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ABSTRACT 

The present invention relates generally to methods and 
products for activating dendritic cells. In particular, the 
invention relates to oligonucleotides Which have a speci?c 
sequence including at least one unmethylated CpG dinucle 
otide Which are useful for activating dendritic cells. The 
methods are useful for in vitro, eX-vivo, and in vivo methods 
such as cancer immunotherapeutics, treatment of infectious 
disease and treatment of allergic disease. 
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IMMUNOSTIMULATORY NUCLEIC ACID 
MOLECULES FOR ACTIVATING DENDRITIC 

CELLS 

RELATED APPLICATIONS 

[0001] This application is a divisional of co-pending U.S. 
Ser. No. 09/191,170, ?led on Nov. 13, 1998, noW allowed 
Which is a continuation-in-part of US. Ser. No. 08/960,774, 
?led Oct. 30, 1997, noW issued as US. Pat. No. 6,239,116B1 
on May 29, 2001, Which is a continuation-in-part of US. 
Ser. No. 08/738,652, ?led Oct. 30, 1996 and Which is noW 
issued as US. Pat. No. 6,207,646B1 on Mar. 27, 2001, and 
Which patent is a continuation-in-part of US. Ser. No. 
08/386,063, ?led Feb. 7, 1995 and Which is noW issued as 
US. Pat. No. 6,194,388B1 on Feb. 27, 2001, and Which 
patent is a continuation-in-part of US. Ser. No. 08/276,358, 
?led Jul. 15, 1994 and Which is abandoned, each of Which 
are incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to methods 
and products for activating dendritic cells. In particular, the 
invention relates to oligonucleotides Which have a speci?c 
sequence including at least one unmethylated CpG dinucle 
otide Which are useful for activating dendritic cells. 

BACKGROUND OF THE INVENTION 

[0003] In the 1970s, several investigators reported the 
binding of high molecular Weight DNA to cell membranes 
(Lerner, R. A., et al., 1971, Proc. Natl. Acad. Sci. USA, 
68:1212;AggarWal, S. K., et al., 1975, Proc. Natl. Acad. Sci. 
USA, 72:928). In 1985, Bennett et al. presented the ?rst 
evidence that DNA binding to lymphocytes is similar to a 
ligand receptor interaction; binding is saturable, competi 
tive, and leads to DNA endocytosis and degradation into 
oligonucleotides (Bennett, R. M., et al., J. Clin. Invest., 
76:2182). Like DNA, oligodeoxyribonucleotides (ODNs) 
are able to enter cells in a saturable, sequence independent, 
and temperature and energy dependent fashion (revieWed in 
JarosZeWski, J. W., et al. and J. S. Cohen, 1991, Advanced 
Drug Delivery Reviews, 6:235; Akhtar, et al., 1992, in: 
“Gene Regulation: Biology of Antisense RNA and DNA,” 
R. P. Erickson, Eds, Raven Press, Ltd., NeW York, p. 133; 
and Zhao, et al., 1994, Blood, 84:3660). No receptor for 
DNA or ODN uptake has yet been cloned, and it is not yet 
clear Whether ODN binding and cell uptake occurs through 
the same or a different mechanism from that of high molecu 
lar Weight DNA. 

[0004] Lymphocyte ODN uptake has been shoWn to be 
regulated by cell activation. Spleen cells stimulated With the 
B cell mitogen (LPS) had dramatically enhanced ODN 
uptake in the B cell population, While spleen cells treated 
With the T cell mitogen ConA shoWed enhanced ODN 
uptake by T but not B cells (Krieg, A. M., et al., 1991, 
Antisense Research and Development, 1: 161). 

[0005] Several polynucleotides have been extensively 
evaluated as biological response modi?ers. Perhaps the best 
example is poly(IC) Which is a potent inducer of interferon 
(IFN) production as Well as a macrophage activator and 
inducer of NK activity (Talmadge, J. E., et al., 1985, Cancer 
Res., 45:1058; Wiltrout, et al., 1985, J. Biol. Resp. Mod, 
4:512; KroWn, S. E., 1986, Sem. Oncol., 13:207; and EWel, 
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C. H., et al., 1992, Canc. Res., 52:3005). It appears that this 
murine NK activation may be due solely to induction of 
IFN-[3 secretion (IshikaWa, R., and C. A. Biron, 1993, J. 
Immunol, 150:3713). This activation Was speci?c for the 
ribose sugar since deoxyribose Was ineffective. Its potent in 
vitro anti-tumor activity led to several clinical trials using 
poly(IC) complexed With poly-L-lysine and carboxymeth 
ylcellulose (to reduce degradation by RNAse) (Talmadge, et 
al., cited supra; Wiltrout, et al., cited supra; KroWn, et al., 
cited supra, and EWel, et al., cited supra). Unfortunately, 
toxic side effects has thus far prevented poly(IC) from 
becoming a useful therapeutic agent. 

