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METHODS RELATED TO IMMUNOSTIMULATORY
NUCLEIC ACID-INDUCED INTERFERON

Background of the Invention

Human interferon alpha (IFN-a), also known as leukocyte interferon and o

interferon, comprises a family of extracellular signaling proteins with antiviral,

antiproliferative, and immunomodulatory activities. The first type of interferon to be
identified and commercialized, IFN-o remains the most widely used interferon for clinical
applications. .

[FN-a is a member of the family of Type I interferons, which also includes IFN-[3,
omega (leukocyte (II)) interferon and tau (trophoblast) interferon. Omega and tau interferons
are not clinically used. IFN-B, also known as fibroblast interferon, is well characterized but
less utilized than IFN-a in the clinic. Fibroblasts are the predominant cellular producers of
IFN-B. IFN-B has been approved in the United States for the treatment of relapsing forms of
multiple sclerosis. Interferon gamma (IFN-y), also known as gamma interferon, 1s the only
known type Il interferon. IFN-y is produced by activated T lymphocytes and plays an
important role in the establishment of a Thl immune response. Its therapeutic use is limited.
In the United States, human IFN-y has been approved for reducing the frequency and severity
of infections with chronic granulomatous disease.

IFN-a itself represents a family of more than a dozen related, homologous proteins
(isoforms, Table 1), each encoded by a unique gene and each exhibiting a unique activity
profile. The activities of the different o interferon species on viruses can vary as much as
twenty-fold or more.

IFN-a products in clinical use are recombinant proteins or highly purified natural

proteins of a single isoform. Recombinant IFN-a has been approved for use in the treatment
of a variety of tumors and viral diseases (Table 2).

Until recently, B lymphocytes were believed to be the predominant producers of 1FN-
. Recently a new cell type has been identified in the peripheral blood as the major source of
Type I interferon production. These previously unidentified “natural interferon pro ducing
cells” (IPC) had been described for many years as a rare CD4'/MHC class II" population
(1:1000 within peripheral blood mononuclear cells (PBMC)) capable of synthesizing
extremely large amounts of type I IFN upon viral infection. Cella M et al. Nat Med 5:919
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(1999); Galy A et al. Blood 95:128 (2000); Siegal FP et al. Science 284:1835 (1999). After
1solation of IPCs from the peripheral blood, IL-3 is required for survival of this cell type.

Table 1. Family of Human IFN-a

I[FN-c.A (IFN-0.2a)
[FN-02 (IFN-o2b)
[FN-04b  (IFN-04)

IFN-aB2 (IFN-a8)
IFN-aC (IFN-a.10)
IFN-aD (IFN-al)
IFN-oF (IFN-a21)
IFN-aG (IFN-a5)
IFN-aH2 (IFN-a14) I
IFN-al (IFN-a17)

IFN-alJl (IFN-a7)
[FN-aK (IFN-0.6)
IFN-aM]1

IFN-aN

IFN-aWA (IFN-a16)

Table 2. Current Clinical Approval of IFN-a

Approved in the United States

Chronic hepatitis B

Chronic hepatitis C

Hairy cell leukemia

Cutaneous T-cell leukemia

Chronic myeloid leukemia
Non-Hodgkin’s lymphoma

Adjuvant therapy for malignant melanoma
Kaposi’s Sarcoma (AIDS-related)
Condylomata acuminata (venereal warts)

Approved Outside the United States

Multiple myeloma

Renal cell carcinoma
Bladder cell carcinoma
Colon carcinoma
Cervical dysplasia
Laryngeal papillomatosis

Dendritic cells (DC) are thought to play a key role in the priming of immune

responses against neoantigens. Banchereau J et

al., Nature 392:245 (1998). Recent evidence

suggests the presence of several distinct DC subtypes in human peripheral blood. Zhong RK
et al. J Immunol 163:1254 (1999). These subtypes of DC include myeloid DC (mDC) and
plasmacytoid DC (pDC, also known as DC2 cells). Precursor dendritic cells contain two

subsets, a CD11¢'/CD123*" population (precursor of mDC) and a CD11¢/CD123*

population (precursor of pDC). The latter has recently attracted major attention since it was

