 
coli, Pseudomonas species, and Salmonella species. Speci?c 
examples of infectious bacteria include but are not limited 
to: Helicobacter pyloris, Borelia burgdorferi, Legionella 
pneumophilia, Mycobacteria sps (e.g. M. tuberculosis, M 
avium, M intracellulare, M. kansaii, M. gordonae), Staphy 
lococcus aureus, Neisseria gonorrhoeae, Neisseria menin 
gitidis, Listeria monocytogenes, Streptococcus pyogenes 
(Group AStreptococcus), Streptococcus agalactiae (Group 
B Streptococcus), Streptococcus (viridans group), Strepto 
coccus faecalis, Streptococcus bovis, Streptococcus (anaero 
bic sps.), Streptococcus pneumoniae, pathogenic Campylo 
bacter vp., Enterococcus sp., Haemophilus in?uenzae, 
Bacillus antracis, corynebacterium diphtheriae, corynebac 
terium sp., Erysipelothrix rhusiopathiae, Clostridium per 
fringers, C lostridium tetani, Enterobacter aerogenes, Kleb 
siella pneumoniae, Pasturella multocida, Bacteroides sp., 
Fusobacterium nucleatum, Streptobacillus moniliformis, 
T reponema pallidium, Treponema pertenue, Leptospira, 
Rickettsia, and Actinomyces israelli. 

[0057] Examples of infectious fungi include: Cryptococ 
cus neoformans, Histoplasma capsulatum, Coccidioides 
immitis, Blastomyces dermatitidis, Chlamydia trachomatis, 
Candida albicans. Other infectious organisms (i.e., protists) 
include: Plasmodium such as Plasmodium falciparum, Plas 
modium malariae, Plasmodium ovale, and Plasmodium 
vivax and Toxoplasma gondii. 

[0058] Other medically relevant microorganisms have 
been descried extensively in the literature, e.g., see C. G. A 
Thomas, Medical Microbiology, Bailliere Tindall, Great 
Britain 1983, the entire contents of Which is hereby incor 
porated by reference. 

[0059] The methods of the invention are also useful for 
treating allergic diseases. The methods are accomplished in 
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the same Way as described above for the tumor immuno 
therapy and treatment of infectious diseases except that the 
antigen is speci?c for an allergen. Currently, allergic dis 
eases are generally treated by the injection of small doses of 
antigen folloWed by subsequent increasing dosage of anti 
gen. It is believed that this procedure. produces a memory 
immune response to prevent further allergic reactions. These 
methods, hoWever, are associated With the risk of side effects 
such as an allergic response. The methods of the invention 
avoid these problems. 

[0060] An “allergen” refers to a substance (antigen) that 
can induce an allergic or asthmatic response in a susceptible 
subject. The list of allergens is enormous and can include 
pollens, insect venoms, animal dander dust, fungal spores 
and drugs (eg penicillin). Examples of natural, animal and 
plant allergens include but are not limited to proteins speci?c 
to the folloWing genuses: Canine (Canis familiaris); Der 
matophagoides (e.g. Dermatophagoides farinae); Felis 
(Felis domesticus); Ambrosia (Ambrosia artemiisfolia; 
Lolium (e.g. Lolium perenne or Lolium multi?orum); Cryp 
tomeria (Cryptomeria japonica); Alternaria (Alternaria 
alternata); Alder; Alnus (Alnus gultinoasa); Betula (Betula 
verrucosa); Quercus (Quercus alba); Olea (Olea europa); 
Artemisia (Artemisia vulgaris); Plantago (e.g. Plantago 
lanceolata); Parietaria (e.g. Parietaria o?icinalis or Pari 
etaria judaica); Blattella (e.g. Blattella germanica); Apis 
(e.g. Apis multi?orum); Cupressus (e.g. Cuprevsus semper 
virens, Cupressus arizonica and Cupressus macrocarpa); 
J uniperus (e.g. J uniperus sabinoides, Juniperus virginiana, 
Juniperus communis and Juniperus ashei); T huya (e.g. 
T huya orientalis); Chamaecyparis (e.g. Chamaecyparis 
obtusa); Periplaneta (e.g. Periplaneta americana); Agropy 
ron (e.g. Agropyron repens); Secale (e.g. Secale cereale); 
Triticum (e.g. Triticum aestivum); Dactylis (e.g. Dactylis 
glomerata); Festuca (e.g. Festuca elatior); Poa (e.g. Poa 
pratensis or Poa compressa); Avena (e.g. Avena sativa); 
Holcus (e.g. Holcus lanatus); Anthoxanthum (e.g. Anthox 
anthum odoratum); Arrhenatherum (e.g. Arrhenatherum 
elatius); Agrostis (e.g. Agrostis alba); Phleum (e.g. Phleum 
pratense); Phalaris (e.g. Phalaris arundinacea); Paspalum 
(e.g. Paspalum notatum); Sorghum (e.g. Sorghum halepen 
sis); and Bromus (e.g. Bromus inermis). 