[0006] Guanine ribonucleotides substituted at the C8 posi 
tion With either a bromine or a thiol group are B cell 
mitogens and may replace “B cell differentiation factors” 
(Feldbush, T. L., and Z. K. Ballas, 1985, J. Immunol, 
134:3204; and Goodman, M. J., 1986, J. Immunol, 
136:3335). 8-mercaptoguanosine and 8-bromoguanosine 
also can substitute for the cytokine requirement for the 
generation of MHC restricted CTL (Feldbush, T. L., cited 
supra), augment murine NK activity (Koo, G. C., et al., 
1988, J. Immunol, 140:3249) and synergiZe With IL-2 in 
inducing murine LAK generation (Thompson, R. A., and Z. 
K. Ballas, 1990, J. Immunol, 145:3524). The NK and LAK 
augmenting activities of these C8-substituted guanosines 
appear to be due to their induction of IFN (Thompson, cited 
supra). Recently a 5' triphosphorylated thymidine produced 
by a mycobacterium Was found to be mitogenic for a subset 
of human Y?) T cells (Constant, P., et al., 1994, Science, 
264:267). This report indicated the possibility that the 
immune system may have evolved Ways to preferentially 
respond to microbial nucleic acids. 

[0007] Several observations suggest that certain DNA 
structures may also have the potential to activate lympho 
cytes. For example, Bell, et al. reported that nucleosomal 
protein-DNA complexes (but not naked DNA) in spleen cell 
supematants caused B cell proliferation and immunoglobu 
lin secretion (Bell, D. A., et al., 1990, J. Clin. Invest., 
85:1487). In other cases, naked DNA has been reported to 
have immune effects. For example, Messina, et al. have 
recently reported that 260-800 bp fragments of poly(dG) 
(dC) and poly(dG)(dC) Were mitogenic for B cells (Messina, 
J. P., et al., 1993, Cell. Immunol, 147:148). Tokunaga, et al. 
have reported that poly(dG,dC) induces the y-IFN and NK 
activity (Tokunaga, et al., 1988, Jpn. J. Cancer Res., 
79:682). Aside from such arti?cial homopolymer sequences, 
Pisetsky, et al. reported that pure mammalian DNA has no 
detectable immune effects, but that DNA from certain bac 
teria induces B cell activation and immunoglobulin secretion 
(Messina, et al., 1991, J. Immunol, 147:1759). Assuming 
that these data did not result from some unusual contami 
nant, these studies suggested that a particular structure or 
other characteristic of bacterial DNA renders it capable of 
triggering B cell activation. Investigations of microbacterial 
DNA sequences have demonstrated that ODN, Which con 
tains certain palindrome sequences can activate NK cells 
(Yamamoto, et al., 1992, J. Immunol, 148:4072; and Kura 
moto, et al., 1992, Jpn. J. Cancer Res., 83:1128). 

[0008] Several phosphorothioate modi?ed ODN have 
been reported to induce in vitro or in vivo B cell stimulation 
(Tanaka, et al., 1992, J. Exp. Med, 175:597; Branda, R. S., 
et al., 1993, Biochem. Pharmacol, 45:2037; McIntyre, K., et 
al., 1993, Antisense Res. Develop., 3:309; and Pisetsky, et 
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al., 1994, Life Sciences, 54:101). These reports do not 
suggest a common structure motif or sequence element in 
these ODN that might explain their effects. 

[0009] Dendritic cells are considered to be the most potent 
professional antigen-presenting cells (APC) (Guery, J. D., et 
al., 1995, J. Immunol., 154:536). Dendritic cells capture 
antigen and present them as peptide fragments to T cells, 
stimulating T cell dependent immunity. These powerful 
APCs have been found in skin, blood, dense tissue, and 
mucosa, and spleen. Several studies have demonstrated that 
after human dendritic cells Which are isolated from periph 
eral blood are presented peptide antigen they can be used to 
stimulate and expand antigen speci?c CD4+ and CD8+ T 
cells, in vitro and ex vivo (Engleman, E. G., 1997, Cyto 
Zechnology, 25:1). Several clinical trials are currently under 
Way, based on these ?ndings, using ex vivo manipulation of 
dendritic cells to generate speci?c anti-tumor dendritic cells 
for reimplantation. There has been a groWing interest in 
using dendritic cells ex vivo as tumor or infectious disease 
vaccine adjuvants (Nestle F O, et al., “Vaccination of 
melanoma patients With peptide- or tumor lysate-pulsed 
dendritic cells”, Nat Med, 1998; 4: 328-332; Rosenberg SA, 
et al., “Immunologic and therapeutic evaluation of a syn 
thetic peptide vaccine for the treatment of patients With 
metastatic melanoma”, Nat Med, 1998; 4:321-327; Hsu F J, 
et al., “Vaccination of patients With B-cell lymphoma using 
autologous antigen-pulsed dendritic cells”, Nat Med, 1996; 
2: 52-58; Tjoa B A, et al., “Evaluation of phase I/II clinical 
trials in prostate cancer With dendritic cells and PSMA 
peptides”, Prostate, 1998; 36: 39-44. Numerous animal 
models demonstrate conclusively that ex vivo generated DC 
pulsed With protein antigen can be successfully applied for 
the immunotherapy of cancer and infectious diseases. 
(Fields R C, et al., “Murine dendritic cells pulsed With Whole 
tumor lysates mediate potent antitumor immune responses in 
vitro and in vivo”, Proc Natl Acad Sci, USA, 1998; 95: 
9482-9487; Okada H, et al., “Bone marroW-derived den 
dr‘itic cells pulsed With a tumor-speci?c peptide elicit effec 
tive anti-tumor immunity against intracranial neoplasms”, 
In! J Cancer, 1998; 78: 196-201; Su H, et al., “Vaccination 
against chlamydial genital tract infection after immunization 
With dendritic cells pulsed ex vivo With nonviable Chlamy 
diae”, JExp Med, 1998; 188: 809-818; DeMatos P., et al., 
“Pulsing of dendritic cells With cell lysates from either B16 
melanoma or MCA-106 ?brosarcoma yields equally effec 
tive vaccines against B16 tumors in mice”, J Surg Oncol, 
1998; 68: 79-91; “Yang S, et al., “Immunotherapeutic poten 
tial of tumor antigen-pulsed and unpulsed dendritic cells 
generated from mur‘ine bone marroW”, Cell Immunol, 1997; 
179: 84-95; Nair S K, et al., “Regression of tumors in mice 
vaccinated With professional antigen-presenting cells pulsed 
With tumor extracts”, In! J Cancer, 1997; 70: 706-715. 

