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1
METHODS OF ALTERING AN IMMUNE
RESPONSE INDUCED BY CPG
OLIGODEOXYNUCLEOTIDES

PRIORITY CLAIM,

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 12/065,085, filed Feb. 27, 2008 now U.S. Pat. No.
7,892,569, which is the U.S. National Stage of International
Application No. PCT/US2006/033774, filed Aug. 28, 2006,
which was published in English under PCT Article 21(2),
which in turn claims the benefit of U.S. Provisional Applica-
tion No. 60/713,547, filed Aug. 31, 2005. The prior applica-
tions are incorporated herein by reference in their entirety.

FIELD

This application relates to the field of immunology, spe-
cifically to agents that can be used to alter the uptake of
immunostimulatory oligodeoxynucleotides (ODNs).

BACKGROUND

DNA is a complex macromolecule whose activities are
influenced by its base composition and base modification, as
well as helical orientation. Bacterial DNA, as well as certain
synthetic oligodeoxynucleotides (ODNs) containing unm-
ethylated CpG sequences, can induce proliferation and
immunoglobulin production by murine B cells. Unmethy-
lated CpG dinucleotides are more frequent in the genomes of
bacteria and viruses than vertebrates. Studies have suggested
that immune recognition of these motifs may contribute to the
host’s innate immune response. (Klinman et al., Proc. Natl.
Acad. Sci. USA 93:2879, 1996, Yi et al., J. Immun. 157:5394,
1996; Liang et al., J. Clin. Invest. I 9:89, 1996; Krieg et al.,
Nature 374:546, 1995).

A CpG oligodeoxynucleotide (ODN) is an oligodeoxy-
nucleotide including a CpG motif, wherein the pyrimidine
ring of the cytosine is unmethylated. Three types of CpG
ODNs have been identified: C-type, K-type and D-type
ODN:ss. Generally, CpG ODNs range from about 8 to 30 bases
in size. D- and K-type nucleic acid sequences have been
described in the published PCT Publication No. WO
98/18810A1 (K-type) and published PCT Publication No.
WO 00/61151 (D-type). Generally D ODNs can stimulate a
cellular immune response, while K ODNs can stimulate a
humoral immune response.

Unmethylated CpG motifs, including both D-type ODNs
and K-type ODNss, are recognized by the Toll-like receptor 9
(TLRY) expressed on immune cells (such as B cells, mac-
rophages, and dendritic cells). The CpG DNA is taken up by
an endocytic/phagocytic pathway. It is known that the inter-
action of CpG ODN with TLRY triggers recruitment of a
MyD88 adaptor molecule, activation of an IL-1R kinase-1
and other factors, resulting in the production of cytokines (see
Latz et al., Nat. Immunol. 5:190-8, 2004).

CpG ODNSs can be used to induce an immune response.
Thus, they have been found to have many uses, such as to
induce an immune response to antigens, in the production of
vaccines, and as adjuvants. It would be advantageous to be
able to alter the uptake of CpG ODN by cells, in order to alter
the immune response produced by these oligonucleotides.
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Methods to alter the uptake and subsequent immune activa-
tion triggered by CpG ODN are disclosed herein.

SUMMARY

It is disclosed herein that agents that affect the activity
and/or expression of CXCL16 can be used to alter the uptake
of CpG oligodeoxynucleotides (ODN), specifically D-type
CpG oligodeoxynucleotides (D ODN). Thus, agents that
affect the activity and/or expression of CXCL16 can be used
to alter an immune response induced by D ODN. In one
example, the agent increases the activity and/or expression of
CXCL16, thereby increasing the uptake of D ODN. Agents
that increase the activity and/or expression of CXCL16 can be
used to increase an immune response induced by a D ODN.
Agents that decrease the activity and/or expression of
CXCL16 can be used to decrease an immune response
induced by D ODN.

Specific compositions including one or more D-type
ODNs and an agent that modulates that activity and/or
expression of CXCL16 are provided herein. These composi-
tions are of use to induce an immune response, such as to a
specific antigen.