[0061] 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, 
bronchial asthma, urticaria (hives) and food allergies, and 
other atopic conditions. A subject having an allergic reaction 
is a subject that has or is at risk of developing an allergy. 

[0062] Allergies are generally caused by IgE antibody 
generation against harmless allergens. The cytokines that are 
induced by unmethylated CpG oligonucleotides are pre 
dominantly of a class called “Th1” Which is most marked by 
a cellular immune response and is associated With IL-12 and 
IFN-y and production of IgG2a antibody. The other major 
type of immune response is termed as Th2 immune 
response, Which is associated With more of an IgGl antibody 
immune response and With the production of IL-4, IL-5 and 
IL-10. In general, it appears that allergic diseases are medi 
ated by Th2 type immune responses and autoimmune dis 
eases by Th1 immune response. Based on the ability of the 
combination of CpG oligonucleotides and immunopotenti 
ating cytokine to shift the immune response in a subject from 
a Th2 (Which is associated With production of IgE antibodies 
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and allergy and is produced in response to GM-CSF alone) 
to a Th1 response (Which is protective against allergic 
reactions), an effective dose of a CpG oligonucleotide and 
immunopotentiating cytokine can be administered to a sub 
ject to treat or prevent an allergy. 

[0063] CpG oligonucleotides combined With immunopo 
tentiating cytokines may also have signi?cant therapeutic 
utility in the treatment of asthma. Th2 cytokines, especially 
IL-4 and IL-5 are elevated in the airWays of asthmatic 
subjects. These cytokines promote important aspects of the 
asthmatic in?ammatory response, including IgE isotope 
sWitching, eosinophil chemotaxis and activation and mast 
cell groWth. Th1 cytokines, especially IFN-y and IL-12, can 
suppress the formation of Th2 clones and production of Th2 
cytokines. “Asthma” refers to a disorder of the respiratory 
system characteriZed by in?ammation, narroWing of the 
airWays and increased reactivity of the airWays to inhaled 
agents. Asthma is frequently, although not exclusively asso 
ciated With atopic or allergic symptoms. 

[0064] As described in co-pending patent application U.S. 
Ser. No. 08/960,774, oligonucleotides containing an unm 
ethylated CpG motif (i.e. TCCATGACGTTCCTGACGTT; 
SEQ ID NO: 93), but not a control oligonucleotide (TCCAT 
GAGCTTCCTGAGTCT; SEQ ID NO: 103) prevented the 
development of an in?ammatory cellular in?ltrate and eosi 
nophilia in a murine model of asthma. Furthermore, the 
suppression of eosinophilic in?ammation Was associated 
With a suppression of Th2 response and induction of a Th1 
response. 

[0065] A “subject” shall mean a human or vertebrate 
animal including but not limited to a dog, cat, horse, coW, 
pig, sheep, goat, chicken, primate, e.g., monkey, ?sh (aquac 
ulture species), eg salmon, rat, and mouse. 

[0066] Although many of the disorders described above 
relate to human disorders, the invention is also useful for 
treating other nonhuman vertebrates. Nonhuman vertebrates 
are also capable of developing cancer, infections, allergies, 
and asthma. For instance, in addition to the treatment of 
infectious human diseases, the methods of the invention are 
useful for treating infections of animals. 

[0067] As used herein, the term “treat”, “treated”, or 
“treating” When used With respect to an infectious disease 
refers to a prophylactic treatment Which increases the resis 
tance of a subject to infection With a pathogen or, in other 
Words, decreases the likelihood that the subject Will become 
infected With the pathogen as Well as a treatment after the 
subject has become infected in order to ?ght the infection, 
e.g., reduce or eliminate the infection or prevent it from 
becoming Worse. Many vaccines for the treatment of non 
human vertebrates are disclosed in Bennett, K. Compendium 
of Veterinary Products, 3rd ed. North American Compendi 
ums, Inc., 1995. 