SUMMARY OF THE INVENTION 

[0010] As described in co-pending parent patent applica 
tion U.S. Ser. No. 08/960,774 the vertebrate immune system 
has the ability to recogniZe the presence of bacterial DNA 
based on the recognition of so-called CpG-motifs, unmethy 
lated cytidine-guanosine dinucleotides Within speci?c pat 
terns of ?anking bases. According to these disclosures CpG 
functions as an adjuvant and is as potent at inducing B-cell 
and T-cell responses as the complete Freund’s adjuvant, but 
is preferable since CpG induces a higher Th1 response and 
is less toxic. Alum, the adjuvant Which is used routinely in 
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human vaccination, induces the less favorable Th2 response. 
Compared to alum, CpG is a more effective adjuvant. The 
combination of CpG and alum Was found to produce a 
synergistic adjuvant effect. 

[0011] CpG oligonucleotides also shoW adjuvant effects 
toWards various immune cells. For instance, CpG enhances 
the ef?cacy of monoclonal antibody therapy, thus function 
ing as an effective immune adjuvant for antigen immuniZa 
tion in a B cell lymphoma model. Cytotoxic T cell responses 
to protein antigen also are induced by CpG. Furthermore, the 
presence of immunostimulatory DNA sequences in plasmids 
Was found to be necessary for effective intraderrnal gene 
immunization. 

[0012] It Was discovered according to an aspect of the 
invention that the adjuvant activity of CpG is based on the 
direct activation of dendritic cells by CpG. Potent immuno 
stimulatory CpG oligonucleotides and control oligonucle 
otides Were found to cause dramatic changes in dendritic 
cells isolated from peripheral blood by immunomagnetic 
cell sorting. CpG oligonucleotides provided excellent Den 
dr‘itic cell survival, differentiation, activation and matura 
tion, and Were superior to the combination of GM-CSF and 
LPS. In fact, the combination of CpG and GM-CSF pro 
duced unexpected synergistic effects on the activation of 
dendritic cells. The invention thus encompasses both CpG 
oligonucleotides and the combination of CpG oligonucle 
otides and cytokines such as GM-CSF as Well as in vitro, ex 
vivo, and in vivo methods of activating dendritic cells for 
various assays and immunotherapeutic strategies. 

[0013] In one aspect the invention is a method for acti 
vating a dendritic cell. The method includes the steps of 
contacting a dendritic cell With an isolated nucleic acid 
containing at least one unmethylated CpG dinucleotide 
Wherein the nucleic acid is from about 8-80 bases in length 
in an amount effective to activate a dendritic cell. In one 
embodiment the dendritic cell is an isolated dendritic cell. 

[0014] The isolated nucleic acid is one Which contains at 
least one unmethylated CpG dinucleotide and Which is from 
about 8-80 bases in length. In one embodiment the unm 
ethylated CpG dinucleotide has a formula: 

Wherein at least one nucleotide separates consecutive CpGs; 
X1 is adenine, guanine, or thymine; X2 is cytosine, adenine, 
or thymine; N is any nucleotide and Nl+N2 is from about 
0-25 nucleotides. In another embodiment the unmethylated 
CpG dinucleotide has a formula: 

Wherein at least one nucleotide separates consecutive CpGs; 
XIX2 is selected from the group consisting of TpT, CpT, 
TpC, and ApT; X3X4 is selected from the group consisting 
of GpT, GpA, ApA and ApT; N is any nucleotide and N1+N2 
is from about 0-25 nucleotides. In a preferred embodiment 
N1 and N2 of the nucleic acid do not contain a CCGG 
quadmer or more than one CCG or CGG trimer. In an 
illustrative embodiment the isolated nucleic acid is selected 
from the group consisting of SEQ ID Nos. 20, 24, and 38-46. 
In another embodiment the isolated nucleic acid is SEQ ID 
NO.: 84 or 85. 