The foregoing and other features and advantages will
become more apparent from the following detailed descrip-
tion of several embodiments, which proceeds with reference
to the accompanying figures.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A-1C are graphs and digital images illustrating that
CXCL16 selectively recognizes D ODN. FIG. 1A is a line
graph showing CpG ODN binding to recombinant CXCL16.
96-well flat bottom ELISA plates were coated with 0.4 png/ml
anti-CXCL16 antibody and then incubated without (dotted
lines) or with 200 ng/ml of recombinant CXCL 16 (full lines).
Following washing, 1, 0.2 or 0.04 uM biotin-conjugated K or
D oligodeoxynucleotide (ODN) were added. After washing,
ODN binding was detected colorimetrically using phos-
phatase-conjugated avidin followed by a phosphatase spe-
cific colorimetric substrate. Results are presented as
averagezstandard deviation (SD) of three independent read-
ings. FIG. 1B is a set of digital images and plots showing that
D but not K ODN colocalize with CXCL16 and its uptake is
enhanced in transfected HEK293 cells. CXCL16 transfected
HEK293 cells were incubated with 3 uM of FITC conjugated
CpG ODN at 37° C. for 20 minutes. Cells were stained for
CXCL16 expression (left) and colocalization (bright cells,
right) with ODN (middle) was determined using confocal
microscopy. Percent of FITC-ODN bright cells in mock
transfected (filled histograms) and CXCL16 transfected (dark
open histograms) was determined using flow cytometry and
are shown against background staining (dotted histograms).
Results are representative of at least six independent experi-
ments. FIG. 1C is a bar graph showing that anti-CXCL16
inhibit D ODN binding to pDC. Binding of FITC conjugated
ODN to CD123/BDCA-2 double positive pDC was deter-
mined in the absence or presence of anti-CXCL 16 or isotype
matched control (100 pg/ml each). Percent inhibition of
uptake was determined comparative to the isotype matched
control group. Results represent the mean+SD of 2 experi-
ments (¥, P<0.05; **, P<0.01).

FIGS. 2A-2D are graphs and plots showing that CXCL16
positive cells preferentially respond to D ODN. FIG. 2A is a
plot showing that CXCL16 expression versus cytokine pro-
duction in pDCs stimulated with CpG ODN. Peripheral blood
mononuclear cells (PBMC) (4x10°/ml) were stimulated with
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Control, K or D ODN in the presence of Brefeldin A (10
ng/ml) for 4.5 h (TNF-a) or for 12 hours (Brefeldin A was
added after 8 hours of incubation) in the case of IFN-c.
Cytokine producing cells were assessed from the CD123*-
gated cells as a function of CXCL16 expression. Results are
representative of 3 independent experiments. FIG. 2B is a bar
graph showing that antibodies against CXCL16 inhibit D
ODN induced cytokine production. PBMC were preincu-
bated with 25 pg/ml of isotype (open bars) or anti-CXCL16
antibody (filled bars) for 30 minutes at 37° C. and then stimu-
lated with 1 uM each of K or with 3 uM D ODN for 24 hours.
Percent inhibition of cytokine production was calculated
from three different individuals (*, P<0.05). FIG. 2C is a plot
showing the effect of anti-CXCL16 on the upregulation of
HLA-DR and CD86 by CpG ODN. Elutriated monocytes
were preincubated with anti-CXCL16 or isotype matched
control antibody and then stimulated with Control (3 uM), K
(1 uM) or D (3 uM) ODN for 24 hours. The percent of cells
expressing HLA-DR and CD86 was determined by flow
cytometry. Results are representative of five independent
experiments. FIG. 2D is a bar graph of the results showing
HEK293 cells transfected with CXCL 16 gain responsiveness
to D ODN. HEK293 cells stably expressing TL.LR9 were co-
transfected with pSxNF-kB. In this figure, the ratio of NF-kB
induction in CXCL16 transfected over mock transfected is
displayed for each ODN. All ODN names are shown on the
X-axis. B-luciferase plus control plasmid or CXCL16. Rela-
tive luciferase units from CXCL16 transfected cells over
those from mock transfected cells were determined 24 hours
after ODN treatment (3 uM). Results represent the mean+SD
of 4 independent experiments (*, P<0.05; **, P<0.01).