reported to be identical with the natural type I IFN producing cell (IPC). O'Doherty U et al. J
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Exp Med 178:1067 (1993); Grouard G et al. J Exp Med 185:1101 (1997); Thomas R et al. J
Immunol 153:4016 (1994). Upon maturation this cell type develops characteristic features of
DC. O'Doherty U et al. J Exp Med 178:1067 (1993); Thomas R et al. J Immunol 153:4016
(1994); Galy A et al. Blood 95:128 (2000); Chehimi J et al. Immunology 68:488. (1989).
The frequency of IPCs in PBMC in normal individuals varies between 0.2 and 0.6

percent. They are characterized by the absence of lineage markers CD3 (T cells), CD14
(monocytes), CD19 (B cells) and CD56 (NK cells), by the absence of CD11c, and by their
expression of CD4, CD123 (IL-3 receptor o, IL-3Ra) and MHC class II. Grouard G et al. J
LExp Med 185:1101-11 (1997); Rissoan M-C et al. Science 283:1183-6 (1999); Siegal FP et al.
science 284:1835-7 (1999); Cella M et al. Nat Med 5:919-23 (1999). Morphologically IPCs
resemble lymphocytes. IPCs can be isolated from PBMC by a combination of magnetic bead
activated cell sorting (MACS) and fluorescence-activated cell sorting (flow cytometry,
FACS). Without addition of IL-3, most of the IPCs die within 3 days of cell culture.

Infection of IPCs with herpes simplex virus (HSV, Siegal FP et al. Science 284:1835-7
(1999)) or intluenza virus (Cella M et al. Nat Med 5:919-23 (1999)) leads to production of

large amounts of type I interferons as measured by a bioassay (protection of fibroblasts
against vesicular stomatitis virus).

Aside from its role in carrying the genetic code, DNA has recently been shown to
function as a signaling molecule (Krieg AM, 1998, Bz’odrug&). The immune systems of
higher eukaryotes appear to have evolved a mechanism to detect prokaryotic nucleic acids
based on their content of unmethylated CpG dinucleotides in particular base contexts. Krieg
AM et al. Nature 374:546-9 (1995). Unmethylated CpG dinucleotides are common in
bécterial DNA, but are underrepresented (“CpG suppression”) and are methylated in
vertebrate DNA. Bird AP Trends in Genetics 3:342 (1987). DNA containing these
unmethylated CpG dinucleotides in immune stimulatory base contexts (“CpG motifs™)
triggers humoral immunity by inducing B cell activation, resistance to activation-induced
apoptosis, and IL-6 and IgM secretion. Krieg AM et al. Nature 374:546-9 (1995); Yi AK et
al. J Immunol 157:5394 (1996); and Klinman D et al. Proc Natl Acad Sci USA 93:2879
(1996). Such CpG DNA also directly activates monocytes and macrophage to secrete Thl-
like cytokines. Ballas ZK et al. J Immunol 157:1840 (1996); Cowdery JS et al. J Immunol
156:4570 (1996); and Halpern MD et al. Cell Immunol 167:72 (1996). This leads to the

activation of natural killer (NK) cell lytic activity and IFN-y secretion. Ballas ZK et al. J
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Immunol 157:1840 (1996); Cowdery JS et al. J Immunol 156:4570 (1996); and Chace JH Clin
Immunol Immunopath 84:185-93 (1997).

Yamamoto et al. reported 1n 1988 their findings that a nucleic acid fraction,
designated MY-1, extracted from Mycobacterium bovis (BCG) induced type I interferon in
vitro. Yamamoto S et al. Jpn J Cancer Res 79:866-73 (1988). Subsequently Tokunaga et al.
subsequently synthesized a panel of 45-mer oligonucleotides with sequence present in cDNA
encoding three randomly selected known BCG proteins and found that one sequence, BCG-
A4, was a strong inducer of type I IFN in mouse spleen cell suspensions. Tokunaga T et al.
Microbiol Immunol 36:55-66 (1992). A 5' 30-mer fragment, BCG-A4a, was reported to be as
potent an inducer of IFN as the intact 45-mer BCG-AA4.

