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INHIBITOR OF HMGB PROTEIN-MEDIATED
IMMUNE RESPONSE ACTIVATION, AND
SCREENING METHOD

A computer readable text file, entitled “Sequencelis-
ting.txt,” created on or about Mar. 14, 2013 with a file size
about 17 kb contains the sequence listing for this application
and is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

The present invention relates to an inhibitor of activation of
an immune response mediated by an HMGB protein and a
method of screening for an inhibitor or enhancer of activation
of an immune response mediated by an HMGB protein.

BACKGROUND ART

In immune response and its control, discrimination
between self and nonself is the basis. The innate immune
system and the adaptive immune system carry out this dis-
crimination by the respective specific mechanisms and estab-
lish and maintain each mechanism not to response to self,
so-called immune tolerance. Since activation of the innate
immune response is known to be also involved in induction of
the adaptive immune response, inhibition of the innate
immune response is known to be also effective for inhibition
of the adaptive immune response.

It has been revealed that in the adaptive immune system,
after construction of a lymphocyte repertoire expressing ran-
dom antigen receptors, the majority of autoreactive lympho-
cytes are eliminated by a central tolerance mechanism and the
autoreactive lymphocytes still remaining at periphery are
inhibited by a peripheral tolerance mechanism.

Though the recognition of an antigen by the adaptive
immune system is characterized by the recognition of a spe-
cific molecular structure by a lymphocyte antigen receptor,
the innate immune system is regarded to recognize the
molecular pattern possessed by, for example, a pathogen, and
many innate immune activating receptors including a Toll-
like receptor (TLR) are known. In particular, the innate
immune activation by nucleic acid is important for elimina-
tion of pathogens such as viruses and is simultaneously
regarded to be involved in onset and exacerbation of various
immune pathological conditions and is therefore drawing
much interest. However, there are many unknown aspects in
the discrimination mechanism by nucleic acid in the innate
immune system, though receptor molecular groups, such as
Toll-like receptor (TLR) 3, TLR7, TLR9, RIG-1-like recep-
tor, DAI, and AIM2, have been identified as molecular groups
carrying out immune responses activated by nucleic acid, the
whole picture is still unclear (see, e.g., Non Patent Literatures
1to 3).

In HMGB (high-mobility group box) proteins, it is known
that HMGB1, HMGB2 and HMGB3 are present. These
HMGB proteins are abundantly present in nuclei and are
believed to be involved in chromatin structure and in control
oftranscription. In addition, they are known to be also present
in cytoplasms and outside cells.

Patent Literature 1 describes a synthetic double-stranded
nucleic acid or a nucleic acid analog molecule that inhibits
binding between an extracellularly secreted HMGBI1 protein
and an advanced glycation end product receptor (RAGE)on a
cell surface.

Patent Literature 2 describes a HMGBI1 antagonist that
inhibits interaction between the extracellularly secreted
HMGBI protein and the RAGE.
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Non Patent Literature 4 describes that a base-free phospho-
rothioate deoxyribose homopolymer has a high affinity to
TLR9 and TLR7 and acts as an antagonist of these TLRs.

Non Patent Literature 5 describes that though administra-
tion of a phosphorothioate oligonucleotide including a nucle-
otide sequence of 5'-TCCATGACGTTCCTGATGCT-3'
(SEQ ID NO: 37) to a mouse induces an IFN (interferon)-y
response, a phosphorothioate oligonucleotide including a
nucleotide sequence of 5'-TCCATGAGCTTCCTGATGCT-
3' (SEQ ID NO: 38) does not cause such a response.

CITATION LIST
Patent Literature

Patent Literature 1: National Publication of International
Patent Application No. 2008-504335

Patent Literature 2: National Publication of International
Patent Application No. 2009-517404

Non Patent Literature

Non Patent Literature 1: Kawai T. et al., Nat. Rev. Immunol 7:
131-137, 2006

Non Patent Literature 2: Yoneyama et al., J. Biol. Chem. 282:
15315-15318, 2007

Non Patent Literature 3: Burckstummer T. et al., Nat. Immu-
nol. 10: 266-272, 2009

Non Patent Literature 4: Haas T. et al., Immunity, 28: 315-
323, 2008

Non Patent Literature 5: Cowdery J S. et al., J. Immunol. 156:
4570-4575, 1996

SUMMARY OF INVENTION
Technical Problem

It is an object of the present invention to provide an inhibi-
tor of activation of an immune response mediated by an
HMGB protein and a method of screening for an inhibitor or
enhancer of activation of an immune response mediated by an
HMGB protein.

Solution to Problem

The present invention provides an inhibitor of activation of
an immune response mediated by an HMGB protein, the
inhibitor consisting of at least one compound selected from
the group consisting of a phosphorothioate oligonucleotide
and a derivative thereof and inhibiting activation of the
immune response mediated by the HMGB protein through
binding to the HMGB protein.

The present invention also provides a method of inhibiting
activation of an immune response mediated by an HMGB
protein, the method including a step of administering at least
one compound selected from the group consisting of a phos-
phorothioate oligonucleotide and a derivative thereof to a
living body.

The present invention also provides at least one compound
selected from the group consisting of a phosphorothioate
oligonucleotide and a derivative thereof to be used as an
inhibitor of activation of an immune response mediated by an
HMGB protein.

The present invention also provides an application of at
least one compound selected from the group consisting of a
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phosphorothioate oligonucleotide and a derivative thereof to
an inhibitor of activation of an immune response mediated by
an HMGB protein.

The present inventors have revealed that an HMGB protein
is indispensable for activation of an immune response medi-
ated by nucleic acid. That is, the present inventors have
revealed that the activation of an immune response mediated
by nucleic acid is mediated by an HMGB protein. The present
inventors have further revealed that the above-mentioned
compound strongly binds to an HMGB protein and thereby
strongly inhibits the activation of an immune response medi-
ated by the HMGB protein. Accordingly, the above-men-
tioned compound can be utilized as an inhibitor of activation
of'an immune response mediated by the HMGB protein. The
above-mentioned inhibitor inhibits not only the immune
response mediated by nucleic acid but also the activation of an
immune response mediated by the HMGB protein.

The above-mentioned compound is preferably a phospho-
rothioate oligonucleotide not including any unmethylated CG
sequence and having a length of 5 to 40 nucleotides and is
more preferably a phosphorothioate oligonucleotide includ-
ing (1) a nucleotide sequence as set forth in SEQ ID NO: 40
or (2) a nucleotide sequence having deletion, substitution, or
addition of one to several nucleotides in the nucleotide
sequence as set forth in SEQ ID NO: 40 and having a binding
ability to an HMGB protein.

These phosphorothioate oligonucleotides can be utilized
as inhibitors of the activation of an immune response medi-
ated by an HMGB protein.

The above-mentioned compound is a derivative of the
phosphorothioate oligonucleotide, and the derivative may be
a base-free phosphorothioate deoxyribose homopolymer
(hereinafter, sometimes referred to as “PS”). The PS is a
compound having a structure in which the base moieties are
removed from a phosphorothioate oligonucleotide.

As shown in Examples, PS can be utilized as an inhibitor of
activation of an immune response mediated by an HMGB
protein.

The inhibitor of the present invention strongly inhibits the
activation of an immune response mediated by an HMGB
protein by inhibiting a binding between a nucleic acid acti-
vating an immune response and an HMGB protein in a cell.
That is, the inhibitor of the present invention inhibits the
activation of an immune response mediated by an HMGB
protein in a cell on the basis of the mechanism revealed by the
present inventors for the first time.

Examples of the activation of an immune response medi-
ated by an HMGB protein include antigen-specific adaptive
immune system, multiple sclerosis, excessive immune
response to a dead cell, organ transplant rejection, autoim-
mune disease, inflammatory bowel disease, allergy, septice-
mia, tumor growth by inflammation and inflammatory dis-
eases caused by a nucleic acid-containing pathogen. It is
possible to prevent or treat (remedy) these symptoms by
administering the inhibitor of the present invention to a
human or animal living body.

The present invention also provides a composition for
inhibiting activation of an immune response mediated by an
HMGB protein, the composition containing the above-men-
tioned inhibitor and a pharmaceutically acceptable carrier.

The present invention also provides a method of screening
for an inhibitor or enhancer of activation of an immune
response mediated by an HMGB protein, the method includ-
ing a mixing step of mixing an HMGB protein and a labeled
nucleic acid in the presence and absence of a test substance; a
quantifying step of quantifying the HMGB protein bound to
the labeled nucleic acid; and a determination step of deter-
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mining that the test substance is an inhibitor of activation of
an immune response mediated by the HMGB protein when
the amount of the HMGB protein bound to the labeled nucleic
acid in the presence of the test substance is less than the
amount of the HMGB protein bound to the labeled nucleic
acid in the absence of the test substance and determining that
the test substance is an enhancer of activation of an immune
response mediated by the HMGB protein when the amount of
the HMGB protein bound to the labeled nucleic acid in the
presence of the test substance is higher than the amount of the
HMGB protein bound to the labeled nucleic acid in the
absence of the test substance.