FIGS.3A-3D are bar graphs and plots showing the effect of
scavenger receptor ligands on the binding and activity of CpG
ODN. FIG. 3A is a bar graph of the results obtained when
purified pDC were preincubated (20 minutes at 4° C.) with
medium or with 50 pg/ml each of inhibitors followed by
addition of 1 pM FITC conjugated ODN. Mean fluorescence
intensity representing binding of FITC-ODN was assessed
using flow cytometry. Results represent the mean+S.D of
three independent experiments. FIG. 3B is a bar graph show-
ing D ODN induced IFN-a from peripheral blood mono-
nuclear cells (PBMC). Open bars: medium; dotted bars:
chondroitin sulfate; right-striped bars: fucoidan; left-striped
bars: dextran sulfate Production of IFN-a from PBMC (in the
absence or presence of 50 ng/ml inhibitors) was determined
by ELISA from 24 hour culture supernatants. FIG. 3C is aplot
showing K ODN induced TNF-a production in pDC (in the
absence or presence of 50 pug/ml dextran sulfate). TNF-a
production was determined using intracytoplasmic cytokine
staining (representative plots of three independent experi-
ments). FIG. 3D is a plot showing the results obtained when
purified pDC were incubated with 1 uM each of K or with 3
UM D ODN in the absence or presence of 50 pg/ml dextran
sulfate. Upregulation of HLA-DR/CD54 was determined 24
hours later using flow cytometry.

FIGS. 4A-4B are plots showing the expression of
CXCL16. FIG. 4A shows pDCs express CXCL16 on their
surface. pDCs were enriched from PBMC using the BDCA-4
magnetic cell separation kit. Expression of CXCL16 versus
isotype matched control was analyzed on CD123/BDCA-2
double positive cells. Data is representative of at least five
independent experiments. FIG. 4B is a plot showing that
anti-CXCL16 specifically inhibits binding of D ODN to pDC.
Binding of FITC conjugated D ODN to CD123 gated cells
was analyzed using flow cytometry. The figure shows that
both basophils (BDCA-2"%€“"") and pDCs (BDCA-275"¢)
bind D ODN in the presence of isotype matched antibody and
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4
that only binding to the pDC but not to the basophil popula-
tion (which do not express CXCL16) is inhibited by anti-
CXCL16, providing evidence for the specificity of this anti-
body.

FIG. 5 is a set of plots of the results obtained when elutri-
ated monocytes were stained for pDC markers and CXCL16
and BDCA-2/CDI123 gated cells were sorted into the
CXCL16 negative or CXCL16 positive+negative populations
using FACSAria cell sorter. The resulting populations were
then incubated with 1 and 3 uM of K and D ODN, respec-
tively, or with 1x107 pfu/ml of UV-inactivated HSV-1.
Twenty-four hours later, cells were stained and expression of
HLA-DR/CDB86 was assessed by flow cytometry.

FIG. 6 is abar graph showing the expression of CXCL16 in
HEK293 cells stably expressing TLR9 confers D ODN
responsiveness. Stable TLR9 expressing HEK293 cells were
co-transfected with 0.5 pg pSxNF-kB B-luc and 1 pg of
CXCL16 or control plasmid for 24 hours. Data show relative
luciferase units obtained following 24 hours incubation with
3 uM ODN in mock transfected (open bars) and CXCL16
(filled bars) transfected TLR9 expressing HEK293 cells.

FIGS. 7A-7B are a plot and a bar graph showing the met-
alloproteinase inhibitor GM-6001 enhances CXCL16
expression and subsequent cytokine production induced by D
ODN. PBMC were preincubated in the absence (open bars) or
presence (filled bars) of GM-6001 (50 M) for 30 minutes,
washed and then stained for CXCL16 expression on pDC (see
FIG.7A) or stimulated with 1 uyM of K or 3 uM D ODN for 24
hours (FIG. 7B). Cytokine production (IL-6 for K ODN and
IFN-a. D ODN) was assessed from culture supernatants using
ELISA. Individual results from six different PBMC are
shown.

SEQUENCE LISTING

The nucleic and amino acid sequences listed in the accom-
panying sequence listing are shown using standard letter
abbreviations for nucleotide bases, and three letter code for
amino acids, as defined in 37 C.F.R. 1.822. Only one strand of
each nucleic acid sequence is shown, but the complementary
strand is understood as included by any reference to the
displayed strand where appropriate.

The Sequence Listing is submitted as an ASCII text file
[Sequence_Listing  4239-70295-08.txt, Jan. 12, 2011, 6.13
KB, which is incorporated by reference herein.

SEQ ID NOs: 1-17 are the nucleic acid sequences of D
ODN.

SEQ ID NOs: 18-20 are the nucleic acid sequences of
CXCL16 probes and primers.

SEQ ID NO: 21 is the consensus nucleic acid sequence of
a D ODN.

SEQ ID NO: 22 is the consensus nucleic aid sequence of a
K ODN.