[0015] In yet another embodiment the nucleotide of the 
isolated nucleic acid has a phosphate backbone modi?ca 
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tion, such as, for example, a phosphorothioate or phospho 
rodithioate modi?cation. In one embodiment the phosphate 
backbone modi?cation occurs at the 5' end of the nucleic 
acid. Preferably the phosphate backbone modi?cation 
occurs at the ?rst tWo intemucleotide linkages of the 5' end 
of the nucleic acid. According to another embodiment the 
phosphate backbone modi?cation occurs at the 3' end of the 
nucleic acid. Preferably, the phosphate backbone modi?ca 
tion occurs at the last ?ve intemucleotide linkages of the 3' 
end of the nucleic acid. 

[0016] The method for activating the dendritic cell may be 
performed in vitro, ex vivo, or in vivo. The method in some 
aspects is a method for cancer immunotherapy, treating an 
infectious disease, or treating an allergy. When these meth 
ods are performed ex vivo they are performed by adminis 
tering an activated dendritic cell that expresses a speci?c 
cancer antigen, microbial antigen, or allergen to a subject in 
need thereof, Wherein the activated dendritic cell is prepared 
by the methods described above. In a preferred embodiment 
the isolated nucleic acid is administered to a human subject. 

[0017] In other embodiments the method includes the step 
of contacting the dendritic cell With a cytokine selected from 
the group consisting of GM-CSF, IL-4, TNFot, INF-y, IL-6, 
Flt3 ligand, and IL-3. In yet other embodiments the method 
includes the step of contacting the dendritic cell With an 
antigen prior to the isolated nucleic acid. 

[0018] The invention in another aspect is an isolated 
antigen-expressing dendritic cell population produced by the 
process of: exposing an isolated dendritic cell to an antigen; 
contacting the isolated dendritic cell With an isolated nucleic 
acid containing at least one unmethylated CpG dinucleotide 
Wherein the isolated nucleic acid is from about 8-80 bases in 
length; and alloWing the isolated dendritic cell to process 
and express the antigen. 

[0019] The isolated nucleic acid is one Which contains at 
least one unmethylated CpG dinucleotide and Which is from 
about 8-80 bases in length. In one embodiment the unm 
ethylated CpG dinucleotide has a formula: 

Wherein at least one nucleotide separates consecutive CpGs; 
X1 is adenine, guanine, or thymine; X2 is cytosine, adenine, 
or thymine; N is any nucleotide and N1+N2 is from about 
0-25 nucleotides. In another embodiment the unmethylated 
CpG dinucleotide has a formula: 

Wherein at least one nucleotide separates consecutive CpGs; 
XIX2 is selected from the group consisting of TpT, CpT, 
TpC, and ApT; X3X4 is selected from the group consisting 
of GpT, GpA, ApA and ApT; N is any nucleotide and N l+N2 
is from about 0-25 nucleotides. In a preferred embodiment 
N1 and N2 of the nucleic acid do not contain a CCGG 
quadmer or more than one CCG or CGG trimer. In an 
illustrative embodiment the isolated nucleic acid is selected 
from the group consisting of SEQ ID Nos. 20, 24, and 38-46. 
In another embodiment the isolated nucleic acid is SEQ ID 
NO.: 84 or 85. 

[0020] In yet another embodiment the nucleotide of the 
isolated nucleic acid has a phosphate backbone modi?ca 
tion, such as, for example, a phosphorothioate or phospho 
rodithioate modiciation. In one embodiment the phosphate 
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backbone modi?cation occurs at the 5' end of the nucleic 
acid. Preferably the phosphate backbone modi?cation 
occurs at the ?rst tWo intemucleotide linkages of the 5' end 
of the nucleic acid. According to another embodiment the 
phosphate backbone modi?cation occurs at the 3' end of the 
nucleic acid. Preferably, the phosphate backbone modi?ca 
tion occurs at the last ?ve intemucleotide linkages of the 3' 
end of the nucleic acid. 

[0021] According to another embodiment the isolated 
antigen-expressing dendritic cell is prepared by contacting 
the isolated dendritic cell With a cytokine selected from the 
group consisting of GM-CSF, IL-4, TNFot, INF-y, IL-6, Flt3 
ligand, and IL-3. 

[0022] In yet another embodiment the isolated antigen 
expressing dendritic cell is prepared by contacting the 
isolated dendritic cell With the antigen prior to the isolated 
nucleic acid. 

[0023] The invention in another aspect is a composition, 
including an effective amount for synergistically activating 
a dendritic cell of an isolated nucleic acid containing at least 
one unmethylated CpG dinucleotide Wherein the nucleic 
acid is from about 8-80 bases in length; and an effective 
amount for synergistically activating a dendritic cell of a 
cytokine selected from the group consisting of GM-CSF, 
IL-4, TNFot, Flt3 ligand, and IL-3. In an illustrative embodi 
ment the cytokine is GM-CSF. In another embodiment the 
composition also includes an antigen, such as, for example 
a cancer antigen, a microbial antigen, or an allergen. 

[0024] In another aspect the invention is a screening assay 
for identifying compounds that are effective for preventing 
dendritic cell maturation. The assay includes the folloWing 
steps: contacting an immature dendritic cell With an isolated 
nucleic acid containing at least one unmethylated CpG 
dinucleotide Wherein the nucleic acid is from about 8-80 
bases in length; exposing the dendritic cell to a putative 
drug; and detecting the presence or absence of a maturation 
marker on the dendritic cell, Wherein the absence of the 
maturation marker indicates that the putative drug is an 
effective compound for preventing dendritic cell maturation. 
In one illustrative embodiment the maturation marker is 
CD83. 