The present invention also provides a method of screening
for an inhibitor or enhancer of activation of an immune
response mediated by an HMGB protein, the method includ-
ing an incubation step of incubating an immobilized HMGB
protein in the presence and absence of a test substance; a
labeled-nucleic-acid-contacting-step of contacting a labeled
nucleic acid with the immobilized HMGB protein after the
incubation step; a quantitying step of quantifying the labeled
nucleic acid bound to the immobilized HMGB protein; and a
determination step of determining that the test substance is an
inhibitor of activation of an immune response mediated by the
HMGB protein when the amount of the labeled nucleic acid
bound to the immobilized HMGB protein on which the incu-
bation step is performed in the presence of the test substance
is less than the amount of the labeled nucleic acid bound to the
immobilized HMGB protein on which the incubation step is
performed in the absence of the test substance and determin-
ing that the test substance is an enhancer of activation of an
immune response mediated by the HMGB protein when the
amount of the labeled nucleic acid bound to the immobilized
HMGB protein on which the incubation step is performed in
the presence of the test substance is higher than the amount of
the labeled nucleic acid bound to the immobilized HMGB
protein on which the incubation step is performed in the
absence of the test substance.

The present invention also provides a method of screening
for an inhibitor or enhancer of activation of an immune
response mediated by an HMGB protein, the method includ-
ing a contacting step of contacting an HMGB protein with an
immobilized nucleic acid in the presence and absence of a test
substance; a quantifying step of quantifying the HMGB pro-
tein bound to the immobilized nucleic acid; and a determina-
tion step of determining that the test substance is an inhibitor
of activation of an immune response mediated by the HMGB
protein when the amount of the HMGB protein bound to the
immobilized nucleic acid in the presence of the test substance
is less than the amount of the HMGB protein bound to the
immobilized nucleic acid in the absence of the test substance
and determining that the test substance is an enhancer of
activation of an immune response mediated by the HMGB
protein when the amount of the HMGB protein bound to the
immobilized nucleic acid in the presence of the test substance
is higher than the amount of the HMGB protein bound to the
immobilized nucleic acid in the absence of the test substance.

According to the methods of screening of the present
invention, it is possible to screen for an inhibitor or enhancer
of activation of an immune response mediated by an HMGB
protein. These screening methods are based on a novel
mechanism in which the activation of an immune response is
mediated by an HMGB protein, which has been revealed by
the present inventors for the first time. It is possible to perform
screening simply and efficiently by these screening methods.

Advantageous Effects of Invention

According to the present invention, an inhibitor based on a
novel principle of the activation of an immune response medi-
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ated by an HMGB protein, i.e., an excessive immune
response to dead cells, an organ transplant rejection, an
autoimmune disease, an inflammatory bowel disease, an
allergy, septicemia, tumor growth by inflammation, an
inflammatory disease caused by a nucleic acid-containing
pathogen, etc., is provided. In addition, a method of screening
for an inhibitor or enhancer of activation of an immune
response mediated by an HMGB protein is provided.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a set of graphs showing the results of Example 1.

FIG. 2 is a set of graphs showing the results of Example 2.

FIG. 3 is a set of graphs showing the results of Example 3.

FIG. 4 is a set of graphs showing the results of Example 4.

FIG. 5 is a set of photographs showing the results of
Example 5.

FIG. 6 is a set of photographs showing the results of
Example 6.

FIG. 7 is a set of graphs showing the results of Example 7.

FIG. 8 is a set of graphs showing the results of Example 8.

FIG. 9 is a set of graphs showing the results of Example 9.

FIG. 10 is a set of graphs showing the results of Example
10.

FIG. 11 is a set of graphs showing the results of Example
11.

FIG. 12 is a set of photographs showing the results of
Example 12.

FIG. 13 is a set of photographs showing the results of
Example 13.

FIG. 14 is a set of photographs showing the results of
Example 14.

FIG. 15 is a set of photographs showing the results of
Example 15.

FIG. 16 is a set of graphs showing the results of Example
16.

FIG. 17 is a set of graphs showing the results of Example
17.

FIG. 18 is a set of graphs showing the results of Example
18.

FIG. 19 is a set of graphs showing the results of Example
19.

FIG. 20 is a set of graphs showing the results of Example
20.

FIG. 21 is a set of photographs showing the results of
Example 21.

FIG. 22 is a set of graphs showing the results of Example
22.

FIG. 23 is a set of photographs showing the results of
Example 23.

FIG. 24 is a set of graphs showing the results of Example
24.

FIG. 25 is a set of graphs showing the results of Example
25.

FIG. 26 is a set of graphs showing the results of Example
26.

FIG. 27 is a set of graphs showing the results of Example
27.

FIG. 28 is a set of photographs showing the results of
Example 28.

FIG. 29 is a set of graphs showing the results of Example
29.

FIG. 30 is a set of graphs showing the results of Example
30.

FIG. 31 is a set of graphs showing the results of Example
31.
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FIG. 32 is a set of graphs showing the results of Example
32.

FIG.
33.

FIG.
34.

FIG.
35.

FIG.
36.

FIG.
37.

FIG.
38.

FIG.

FIG.
40.

FIG. 41 is a set of photographs showing the results of
Example 41.

FIG. 42 is a set of photographs showing the results of
Example 42.

FIG. 43 is a schematic diagram illustrating the activation of
an immune response mediated by an HMGB protein.

FIG. 44 shows diagrams illustrating an aspect of a method
of screening for an inhibitor of activation of an immune
response mediated by an HMGB protein.

FIG. 45 provides photographs (a) and a graph (b) showing
the results of Example 43.

FIG. 46 is a diagram showing the structures of CpG-B(S),
CpG-Rev(S), CpG-M(S) and PS.

FIG. 47 is a set of photographs showing the results of
Example 44.

FIG. 48 is a set of graphs showing the results of Example
45.

FIG. 49 is a set of graphs showing the results of Example
46.

FIG. 50 is a graph showing the results of Example 47.

FIG. 51 is a set of graphs showing the results of Example
48.

FIG. 52 is a set of graphs showing the results of Example
49.

FIG. 53 is a set of graphs showing the results of Example
50.

FIG. 54 is a set of graphs showing the results of Example
51.

FIG. 55 is a set of photographs showing the results of
Example 52.

FIG. 56 is a set of photographs showing the results of
Example 53.

FIG. 57 is a set of graphs showing the results of Example
54.

FIG. 58 is a set of graphs showing the results of Example
55.

FIG. 59 is a set of graphs showing the results of Example
56.

FIG. 60 is a set of graphs showing the results of Example
57.

FIG. 61 is a graph showing the results of Example 58.

FIG. 62 is a set of graphs showing the results of Example
59.

33 is a set of graphs showing the results of Example
34 is a set of graphs showing the results of Example
35 is a set of graphs showing the results of Example
36 is a set of graphs showing the results of Example
37 is a set of graphs showing the results of Example
38 is a set of graphs showing the results of Example

39 is a graph showing the results of Example 39.
40 is a set of graphs showing the results of Example

DESCRIPTION OF EMBODIMENTS

An inhibitor of activation of an immune response mediated
by an HMGB protein, on the basis of the mechanism newly
elucidated by the present inventors, is provided. This inhibitor
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consists of at least one compound selected from the group
consisting of a phosphorothioate oligonucleotide and a
derivative thereof.

The phosphorothioate oligonucleotide is an oligonucle-
otide derivative obtained by conversion of the phosphodiester
linkage in an oligodeoxyribonucleotide into phosphorothio-
ate linkage.

It is preferable that the inhibitor consists of a phospho-
rothioate oligonucleotide not including any unmethylated CG
sequence and having a length of 5 to 100 nucleotides. The
length of the phosphorothioate oligonucleotide is more pref-
erably 10 to 40 nucleotides, still more preferably 15 to 30
nucleotides, and most preferably 15 to 20 nucleotides. Such a
phosphorothioate oligonucleotide can inhibit the activation
of an immune response mediated by an HMGB protein by
binding to the HMGB protein and thereby masking the
HMGB protein. The unmethylated cytosine.guanine (CG)
sequence is an unmethylated 5'-CG-3' nucleotide sequence.
An oligonucleotide of 5 to 100 nucleotides not including the
unmethylated CG sequence does not activate any immune
response mediated by an HMGB protein. In contrast, an oli-
gonucleotide having a length exceeding 100 nucleotides may
activate an immune response.

The phosphorothioate oligonucleotide is more preferably a
phosphorothioate oligonucleotide consisting of the nucle-
otide sequence as set forth in SEQ ID NO: 40 or a nucleotide
sequence having deletion, substitution, or addition of one to
several nucleotides in the nucleotide sequence as set forth in
SEQ ID NO: 40 and having a binding ability to an HMGB
protein. The nucleotide sequence as set forth in SEQ ID NO:
40 is 5'-TCCATGAGSTTCCTGATGCT-3' wherein S repre-
sents G or C. The phosphorothioate oligonucleotide consist-
ing of the nucleotide sequence in which S is C corresponds to
CpG-Rev(S) (SEQ ID NO: 38) described below, and the
phosphorothioate oligonucleotide consisting of the nucle-
otide sequence in which S is G corresponds to CpG-M(S)
(SEQ ID NO: 39) described below. In addition, the term, one
to several, means one to ten, more preferably one to five, still
more preferably one to three, and most preferably one or two.