BCG-A4 ACCGATGACGTCGCCGGTGACGGCACCACGACGGCCACCGTGCTG (SEQ ID NO:163)

BCG-A4a  ACCGATGACGTCGCCGGTGACGGCACCACG (SEQ ID NO:164)
These workers went on to report that all oligonucleotides that induced IFN included a
hexamer palindromic sequence GACGTC (present in BCG-A4 and BCG-A4a), AGCGCT,
and AACGTT, but not ACCGGT. Yamamoto S et al. J Immurnol 148:4072-6 (1992).
Kimura et al. then found that among 30-mer phosophodiester oligodeoxynucleotides (ODNs)
containing the hexamer palindrome AACGTT and oligoA, oligoC, oligoT, and oligoG ends,
the latter (GGGGGGGGGGGGAACGTTGGGGGGEGEGGGEGEEG; SEQ ID NO:165) was the
strongest inducer of type I IFN in mouse spleen cell suspensions. Kimura Y et al. J Biochem
(Tokyo) 116:991-4 (1994).

Recently 1t was surprisingly discovered that CpG ODN sequences with the strongest
activity on human B cells did not induce detectable levels of type I IFN in PBMC. Hartmann
G et al. J Immunol 164:1617-24 (2000).

Summary of the Invention

It was discovered according to the invention that certain immunostimulatory nucleic
acids (ISNAs) are especially suited as single agents to promote both survival and stimulation
of IPCs. It was also discovered according to the invention that certain ISNAs obviate the
requirement of IL-3 for IPC survival and the requirement of viral infection for IPC activation.

In addition, it was surprisingly discovered according to the invention that certain CpG
ISNA induce the production of large amounts of type I IFN but have minimal effects
activating B cells, while certain other CpG ISNA strongly activate human B cells and IPCs
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but have minimal effects inducing type I IFN. Surprisingly, it was discovered that the CpG

ISNA that are strong inducers of type I IFN do not necessarily contain a hexamer palindrome
GACGTC, AGCGCT, or AACGTT described by Yamamoto and colleagues. Yamamoto S et
al. J Immunol 148:4072-6 (1992).

These discoveries open avenues for the use of ISNA, and especially certain CpG
ISNA, as a therapeutic agent for clinical applications which call for the use of IFN-a.

Clinical strategies comprise local and systemic in vivo administration of ISNA as well as ex
vivo strategies in which in vitro ISNA-activated isolated IPCs are reinfused into the patient
locally or systemically. These therapeutic strategies include the combination with other
growth factors (IL-3, GM-CSF, flt3-ligand, etc.) as well as with other stimuli (superantigens,
viral products). CpG ISNA of the invention that are inducers of type I IFN also allow the ir

vitro production of natural interferons using a permanent cell line derived from IPCs. Since
natural IFN-o 1s a family of more than a dozen separate gene products, the individual
products of which have unique activity profiles, the clinical use of natural interferon may be
preferable compared to recombinant IFN-a derived from a single recombinant IFN-a gene.

It was also surprisingly discovered according to the invention that type I IFN activates
a subset of T lymphocytes called yo T cells. In addition, it was further discovered according
to the invention that CpG ODN that are strong inducers of type I IFN, but not CpG ODN that

are strong activators of B cells and pDCs without being strong inducers of type I IFN, can
activate Y0 T cells present within a population of peripheral blood mononuclear cells
(PBMCs). Without meaning to be held to a particular theory, it appears likely that type I
IFN-inducing CpG ODN can activate y6 T cells present within the PBMC by their ability to
induce secretion of type I IFN by IPCs also present in the PBMC.

In addition to the ability to activate yo T cells, it was also surprisingly discovered

according to the invention that type I IFN-inducing CpG ODN, but not CpG ODN that are
strong activators of B cells and pDCs without being strong inducers of type I IFN, can
enhance proliferation of antigen-activated yo T cells present within a population of PBMC:s.
In particular, proliferation is enhanced in connection with the presence of specific nonpeptide

antigen, for example, the phosphoantigen isopentenyl pyrophosphate (IPP).