[0068] Thus the present invention contemplates the use of 
CpG oligonucleotides and immunopotentiating cytokines to 
induce an antigen speci?c immune response in human and 
non-human animals. As discussed above, antigens include 
infectious microbes such as virus, bacteria and fungi and 
fragments thereof, derived from natural sources or syntheti 
cally. Infectious virus of both human and non-human ver 
tebrates, include retroviruses, RNA viruses and DNA 
viruses. This group of retroviruses includes both simple 
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retroviruses and complex retroviruses. The simple retrovi 
ruses include the subgroups of B-type retroviruses, C-type 
retroviruses and D-type retroviruses. An example of a 
B-type retrovirus is mouse mammary tumor virus (MMTV). 
The C-type retroviruses include subgroups C-type group A 
(including Rous sarcoma virus (RSV), avian leukemia virus 
(ALV), and avian myeloblastosis virus and C-type 
group B (including murine leukemia virus (MLV), feline 
leukemia virus (FeLV), murine sarcoma virus (MSV), gib 
bon ape leukemia virus (GALV), spleen necrosis virus 
(SNV), reticuloendotheliosis virus (RV) and simian sarcoma 
virus (SSV)). The D-type retroviruses include Mason-P?zer 
monkey virus (MPMV) and simian retrovirus type 1 (SRV 
1). The complex retroviruses include the subgroups of 
lentiviruses, T-cell leukemia viruses and the foamy viruses. 
Lentiviruses include HIV-1, but also include HIV-2, SIV, 
Visna virus, feline immunode?ciency virus (FIV), and 
equine infectious anemia virus (EIAV). The T-cell leukemia 
viruses include HTLV-1, HTLV-II, simian T-cell leukemia 
virus (STLV), and bovine leukemia virus (BLV). The foamy 
viruses include human foamy virus (HFV), simian foamy 
virus (SFV) and bovine foamy virus (BFV). 