It is further preferable that the phosphorothioate oligo-
nucleotide consists of the nucleotide sequence as set forth in
SEQ ID NO: 40. The phosphorothioate oligonucleotide con-
sisting of this nucleotide sequence can strongly inhibit the
activation of an immune response mediated by an HMGB
protein.

The derivative of the phosphorothioate oligonucleotide is
not particularly limited as long as it has a binding ability to an
HMGB protein, and examples thereof include those where
the backbone of the phosphorothioate oligonucleotide is at
least partially converted into phosphodiester linkage, those
where the deoxyriboses are at least partially converted into
riboses, and those where bases are at least partially removed,
at least partially converted into PNAs (peptide nucleic acids),
at least partially converted into LNAs (locked nucleic acids),
or at least partially converted into base analogues. Among
these derivatives, base-free phosphorothioate deoxyribose
homopolymer (PS) is preferred.

The PS is a compound represented by a chemical formula
(CsHgO,PS), and has a structure obtained by removing all
base moieties from a phosphorothioate oligonucleotide. It is
preferable that n is 10 to 100, and it is more preferable that n
is 15 to 25.

The phosphorothioate oligonucleotide, PS and a derivative
thereof may be those synthesized using, for example, a
nucleic acid synthesizer or those purchased from manufac-
turers such as Hokkaido System Science Co., Ltd. or Fasmac
Co., Ltd.
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As shown in Examples, the PS can inhibit the activation of
an immune response mediated by an HMGB protein in vitro
by being administered at a concentration of 0.1 to 50 puM,
more preferably 1 to 10 uM, and most preferably 5 uM. The
results can directly apply to in vivo.

The CpG-B ODN, as shown in Examples, can inhibit the
activation of an immune response mediated by an HMGB
protein in in vitro experiments using cells such as TLR9
(Toll-like receptor 9) deficient cells or MEFs of which expres-
sion level of TLRY is low when it is administered at a con-
centration of 0.1 to 10 pM, more preferably 0.3 to 3 uM, and
most preferably 1 uM. The results can directly apply to in
vivo.

In the case of clinically using the inhibitor of activation of
an immune response mediated by an HMGB protein, the
inhibitor may be in a form of a composition of the inhibitor
appropriately mixed with additives such as an excipient, a
stabilizer, a preservative, a buffer, a solubilizer, an emulsifier,
a diluent and an isotonic agent. The composition for inhibit-
ing activation of an immune response mediated by an HMGB
protein contains a pharmaceutically acceptable carrier, in
addition to the inhibitor as an essential component. Examples
of the pharmaceutically acceptable carrier include various
components that are usually used in, for example, medicines,
i.e., water, lower alcohols, polyhydric alcohols, oils, surfac-
tants, humectants, water-soluble high molecular compounds,
thickeners, film forming agents, powders, chelating agents,
pH adjusters, extracts from animals and plants and microor-
ganisms, saccharides, amino acids, organic amines, synthetic
resin emulsions, skin nutrients, vitamins, antioxidants, anti-
oxidant assistants, flavors, various medicinal agents, etc., and
they can be added within a range that does not impair the
effects of the inhibitor. Examples of the dosage form include
oral preparations such as tablets, capsules, granules, powders,
and syrups; parenteral preparations such as injections, sup-
positories, and liquids; and local administration such as oint-
ments, creams and patches. The dosage of the inhibitor is
appropriately selected depending on the symptoms, age, body
weight, administration method, etc.

In an embodiment, the activation of an immune response
mediated by an HMGB protein being inhibited by the inhibi-
tor is the activation of an immune response mediated by
nucleic acid. The nucleic acid that activates an immune
response refers to, for example, a double-stranded RNA
(dsRNA), a single-stranded RNA (ssRNA), a 5'-triphospho-
rylated RNA, a micro RNA, a viral RNA, a viral DNA, a
microbial DNA (DNA derived from a microorganism), a
eukaryotic DNA, a B-DNA (synthetic DNA having a steric
structure of a normal DNA, B-type DNA), an ISD (IFN-
stimulatory DNA), or an unmethylated oligonucleotide. The
ISD is a synthetic DNA (SEQ ID NO: 36) of 45 nucleotides,
and the induction of type I IFN by introducing the ISD into
cells is known to be mediated by TLR-independent activation
of IRF-3. Throughout the specification, these nucleic acids
that activate immune responses may be collectively referred
to as “all immunogenic nucleic acids”. In addition, through-
out the specification, the term “immune response” includes
both “innate immune response” and “adaptive immune
response”.

In an embodiment, the activation of an immune response
mediated by an HMGB protein being inhibited by the inhibi-
tor is not the activation of an immune response mediated by
nucleic acid, but is the activation of an immune response
based on the function of the HMGB protein as a cytokine. The
activation of an immune response based on the function ofthe
HMGB protein as a cytokine is inhibited by binding of the
inhibitor to the HMGB protein.
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Examples of the activation of an immune response medi-
ated by an HMGB protein include antigen-specific adaptive
immune system, multiple sclerosis, excessive immune
response to a dead cell, organ transplant rejection, autoim-
mune disease such as rheumatoid arthritis, inflammatory
bowel disease, allergy, septicemia, tumor growth by inflam-
mation and inflammatory disease caused by nucleic acid-
containing pathogen. These immune responses are examples
that cause disadvantages. Here, the excessive immune
response means a negative chain reaction in that, for example,
as in necrotic inflammation of the liver, cells necrotized by an
exogenous factor, such as viral infection, a circulatory disor-
der, a metabolic disorder, or a simple inflammatory reaction,
induce inflammation, and this inflammation further causes
necrosis of other cells. In addition, it is preferable that the
dead cells are necrotic cells. Incidentally, the nucleic acid-
containing pathogen refers to a virus, a microorganism, a
parasite, etc.

It is known that administration of the nucleic acid that
activates an immune response into cytoplasm of an animal
cell, including a human cell, by using a cationic lipid such as
Lipofectamine (trade name, Invitrogen Corporation) or
DOTAP (trade name, F. Hoffmann-L.a Roche Ltd.) induces
gene expression of a type I IFN (interferon), such as IFN-f,
IFN-al, or IFN-a4, a chemokine, or an inflammatory cytok-
ine and initiates an immune response.

CpG oligodeoxyribonucleotide (hereinafter, sometimes
referred to as CpG ODN), poly(I:C), poly(U), and poly(dA:
dT)+(dT:dA) may be respectively used as the unmethylated
oligonucleotide, the dsRNA, the ssRNA and the B-DNA.

The CpG ODN is a synthetic oligonucleotide including an
unmethylated CG sequence (5'-CG-3'), which frequently
appears in bacterial DNAs. The CpG ODN includes, for
example, CpG-A ODN (also referred to as type D) having a
poly G tail and CpG-B ODN (also referred to as type K) that
strongly activates B-cells and induces Thl-type cytokine pro-
duction. As the CpG-B ODN, for example, those including a
sequence such as 5-TCCATGACGTTCCTGATGCT-3'
(SEQIDNO: 1) can be used. In addition, as the CpG-A ODN,
for example, those including a sequence such as 5'-GGTG-
CATCGATGCAGGGGGG-3' (SEQ ID NO: 2) can be used.
These CpG ODNs may have a structure in which the phos-
phodiester linkage is partially converted into, for example,
phosphorothioate linkage.

The CpG ODN is preferably a 10- to 30-mer, the poly(1:C)
is preferably a 10- to 10000-mer, the poly(U) is preferably a
10- to 10000-mer, and the poly(dA:dT)+*(dT:dA) is preferably
a 10- to 10000-mer.

The present invention provides a method of screening for
an inhibitor or enhancer of activation of an immune response
mediated by an HMGB protein. A first embodiment of this
screening method includes a mixing step of mixing an
HMGB protein and a labeled nucleic acid in the presence and
absence of a test substance; a quantifying step of quantifying
the HMGB protein bound to the labeled nucleic acid; and a
determination step of comparing the amount of the HMGB
protein bound to the labeled nucleic acid in the presence of the
test substance to the amount of the HMGB protein bound to
the labeled nucleic acid in the absence of the test substance
and determining that the test substance is an inhibitor of
activation of an immune response mediated by the HMGB
protein when the amount of the HMGB protein bound to the
labeled nucleic acid in the presence of the test substance is
less than the amount of the HMGB protein bound to the
labeled nucleic acid in the absence of the test substance and
determining that the test substance is an enhancer of activa-
tion of an immune response mediated by the HMGB protein
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when the amount of the HMGB protein bound to the labeled
nucleic acid in the presence of the test substance is higher than
the amount of the HMGB protein bound to the labeled nucleic
acid in the absence of the test substance.