[0025] The invention in another aspect is a method for 
generating a high yield of dendritic cells. The method 
includes the folloWing steps administering an isolated 
nucleic acid containing at least one unmethylated CpG 
dinucleotide Wherein the nucleic acid is from about 8-80 
bases in length in an amount effective for activating den 
dritic cells to a subject; alloWing the isolated nucleic acid to 
activate dendritic cells of the subject; and isolating dendritic 
cells from the subject. 

[0026] In another aspect the invention is a method for 
producing a CD40 expressing dendritic cell. The method 
includes the folloWing steps: contacting a dendritic cell With 
an isolated nucleic acid containing at least one unmethylated 
CpG dinucleotide Wherein the nucleic acid is from about 
8-80 bases in length in an amount effective to produce a 
CD40 expressing dendritic cell. 

[0027] A method for causing maturation of a dendritic cell 
is provided according to another aspect of the invention. The 
method includes the step of contacting a dendritic cell With 
an isolated nucleic acid containing at least one unmethylated 
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CpG dinucleotide wherein the nucleic acid is from about 
8-80 bases in length in an amount effective to cause matu 
ration of the dendritic cell. 

[0028] 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 

[0029] FIG. 1 shoWs FACS chart depicting CpG oligo 
nucleotide promoted survival of dendritic precursor cells. 
Freshly isolated dendritic precursor cells Were incubated for 
2 days in the presence of either oligonucleotides or GMCSF 
(800 U/ml). FloW cytometric analysis of morphology (for 
Ward scatter, FSC; sideWard scatter, SSC) shoWed that CpG 
oligonucleotides (2006: CpG phosphorothioate oligonucle 
otide, 1><2 ug/ml, 2080 CpG phosphodiester oligonucleotide, 
3x30 ug/ml) promote survival of dendritic precursor cells, 
While the non CpG controls (2117: 2006 With methylated 
CpG; 2078: identical to 2080 but GpCs instead of CpGs) 
shoWed no positive effect on cell survival compared to the 
sample Without oligonucleotides and GMCSF (no addition). 
Morphologically (FSC and SSC), viable cells Were found in 
region A, non-viable cells in region B (regions draWn in 
loWer left dot plot). 

[0030] FIG. 2 is a graph shoWing that the combination of 
CpG and GMCSF enhances viability of dendritic cells. 
Dendritic precursor cells Were isolated from peripheral 
blood and incubated for 48 hours With GMCSF (800 U/ml) 
and oligonucleotides (2006: CpG phosphorothioate; 2117: 
CpGs in 2006 methylated; 2 ug/ml) as indicated. Viability 
Was examined by ?oW cytometry. Data represent the mean 
of tWo independent experiments. 

[0031] FIG. 3 shoWs FACS charts demonstrating that an 
increase in dendritic cell siZe is associated With enhanced 
MHC II expression. Dendritic precursor cells are incubated 
for 48 hours in the presence of GMCSF (800 U/ml) and 
oligonucleotides as indicated and examined by ?oW cytom 
etry (sideWard scatter, SSC). Viable cells (2500 per sample) 
Were counted. Phosphodiester oligonucleotides (2080: CpG; 
2078: non-CpG) Were added at 0 hours, 12 hours and 24 
hours (30 ug/ml each time point). 

[0032] FIG. 4 shoWs FACS charts demonstrating that 
ICAM-1 and MHC II expression of dendritic cells in 
response to GMCSF and CpG. Dendritic precursor cells 
Were incubated for 48 hours in the presence of GMCSF (800 
U/ml) and 2006 (CpG phosphorothioate; 6 ug/ml). Expres 
sion of ICAM-1 (CD54) and MHC II Was examined by ?oW 
cytometry (2500 viable cells are counted in each sample). 

[0033] FIG. 5 is graphs depicting induction of co-stimu 
latory molecule expression on dendritic cells by CpG. Den 
dritic precursor cells Were incubated for 48 hours in the 
presence of GMCSF (800 U/ml) and oligonucleotides (2006: 
CpG phosphorothioate, 6 ug/ml) as indicated. Expression of 
CD54 (ICAM-l) (panel A), CD86 (B7-2) (panel B) and 
CD40 (panel C) Was quanti?ed by ?oW cytometry (MFI, 
mean ?uorescence intensity). The combination of GMCSF 
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 
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(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 per 
formed by the unpaired t-test, error bars indicate SEM. 