[0069] Examples of other RNA viruses that are antigens in 
vertebrate animals include, but are not limited to, the fol 
loWing: members of the family Reoviridae, including the 
genus Orthoreovirus (multiple serotypes of both mammalian 
and avian retroviruses), the genus Orbivirus (Bluetongue 
virus, Eugenangee virus, Kemerovo virus, African horse 
sickness virus, and Colorado Tick Fever virus), the genus 
Rotavirus (human rotavirus, Nebraska calf diarrhea virus, 
murine rotavirus, simian rotavirus, bovine or ovine rotavi 
rus, avian rotavirus); the family Picornaviridae, including 
the genus Enterovirus (poliovirus, Coxsackie virus A and B, 
enteric cytopathic human orphan (ECHO) viruses, hepatitis 
A virus, Simian enteroviruses, Murine encephalomyelitis 
(ME) viruses, Poliovirus muris, Bovine enteroviruses, Por 
cine enteroviruses, the genus Cardiovirus (Encephalomyo 
carditis virus (EMC), Mengovirus), the genus Rhinovirus 
(Human rhinoviruses including at least 113 subtypes; other 
rhinoviruses), the genus Apthovirus (Foot and Mouth dis 
ease (FMDV); the family Calciviridae, including Vesicular 
exanthema of sWine virus, San Miguel sea lion virus, Feline 
picornavirus and NorWalk virus; the family Togaviridae, 
including the genus Alphavirus (Eastern equine encephalitis 
virus, Semliki forest virus, Sindbis virus, Chikungunya 
virus, O’Nyong-Nyong virus, Ross river virus, VeneZuelan 
equine encephalitis virus, Western equine encephalitis 
virus), the genus Flavirius (Mosquito borne yelloW fever 
virus, Dengue virus, Japanese encephalitis virus, St. Louis 
encephalitis virus, Murray Valley encephalitis virus, West 
Nile virus, Kunjin virus, Central European tick borne virus, 
Far Eastern tick borne virus, Kyasanur forest virus, Louping 
III virus, PoWassan virus, Omsk hemorrhagic fever virus), 
the genus Rubivirus (Rubella virus), the genus Pestivirus 
(Mucosal disease virus, Hog cholera virus, Border disease 
virus); the family Bunyaviridae, including the genus Bun 
yvirus (BunyamWera and related viruses, California 
encephalitis group viruses), the genus Phlebovirus (Sand?y 
fever Sicilian virus, Rift Valley fever virus), the genus 
Nairovirus (Crimean-Congo hemorrhagic fever virus, 
Nairobi sheep disease virus), and the genus Uukuvirus 
(Uukuniemi and related viruses); the family Orthomyxoviri 
dae, including the genus In?uenZa virus (In?uenZa virus 
type A, many human subtypes); SWine in?uenZa virus, and 
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Avian and Equine In?uenza viruses; in?uenza type B (many 
human subtypes), and in?uenza type C (possible separate 
genus); the family paramyxoviridae, including the genus 
Paramyxovirus (Parain?uenza virus type 1, Sendai virus, 
Hemadsorption virus, Parain?uenza viruses types 2 to 5, 
NeWcastle Disease Virus, Mumps virus), the genus Mor 
billivirus (Measles virus, subacute sclerosing panencepha 
litis virus, distemper virus, Rinderpest virus), the genus 
Pneumovirus (respiratory syncytial virus (RSV), Bovine 
respiratory syncytial virus and Pneumonia virus of mice); 
forest virus, Sindbis virus, Chikungunya virus, O’Nyong 
Nyong virus, Ross river virus, Venezuelan equine encepha 
litis virus, Western equine encephalitis virus), the genus 
Flavirius (Mosquito borne yelloW fever virus, Dengue virus, 
Japanese encephalitis virus, St. Louis encephalitis virus, 
Murray Valley encephalitis virus, West Nile virus, Kunjin 
virus, Central European tick borne virus, Far Eastern tick 
borne virus, Kyasanur forest virus, Louping III virus, 
PoWassan virus, Omsk hemorrhagic fever virus), the genus 
Rubivirus (Rubella virus), the genus Pestivirus (Mucosal 
disease virus, Hog cholera virus, Border disease virus); the 
family Bunyaviridae, including the genus Bunyvirus (Bun 
yamWera and related viruses, California encephalitis group 
viruses), the genus Phlebovirus (Sand?y fever Sicilian virus, 
Rift Valley fever virus), the genus Nairovirus (Crimean 
Congo hemorrhagic fever virus, Nairobi sheep disease 
virus), and the genus Uukuvirus (Uukuniemi and related 
viruses); the family Orthomyxoviridae, including the genus 
In?uenza virus (In?uenza virus type A, many human sub 
types); SWine in?uenza virus, and Avian and Equine In?u 
enza viruses; in?uenza type B (many human subtypes), and 
in?uenza type C (possible separate genus); the family 
paramyxoviridae, including the genus Paramyxovirus 
(Parain?uenza virus type 1, Sendai virus, Hemadsorption 
virus, Parain?uenza viruses types 2 to 5, NeWcastle Disease 
Virus, Mumps virus), the genus Morbillivirus (Measles 
virus, subacute sclerosing panencephalitis virus, distemper 
virus, Rinderpest virus), the genus Pneumovirus (respiratory 
syncytial virus (RSV), Bovine respiratory syncytial virus 
and Pneumonia virus of mice); the family Rhabdoviridae, 
including the genus Vesiculovirus (VSV), Chandipura virus, 
Flanders-Hart Park virus), the genus Lyssavirus (Rabies 
virus), ?sh Rhabdoviruses, and tWo probable Rhabdoviruses 
(Marburg virus and Ebola virus); the family Arenaviridae, 
including Lymphocytic choriomeningitis virus (LCM), Tac 
aribe virus complex, and Lassa virus; the family Coro 
noaviridae, including Infectious Bronchitis Virus (IBV), 
Mouse Hepatitis virus, Human enteric corona virus, and 
Feline infectious peritonitis (Feline coronavirus). 