Inthe mixing step, as the HMGB protein, any of the recom-
binants of HMGB1, 2 and 3 can be suitably used. The present
inventors have revealed for the first time that the HMGB
proteins bind to all immunogenic nucleic acids.

The labeled nucleic acid is not particularly limited, and
examples thereofinclude synthetic nucleic acids such as CpG
ODN:Ss, poly(I:C), poly(U), B-DNAs, 5'-triphosphorylated
RNAs, and micro RNAs; viral DNAs such as HSV-1 and
vaccinia virus DNAs; microbial DNAs; and bovine thymus
DNAs. However, the synthetic nucleic acids are more prefer-
able because of their higher homogeneity. The synthetic
nucleic acid is preferably a 10- to 100-mer and more prefer-
ably a 15- to 25-mer. The labeling is not particularly limited
and may be performed with, for example, biotin, a fluorescent
dye such as FITC, digoxigenin, or a radioisotope.

The test substance is not particularly limited as long as it
does not activate any immune response when animal cells,
including human cells, are stimulated with the test substance
only, and a nucleic acid, a nucleic acid analogue, a protein, a
low molecular compound, etc. can be used as the test sub-
stance.

Whether or not an immune response is activated by stimu-
lating animal cells with a test substance can be investigated by
measuring whether or not the expression of, for example, a
type I IFN (interferon), such as IFN-f, IFN-a1, or IFN-04, a
chemokine, or an inflammatory cytokine is increased by the
stimulation with the test substance. When the expression of
such a gene or protein is increased, it can be determined that
the immune response is activated.

In the mixing step, it is preferable that the concentration of
the test substance is 0.1 to 100 pM. In addition, it is preferable
that the concentration of the HMGB protein is 1 to 200
pg/mL. In addition, it is preferable that the concentration of
the labeled nucleic acid is 0.1 to 100 uM. It is preferable to
mix these materials in a solvent, such as a buffer containing an
appropriate protease inhibitor, to perform a reaction for 0.5 to
24 hours.

The quantifying step may be performed by a pull-down
assay using streptavidin-bound magnetic beads, anti-FITC
antibody-bound magnetic beads, or the like or may be per-
formed by an electrophoretic mobility shift assay (EMSA) or
the like.

For example, in a case of a pull-down assay using a biotin-
labeled nucleic acid as the labeled nucleic acid and using
streptavidin-bound magnetic beads, the streptavidin-bound
magnetic beads are added to a sample obtained in the mixing
step to allow the biotin-labeled nucleic acid in the sample to
bind to the streptavidin-bound magnetic beads. Subsequently,
the HMGB protein bound to the labeled nucleic acid is col-
lected utilizing the magnetism of the magnetic beads. The
collected sample is subjected to, for example, SDS-polyacry-
lamide gel electrophoresis (SDS-PAGE), and then the HMBG
protein on the gel is transferred to, for example, a PVDF
membrane, is stained using an anti-HMGB antibody, and then
can be quantified by densitometric analysis or the like.

In the determination step, the amounts of the HMGB pro-
tein bound to the labeled nucleic acid in the presence and
absence of a test substance are compared to each other, and
the test substance is determined as an inhibitor of activation of
an immune response mediated by the HMGB protein when
the amount of the HMGB protein bound to the labeled nucleic
acid in the presence of the test substance is less than the
amount of the HMGB protein bound to the labeled nucleic
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acid in the absence of'the test substance. Alternatively, the test
substance is determined as an enhancer of activation of an
immune response mediated by the HMGB protein when the
amount of the HMGB protein bound to the labeled nucleic
acid in the presence of the test substance is higher than the
amount of the HMGB protein bound to the labeled nucleic
acid in the absence of the test substance.

In the screening method of the first embodiment, the fol-
lowing modification is possible. As the labeled nucleic acid, a
compound selected from the group consisting of phospho-
rothioate oligonucleotides and derivatives thereof, for
example, a phosphorothioate oligonucleotide consisting of
the nucleotide sequence as set forth in SEQ ID NO: 40, is
used.

Here, the labeled nucleic acid and the HMGB protein are
each labeled with fluorescent materials being related to each
other to cause FRET (fluorescence resonance energy trans-
fer). Examples of the fluorescent material pair being in such a
relationship  include  N,NN',N"-tetramethyl-6-carboxy
rhodamine (TAMRA) and S-carboxyfluorescein (FAM),
6-carboxy-X-rhodamine (ROX) and FAM, and BHQ-1 and
2'7'-dimethoxy-4',5'-dichloro-6-carboxyfluorescein (JOE).
By using such a pair, FRET is caused by binding between the
compound and the HMGB protein to cause a shift in fluores-
cence wavelength generated by the excitation wavelength.
Accordingly, it is possible to easily detect whether or not the
compound and the HMGB protein are bound to each other by
observing the fluorescence of the sample.

In the mixing step, the labeled nucleic acid and the HMGB
protein labeled with a pair of fluorescent materials are mixed
in the presence and absence ofa test substance. Subsequently,
in the quantifying step, the HMGB protein bound to the
labeled nucleic acid is quantified through quantitative evalu-
ation of the degree of the binding between the labeled nucleic
acid and the HMGB protein by measuring whether or not the
FRET occurs through fluorescence observation.

Subsequently, in the determination step, the amounts of the
HMGB protein bound to the labeled nucleic acid in the pres-
ence and absence of the test substance are compared to each
other, and the test substance is determined as an inhibitor of
activation of an immune response mediated by the HMGB
protein when the amount of the HMGB protein bound to the
labeled nucleic acid in the presence of the test substance is
less than the amount of the HMGB protein bound to the
labeled nucleic acid in the absence of the test substance.
Alternatively, the test substance is determined as an enhancer
of activation of an immune response mediated by the HMGB
protein when the amount of the HMGB protein bound to the
labeled nucleic acid in the presence of the test substance is
higher than the amount of the HMGB protein bound to the
labeled nucleic acid in the absence of the test substance.

It is possible by such a modification to perform more sim-
ply and efficiently screening for an inhibitor or enhancer of
activation of an immune response mediated by an HMGB
protein.

A second embodiment of the method of screening for an
inhibitor or enhancer of activation of an immune response
mediated by an HMGB protein includes an incubation step of
incubating an immobilized HMGB protein in the presence
and absence of a test substance; a labeled nucleic acid con-
tacting step of contacting a labeled nucleic acid with the
immobilized HMGB protein after the incubation step; a quan-
tifying step of quantifying the labeled nucleic acid bound to
the immobilized HMGB protein; and a determination step of
determining that the test substance is an inhibitor of activation
of'an immune response mediated by the HMGB protein when
the amount of the labeled nucleic acid bound to the immobi-
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lized HMGB protein on which the incubation step is per-
formed in the presence of the test substance is less than the
amount of the labeled nucleic acid bound to the immobilized
HMGB protein on which the incubation step is performed in
the absence of the test substance and determining that the test
substance is an enhancer of activation of an immune response
mediated by the HMGB protein when the amount of the
labeled nucleic acid bound to the immobilized HMGB pro-
tein on which the incubation step is performed in the presence
of' the test substance is higher than the amount of the labeled
nucleic acid bound to the immobilized HMGB protein on
which the incubation step is performed in the absence of the
test substance.

It is possible by this screening method to perform more
simply and efficiently screening for an inhibitor or enhancer
of activation of an immune response mediated by an HMGB
protein.

In the incubation step, the immobilized HMGB protein is
left in the presence and absence of a test substance. As the
HMGB protein, any of the recombinants of HMGBI1, 2 and 3
can be suitably used.

The HMGB protein is used by being immobilized to a solid
support in advance. The solid support is not particularly lim-
ited, and, for example, those in a form of a microplate, a
microchip, a bead, a film, a sheet, etc. made of an inorganic
material such as glass, a ceramic, or a metal oxide, a natural
polymer, a synthetic polymer, etc. can be utilized. The solid
support may be modified with a functional group such as an
amino group (—NH,) or a carboxyl group (—COOH) on the
surface.

For example, in a case of using a 96-well plate as the solid
support, an HMGB protein can be immobilized by dispensing
a solution of the HMGB protein dissolved in a buffer such as
phosphate buffered saline (PBS) at a concentration of 1 to 100
ng/ml. to each well of the microplate and incubated at 4 to 37°
C. for 0.5 to 24 hours. It is preferable to wash this microplate
with a buffer such as PBS before the use to remove the
unbound HMGB protein. In addition, in order to prevent
non-specific adsorption, it is preferable to block the non-
specific adsorption by adding a buffer such as 2% bovine
serum albumin (BSA)-containing PBS (2% BSA-PBS) to
each well.