The Sequence Listing is submitted as an ASCII text file

DETAILED DESCRIPTION

1. Terms

Unless otherwise noted, technical terms are used according
to conventional usage. Definitions of common terms in
molecular biology may be found in Benjamin Lewin, Genes
¥V, published by Oxford University Press, 1994 (ISBN 0-19-
854287-9); Kendrew et al. (eds.), The Encyclopedia of
Molecular Biology, published by Blackwell Science Ltd.,
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.),
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Molecular Biology and Biotechnology: a Comprehensive
Desk Reference, published by VCH Publishers, Inc., 1995
(ISBN 1-56081-569-8).

In order to facilitate review of the various embodiments of
this disclosure, the following explanations of specific terms
are provided:

ADAM-10: A protein that is an enzyme also known as
disintegrin, metalloprotease domain 10, and MADM mam-
malian disintegrin metalloprotease. It is a member of the
ADAM protein family. The protein has been shown to be a
physiologically relevant TNF-processing enzyme (TNF-al-
pha convertase, TNF-alpha converting enzyme). It cleaves the
26 kDa membrane-bound precursor form of TNF-alpha to
release the soluble mature 17 kDa TNF form.

ADAM-10 contains the canonical zinc metalloproteinase
motif, and has been shown to be proteolytically active.
ADAM-10 from bovine kidney was shown to have type-IV
collagenolytic activity, making ADAM-10 a “gelatinase.”
ADAM-10 is efficiently inhibited by the endogenous MMP
inhibitors TIMP-1 and TIMP-3, but not by TIMP-2 and
TIMP-4.

The full length ADAM-10 sequence codes for a 748 amino
acid protein, with a predicted mass, is 84.142 kD. Glycosy-
lation and the cyteine-rich regions make the protein run at 98
kD on reduced SDS PAGE, and 60-58 kD when Furin pro-
cessed. A smaller 691 amino acid sequence for ADAM-10,
lacking the transmembrane domain, has been reported, with a
predicted molecular weight of 77.633 kD. ADAM-10 is
thought to be membrane-anchored under normal conditions.
The sequence of ADAM-10 can be found, for example, as
GENBANK™ Accession Nos. AAC51766 (Sep. 26, 1997),
AF009615 (Sep. 27, 1997) and CAA88463 (Apr. 18, 2005,
MADAM), which are all incorporated herein by reference.

Animal: Living multi-cellular vertebrate organisms, a cat-
egory that includes, for example, mammals and birds. The
term mammal includes both human and non-human mam-
mals. Similarly, the term “subject” includes both human and
veterinary subjects.

Antigen: A compound, composition, or substance that can
stimulate the production of antibodies or a T cell response in
an animal, including compositions that are injected or
absorbed into an animal. An antigen reacts with the products
of specific humoral or cellular immunity, including those
induced by heterologous immunogens. The term “antigen”
includes all related antigenic epitopes.

“C” Class oligodeoxynucleotides (ODNs): ODNs that
resemble K ODNs and are composed of only phosphorothiote
nucleotides. Typically, C class ODNs have a TCGTCG motif
atthe 5' end and have a CpG motifimbedded in a palindromic
sequence. Backbone modifications like 2'-O-methyl modifi-
cations especially in the 5' part of the ODN influence IFN-
alpha-producing capacity of these ODN. C class ODNs have
combined properties of D- and K-type ODNs. This class of
ODNss stimulates B cells to secrete IL-6 and stimulates plas-
macytoid dendritic cells to produce interferon-c.. C class
ODNss also induce IP-10 production and strong NK activa-
tion.

CpG or CpG Motif: A nucleic acid having a cytosine fol-
lowed by a guanine linked by a phosphate bond in which the
pyrimidine ring of the cytosine is unmethylated. The term
“methylated CpG” refers to the methylation of the cytosine on
the pyrimidine ring, usually occurring at the 5-position of the
pyrimidine ring. A CpG motifis a pattern of bases that include
an unmethylated central CpG surrounded by at least one base
flanking (on the 3' and the 5' side of) the central CpG. Without
being bound by theory, the bases flanking the CpG confer part
of the activity to the CpG oligodeoxynucleotide. A CpG oli-
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gonucleotide is an oligonucleotide that is at least about ten
nucleotides in length and includes an unmethylated CpG.
CpG oligonucleotides include both D- and K-type oligode-
oxynucleotides (see below). CpG oligodeoxynucleotides are
single-stranded. The entire CpG oligodeoxynucleotide can be
unmethylated or portions may be unmethylated. In one
embodiment, at least the C of the 5' CG 3' is unmethylated.