[0070] Illustrative DNA viruses that are antigens in ver 
tebrate animals include, but are not limited to: the family 
Poxyiridae, including the genus Orthopoxvirus (Variola 
major; Variola minor, Monkey pox Vaccinia, CoWpox, Buf 
falopox, Rabbitpox, Ectromelia), the genus Leporipoxvirus 
(Myxoma, Fibroma), the genus. Avipoxvirus (FoWlpox, 
other avian poxvirus), the genus Capripoxvirus (sheeppox, 
goatpox), the genus Suipoxvirus (SWinepox), the genus 
Parapoxvirus (contagious postular dermatitis virus, pseudo 
coWpox, bovine papular stomatitis virus); the family Iri 
doviridae (African sWine fever virus, Frog viruses 2 and 3, 
Lymphocystis virus of ?sh); the family Herpesviridae, 
including the alpha-Herpesviruses (Herpes Simplex Types 1 
and 2, Varicella-Zoster, Equine abortion virus, Equine her 
pes virus 2 and 3, pseudorabies virus, infectious bovine 
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keratoconjunctivitis virus, infectious bovine rhinotracheitis 
virus, feline rhinotracheitis virus, infectious laryngotrache 
itis virus) the Beta-herpesviruses (Human cytomegalovirus 
and cytomegaloviruses of sWine, monkeys and rodents); the 
gamma-herpesviruses (Epstein-Barr virus (EBV), Marek’s 
disease virus, Herpes saimiri, Herpesvirus ateles, Herpesvi 
rus sylvilagus, guinea pig herpes virus, Lucke tumor virus); 
the family Adenoviridae, including the genus Mastadenovi 
rus (Human subgroups A,B,C,D,E and ungrouped; simian 
adenoviruses (at least 23 serotypes), infectious canine hepa 
titis, and adenoviruses of cattle, pigs, sheep, frogs and many 
other species, the genus Aviadenovirus (Avian adenovi 
ruses); and non-cultivatable adenoviruses; the family 
Papoviridae, including the genus Papillomavirus (Human 
papilloma viruses, bovine papilloma viruses, Shope rabbit 
papilloma virus, and various pathogenic papilloma viruses 
of other species), the genus Polyomavirus (polyomavirus, 
Simian vacuolating agent (SV-40), Rabbit vacuolating agent 
(RKV), K virus, BK virus, JC virus, and other primate 
polyoma viruses such as Lymphotrophic papilloma virus); 
the family Parvoviridae including the genus Adeno-associ 
ated viruses, the genus Parvovirus (Feline panleukopenia 
virus, bovine parvovirus, canine parvovirus, Aleutian mink 
disease virus, etc). Finally, DNAviruses may include viruses 
Which do not ?t into the above families such as Kuru and 
Creutzfeldt-Jacob disease viruses and chronic infectious 
neuropathic agents (CHINA virus). 
[0071] Each of the foregoing lists is illustrative, and is not 
intended to be limiting. 

[0072] In addition to the use of the combination of CpG 
oligonucleotides and immunopotentiating cytokines to 
induce an antigen speci?c immune response in humans, the 
methods of the preferred embodiments are particularly Well 
suited for treatment of birds such as hens, chickens, turkeys, 
ducks, geese, quail, and pheasant. Birds are prime targets for 
many types of infections. 

[0073] Hatching birds are exposed to pathogenic micro 
organisms shortly after birth. Although these birds are 
initially protected against pathogens by maternal derived 
antibodies, this protection is only temporary, and the bird’s 
oWn immature immune system must begin to protect the bird 
against the pathogens. It is often desirable to prevent infec 
tion in young birds When they are most susceptible. It is also 
desirable to prevent against infection in older birds, espe 
cially When the birds are housed in closed quarters, leading 
to the rapid spread of disease. Thus, it is desirable to 
administer the CpG oligonucleotide and the immunopoten 
tiating cytokine of the invention to birds to enhance an 
antigen-speci?c immune response When antigen is present. 

[0074] An example of a common infection in chickens is 
chicken infectious anemia virus (CIAV). CIAV Was ?rst 
isolated in Japan in 1979 during an investigation of a 
Marek’s disease vaccination break (Yuasa et al., 1979, Avian 
Dis. 231366-385). Since that time, CIAV has been detected 
in commercial poultry in all major poultry producing coun 
tries (van BuloW et al., 1991, pp. 690-699) in Diseases of 
Poultry, 9th edition, IoWa State University Press). 

[0075] CIAV infection results in a clinical disease, char 
acterized by anemia, hemorrhage and immunosuppression, 
in young susceptible chickens. Atrophy of the thymus and of 
the bone marroW and consistent lesions of CIAV-infected 
chickens are also characteristic of CIAV infection. Lympho 
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cyte depletion in the thymus, and occasionally in the bursa 
of Fabricius, results in immunosuppression and increased 
susceptibility to secondary viral, bacterial, or fungal infec 
tions Which then complicate the course of the disease. The 
immunosuppression may cause aggravated disease after 
infection With one or more of Marek’s disease virus (MDV), 
infectious bursal disease virus, reticuloendotheliosis virus, 
adenovirus, or reovirus. It has been reported that pathogen 
esis of MDV is enhanced by CIAV (DeBoer et al., 1989, p. 
28 In Proceedings of the 38th Western Poultry Diseases 
Conference, Tempe, AriZ.). Further, it has been reported that 
CIAV aggravates the signs of infectious bursal disease 
(Rosenberger et al., 1989,Avian Dis. 33:707-713). Chickens 
develop an age resistance to experimentally induced disease 
due to CAA. This is essentially complete by the age of 2 
Weeks, but older birds are still susceptible to infection 
(Yuasa, N. et al., 1979 supra; Yuasa, N. et al., Arian Diseases 
24, 202-209, 1980). HoWever, if chickens are dually infected 
With CAA and an immunosuppressive agent (IBDV, MDV 
etc.) age resistance against the disease is delayed (Yuasa, N. 
et al., 1979 and 1980 supra; BuloW von V. et al., J. Veterinary 
Medicine 33, 93-116, 1986). Characteristics of CIAV that 
may potentiate disease transmission include high resistance 
to environmental inactivation and some common disinfec 
tants. The economic impact of CIAV infection on the poultry 
industry is clear from the fact that 10% to 30% of infected 
birds in disease outbreaks die. 