[0034] FIG. 6 is graphs depicting the enhancement of 
CD40 expression on dendritic cells is CpG speci?c and not 
induced by LPS. Dendritic precursor cells are cultured for 48 
hours in the presence of GMCSF (800 U/ml), LPS (10 
ng/ml) and oligonucleotides (2006, CpG phosphorothioate, 
6 ug/ml: 2117, methylated 2006; 2080 CpG phosphodiester, 
30 ug/ml at 0 hours, 12 hours and 24 hours; 2078 GpC 
version of 2080). CD40 expression is examined by ?oW 
cytometry (MFI, mean ?uorescence intensity). Panel A and 
panel B shoW the results of tWo separate sets of experiments. 
Panel A shoWs CpG speci?city (methylated control oligo 
nucleotide) for the synergy of CpG and GMCSF for induc 
tion of CD40 expression. Panel B shoWs that CpG is equally 
effective in enhancing CD40 expression as GMCSF, and that 
this effect is CpG speci?c (GpC control oligonucleotide). 
Panel A and B represent the mean of tWo independent 
experiments each. 

[0035] FIG. 7 is graphs depicting the induction of CD54 
and CD86 expression on dendritic cells is CpG speci?c and 
not induced by LPS. Dendritic precursor cells are cultured 
for 48 hours in the presence of GMCSF (800 U/ml), LPS (10 
ng/ml) and oligonucleotides (2006, CpG phosphorothioate, 
2 ug/ml: 2117, methylated 2006). CD54 (panel A) and CD86 
(panel B) expression is examined by ?oW cytometry (MFI, 
mean ?uorescence intensity). Panel A and B represent the 
mean of tWo independent experiments (error bars indicate 
SEM). 
[0036] FIG. 8 shoWs FACS charts demonstrating that 
CD86 expression on monocyte-derived Dendritic cells is 
induced by LPS but not by CpG. CD14-positive monocytes 
Were prepared from PBMC by immunomagnetic separation 
and incubated in the presence of GMCSF (800 U/ml) and 
IL-4 (500 U/ml, GenZyme, Cambridge, Mass.). After ?ve 
days (fresh medium and cytokines added every other day), 
cells shoWed the characteristic surface marker pattern of 
monocyte-derived dendritic cells (lineage marker negative, 
MHC II bright, CD1a bright, CD40 intermediate, CD54 
intermediate, CD80 dim, CD86 dim) and characteristic 
morphology. From day 5 to day 7, LPS (1 ng/ml), TNF 
(1000 U/ml) or oligonucleotides in the indicated concentra 
tions Were added. CD 86 expression is measured by ?oW 
cytometry (numbers represent mean ?uorescence intensity). 
In this series of experiments, the non-CpG phosphorothioate 
control oligonucleotide 2041 (5'-CTG GTC TTT CTG GTT 
TTT TTC TGG-3') (SEQ ID No.:93) Was used. The results 
are representative for 8 independent experiments, in Which 
CpG did not stimulate monocyte-derived dendritic cells. 

[0037] FIG. 9 shoWs FACS charts demonstrating that CpG 
induces maturation (CD83 expression) of dendritic cells. 
After 48 hours incubation With GMCSF (800 U/ml), LPS 
(10 ng/ml) and oligonucleotides (2006: CpG phosphorothio 
ate; 2117 methylated 2006; 2 ug/ml), CD83 and CD86 
expression on dendritic cells is determined in ?oW cytom 
etry. Values (%) represent the percentage of CD83 positive 
(mature) cells of all viable cells. Results are representative 
for four independent experiments. 

[0038] FIG. 10 are electron micrographs depicting CpG 
induction of morphologic changes in dendritic cells. Den 
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dritic cells Were incubated for 2 days in the presence of 
GMCSF (800 U/ml) and 2006 (2 ug/ml) (panel A), With 
2006 (2 ug/ml) (panel B), With GMCSF (800 U/ml) (panel 
C), and With the control oligonucleotide 2117 (2 ug/ml) 
(panel D). Cells Were ?xed and processed for scanning 
electron microscopy according to standard procedures. 

[0039] FIG. 11 are electron micrographs depicting Ultra 
structural differences due to CpG. Dendritic cells Were 
incubated for 2 days in the presence of GM-CSF (800 U/ml) 
and 2006 (2 ug/ml) (panel A) or With GMCSF (800 U/ml) 
(panel B) and transmission electron microscopy Was per 
formed. In the presence of CpG (panel A) multilamellar 
bodies (>) and multivesicular structures can be seen. 

[0040] FIG. 12 are electron micrographs depicting High 
magni?cation of CpG-characteristic ultrastructural differ 
ences. Dendritic cells incubated With GMCSF (800 U/ml) 
and 2006 (2 ug/ml) Were examined by transmission electron 
microscopy. ArroWs point to characteristic multilamellar 
bodies (>) and to multivesicular structures (>>). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] Dendritic cells form the link betWeen the innate 
and the acquired immune system by presenting antigens as 
Well as through their expression of pattern recognition 
receptors Which detect microbial molecules like LPS in their 
local environment. It has been discovered according to the 
invention that CpG has the unique capability to promote cell 
survival, differentiation, activation and maturation of den 
dritic cells. In fact dendritic precursor cells isolated from 
human blood by immunomagnetic cell sorting develop mor 
phologic and functional characteristics of dendritic cells 
during a tWo day incubation With GM-CSF. Without GM 
CSF these cells undergo apoptosis. It Was discovered 
according to the invention that CpG Was superior to GM 
CSF in promoting survival and differentiation of dendritic 
cells (MHC II expression, cell siZe, granularity). As shoWn 
in the Examples beloW, the CpG phosphorothioate oligo 
nucleotide 2006 (2 ug/ml) induced the expression of 
ICAM-1 (CD54) by 3.6-fold (p=0.02; n=5), the co-stimula 
tory molecule B7-2 (CD86) by 2.4-fold (p=0.03; n=5) and 
CD40 by 4.1-fold (p=0.04; n=4). The combination of GM 
CSF and 2006 shoWed a synergistic induction of CD86 and 
CD40, and an additive effect for CD54. Induction of CD54, 
CD86 and CD40 by 2006 alone Was higher compared to 
either GM-CSF alone or GM-CSF combined With LPS. 
Electron microscopy revealed major ultrastructural changes 
of dendritic cells in response to CpG, indicating that these 
cells Were differentiated. Additionally CpG Was found to 
induce maturation of dendritic cells. CpG oligonucleotide 
2006 Was superior to GM-CSF and LPS at inducing matu 
ration marker CD83. A synergistic maturation effect was 
observed When CpG oligonucleotide 2006 and GM-CSF 
Were used together. 