The test substance is not particularly limited as long as it
does not activate any immune response when animal cells,
including human cells, are stimulated with the test substance
only, and a nucleic acid, a nucleic acid analogue, a protein, a
low molecular compound, etc. can be used. As the solvent for
the test substance, a buffer such as PBS can be used. In the
case of performing the incubation step in the absence of the
test substance, only a buffer not containing the test substance
may be used. It is preferable that the concentration of the test
substance in the incubation step is 0.1 to 100 uM. In addition,
in the incubation step, a test group in which the incubation
step is performed in the presence of a control material” may
be provided. As the control material, for example, a nucleic
acid that is known to bind to the HMGB protein or a com-
pound that is known not to bind to the HMGB protein can be
used, e.g., B-DNA can be used as a material that is known to
bind to the HMGB protein. It is preferable to perform the
incubation step at 4 to 37° C. for 0.5 to 24 hours. It is prefer-
able to remove unreacted test substance and control material
by washing with a buffer such as PBS after the incubation
step.

In the labeled nucleic acid contacting step, a labeled
nucleic acid is brought into contact with the immobilized
HMGB protein after the incubation step. The labeled nucleic
acid is not particularly limited, and examples thereof include
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synthetic nucleic acids such as CpG ODN, poly(I:C), poly
(U), B-DNA, 5'-triphosphorylated RNA and micro RNA;
viral DNA such as HSV-1 and vaccinia virus DNA; microbial
DNA; and bovine thymus DNA. However, a synthetic nucleic
acid is more preferable because of its higher homogeneity.
The synthetic nucleic acid is preferably a 10- to 100-mer and
more preferably a 15-to 25-mer. In the case where the HMGB
protein is HMGBI, the labeled nucleic acid may be an RNA.
The labeling is not particularly limited and may be performed
with, for example, biotin, a fluorescent dye such as FITC,
digoxigenin, or a radioisotope. It is preferable to remove
unreacted labeled nucleic acid by washing with a buffer such
as PBS after the labeled nucleic acid contacting step. Here,
the test substance added in the incubation step may inhibit the
labeled nucleic acid from binding to the HMGB protein, and
the test substance that performs such inhibition is an inhibitor
of activation of an immune response mediated by the HMGB
protein.

In the quantifying step, the labeled nucleic acid bound to
the immobilized HMGB protein is quantified. The method for
the quantification of the labeled nucleic acid is not particu-
larly limited. For example, in the case where the labeled
nucleic acid is labeled with biotin, an anti-biotin antibody
labeled with, for example, horse radish peroxidase (HRP) or
alkaline phosphatase (AP) is reacted with the biotin, the unre-
acted antibody is washed out, and then a substrate corre-
sponding to the enzyme such as the HRP or the AP bound to
the antibody is reacted to give light emission or color devel-
opment. The resulting light emission or color development is
quantified using a plate reader or the like.

Alternatively, in the case where the labeled nucleic acid is
labeled with biotin, streptavidin labeled with HRP or AP may
be used in place of the anti-biotin antibody.

For example, in the case where the labeled nucleic acid is
labeled with FITC, the labeled nucleic acid may be quantified
by reacting an anti-FITC antibody or may be quantified by
irradiating the FITC of the labeled nucleic acid with exciting
light and measuring the generated fluorescence with a fluo-
rescence plate reader or the like.

For example, in the case where the labeled nucleic acid is
labeled with a radioisotope, the labeled nucleic acid may be
quantified using a microplate scintillation counter or the like.

In the determination step, the amount of the labeled nucleic
acid bound to the immobilized HMGB protein on which the
incubation step is performed in the presence of the test sub-
stance and the amount of the labeled nucleic acid bound to the
immobilized HMGB protein on which the incubation step is
performed in the absence of the test substance are compared
to each other, and the test substance is determined as an
inhibitor of activation of an immune response mediated by the
HMGB protein when the amount of the labeled nucleic acid
bound to the immobilized HMGB protein on which the incu-
bation step is performed in the presence of the test substance
is less than the amount of the labeled nucleic acid bound to the
immobilized HMGB protein on which the incubation step is
performed in the absence of the test substance. Alternatively,
the test substance is determined as an enhancer of activation
of'an immune response mediated by the HMGB protein when
the amount of the labeled nucleic acid bound to the immobi-
lized HMGB protein on which the incubation step is per-
formed in the presence of the test substance is higher than the
amount of the labeled nucleic acid bound to the immobilized
HMGB protein on which the incubation step is performed in
the absence of the test substance.

FIG. 44 shows an aspect of a method of screening for an
inhibitor or enhancer of activation of an immune response
mediated by an HMGB protein. In the incubation step (FIG.
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44a), an immobilized HMGB protein 1 is left in the presence
orabsence of a test substance 3 or in the presence of a positive
control material 2. Subsequently, in the labeled nucleic acid
contacting step (FIG. 445), a biotin-labeled B-DNA 4 is
brought into contact. Subsequently, in the quantifying step
(FIGS. 44c¢ and 44d), the biotin-labeled B-DNA 4 bound to
the immobilized HMGB protein 1 is quantified. In FIG. 44c¢,
an enzyme-labeled anti-biotin antibody 5 is reacted. Subse-
quently, a substrate 6 of the enzyme is added (FIG. 444), and
the light emission or color development is quantified using a
plate reader or the like. In the sample on which the incubation
step is performed in the absence of the test substance 3 (nega-
tive control), the labeled nucleic acid binds to the immobi-
lized HMGB protein 1. In contrast, in the sample on which the
incubation step is performed in the presence of the positive
control material 2, the binding of the labeled nucleic acid to
the immobilized HMGB protein 1 is inhibited. In the case of
the test substance 3 in FIG. 44, in the sample on which the
incubation step is performed in the presence of the test sub-
stance 3, the binding of the biotin-labeled B-DNA 4 (labeled
nucleic acid) to the immobilized HMGB protein 1 is inhib-
ited. In addition, since the amount of the biotin-labeled
B-DNA 4 bound to the immobilized HMGB protein 1 on
which the incubation step is performed in the presence of the
test substance 3 is less than the amount of the biotin-labeled
B-DNA 4 bound to the immobilized HMGB protein 1 on
which the incubation step is performed in the absence of the
test substance 3, the test substance 3 is determined as an
inhibitor of activation of an immune response mediated by the
HMGB protein.

A third embodiment of the method of screening for an
inhibitor or enhancer of activation of an immune response
mediated by an HMGB protein includes a contacting step of
contacting an HMGB protein with an immobilized nucleic
acid in the presence and absence of a test substance; a quan-
tifying step of quantifying the HMGB protein bound to the
immobilized nucleic acid; and a determination step of deter-
mining the test substance as an inhibitor of activation of an
immune response mediated by the HMGB protein when the
amount of the HMGB protein bound to the immobilized
nucleic acid in the presence of the test substance is less than
the amount of the HMGB protein bound to the immobilized
nucleic acid in the absence of the test substance and deter-
mining the test substance as an enhancer of activation of an
immune response mediated by the HMGB protein when the
amount of the HMGB protein bound to the immobilized
nucleic acid in the presence of the test substance is higher than
the amount of the HMGB protein bound to the immobilized
nucleic acid in the absence of the test substance.

It is possible by this screening method to perform more
simply and efficiently screening for an inhibitor or enhancer
of activation of an immune response mediated by an HMGB
protein.

In the contacting step, an HMGB protein is brought into
contact with an immobilized nucleic acid in the presence and
absence of a test substance. As the nucleic acid, for example,
a phosphorothioate oligonucleotide consisting of the nucle-
otide sequence as set forth in SEQ ID NO: 40 can be used. The
method of immobilizing the nucleic acid is not particularly
limited and can be performed by, for example, binding the
nucleic acid labeled with biotin to a multi-well plate coated
with streptavidin. As the HMGB protein, any of the recom-
binants of HMGBI, 2 and 3 can be suitably used.

The test substance is not particularly limited as long as it
does not activate any immune response when animal cells,
including human cells, are stimulated with the test substance
only, and a nucleic acid, a nucleic acid analogue, a protein, a
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low molecular compound, etc. can be used. As the solvent for
the test substance, a buffer such as PBS can be used. It is
preferable that the concentration of the test substance in the
contacting step is 0.1 to 100 uM. It is preferable that the
contacting step is performed at 4 to 37° C. for 0.5 to 24 hours.
Itis preferable to remove unreacted test substance and control
material by washing with a buffer such as PBS after the
contacting step. The test substance added in the contacting
step may inhibit the binding between the nucleic acid and the
HMGB protein, and the test substance that performs such
inhibition is an inhibitor of activation of an immune response
mediated by the HMGB protein.

In the quantitying step, the HMGB protein bound to the
immobilized nucleic acid is quantified. The method of quan-
tifying the labeled nucleic acid is not particularly limited. For
example, the HMGB protein is labeled with a fluorescent
material in advance, and the fluorescence can be quantified.
Alternatively, the HMGB protein may be quantified using an
antibody against the HMGB protein.

In the determination step, the amount of the HMGB protein
bound to the immobilized nucleic acid in the presence of the
test substance and the amount of the HMGB protein bound to
the immobilized nucleic acid in the absence of the test sub-
stance are compared to each other, and the test substance is
determined as an inhibitor of activation of an immune
response mediated by the HMGB protein when the amount of
the HMGB protein bound to the immobilized nucleic acid in
the presence of the test substance is less than the amount of
the HMGB protein bound to the immobilized nucleic acid in
the absence of the test substance. Alternatively, the test sub-
stance is determined as an enhancer of activation of an
immune response mediated by the HMGB protein when the
amount of the HMGB protein bound to the immobilized
nucleic acid in the presence of the test substance is higher than
the amount of the HMGB protein bound to the immobilized
nucleic acid in the absence of the test substance.