Cancer: A malignant neoplasm that has undergone charac-
teristic anaplasia with loss of differentiation, increased rate of
growth, invasion of surrounding tissue, and is capable of
metastasis. For example, thyroid cancer is a malignant neo-
plasm that arises in or from thyroid tissue, and breast cancer
is a malignant neoplasm that arises in or from breast tissue
(such as a ductal carcinoma). Residual cancer is cancer that
remains in a subject after any form of treatment given to the
subject to reduce or eradicate the cancer. Metastatic cancer is
a cancer at one or more sites in the body other than the site of
origin of the original (primary) cancer from which the meta-
static cancer is derived.

Chemotherapy or Chemotherapeutic Agents: As used
herein, any chemical agent with therapeutic usefulness in the
treatment of diseases characterized by abnormal cell growth.
Such diseases include tumors, neoplasms, and cancer as well
as diseases characterized by hyperplastic growth such as pso-
riasis. In one embodiment, a chemotherapeutic agent is an
agent of use in treating neoplasms such as solid tumors. In one
embodiment, a chemotherapeutic agent is a radioactive mol-
ecule. One of skill in the art can readily identify a chemo-
therapeutic agent of use (e.g. see Slapak and Kufe, Principles
of Cancer Therapy, Chapter 86 in Harrison’s Principles of
Internal Medicine, 14th edition; Perry et al., Chemotherapy,
Ch. 17 in Abeloff, Clinical Oncology 2"¢ ed., © 2000
Churchill Livingstone, Inc; Baltzer I, Berkery R (eds):
Oncology Pocket Guide to Chemotherapy, 2nd ed. St. Louis,
Mosby-Year Book, 1995; Fischer D S, Knobf M F, Durivage
H J (eds): The Cancer Chemotherapy Handbook, 4th ed. St.
Louis, Mosby-Year Book, 1993). Chemotherapeutic agents
include those known by those skilled in the art, including but
not limited to: 5-fluorouracil (5-FU), azathioprine, cyclo-
phosphamide, antimetabolites (such as Fludarabine), antine-
oplastics (such as Etoposide, Doxorubicin, methotrexate, and
Vincristine), carboplatin, cis-platinum and the taxanes, such
as taxol. Rapamycin has also been used as a chemotherapeu-
tic.

CXCL16: A chemokine that specifically binds to the
CXCL16 receptor (CXCR6, also known as Bonzo), also
known as SR-PSOX. Exemplary amino acid sequences for
CXCL16, and nucleotide sequence(s) encoding CXCL16 are
set forth as GENBANK™/EMBL Data Bank as Accession
Nos. AF275260 (human SR-PSOX, Jan. 2, 2001), AF277001
(murine SR-PSOX, Jan. 8, 2001), and AF277000 (porcine
SR-PSOX, Jan. 8,2001), which are all incorporated herein by
reference). Variants of CXCL16 that bind to their receptor are
also encompassed by this disclosure. The CXCL16 receptor
is a type I membrane protein which is expressed on macroph-
ages and dendritic cells and has a molecular weight of
approximately 30 KDa.

CXCL16 is a ligand for the CXC-chemokine receptor
CXCR6, and is a scavenger receptor for oxidized low density
lipoprotein (LDL). CXCL16 is expressed on the cell mem-
brane as a multidomain molecule including a chemokine
domain followed by a glycosylated mucin-like stalk and
single transmembrane helix followed by a short cytoplasmic
tail. CXCL16 is expressed on antigen presenting cells
(APCs). CXCL16 induces chemotaxis of activated T cells and
bone marrow plasma cells. Cell expressed CXCL16 is
released from the cell membrane by proteolytic cleavage. The
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disintegrin-like metalloproteinase ADAM-10 plays a role in
CXCL16 cleavage. CXCL16 is induced by IFN-y and TNF-c..

Cytokine: Proteins made by cells that affect the behavior of
other cells, such as lymphocytes. In one embodiment, a
cytokine is a chemokine, a molecule that affects cellular
trafficking.

D-Type Oligodeoxynucleotide (D ODN): An oligodeoxy-
nucleotide including an unmethylated CpG motif that has a
sequence represented by the formula:

5' RY-CpG-RY 3'

wherein the central CpG motif'is unmethylated, R is A or G (a
purine), and Y is C or T (a pyrimidine). D-type oligodeoxy-
nucleotides include an unmethylated CpG dinucleotide.
Inversion, replacement or methylation of the CpG reduces or
abrogates the activity of the D oligodeoxynucleotide.