[0076] Vaccination of birds, like other vertebrate animals 
can be performed at any age. Normally, vaccinations are 
performed at up to 12 Weeks of age for a live microorganism 
and betWeen 14-18 Weeks for an inactivated microorganism 
or other type of vaccine. For in ovo vaccination, vaccination 
can be performed in the last quarter of embryo development. 
The vaccine may be administered subcutaneously, by spray, 
orally, intraocularly, intratracheally, nasally, in ovo or by 
other methods described herein. Thus, the CpG oligonucle 
otide and immunopotentiating cytokine of the invention can 
be administered to birds and other non-human vertebrates 
using routine vaccination schedules and the antigen is 
administered after an appropriate time period as described 
herein. 

[0077] Cattle and livestock are also susceptible to infec 
tion. Disease Which affect these animals can produce severe 
economic losses, especially amongst cattle. The methods of 
the invention can be used to protect against infection in 
livestock, such as coWs, horses, pigs, sheep, and goats. 

[0078] CoWs can be infected by bovine viruses. Bovine 
viral diarrhea virus (BVDV) is a small enveloped positive 
stranded RNA virus and is classi?ed, along With hog cholera 
virus (HOCV) and sheep border disease virus (BDV), in the 
pestivirus genus. Although, Pestiviruses Were previously 
classi?ed in the Togaviridae family, some studies have 
suggested their reclassi?cation Within the Flaviviridae fam 
ily along With the ?avivirus and hepatitis C virus (HCV) 
groups (Francki, et al., 1991). 

[0079] BVDV, Which is an important pathogen of cattle 
can be distinguished, based on cell culture analysis, into 
cytopathogenic (CP) and noncytopathogenic (NCP) bio 
types. The NCP biotype is more Widespread although both 
biotypes can be found in cattle. If a pregnant coW becomes 
infected With an NCP strain, the coW can give birth to a 
persistently infected and speci?cally immunotolerant calf 
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that Will spread virus during its lifetime. The persistently 
infected cattle can succumb to mucosal disease and both 
biotypes can then be isolated from the animal. Clinical 
manifestations can include abortion, teratogenesis, and res 
piratory problems, mucosal disease and mild diarrhea. In 
addition, severe thrombocytopenia, associated With herd 
epidemics, that may result in the death of the animal has 
been described and strains associated With this disease seem 
more virulent than the classical BVDVs. 

[0080] Equine herpesviruses (EHV) comprise a group of 
antigenically distinct biological agents Which cause a variety 
of infections in horses ranging from subclinical to fatal 
disease. These include Equine herpesvirus-1 (EHV-1), a 
ubiquitous pathogen in horses. EHV-1 is associated With 
epidemics of abortion, respiratory tract disease, and central 
nervous system disorders. Primary infection of upper respi 
ratory tract of young horses results in a febrile illness Which 
lasts for 8 to 10 days. Immunologically experienced mares 
may be reinfected via the respiratory tract Without disease 
becoming apparent, so that abortion usually occurs Without 
Warning. The neurological syndrome is associated With 
respiratory disease or abortion and can affect animals of 
either seX at any age, leading to incoordination, Weakness 
and posterior paralysis (Telford, E. A. R. et al., Virology 189, 
304-316, 1992). Other EHV’s include EHV-2, or equine 
cytomegalovirus, EHV-3, equine coital eXanthema virus, 
and EHV-4, previously classi?ed as EHV-1 subtype 2. 

[0081] Sheep and goats can be infected by a variety of 
dangerous microorganisms including visna-maedi. 