It was also surprisingly discovered according to the invention that certain CpG ODN
in combination with IPP synergistically induce the production of IFN-y and perforinin y6 T

cells.
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In another surprising discovery according to the invention, it was found that type I
[FN-1nducing CpG ODN, but not CpG ODN that are strong activators of B cells and pDCs
without being strong inducers of type I IFN, can block CD40-stimulated 1L-12 production in
PBMC. It was surprisingly found, in addition, that CpG ODN that are strong activators of B

cells and pDCs without being strong inducers of type I IFN had the opposite effect, i.e., these
ODN actually enhanced CD40-stimulated IL-12 production in PBMC.

[t was further discovered according to the invention that that CpG ODN that are
strong activators of B cells and pDCs without being strong inducers of type I IFN are better
promoters of antigen-specific priming and recall of human cytotoxic T lymphocytes (CTLs)
than are CpG ODN that are potent inducers of type I IFN.

According to one aspect of the invention, an improvement is provided for therapies

involving administration of IFN-a to subjects. The improvement involves co-administering
an effective amount of an isolated ISNA. In one embodiment, the IFN-a is administered at
the clinically established effective dose for IFN-o alone. In another embodiment, the IFN-o
1s administered at a dosage below the clinically established effective dose for IFN-a alone.

The IFN-o also can be administered at the maximum tolerated dose for IFN-o in the absence

of the oligonucleotide. In other embodiments, the IFN-a is administered at 20 percent below,
30 percent below, 40 percent below, or even 50 percent below the maximum tolerated dose of
IFN-a or the clinically established effective dose for IFN-a alone.

In some embodiments, the ISNA is a CpG nucleic acid. In other embodiments the
ISNA i1s a non-CpG nucleic acid, i.e., the ISNA is not a CpG nucleic acid. The non-CpG
nucleic acid in one embodiment is a T-rich nucleic acid. In another embodiment the non-
CpG nucleic acid 1s a poly-G nucleic acid. In yet another embodiment the
immunostimulatory nucleic acid is any combination of at least two nucleic acids selected
from the group including CpG nucleic acids, T-rich nucleic acids, and poly-G nucleic acids.

In some embodiments, the ISNA i1s modified. In certain embodiments, the ISNA has
a modified backbone with at least one nuclease-resistant internucleotide linkage. A nuclease-
resistant internucleotide linkage can be selected from the group which includes a
phosphorothioate linkage, a phosphorodithioate linkage, a methylphosphonate linkage, and a
peptide linkage. In certain embodiments a modified ISNA includes at least one nucleotide
analog or at least one nucleotide analog. The ISNA 1is a palindrome 1n certain embodiments,

while in other embodiments, the ISNA is not a palindrome. In some preferred embodiments
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the ISNA is between 8 and 100 nucleotides in length, while in other preferred embodiments
the ISNA is between 12 and 40 nucleotides in length. Preferred sizes, sequences and
modifications are described in greater detail below.

In certain preferred embodiments the ISNA is a chimeric CpG ODN exemplified by
formula 5' Y{N;CGN,Y; 3' wherein Y, and Y, are, independent of one another, nucleic acid
molecules having between 1 and 10 nucleotides, and wherein Y, includes at least one
modified internucleotide linkage; Y includes at least one modified internucleotide linkage;
and N and N are nucleic acid molecules, each independent of one another, having between
0 and 20 nucleotides and in some embodiments, between 3 and 8 nucleotides, but wherein
N;CGN; has at least 6 nucleotides in total and wherein the nucleotides of N;CGN, have a
phosphodiester backbone.