In one embodiment, a D-type ODN is at least about 16
nucleotides in length and includes a sequence represented by
the formula:

(SEQ ID NO:
X X,X3 Pu; Py, CpG Pu; Py, XyXsXg (W) (G)p-3!

21)
5

wherein the central CpG motif is unmethylated, Pu is a purine
nucleotide, Py is a pyrimidine nucleotide, X and W are any
nucleotide, M is any integer from 0to 10, and N is any integer
from 4 to 10. An additional detailed description of D ODN
sequences and their activities can be found in Verthelyi et al.,
J. Immunol. 166:2372-2377, 2001, which is herein incorpo-
rated by reference. Generally D ODNs can stimulate a cellu-
lar response. For example, an “effective amount” or “thera-
peutically effective amount” of a D ODN is an amount of the
D ODN sufficient to stimulate a response.

Epitope: An antigenic determinant. These are particular
chemical groups or peptide sequences on a molecule that are
antigenic, i.e. that elicit a specific immune response. An anti-
body binds a particular antigenic epitope.

Functionally Equivalent: Sequence alterations, for
example in a D-type ODN, that yield the same results as
described herein. Such sequence alterations can include, but
are not limited to, deletions, base modifications, mutations,
labeling, and insertions.

Immune Response: A response of a cell of the immune
system, such as a B cell, or a T cell, to a stimulus. In one
embodiment, the response is specific for a particular antigen
(an “antigen-specific response”).

A “parameter of an immune response” is any particular
measurable aspect of an immune response, including, but not
limited to, cytokine secretion (IL-6, IL-10, IFN-a, etc.),
immunoglobulin production, dendritic cell maturation, and
proliferation of a cell of the immune system. One of skill in
the art can readily determine an increase in any one of these
parameters, using known laboratory assays. In one specific
non-limiting example, to assess cell proliferation, incorpora-
tion of *H-thymidine can be assessed. A “substantial”
increase in a parameter of the immune response is a signifi-
cant increase in this parameter as compared to a control.
Specific, non-limiting examples of a substantial increase are
at least about a 50% increase, at least about a 75% increase, at
least about a 90% increase, at least about a 100% increase, at
least about a 200% increase, at least about a 300% increase,
and at least about a 500% increase. One of skill in the art can
readily identify a significant increase using known statistical
methods. One specific, non-limiting example of a statistical
test used to assess a substantial increase is the use of a Z test
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to compare the percent of samples that respond to a D ODN as
compared to the percent of samples that respond to a control.
A non-paramentric ANOVA can be used to compare differ-
ences in the magnitude of the response induced by D ODN as
compared to the percent of samples that respond using a
control. In this example, p<0.05 is significant, and indicates a
substantial increase in the parameter of the immune response.
One of skill in the art can readily identify other statistical
assays of use.

Infectious Agent: An agent that can infect a subject, includ-
ing, but not limited to, viruses, bacteria, and fungi.

Examples of infectious virus include: Retroviridae; Picor-
naviridae (for example, polio viruses, hepatitis A virus;
enteroviruses, human coxsackie viruses, rhinoviruses, echo-
viruses); Calciviridae (such as strains that cause gastroenteri-
tis); Togaviridae (for example, equine encephalitis viruses,
rubella viruses); Flaviridae (for example, dengue viruses,
encephalitis viruses, yellow fever viruses); Coronaviridae
(for example, coronaviruses); Rhabdoviridae (for example,
vesicular stomatitis viruses, rabies viruses); Filoviridae (for
example, ebola viruses); Paramyxoviridae (for example,
parainfluenza viruses, mumps virus, measles virus, respira-
tory syncytial virus); Orthomyxoviridae (for example, influ-
enza viruses); Bungaviridae (for example, Hantaan viruses,
bunga viruses, phleboviruses and Nairo viruses); Arena viri-
dae (hemorrhagic fever viruses); Reoviridae (e.g., reoviruses,
orbiviurses and rotaviruses); Birnaviridae; Hepadnaviridae
(Hepatitis B virus); Parvoviridae (parvoviruses); Papovaviri-
dae (papilloma viruses, polyoma viruses); Adenoviridae
(most adenoviruses); Herpesviridae (herpes simplex virus
(HSV) 1 and HSV-2, varicella zoster virus, cytomegalovirus
(CMV), herpes viruses); Poxviridae (variola viruses, vaccinia
viruses, pox viruses); and Iridoviridae (such as African swine
fever virus); and unclassified viruses (for example, 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).