[0082] Primates such as monkeys, apes and macaques can 
be infected by simian immunode?ciency virus. Inactivated 
cell-virus and cell-free Whole simian immunode?ciency 
vaccines have been reported to afford protection in 
macaques (Stott et al. (1990) Lancet 36:1538-1541; Desro 
siers et al. PNAS USA(1989) 86:6353-6357; Murphey-Corb 
et al. (1989) Science 246:1293-1297; and Carlson et al. 
(1990) AIDS Res. Human Retroviruses 6:1239-1246). A 
recombinant HIV gp120 vaccine has been reported to afford 
protection in chimpanZees (Berman et al. (1990) Nature 
345:622-625). 
[0083] Cats, both domestic and Wild, are susceptible to 
infection With a variety of microorganisms. For instance, 
feline infectious peritonitis is a disease Which occurs in both 
domestic and Wild cats, such as lions, leopards, cheetahs, 
and jaguars. When it is desirable to prevent infection With 
this and other types of pathogenic organisms in cats, the 
methods of the invention can be used to vaccinate cats to 
prevent them against infection. 

[0084] Domestic cats may become infected With several 
retroviruses, including but not limited to feline leukemia 
virus (FeLV), feline sarcoma virus (FeSV), endogenous type 
C oncornavirus (RD-114), and feline syncytia-forming virus 
(FeSFV). Of these, FeLV is the most signi?cant pathogen, 
causing diverse symptoms, including lymphoreticular and 
myeloid neoplasms, anemias, immune mediated disorders, 
and an immunode?ciency syndrome Which is similar to 
human acquired immune de?ciency syndrome (AIDS). 
Recently, a particular replication-defective FeLV mutant, 
designated FeLV-AIDS, has been more particularly associ 
ated With immunosuppressive properties. 

[0085] The discovery of feline T-lymphotropic lentivirus 
(also referred to as feline immunode?ciency) Was ?rst 
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reported in Pedersen et al. (1987) Science 235:790-793. 
Characteristics of FIV have been reported in Yamamoto et 
al. (1988) Leukemia, December Supplement 2:204S-215S; 
Yamamoto et al. (1988) Am. J. Vet. Res. 49:1246-1258; and 
Ackley et al. (1990) J. Virol. 64:5652-5655. Cloning and 
sequence analysis of FIV have been reported in Olmsted ct 
al. (1989) Proc. Natl. Acad. Sci. USA 86:2448-2452 and 
86:4355-4360. 

[0086] Feline infectious peritonitis (FIP) is a sporadic 
disease occurring unpredictably in domestic and Wild Fel 
idae. While FIP is primarily a disease of domestic cats, it has 
been diagnosed in lions, mountain lions, leopards, cheetahs, 
and the jaguar. Smaller Wild cats that have been afflicted 
With FIP include the lynx and caracal, sand cat, and pallas 
cat. In domestic cats, the disease occurs predominantly in 
young animals, although cats of all ages are susceptible. A 
peak incidence occurs betWeen 6 and 12 months of age. A 
decline in incidence is noted from 5 to 13 years of age, 
folloWed by an increased incidence in cats 14 to 15 years 
old. 

[0087] Viral and bacterial diseases in ?n-?sh, shell?sh or 
other aquatic life forms pose a serious problem for the 
aquaculture industry. OWing to the high density of animals 
in the hatchery tanks or enclosed marine farming areas, 
infectious diseases may eradicate a large proportion of the 
stock in, for example, a ?n-?sh, shell?sh, or other aquatic 
life forms facility. Prevention of disease is a more desired 
remedy to these threats to ?sh than intervention once the 
disease is in progress. Vaccination of ?sh is the only 
preventative method Which may offer long-term protection 
through immunity. Nucleic acid based vaccinations are 
described in US. Pat. No. 5,780,448 issued to Davis. 

[0088] The ?sh immune system has many features similar 
to the mammalian immune system, such as the presence of 
B cells, T cells, lymphokines, complement, and immuno 
globulins. Fish have lymphocyte subclasses With roles that 
appear similar in many respects to those of the B and T cells 
of mammals. Vaccines can be administered orally or by 
immersion or injection. 

[0089] Aquaculture species include but are not limited to 
?n-?sh, shell?sh, and other aquatic animals. Fin-?sh include 
all vertebrate ?sh, Which may be bony or cartilaginous ?sh, 
such as, for example, salmonids, carp, cat?sh, yelloWtail, 
seabream, and seabass. Salmonids are a family of ?n-?sh 
Which include trout (including rainboW trout), salmon, and 
Arctic char. Examples of shell?sh include, but are not 
limited to, clams, lobster, shrimp, crab, and oysters. Other 
cultured aquatic animals include, but are not limited to eels, 
squid, and octopi. 