In certain preferred embodiments the ISNA has a sequence corresponding to

ggGGTCAACGTTGAgggeeG ODN 1585 SEQID NO:1

tcgtegttttgtcgttttgtcgtt ODN 2022 SEQID NO:2

ggggtcgtcgtittgggpop ODN 2184  SEQ ID NO:3

tcgtcgttttgtegttitggopog ODN 2185 SEQID NO:4

ggggtcgacgtcgagggooo ODN 2192  SEQ ID NO:5

ggggtcatcgatgaggggog ODN 2204  SEQ ID NO:6

ggGGGACGATCGTCggggeG ODN 2216 SEQ ID NO:7

gggootcgtacgacggggog ODN 2217 SEQ ID NO:8

ggGGGACGATATCGTCgggeeG ODN 2245 SEQID NO:9

ggGGGACGACGTCGTCgggeeG ODN 2246 SEQID NO:10
ggGGGACGAGCTCGTCgggeeG ODN 2247 SEQID NO:11
goeGGGACGTACGTCggegegeG ODN 2248 SEQ ID NO:12
ggeGGGACGATCGTTGggeeG ODN 2252  SEQID NO:13
ggGGAACGATCGTCgggeeG ODN 2253 SEQID NO:14
ggGGGGACGATCGTCggggaG ODN 2254  SEQID NO:15
goGGGACGATCGTCGggeeeG ODN 2255 SEQID NO:16
gogGGGTCATCGATGAgggeeG ODN 2260 SEQID NO:17
goGGTCGTCGACGAgggeeG ODN 2293  SEQID NO:18
ggGGTCGTTCGAACGAgggegeG ODN 2294  SEQ ID NO:19
o00GGACGTTCGAACGTgggeeG ODN 2295  SEQ ID NO:20
g00GGAACGACGTCGT TgggeeGG ODN 2297 SEQ ID NO:21
goGGAACGTACGTCggggeG ODN 2298  SEQ ID NO:22
goGGAACGTACGTACGT TggggeG ODN 2299  SEQ ID NO:23
goGGTCACCGGTGAgggeeG ODN 2300 SEQ ID NO:24
gcoGGTCGACGTACGTCGAggggeG ODN 2301  SEQ ID NO:25
goGGACCGGTACCGGTgggeeG ODN 2302 SEQ ID NO:26
ggGTCGACGTCGAggegeG ODN 2303  SEQ ID NO:27
goGGTCGACGTCGagggg ODN 2304 SEQ ID NO:28
goGGAACGTTAACGT TggggeG ODN 2305 SEQ ID NO:29
goGGACGTCGACGTgggeG ODN 2306 SEQ ID NO:30
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ggGGGTCGTTCGTTggeggeG ODN 2311  SEQ ID NO:31
geGACGATCGTCGggegegeG ODN 2328 SEQ ID NO:32
geGTCGTCGACGAggggeeG ODN 2329  SEQ ID NO:33

gg ICGTCGACGAGgeggeG ODN 2330 SEQ ID NO:34
ggGGACGATCGTCGgggegeG ODN 2332  SEQID NO:35
geGGTCGACGTCGACGTCGAGgggeeG ODN 2334  SEQ ID NO:36, and
ggGGACGACGTCGTGgggeeG ODN 2336  SEQ ID NO:37,

wherein each lower case letter represents phosphorothioate linkage and each upper case letter

indicates phosphodiester linkage.

In certain more preferred embodiments the ISNA has a sequence corresponding to
ggGGGACGAGCTCGTCggggeG (ODN 2247, SEQ ID NO:11),
geGGGACGATCGTCGggggegG (ODN 2255; SEQ ID NO:16),
geGGACGTTCGAACGTggggeG (ODN 2295; SEQ ID NO:20),
geGGTCGACGTCGACGTCGAGggggegG (ODN 2334; SEQ ID NO:36), or
geGGACGACGTCGTGggggegG (ODN 2336; SEQ ID NO:37), wherein each lower case
letter represents phosphorothioate linkage and each upper case letter indicates phosphodiester
linkage.

In one embodiment, the improvement further involves co-administering granulocyte-
monocyte colony-stimulating factor (GM-CSF) to the subject.

In another embodiment, the subject has a condition selected from the group consisting
of a proliferative disorder and a viral infection. In one embodiment, the subject has a
proliferative disorder such as hairy cell leukemia, chronic myelogenous leukemia, cutaneous
T-cell leukemia, multiple myeloma, follicular lymphoma, malignant melanoma, squamous
cell carcinoma, AIDS-related Kaposi’s sarcoma, renal cell carcinoma, prostate carcinoma,
bladder cell carcinoma, cervical dysplasia, and colon carcinoma. In another embodiment the
subject has a viral infection such as hepatitis B, hepatitis C, condyloma acuminatum, human
immunodeficiency virus, herpes, cytomegalovirus, Epstein-Barr virus, and papillomavirus.