Examples of infectious bacteria include: Helicobacter
pyloris; Borelia burgdorferi; Legionella pneumophilia;
Mycobacteria sps (such as, M. tuberculosis, M. avium, M.
intracellulare, M. kansaii, M. gordonae); Staphylococcus
aureus, Neisseria gonorrhoeae; Neisseria meningitidis; List-
eria monocytogenes; Streptococcus pyogenes (Group A
Streptococcus); Streptococcus agalactiae (Group B Strepto-
coccus); Streptococcus (viridans group); Streptococcus
faecalis; Streptococcus Bovis; Streptococcus (anaerobic
sps); Streptococcus preumoniae; pathogenic Campylobacter
sp.; Enterococcus sp.; Haemophilus influenzae; Bacillus
antracis; corynebacterium diphtheriae; corynebacterium
sp.; Erysipelothrix vhusiopathiae; Clostridium perfringers;
Clostridium tetani; Enterobacter aerogenes; Klebsiella
preumoniae; Pasturella multocida; Bacteroides sp.; Fuso-
bacterium nucleatum; Streptobacillus moniliformis; Tre-
ponema pallidum; Treponema pertenue; Leptospira; and
Actinomyces israelli.

Examples of infectious fungi include, but are not limited to,
Cryptococcus neoformans; Histoplasma capsulatum; Coc-
cidioides immitis; Blastomyces dermatitidis; Chlamydia tra-
chomatis; and Candida albicans.

Other infectious organisms (such as protists) include: Plas-
modium falciparum and Toxoplasma gondii.

Interferon alpha (a): IFN-a forms are produced by mono-
cytes/macrophages, lymphoblastoid cells, fibroblasts, and a
number of different cell types following induction by viruses,
nucleic acids, glucocorticoid hormones, and low-molecular
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weight substances (n-butyrate, 5-bromodeoxy uridine). At
least 23 different variants of IFN-o are known. The individual
proteins have molecular masses between 19-26 kDa and con-
sist of proteins with lengths of 156-166 and 172 amino acids.

All TFN-o. subtypes possess a common conserved
sequence region between amino acid positions 115-151 while
the amino-terminal ends are variable. Many IFN-a subtypes
differ in their sequences at only one or two positions. Natu-
rally occurring variants also include proteins truncated by 10
amino acids at the carboxy-terminal end. Disulfide bonds are
formed between cysteines at positions 1/98 and 29/138. The
disulfide bond 29/138 is essential for biological activity while
the 1/98 bond can be reduced without affecting biological
activity.

There are at least 23 different IFN-o genes. They have a
length of 1-2 kb and are clustered on human chromosome
9p22. IFN-a genes do not contain intron sequences found in
many other eukaryotic genes. Based upon the structures two
types of IFN-a genes, designated class I and II, are distin-
guished. They encode proteins of 156-166 and 172 amino
acids, respectively.

All known subtypes of IFN-a show the same antiviral
antiparasitic, antiproliferative activities in suitable bioassays
although they may differ in relative activities. Human IFN-a
is also a potent antiviral substance in murine, porcine, and
bovine cell systems. A number of assays for IFN-c have been
described. For example, IFN-a. can be assayed by a cyto-
pathic effect reduction test employing human and bovine cell
lines. Minute amounts of IFN-a can be assayed also by detec-
tion of the Mx protein specifically induced by this interferon.
A sandwich ELISA employing bispecific monoclonal anti-
bodies for rapid detection (10 units/mI[.=0.1 ng/ml. within
2-3 hours) is also available.

Interferon Gamma (y): IFN-y is a dimeric protein with
subunits of 146 amino acids. The protein is glycosylated at
two sites, and the pl is 8.3-8.5. IFN-y is synthesized as a
precursor protein of 166 amino acids including a secretory
signal sequence of 23 amino acids. Two molecular forms of
the biologically active protein of 20 and 25 kDa have been
described. Both of them are glycosylated at position 25. The
25 kDa form is also glycosylated at position 97. The observed
differences of natural IFN-y with respect to molecular mass
and charge are due to variable glycosylation patterns. 40-60
kDa forms observed under non-denaturing conditions are
dimers and tetramers of IFN-y. The human gene has a length
of approximately 6 kb. It contains four exons and maps to
chromosome 12q24.1.