The enhancer of activation of an immune response medi-
ated by an HMGB protein obtained by the above-described
screening methods can be used for the purpose of, for
example, activating a defense mechanism against infection of
avirus, a microorganism, a parasite, or the like; enhancing an
anti-virus activity; remedying allergy symptoms by control-
ling the balance of immune cell differentiation; and activating
antitumor response. These immune responses are examples
of having advantageous effects.

EXAMPLES
Pull-Down Assay

Prior to mass spectrometry, mouse embryonic fibroblasts
(MEFs) were stimulated with poly(dA:dT)*(dT:dA)
(B-DNA, 10 pg/mL) for 4 hours. After the stimulation, the
cells were homogenized in a homogenization buffer (20 mM
HEPES, pH 7.4, 20% glycerol, 50 mM KCI, 2 mM MgCl,, 1
mM PMSEF, 10 pg/ml aprotinin, 10 ug/ml. leupeptin) using a
dounce homogenizer (Wheaton Science Products). A cyto-
plasmic protein extract was prepared by centrifuging the
homogenized sample at 14500 rpm for 30 minutes. The cyto-
plasmic protein extract was incubated together with 1.4
ng/ml of B-DNA labeled with biotin at the 5' end, and then
streptavidin-bound magnetic beads (Invitrogen Corporation)
were added thereto, followed by incubation at 4° C. for 15
minutes. Pulled down sample was reacted with DNase I (In-
vitrogen Corporation) in a reaction buffer (20 mM Tris-Cl, pH
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8.4, 20 mM MgCl,, 50 mM KCl), and the supernatant was
subjected to silver staining (Invitrogen Corporation) or mass
spectrometry.

Invitro pull-down assay was carried out as follows. At first,
arecombinant of HMGBI, 2, or 3 was treated in the presence
or absence of a competitor at room temperature for 30 min-
utes. The supernatant was mixed with a biotin-labeled
B-DNA at 4° C. for 30 minutes, then streptavidin-bound
magnetic beads (Invitrogen Corporation) were added thereto,
and the mixture was incubated in a binding buffer (50 mM
Tris-Cl, pH 7.5, 150 mM NaCl, 1 mM EDTA, 1% NP-40, 100
png/mL leupeptin, 1 mM PMSEF, 1 mM Na,VO,). Subse-
quently, the mixture was sufficiently washed with a binding
buffer, was separated by SDS-PAGE, and then was immuno-
blotted using an anti-HMGBI, 2, or 3 antibody.

(Mouse, Cell and Reagent)

Mice having C57BL/6 genetic background were used,
except for Tlr9-/- mice, which have Balb/c genetic back-
ground. T1r9™~, Hmgb1™~ and Hmgb2™~ mice were pro-
duced by conventional methods. MEFs, RAW264.7,
NIH3T3, HEK293T cells, cDCs (conventional dendritic
cells) and pDCs (plasmacytoid dendritic cell precursors)
derived from the bone marrow of T1r9~"~ mice were main-
tained by conventional methods. Hmgb1~~ macrophages,
c¢DCs and pDCs were prepared by culturing fetal liver
hematopoietic progenitor cells (differentiation marker-free
cells purified by a MACS Lineage depletion kit of Miltenyi
Biotec GmbH) in the presence of SCF (20 ng/mL), IL-3 (10
ng/ml), and 1L-6 (10 ng/mL) for 2 days and then in the
presence of 20 ng/m[. of M-CSF (microphage), 20 ng/mL of
GM-CSF (cDCs) and 100 ng/mL of human F1t3L. (pDCs) for
6 days. SCF, IL.-3 and IL.-6 were purchased from PeproTech
Inc. IFN-y and TNF-a were purchased from R&D systems,
Inc. IFN-p was kindly provided by Toray Industries, Inc.
B-DNA and bovine thymus DNA were purchased from
Sigma-Aldrich Corporation. Biotin-labeled poly(dA:dT)e
(dT:dA) was purchased from Hokkaido System Science Co.,
Ltd. ISD (IFN-stimulatory DNA), CpG ODN, FITC-labeled
base-free phosphorothioate deoxyribose homopolymer (PS,
20-mer) and FITC-labeled base-free natural deoxyribose
homopolymer (PD, 20-mer) were purchased from Fasmac
Co., Ltd. PD is one where the phosphorothioate linkage of PS
is converted into phosphodiester linkage. Purified vaccinia
virus DNA (MO strain) was provided by A. Kato and M.
Kidokoro. HSV DNA was kindly provided by Y. Kawaguchi.
S'-triphosphate RNA was provided by C. Reis e Sousa and J.
Rehwinkel. Escherichia coli DNA (microbial DNA) and
R837 were purchased from InvivoGen. Poly(U) and
lipopolysaccharide (LPS) were purchased from Sigma-Ald-
rich Corporation. Poly(I:C) was purchased from GE Health-
care Bio-Sciences AB. B-DNA, poly(I:C) and other nucleic
acid ligands were each used at a concentration of 10 ng/mL
unless otherwise specified. The complex formation of CpG-A
ODN and DOTAP (F. Hoffmann-La Roche Ltd.) was per-
formed by a conventional method. MitoTracker Deep Red
633 was purchased from Invitrogen Corporation. Anti-
HMGBI1 antibody and anti-HMGB2 antibody were pur-
chased from Abcam plc. Anti-HMGB3 antibody was pur-
chased from Trans Genic Inc. Anti-IRF3 antibody (ZM3) was
purchased from Zymed Laboratories Inc. Anti-f-actin anti-
body (AC-15) was purchased from Sigma-Aldrich Corpora-
tion. Anti-NF-kB p65 antibody (C20) was purchased from
Santa Cruz Biotechnology, Inc. Anti-phosphorylated STAT1
antibody (58D6) was purchased from Cell Signaling Tech-
nology, Inc.
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(Plasmid Construction)

Mouse HMGB ¢DNA was obtained by RT-PCR of total
RNA derived from MEFs and was cloned into the Sal I and
Not I sites of pGEX4T3 vector (GE Healthcare Bio-Sciences
AB). Glutathione S-transferase (GST)-tagged HMGB pro-
tein was purified using glutathione sepharose beads (GE
Healthcare Bio-Sciences AB). HMGB protein and GST pro-
tein were separated by thrombin protease (Novagen) treat-
ment.

The ¢cDNAs of mouse RIG-I (SEQ ID NO: 3), HMGB1
(SEQ ID NO: 4) and Rab5 (SEQ ID NO: 5) were obtained by
reverse transcription polymerase chain reaction (hereinafter,
sometimes referred to as RT-PCR) for total RNA derived from
MEFs and were cloned into Xhol and NotI recognition sites
of pCAGGS-CFP, pCAGGS-YFP and pCAGGS-RFP vectors
(see Proc. Natl. Acad. Sci. USA, 101, 15416-15421, 2004),
respectively, to give CFP-RIG-I, YFP-HMGB1 and RFP-
Rab5.

(Immunoblot Analysis)

Cytolysis and immunoblot analysis were performed by
conventional methods. The IRF dimer was performed by
native PAGE and subsequent immunoblot analysis using an
anti-mouse IRF3 antibody. The quantitative measurement of
IRF3 dimer was performed with NIH Image software. Similar
results were obtained in each independent experiment per-
formed three times.

(RNA Analysis)

RNA extraction and reverse transcription reaction were
performed by conventional methods. Quantitative real-time
RT-PCR analysis (quantitative RT-PCR) was performed
using LightCycler 480 (trade name, F. Hoffmann-L.a Roche
Ltd.) and SYBR Green system (F. Hoffmann-IL.a Roche Ltd.).
All data were shown with a relative expression unit standard-
ized using the results obtained for a glyceraldehyde triphos-
phate dehydrogenase (GAPDH) gene. The data were shown
as meansstandard deviation of triplicate measurements.
Regarding all data, similar results were obtained in each
independent experiment performed at least twice.