According to another aspect of the invention, a method is provided for supplementing
IFN-a treatment of a subject. This aspect of the invention involves administering to a subject
in need of [IFN-a treatment an effective amount of IFN-a and an ISNA of the invention. The
IFN-a doses, ISNAs, concurrent therapy, and conditions calling for treatment with IFN-a
according to this aspect of the invention are the same as those described above.

According to another aspect of the invention, a method is provided for treating a

subject to activate IPCs of the subject. The method involves isolating IPCs from the subject
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in need of such treatment, culturing the isolated IPCs in vitro, contacting the IPCs in vitro
with an effective amount of an isolated ISNA, and returning the contacted cells to the subject.
The cells can also be contacted in vitro with a growth factor or with a cytokine. In one
embodiment, the method further involves contacting the IPC cells ix vitro with IL-3 or GM-

CSF. In another embodiment, the cells are cultured in vitro in the absence of IL.-3 and/or
GM-CSF. The ISNAs and conditions calling for treatment with IFN-o. according to this
aspect of the invention are as described above.

According to another aspect of the invention, a method is provided for increasing the
efficacy of IFN-a treatment of a subject. The method involves administering to a subject in
need of treatment with IFN-a a pharmaceutical composition including IFN-o and co-
administering to the subject a pharmaceutical composition including an ISNA in an amount
which, together with the administered IFN-q, is an effective IFN-a. treatment. The efficacy
of the IFN-a treatment is greater than the efficacy of administering the same amount of IFN-

o 1n the absence of co-administering the ISNA. The ISNAs and conditions calling for

treatment with IFN-a according to this aspect of the invention are as described above. In one

embodiment, the pharmaceutical compositions are administered locally.

According to another aspect of the invention, a method is provided for decreasing the
dose of IFN-a needed for effective treatment of a subject. The method involves
administering to a subject in need of treatment with IFN-a a pharmaceutical composition
comprising IFN-a and co-administering to the subject a pharmaceutical composition
including an ISNA. The amount of administered IFN-a is less than an amount of IFN-o
required to achieve the same therapeutic benefit in the absence of co-administering the ISNA.
In certain embodiments, the amount of administered IFN-a is at least 20 percent, at least 30

percent, at least 40 percent, or even at least 50 percent below the amount of IFN-a required in

the absence of coadministering the immunostimulatory nucleic acid. The pharmaceutical

composition including the ISNA can be administered locally. The ISNAs and conditions
calling for treatment with IFN-a according to this aspect of the invention are as described

above.

According to another aspect of the invention, a method 1s provided for preventing an

IFN-o treatment-related side effect in a subject receiving or in need of treatment with IFN-c.

The method involves administering to a subject in need of the treatment an [FN-a
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pharmaceutical composition and a pharmaceutical composition comprising an
immunostimulatory nucleic acid in an amount which, together with the administered IFN-a,
1s an effective IFN-a treatment. The IFN-a treatment-related side effect is reduced in

comparison to the side effect when IFN-a is administered in the absence of co-administering
ISNA. The IFN-a treatment-related side effect may be systemic. The IFN-o treatment-

related side effect prevented by the method can include any one of flu-like syndrome, fever,
headache, chills, myalgia, fatigue, anorexia, nausea, vomiting, diarrhea, and depression. The

pharmaceutical composition including the ISNA can be administered locally. The ISNAs and

conditions calling for treatment with IFN-o according to this aspect of the invention are as
described above.

According to another aspect of the invention, a method is provided for enhancing the
etficacy of IFN-a treatment in a subject in need of such treatment. The method involves
administering to a subject in need of such treatment an effective amount of a pharmaceutical
composition containing IFN-a for treating the condition, isolating natural IFN-producing
cells from a donor, contacting the isolated IFN-producing cells ex vivo with an amount of an
ISNA eftective for inducing the IFN-producing cells to release IFN-a, and administering the
contacted cells to the subject. The donor can be, but does not have to be, the subject. The
method further can comprise contacting the isolated cells with an antigen. The administration
of the cells can be accomplished in any manner suitable for the purposes of the method, and
can include local injection. The local injection can be via a blood vessel supplying a target
tissue. The blood vessel can be selected from, among others, hepatic artery, portal vein;
celiac artery, and splenic artery. The ISNAs and conditions calling for treatment with IFN-a.
according to this aspect of the invention are as described above.