[0042] All effects of CpG on dendritic cells Were CpG 
speci?c as shoWn by control oligonucleotides With methy 
lated CpG motifs and oligonucleotides containing GpC 
instead of CpG. Thus, the addition of a CpG oligonucleotide 
is su?icient for improving survival, differentiation, activa 
tion and maturation of human dendritic cells. Since dendritic 
cells form the link betWeen the innate and the acquired 
immune system the ability to activate dendritic cells With 
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CpG supports the use of CpG-based strategies for immuno 
therapy against disorders such as cancer and allergic or 
infectious diseases. 

[0043] Adjuvants are nonspeci?c stimulators of the 
immune response. They are considered to be nonspeci?c 
because they only produce an immune response in the 
presence of an antigen. Adjuvants alloW much smaller doses 
of antigen to be used and are essential to inducing a strong 
antibody response to soluble antigens (HarloW and Lane, 
Antibodies: A Laboratory Manual, Cold Spring Harbor, 
N.Y., current edition). It is shoWn according to the invention 
that CpG functions as an adjuvant by activating dendritic 
cells. CpG is a particularly useful adjuvant in humans 
because of its loW toxicity. Many potent adjuvants in mice 
or other animals, like the Freunds complete adjuvant, cannot 
be used in humans due to toxicity. Additionally, as demon 
strated in the examples beloW, CpG activates and matures 
human primary blood dendritic cells Where other knoWn 
adjuvants such as LPS fail to do so. Furthermore, CpG is 
knoWn to induce a Th1 immune response Which is believed 
to be superior to the immune response induced by alum, the 
adjuvant currently used in humans. 

[0044] Thus the use of CpG alloWs the generation of 
mature dendritic cells from peripheral blood Within tWo days 
in a Well de?ned system. The application of CpG for this 
purpose is superior to GM-CSF, Which is currently used for 
this purpose. CpG oligonucleotides have a longer half life, 
are less expensive, and shoW a greater magnitude of immune 
effects. The combination of CpG and GM-CSF shoWs syn 
ergistic activity for the induction of co-stimulatory mol 
ecules (CD86, CD40). 

[0045] The invention relates in one aspect to methods and 
products for activating dendritic cells for in vitro, ex vivo 
and in vivo purposes. It Was demonstrated according to the 
invention that CpG oligodeoxyribonucleotides are potent 
activators of dendritic cells. Dendritic cells are believed to 
be essential for the initiation of primary immune responses 
in immune cells in vivo. It Was discovered, according to the 
invention, that CpG oligodeoxyribonucleotide Was capable 
of activating dendritic cells to initiate primary immune 
responses in T cells, similar to an adjuvant. It Was also 
discovered the CpG ODN induces the production of large 
amounts of IL-12 in dendritic cells, indicating its propensity 
to augment the development of Th1 immune responses in 
vivo. The ?ndings that CpG oligonucleotides Were suf?cient 
for survival, differentiation, activation, and maturation of 
human dendritic cells demonstrate the potent adjuvant activ 
ity of CpG and provide the basis for the use of CpG 
oligodeoxyribonucleotides as immunotherapeutics in the 
treatment of disorders such as cancer, infectious diseases, 
and allergy. In one aspect, the invention is a method for 
activating a dendritic cell by contacting the dendritic cell 
With an isolated nucleic acid containing at least one unm 
ethylated CpG dinucleotide, Wherein the nucleic acid is from 
about 8-80 bases in length. 

[0046] The methods and products of the invention are 
useful for a variety of purposes. For instance, the invention 
is particularly useful as an adjuvant for stimulating speci?c 
B and T cell responses to immunization. This is accom 
plished by contacting immature dendritic cells With an 
isolated nucleic acid containing at least one unmethylated 
CpG dinucleotide to cause the dendritic cell to become 
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activated and to mature. The activated dendritic cell is then 
incubated With resting T cells to cause activation of the T 
cells in order to initiate a primary immune response. In some 
cases the dendritic cell is also contacted With an antigen. 
Dendritic cells ef?ciently intemaliZe process and present the 
soluble tumor-speci?c antigen to Which it is exposed. The 
process of intemaliZing and presenting antigen causes rapid 
upregulation of the expression of major histocompatibility 
complex (MHC) and costimulatory molecules, the produc 
tion of cytokines, and migration toWard lymphatic organs 
Where they are believed to be involved in the activation of 
T cells. 