IFN-y can be detected by sensitive immunoassays, such as
an ELSA test that allows detection of individual cells produc-
ing IFN-y. Minute amounts of IFN-y can be detected indi-
rectly by measuring IFN-induced proteins such as Mx pro-
tein. The induction of the synthesis of IP-10 has been used
also to measure IFN-y concentrations. In addition, bioassays
can be used to detect IFN-y, such as an assay that employs
induction of indoleamine 2,3-dioxygenase activity in 2D9
cells.

Isolated: An “isolated” biological component (such as a
nucleic acid, peptide or protein) has been substantially sepa-
rated, produced apart from, or purified away from other bio-
logical components in the cell of the organism in which the
component naturally occurs, i.e., other chromosomal and
extrachromosomal DNA and RNA, and proteins. Nucleic
acids, peptides and proteins which have been “isolated” thus
include nucleic acids and proteins purified by standard puri-
fication methods. The term also embraces nucleic acids, pep-
tides and proteins prepared by recombinant expression in a
host cell as well as chemically synthesized nucleic acids.
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K-Type Oligodeoxynucleotide (K ODN): An oligodeoxy-
nucleotide including an unmethylated CpG motif that has a
sequence represented by the formula:

5' N,N,N;O-CpG-WN,NNg 3" (SEQ ID NO: 22)

wherein the central CpG motifis unmethylated, Qis T, Gor
A, Wis A or T, and N, N,, N5, N, N5, and N are any
nucleotides. In one embodiment, Q is a T. An additional
detailed description of K ODN sequences and their activities
can be found below. Generally K ODNs can stimulate a
humoral response. For example, K ODNs stimulate the pro-
duction of immunoglobulins, such as IgM and IgG. K ODNs
can also stimulate proliferation of peripheral blood mono-
nuclear cells and increase expression of 1L.-6 and/or 1L-12,
amongst other activities.

Leukocyte: Cells in the blood, also termed “white cells,”
that are involved in defending the body against infective
organisms and foreign substances. Leukocytes are produced
in the bone marrow. There are 5 main types of white blood
cells, subdivided between 2 main groups: polymorpho-
nuclear leukocytes (neutrophils, eosinophils, basophils) and
mononuclear leukocytes (monocytes and lymphocytes).
When an infection is present, the production of leukocytes
increases.

Mammal: This term includes both human and non-human
mammals. Similarly, the term “subject” includes both human
and veterinary subjects.

Neoplasm: An abnormal cellular proliferation, which
includes benign and malignant tumors, as well as other pro-
liferative disorders.

Nucleic Acid: A deoxyribonucleotide or ribonucleotide
polymer in either single- or double-stranded form, and unless
otherwise limited, encompasses known analogs of natural
nucleotides that hybridize to nucleic acids in a manner similar
to naturally occurring nucleotides.

Oligonucleotide or “Oligo™: Multiple nucleotides (i.e.
molecules comprising a sugar (e.g. ribose or deoxyribose)
linked to a phosphate group and to an exchangeable organic
base, which is either a substituted pyrimidine (Py) (e.g.
cytosine (C), thymine (T) oruracil (U)) or a substituted purine
(Pu) (e.g. adenine (A) or guanine (G)). The term “oligonucle-
otide” as used herein refers to both oligoribonucleotides
(ORNSs) and oligodeoxyribonucleotides (ODNs). The term
“oligonucleotide” also includes oligonucleosides (i.e. an oli-
gonucleotide minus the phosphate) and any other organic
base polymer. Oligonucleotides can be obtained from exist-
ing nucleic acid sources (e.g. genomic or cDNA), but are
preferably synthetic (e.g. produced by oligonucleotide syn-
thesis).

A “stabilized oligonucleotide™ is an oligonucleotide that is
relatively resistant to in vivo degradation (for example via an
exo- or endo-nuclease). In one embodiment, a stabilized oli-
gonucleotide has a modified phosphate backbone. One spe-
cific, non-limiting example of a stabilized oligonucleotide
has a phosphothioate modified phosphate backbone (wherein
at least one of the phosphate oxygens is replaced by sulfur).
Other stabilized oligonucleotides include: nonionic DNA
analogs, such as alkyl- and aryl-phosphonates (in which the
charged phosphonate oxygen is replaced by an alkyl or aryl
group), phosphodiester and alkylphosphotriesters, in which
the charged oxygen moiety is alkylated. Oligonucleotides
which contain a diol, such as tetracthyleneglycol or hexaeth-
yleneglycol, at either or both termini have also been shown to
be substantially resistant to nuclease degradation.