According to another aspect of the invention, a method is provided for supporting
survival of IPCs in vitro. The method involves isolating such cells from a subject, culturing
the cells 1n a sterile medium suitable for tissue culture, and contacting the cells in vitro with
an amount of ISNA effective to support the growth of the cells in the absence of IL-3. In a
preferred embodiment the cells can be precursor type 2 dendritic cells. The culture
conditions also can be selected to be fre¢ of IL-3 and/or free of GM-CSF, or they can include
IL-3, GM-CSF, or other growth factors and cytokines. Preferred ISNAs, including
oligonucleotides, sequences, modifications and the like according to this aspect of the

invention, are as described above.
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According to another aspect of the invention, a method is provided for stimulating
1solated IPCs in vitro. The method involves isolating such cells from a subject, culturing the
cells in a sterile medium suitable for tissue culture, and contacting the cells in vitro with an
amount of ISNA effective to induce secretion of at least one type I interferon or the
expression of CD 80. The culture conditions can be in the presence or absence of interleukin-
3, GM-CSF, or other growth factors and cytokines. The IPCs can be precursor type 2
dendritic cells. Preferred ISNAs, including oligonucleotides, sequences, modifications and
the like according to this aspect of the invention, are as described above.

According to another aspect of the invention, a method is provided for stimulating the
production of an array of at least 3, 4, 5, 6, 7 or even 8 or more interferon sub-types. The
method involves contacting IFN-producing cells with an ISNA. The cells may or may not be
1solated. The contacting may be in vivo or in vitro. Preferred ISNAs, including
oligonucleotides, sequences, modifications and the like according to this aspect of the
invention, are as described herein.

According to another aspect of the invention, a method is provided for inhibiting IL-
12 production. The method involves contacting IL-lZ-prdducing cells, in the presence of
interteron-producing cells under conditions in which the IL-12-producing cells normally
produce IL-12, with an immunostimulatory nucleic acid in an amount effective for inducing
secretion of type I interferon. In certain embodiments the immunostimulatory nucleic acid

includes at least one of SEQ ID NO:1-37.

According to yet another aspect of the invention, a method for activating yd T cells is
provided. In one embodiment the method involves contacting v T cells with type I IFN. In

another embodiment the method involves contacting yd T cells within a population of cells

that includes interferon-producing cells with an immunostimulatory nucleic acid in an
amount effective for inducing type I IFN.

In another aspect the invention provides a method for promoting the proliferation of

vO0 T cells. The method involves contacting a yo T cell with an immunostimulatory nucleic

acid and an inducer of Yo T cell proliferation, in an amount effective to induce a greater
proliferative response in the presence of the immunostimulatory nucleic acid than 1n its

absence. In certain embodiments the immunostimulatory nucleic acid 1s a CpG nucleic acid.

In preferred embodiments the immunostimulatory nucleic acid is selected from among SEQ

Nt
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ID NO:1-37. The inducer of y8 T cell proliferation in some embodiments is a

phosphoantigen, preferably IPP.

In another aspect the invention provides an isolated nucleic acid having a sequence

selected from the group which includes:

10

15

20

25

30

35

tcgtegttttgtegttttgtegtt ODN 2022 SEQID NO:2
ggggtcgtcgttttgggoog ODN 2184 SEQ ID NO:3
tcgtegttttgtcgttttgggggg ODN 2185 SEQID NO:4
ggggtcgacgtcgagggggg ODN 2192 SEQID NO:5
ggggotcatcgatgagggoog ODN 2204 SEQID NO:6
geGGGACGATCGTCgggeeG ODN 2216 SEQID NO:7
gggggotcgtacgacgggegg ODN 2217 SEQID NO:8
geGUGGACGATATCGTCgggeeG ODN 2245 SEQID NO:9
geGGGACGACGTCGTCgggegeG ODN 2246 SEQ ID NO:10
geGGGACGAGCTCGTCggggeG ODN 2247 SEQID NO:11
g8GGGACGTACGTCgggegeG ODN 2248 SEQ ID NO:12
goGGGACGATCGTTGegggeG ODN 2252 SEQID NO:13
ggGGAACGATCGTCggggeG ODN 2253  SEQ ID NO:14
ggGOGGACGATCGTCgggegeG ODN 2254  SEQ ID NO:15
ggGGGACGATCGTCGggggeG ODN 2255 SEQID NO:16
ggGOGGTCATCGATGAgggegeG ODN 2260 SEQ ID NO:17
ggGGTCGTCGACGAgggegG ODN 2293  SEQ ID NO:18
ggGGTCGTTCGAACGAgggeeG ODN 2294  SEQ ID NO:19
ggGGACGTTCGAACGTgggegeG ODN 2295 SEQ ID NO:20
ggGGAACGACGTCGTTggegeG ODN 2297 SEQ ID NO:21
goGGAACGTACGTCggggeG ODN 2298  SEQ ID NO:22
ggGGAACGTACGTACGTTggggeG ODN 2299  SEQID NO:23
ggGGTCACCGGTGAggegegeG ODN 2300 SEQ ID NO:24
ggGGTCGACGTACGTCGAggegeG ODN 2301 SEQID NO:25
goGGACCGGTACCGGTgggeeG ODN 2302 SEQID NO:26
goGTCGACGTCGAgggeeG ODN 2303 SEQID NO:27
ggGOGTCGACGTCGagggg ODN 2304  SEQ ID NO:28
ggGGAACGTTAACGT TggggeG ODN 2305 SEQID NO:29
ggOGGACGTCGACGTggeeG ODN 2306 SEQ ID NO:30
ggGGGTCGTTCGTTggeeeG ODN 2311  SEQ ID NO:31
gsGACGATCGTCGgegeeG ODN 2328 SEQID NO:32
goGTCGTCGACGAggegeeG ODN 2329  SEQ ID NO:33
ggTCGTCGACGAGgggeeG ODN 2330 SEQ ID NO:34
goGGACGATCGTCGgggegeG ODN 2332  SEQ ID NO:35
goGGTCGACGTCGACGTCGAGggggeG ODN 2334  SEQ ID NO:36, and
o00GGACGACGTCGTGgggegeG ODN 2336 SEQ ID NO:37,

wherein each lower case letter represents phosphorothioate linkage and each upper case letter
indicates phosphodiester linkage.
In yet another aspect the invention provides a pharmaceutical composition containing

an 1solated nucleic acid having a sequence selected from the group which includes:
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tcgtegttttgtegttttgtegtt ODN 2022 SEQID NO:2
ggggtegtegttttggoopg ODN 2184  SEQ ID NO:3
tcgtegttttgtegttttgegoog ODN 2185 SEQID NO:4
ggggtcgacgtcgaggggog ODN 2192  SEQ ID NO:5
gggotcatcgatgaggggpo ODN 2204 SEQID NO:6
geGGGACGATCGTC CgggeeG ODN 2216 SEQ ID NO:7
gggggtcgtacgacgggeog ODN 2217 SEQID NO:8
ggGGGACGATATCGTCgggeeG ODN 2245 SEQID NO:9
geGOGACGACGTCGTC CgggeeG ODN 2246 SEQID NO:10
geGGGACGAGCTCGTCggggeG ODN 2247 SEQID NO:11
geGGGACGTACGTCggggeG ODN 2248 SEQID NO:12
ggGGGACGATCGTTGggegeG ODN 2252 SEQID NO:13
ggGGAACGATCGTCggggeG ODN 2253  SEQID NO:14
ggGGGGACGATCGTC CgggeeG ODN 2254 SEQID NO:15
ggOGGACGATCGTCGgggeeG ODN 2255 SEQID NO:16
ggGGGTCATCGATGAggeggeG ODN 2260 SEQ ID NO:17
ggGGTCGTCGACGAgegegeG ODN 2293  SEQID NO:18
ggGGTCGTTCGAACGAgggeeG ODN 2294  SEQ ID NO:19
geGGACGTTCGAACGTgggeeG ODN 2295  SEQ ID NO:20
ggGGAACGACGTCGTTggggeG ODN 2297  SEQ ID NO:21
ggGGAACGTACGTCggggeG O<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>