[0047] One speci?c use for the CpG nucleic acids of the 
invention is to activate dendritic cells for the purpose of 
enhancing a speci?c immune response against cancer anti 
gens. The immune response may be enhanced using ex vivo 
or in vivo techniques. An “ex vivo” method as used herein 
is a method Which involves isolation of an immature den 
dritic cell from a subject, manipulation of the cell outside of 
the body, and reimplantation of the manipulated cell into a 
subject. The ex vivo procedure may be used on autologous 
or heterologous cells, but is preferably used on autologous 
cells. In preferred embodiments, the immature dendritic 
cells are isolated from peripheral blood or bone marroW, but 
may be isolated from any source of dendritic cells. When the 
ex vivo procedure is performed to speci?cally produce 
dendritic cells active against a speci?c cancer antigen, the 
dendritic cells may be exposed to the cancer antigen in 
addition to the CpG. In other cases the dendritic cell may 
have already been exposed to antigen but may not be 
expressing the antigen on the surface ef?ciently. Activation 
Will dramatically increase antigen processing. The activated 
dendritic cell then presents the cancer antigen on its surface. 
When returned to the subject, the activated dendritic cell 
expressing the cancer antigen activates T cells in vivo Which 
are speci?c for the cancer antigen. Ex vivo manipulation of 
dendritic cells for the purposes of cancer immunotherapy 
have been described in several references in the art, includ 
ing Engleman, E. G., 1997, Cylolechnology, 25:1; Van 
Schooten, W., et al., 1997, Molecular Medicine Today, June, 
255; Steinman, R. M., 1996, Experimental Hematology, 24, 
849; and Gluckman, J. C., 1997, Cylokines, Cellular and 
Molecular Therapy, 3:187. The ex vivo activation of den 
dritic cells of the invention may be performed by routine ex 
vivo manipulation steps knoWn in the art, but With the use 
of CpG as the activator. 

[0048] The dendritic cells may also be contacted With CpG 
using in vivo methods. In order to accomplish this, CpG is 
administered directly to a subject in need of immunotherapy. 
The CpG may be administered in combination With an 
antigen or may be administered alone. In some embodi 
ments, it is preferred that the CpG be administered in the 
local region of the tumor. 

[0049] 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, 
viruses, and viral extracts. A “cancer antigen” as used herein 
is 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 
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of cancer cells, for example, as described in Cohen, et al., 
1994, Cancer Research, 54:1055, by partially purifying the 
antigens, by recombinant technology, or by de novo synthe 
sis of knoWn antigens. Cancer antigens are isolated from a 
tumor or cancer (e.g. tumors of the brain, lung (e.g. small 
cell and non-small cell), ovary, breast, prostate, colon, as 
Well as other carcinomas and sarcomas). 

[0050] The isolated dendritic cell is contacted With CpG 
and exposed to an antigen. Although either step may be 
performed ?rst or the steps may be performed simulta 
neously, in one preferred embodiment the antigen is exposed 
to the immature dendritic cell before the cell is contacted 
With the CpG. It is believed that the antigen is taken up by 
the dendritic cell and then When the dendritic cell is con 
tacted With the CpG, that the dendritic cell is activated to 
process and present the antigen. Preferably, the antigen is 
exposed to the cell Within 48 hours of adding CpG. In a more 
preferred embodiment, the dendritic cell is exposed to the 
antigen Within 24 hours of the CpG. 

[0051] The antigen is exposed to the dendritic cell. As 
used herein, the term “exposed to” refers to either the active 
step of contacting the dendritic cell With an antigen in 
culture under conditions Which promote the uptake and 
processing of the antigen, the passive exposure of antigen to 
the dendritic cell in vivo prior to isolation of the dendritic 
cell, or the transfection of the dendritic cell With a gene 
encoding the antigen, to cause processing and presentation 
of the antigen through the cytosolic/class I pathway. Meth 
ods for the active exposure of dendritic cells to antigen are 
Well-knoWn in the art. In general, puri?ed dendritic cells are 
pulsed With antigen under culture conditions Which promote 
the uptake and processing of the antigen such that the 
antigen Will be expressed on the cell surface in association 
With either class I or class II MHC. Methods for transfecting 
dendritic cells With DNA encoding an antigen are also 
Well-knoWn to those of ordinary skill in the art and require 
only routine experimentation. 

[0052] The compositions and 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 is used to 
stimulate an antigen speci?c dendritic cell Which can acti 
vate a T cell response against an antigen of the microorgan 
ism. The methods are accomplished 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 from a 
microorganism and includes but is not limited to infectious 
virus, infectious bacteria, and infectious fungi. 

[0053] Examples of infectious virus include: Retroviridae 
(e.g. human immunode?ciency viruses, such as HIV-l (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 
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); Filoviridae (e.g. ebola 
viruses); Paramyxoviridae (e.g. parain?uenZa viruses, 
mumps virus, measles virus, respiratory syncytial virus); 
































