[0090] Polypeptides of viral aquaculture pathogens 
include but are not limited to glycoprotein (G) or nucle 
oprotein (N) of viral hemorrhagic septicemia virus (VHSV); 
G or N proteins of infectious hematopoietic necrosis virus 
(IHNV); VP1, VP2, VP3 or N structural proteins of infec 
tious pancreatic necrosis virus (IPNV); G protein of spring 
viremia of carp (SVC); and a membrane-associated protein, 
tegumin or capsid protein or glycoprotein of channel cat?sh 
virus (CCV). 

[0091] Polypeptides of bacterial pathogens include but are 
not limited to an iron-regulated outer membrane protein, 
(IROMP), an outer membrane protein (OMP), and an A-pro 

Sep. 8, 2005 

tein of Aeromonis salmonicia'a Which causes furunculosis, 
p57 protein of Renibacterium salmoninarum Which causes 
bacterial kidney disease (BKD), major surface associated 
antigen (msa), a surface expressed cytotoxin (mpr), a surface 
expressed hemolysin (ish), and a ?agellar antigen of Yers 
iniosis; an extracellular protein (ECP), an iron-regulated 
outer membrane protein (IROMP), and a structural protein 
of Pasteurellosis; an OMP and a ?agellar protein of Vibrosis 
anguillarum and V ordalii; a ?agellar protein, an OMP 
protein, aroA, and purA of Edwardsiellosis ictaluri and E. 
tarda; and surface antigen of Ichthyophthirius; and a struc 
tural and regulatory protein of Cytophaga columnari; and a 
structural and regulatory protein of Rickettsia. 

[0092] Polypeptides of a parasitic pathogen include but are 
not limited to the surface antigens of Ichthyophthirius. 

[0093] The subject is exposed to the antigen. As used 
herein, the term “exposed to” refers to either the active step 
of contacting the subject With an antigen or the passive 
exposure of the subject to the antigen in vivo. Methods for 
the active exposure of a subject to an antigen are Well-knoWn 
in the art. In general, an antigen is administered directly to 
the subject by any means such as intravenous, intramuscular, 
oral, transdermal, mucosal, intranasal, intratracheal, or sub 
cutaneous administration. The antigen can be administered 
systemically or locally. Methods for administering the anti 
gen and the CpG and immunopotentiating cytokine are 
described in more detail beloW. A subject is passively 
exposed to an antigen if an antigen becomes available for 
exposure to the immune cells in the body. A subject may be 
passively exposed to an antigen, for instance, by entry of a 
foreign pathogen into the body or by the development of a 
tumor cell expressing a foreign antigen on its surface. When 
a subject is passively exposed to an antigen it is preferred 
that the CpG oligonucleotide is an oligonucleotide of 8-100 
nucleotides in length and/or has a phosphate modi?ed back 
bone. 

[0094] The methods in Which a subject is passively 
exposed to an antigen can be particularly dependent on 
timing of CpG oligonucleotide and immunopotentiating 
cytokine administration. For instance, in a subject at risk of 
developing a cancer or an infectious disease or an allergic or 

asthmatic response, the subject may be administered the 
CpG oligonucleotide and immunopotentiating cytokine on a 
regular basis When that risk is greatest, i.e., during allergy 
season or after exposure to a cancer causing agent. Addi 
tionally the CpG oligonucleotide and immunopotentiating 
cytokine may be administered to travelers before they travel 
to foreign lands Where they are at risk of exposure to 
infectious agents. LikeWise the CpG oligonucleotide and 
immunopotentiating cytokine may be administered to sol 
diers or civilians at risk of exposure to bioWarfare to induce 
a systemic immune response to the antigen When and if the 
subject is exposed to it. 

[0095] Asubject at risk of developing a cancer can also be 
treated according to the methods of the invention, by passive 
or active exposure to antigen folloWing CpG and immuno 
potentiating cytokine. A subject at risk of developing a 
cancer is one Who is Who has a high probability of devel 
oping cancer. These subjects include, for instance, subjects 
having a genetic abnormality, the presence of Which has 
been demonstrated to have a correlative relation to a higher 
likelihood of developing a cancer and subjects exposed to 
































