Primer sequences for quantitative RT-PCR were as fol-
lows: HMGBI sense: 5'-CCAAAGGGGAGACCAAAAAG-
3' (SEQ ID NO: 6), HMGBI antisense: 5'-TCATAGGGCT-
GCTTGTCATCT-3' (SEQ ID NO: 7), HMGB2 sense:
5-TGCCTTCTTCCTGTTTTGCT-3' (SEQ ID NO: 8),
HMGB2 antisense: 5-GGACCCTTCTTTCCTGCTTC-3'
(SEQ ID NO: 9), HMGBS3 sense: 5'-GGAGATGAAAGAT-
TATGGACCAG-3' (SEQ ID NO: 10), HMGB3 antisense:
5-CTTTGCTGCCTTGGTG-3' (SEQ ID NO: 11), GBP1
sense: 5'-CTCAGCAGCAGTGCAAAAGG-3' (SEQ ID NO:
12), GBP1 antisense: 5'-GCTCCTGGAGGGTTTCTGTG-3'
(SEQ ID NO: 13), IRF7 sense: 5'-GCAAGGGTCACCA-
CACTA-3' (SEQ ID NO: 14), IRF7 antisense: 5'-CAAGCA-
CAAGCCGAGACT-3' (SEQ ID NO: 15), IL-12p40 sense:
5'-GACACGCCTGAAGAAGATGAC-3' (SEQ ID NO: 16),
IL-12p40 antisense: 5'-TAGTCCCTTTGGTCCAGTGTG-3'
(SEQ ID NO: 17), GAPDH sense: 5'-CTCATGACCA-
CAGTCCATGC-3' (SEQ ID NO: 18), GAPDH antisense:
5'-CACATTGGGGGTAGGAACAC-3' (SEQ ID NO: 19),
IL-6 sense: 5'-ATGAAGTTCCTCTCTGCAAGAGACT-3'
(SEQ ID NO: 20), IL-6 antisense: 5-CACTAGGTTTGC-
CGAGTAGATCTC-3' (SEQ ID NO: 21), RANTES sense:
5'-ACGTCAAGGAGTATTTCTACAC-3' (SEQ ID NO: 22),
RANTES antisense: 5'-GATGTATTCTTGAACCCACT-3'
(SEQ ID NO: 23), IkB-a sense: 5-TTGGTGACTTTGGGT-
GCT-3' (SEQ ID NO: 24), IkB-a antisense: 5'-TGACAT-
CAGCCCCACATTT-3"' (SEQ ID NO: 25), IFN-al sense:
5'-GCCTTGACACTCCTGGTACAAATGAG-3' (SEQ ID
NO: 26), IFN-al antisense: 5'-CAGCACATTGGCAGAG-
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GAAGACAG-3' (SEQ ID NO: 27), IFN-04 sense: 5'-GAC-
GACAGCCAAAGAAGTGA-3' (SEQ ID NO: 28), IFN-a4
antisense: 5'-GAGCTATGTCTTGGCCTTCC-3' (SEQ ID
NO: 29), IFN-f sense: 5'-CCACCACAGCCCTCTCCAT-
CAACTAT-3' (SEQ ID NO: 30) and IFN-p antisense:
5-CAAGTGGAGAGCAGTTGAGGACATC-3' (SEQ ID
NO: 31).

However, the nucleotide sequences of primers used in the
quantitative RT-PCR in Examples 50, 54 and 56 were as
follows: Ifna4 forward chain (Fw): 5'-CAATGACCT-
CAAAGCCTGTGTG-3' (SEQ ID NO: 47), Ifnad reverse
chain (Rv): 5'-CACAGTGATCCTGTGGAAGT-3' (SEQ ID
NO: 48), Ifubl (Fw): 5-CCACCACAGCCCTCTCCAT-
CAACTAT-3' (SEQ ID NO: 49), Ifnbl (Rv): 5'-CAAGTG-
GAGAGCAGTTGAGGACATC-3' (SEQ ID NO: 50), 116
(Fw): 5'-ACGATGATGCACTTGCAGAA-3' (SEQ ID NO:
51), 116 (Rv): 5'-GTAGCTATGGTACTCCAGAAGAC-3'
(SEQ ID NO: 52), Tnfa (Fw): 5-TCATACCAG-
GAGAAAGTCAACCTC-3' (SEQ ID NO: 53), Tnfa (Rv):
5'-GTATATGGGCTCATACCAGGGTTT-3' (SEQ ID NO:
54), Ccl5 (RANTES) (Fw): 5-ACGTCAAGGAGTATTTC-
TACAC-3' (SEQ ID NO: 22), Ccl5 (RANTES) (Rv): 5'-GAT-
GTATTCTTGAACCCACT-3' (SEQ ID NO: 23), Gapdh
(Fw): 5'-CTCATGACCACAGTCCATGC-3' (SEQ ID NO:
18) and Gapdh (Rv): 5'-CACATTGGGGGTAGGAACAC-3'
(SEQ ID NO: 19).

(Statistical Analysis)

The results of control groups and test groups were evalu-
ated by Student’s t-test.

(ELISA)

Mouse IFN-f, IL.-6 and IL-1p were measured by ELISA.
The IFN-f ELISA kit was purchased from PBL Interferon
Source. The IL.-6 and IL-1p ELISA kits were purchased from
R&D systems, Inc. Regarding all data, similar results were
obtained in an additional independent test performed twice.

(RNA Interference)

The siRNA vector was constructed by inserting an oligo-
nucleotide into EcoRI and HindIII sites of a pSUPER .retro-
.puro retrovirus vector. The target sequences of siRNA of
mouse HMGBJI, 2 and 3 (pan-HMGB-siRNA, hereinafter,
sometimes referred to as HMBG-si); HMGB2; and Renilla
luciferase (control, hereinafter, sometimes referred to as Ctrl-
si) were respectively 5'-GTATGAGAAGGATATTGCT-3'
(SEQ ID NO: 32), 5'-GCGTTACGAGAAACCAGTT-3'
(SEQ ID NO: 33) and 5'-GTAGCGCGGTGTATTATACA-3'
(SEQIDNO: 34). The MEFs and RAW264.7 cells into which
genes have been introduced were respectively selected with 2
pg/ml. of puromycin (Sigma-Aldrich Corporation) and 4
png/mL of puromycin for 48 hours.

Electrophoretic Mobility Shift Assay (EMSA)

EMSA was performed by a conventional method. The con-
sensus sequence (5'-TCGACCCGGGACTTTCCGCCGG-
GACTTTCCGCCGGGACTT TCCGG-3', SEQ ID NO: 35)
of NF-kB was used. The presence of p65 present in a NF-kB-
DNA complex was confirmed by detection of a super-shift
band using an anti-p65 antibody.

(Virus Infection)

Cells were infected with HSV-1 or VSV at an MOI (mul-
tiplicity of infection) of 1.0 for 12 hours. In the measurement
of'the yields of HSV-1 and VSV, plaque formation assay was
performed by a conventional method. Regarding all data,
similar results were obtained in an additional independent test
performed twice. The viruses were prepared by a conven-
tional method.

(Fluorescence Microscopic Observation)

HeLa cells (5x10* cells) were cultured on a 35-mm tissue
culture dish having a glass bottom (Matsunami Glass Ind.,
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Ltd.). The fluorescence microscopic observation was per-
formed using a laser scanning confocal microscope 1X81
(Olympus Corporation). Double and triple color images were
photographed with a continuous shooting mode to prevent
cross excitation.

(Oligonucleotide)

CpG-B (SEQ ID NO: 37, hereinafter, sometimes expressed
as “CpG-B(S)”), CpG-Rev (SEQ ID NO: 38, hereinafter,
sometimes expressed as “CpG-Rev(S)”) and CpG-M (SEQ
ID NO: 39, hereinafter, sometimes expressed as
“CpG-M(S)”), which are phosphorothioate oligonucleotide
and PS were used. The nucleotide sequences of these com-
pounds are shown in FIG. 46. In FIG. 46, underlined CG
(CpG-B(8)), GC (CpG-Rev(S)) and GG (CpG-M(S)) are
characteristic nucleotide sequences in the respective phos-
phorothioate oligonucleotides. In addition to the above, the
following phosphorothioate oligonucleotides: CpG ODN
1018(8): 5-TGACTGTGAACGTTCGAGATGA-3' (SEQ
ID NO: 55) and ODN 1019(S): 5'-TGACTGTGAAGGTTA-
GAGATGA-3' (SEQ ID NO: 56) were also used. In addition,
the following oligonucleotide: CpG-A: 5'-ggTGCATCGAT-
GCAgggeeG-3' (SEQ ID NO: 2) was used. In CpG-A, the
nucleotides represented by small letters have phosphorothio-
ate backbones and the nucleotides represented by capital
letters have phosphodiester backbones.

(Preparation of Mouse Splenocytes)

The spleen of C57BL/6] mice was removed and was
injected with PBS containing DNase I collagenase D using a
25G needle (Nipro Corporation), and the exuded cell suspen-
sion was collected. Furthermore, the spleen was chopped in a
new PBS containing DNase I collagenase D, was collected,
and was incubated (for 30 minutes) at 37° C. The both were
filtered through a cell strainer (mesh size: 40 um, Becton,
Dickinson and Company), were washed with PFE (prepared
by adding 1 mM of EDTA (Gibco Corporation) and 2% FCS
(HyClone Laboratories Inc.) to PBS (Invitrogen Corpora-
tion), pH 7.2), and were then suspended in 1xRBC Lysis
Buffer (eBioscience, Inc.) to hemolyze erythrocytes. The
resulting cells were further washed with PFE twice, were then
filtered through a cell strainer (mesh size: 40 um, Becton,
Dickinson and Company) again, and were suspended in an
RPMI medium.

(Analysis of Activation of Signaling Pathway by Western
Blotting)

In Example 53, the following antibodies were used as
primary antibodies: rabbit anti-IRF3 polyclonal antibody (In-
vitrogen Corporation), rabbit anti-phosphorylated IRF3
(Ser396) (4D4G) antibody (Cell Signaling Technology, Inc.),
mouse anti-IkBa (L35A5) antibody (Cell Signaling Technol-
ogy, Inc.), rabbit anti-phosphorylated IxkBa (Ser32) (14D4)
antibody (Cell Signaling Technology, Inc.), rabbit anti-JNK
antibody (Cell Signaling Technology, Inc.), rabbit anti-phos-
phorylated JNK (Thr183/Tyr185) (81E11) antibody (Cell
Signaling Technology, Inc.), rabbit anti-p38 MAP kinase
antibody (Cell Signaling Technology, Inc.) and rabbit anti-
phosphorylated p38 MAP kinase (Thr180/Tyr182) antibody
(Cell Signaling Technology, Inc.). In addition, the following
antibodies were used as secondary antibodies: anti-rabbit [gG
HRP-bound antibody (GE Healthcare UK [td.) and anti-
mouse 1gG HRP-bound antibody (GE Healthcare UK Ltd.).

Role of HMGB in Immune Response Activated by
Cytoplasmic DNA or RNA

Example 1

Hmgb1** MEFs or Hmgb1~~ MEFs were stimulated with
B-DNA (FIG. 1a) or poly(I:C) (FIG. 15) for 6 hours or with
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lipopolysaccharide (LPS) (200 ng/mL) (FIG. 1¢) for 2 hours.
The induction levels of IFN-f mRNA were measured by
quantitative RT-PCR. The results are shown in FIG. 1. The
symbol “*” indicates p<0.01 in comparison with Hmgb1*"*
MEFs. All data were shown as meanzstandard deviation
(n=3). ND means not detected.

In Hmgb1~~ MEFs, the IFN-f induction by delivery of
DNA or RNA to cytoplasms decreased.

Example 2

Hmgb2** MEFs or Hmgb2~'~ MEFs were stimulated with
B-DNA (FIG. 2a) or poly(I:C) (FIG. 2b) for 6 hours or with
LPS (200 ng/mL) (FIG. 2¢) for 2 hours. The induction levels
of IFN-p mRNA were measured by quantitative RT-PCR. The
results are shown in FIG. 2. The symbol “*” indicates
p<0.001 in comparison with Hmgh2** MEFs. All data were
shown as meansstandard deviation (n=3). ND means not
detected.

A decrease of IFN-p induction in Hmgb2~~ MEFs was
observed by delivery of DNA to cytoplasms, but was not
observed by delivery of RNA.

Example 3

B-DNA or poly(I:C) was lipotransfected (lipofection) into
MEFs transformed with retrovirus expressing siRNA target-
ing all HMGBs (HMBG-si) or control siRNA (Ctrl-si). Sub-
sequently, the expression levels of mRNAs of IFN-f§ (FIGS.
3aand e), IFN-04 (FIGS. 3b andf), IL-6 (FIGS. 3¢ and g) and
RANTES (FIGS. 3d and /) were measured by quantitative
RT-PCR. The results are shown in FIG. 3. The symbol “*”
indicates p<0.01 in comparison with Ctrl-si-MEF. All data
were shown as meanzstandard deviation (n=3). ND means
not detected.

MEFs of which all HMGBs were deleted were deficient in
immune response against cytoplasmic DNA or RNA.

Example 4

Nucleic acids prepared from various supply sources, i.e.,
HSV-1 DNA (FIG. 4a), vaccinia virus DNA (FIG. 4b),
5'-triphosphate RNA (FIG. 4¢), microbial DNA (FIG. 4d),
bovine thymus DNA (FIG. 4e¢) and ISD (FIG. 4f), were lipo-
transfected into MEFs of which all HMGBs were deleted and
were delivered to the cytoplasms. The nucleotide sequence of
the ISD is 5-TACAGATCTACTAGTGATCTATGACT-
GATCTGTACATGATCTA CA-3' (SEQ ID NO: 36). Stimu-
lation with LPS was also performed as a control (FIG. 4g).
The expression levels of IFN-f mRNA at 6 hours after lipo-
transfection were measured by quantitative RT-PCR. The
results are shown in FIG. 4. The symbol “*” indicates p<0.01
in comparison with Ctrl-si-MEF. All data were shown as
meanzstandard deviation (n=3). ND means not detected.

MEFs of which all HMGBs were deleted were stimulated
with LPS (200 ng/mL) for 2 hours, and as a result, IFN-f was
induced (FIG. 4g). In contrast, MEFs of which all HMGBs
were deleted were deficient in IFN-f induction at 6 hours
after delivery of nucleic acids prepared from various supply
sources to cytoplasms (FIGS. 4a to /).

Activation of Signaling Pathway Mediated by
Cytoplasmic Nucleic Acid Receptor and Necessity of
HMGB in Anti-Virus Immune Response

Example 5
B-DNA or poly(I:C) was lipotransfected (lipofection) into

MEFs transformed with retrovirus expressing siRNA target-
ing all HMGBs (HMBG-si) or control siRNA (Ctrl-si).
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Dimerization of IRF3 was evaluated by native PAGE and
subsequent immunoblotting. The results are shown in F1G. 5.

Example 6

B-DNA or poly(I:C) was lipotransfected (lipofection) into
MEFs transformed with retrovirus expressing siRNA target-
ing all HMGBs (HMBG-si) or control siRNA (Ctrl-si). Acti-
vation of NF-kB was evaluated by EMSA. The results are
shown in FIG. 6.

Example 7

Induction of type I IFN by virus infection was investigated.
MEFs transformed with retrovirus expressing siRNA target-
ing all HMGBs (HMBG-si) or control siRNA (Ctrl-si) were
infected with VSV or HSV-1. The expression levels of
mRNAs of type I [FNGs, i.e., IFN-f (FIGS. 7a and b), IFN-a.l
(FIGS. 7¢ and d) and IFN-04 (FIGS. 7e and f) were measured
by quantitative RT-PCR. The results are shown in FIG. 7. All
data were shown as meansstandard deviation (n=3). ND
means not detected. The symbol “*” indicates p<0.01 in
comparison with Ctrl-si-MEF and the symbol “**” indicates
p<0.05 in comparison with Ctrl-si-MEF.

Example 8

It is known that in plasmacytoid dendritic cell precursors
(pDCs), which are one of sub-sets of dendritic cells (DCs),
production of a large amount of type I IFN is induced through
TLRY. Ithas been reported that in pDCs derived from spleen,
expression of type I IFN is induced through TL.R9 by infec-
tion with herpes simplex virus type 1 (HSV-1), which is a
DNA virus, but in pDCs and ¢DCs (conventional DCs)
derived from bone marrow, a TL.R9-independent pathway is
also present in expression induction of type I IFN by HSV-1.

Hmgb1*"* or Hmgb1~~ ¢cDCs were stimulated with a TLR
ligand, i.e., poly(I:C) (FIGS. 8a and b) or CpG-B ODN
(FIGS. 8¢ and d). Stimulation with LPS was performed as a
control (FIGS. 8¢ and f). Subsequently, the expression levels
of mRNAs of IL-6 (FIGS. 84, ¢ and ¢) and TNF-a. (FIGS. 85,
d and f) were measured by quantitative RT-PCR. The results
are shown in FIG. 8. All data were shown as mean+standard
deviation (n=3). ND means not detected. The symbol “*”
indicates p<<0.01 in comparison with wild-type cells.

Example 9

Hmgb1*"* or Hmgb1~~ pDCs were stimulated with a TLR
ligand, i.e., CpG-B ODN (FIG. 9a) or poly(U) (FIG. 95).
Stimulation with R837 (TLR7 agonist) was also performed as
a control (FIG. 9¢). Subsequently, the expression levels of
mRNA of IFN-f were measured by quantitative RT-PCR. The
results are sown in FIG. 9. All data were shown as
meansstandard deviation (n=3). The symbol “*” indicates
p<0.01 in comparison with wild-type cells.

Interference of Immune Response Activated by
Nucleic Acid, Using HMGB-High-Binding Affinity
Nucleic Acid Analogue

Example 10

MEFs are known that the expression level of TLRO is low.
MEFs pretreated with 1 pM of CpG-B ODN for 30 minutes or
not pretreated were stimulated with delivery to cytoplasms of
B-DNA (FIG. 10a), poly(I:C) (FIG. 106), or LPS (FIG. 10¢).
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The expression levels of IFN-p mRNA were measured by
quantitative RT-PCR. The results are shown in FIG. 10. All
data were shown as meantstandard deviation (n=3). ND
means not detected. The symbol “*” indicates that the results
of pretreated cells are p<0.01 with respect to the results of

cells not subjected to the pretreatment.

Example 11

Bone marrow-derived TIr9~'~ pDCs pretreated with 5 uM
of PSor 1 uM of CpG-B ODN for 30 minutes or not pretreated
were stimulated with lipotranstection of 1 pg/mL of poly(U)
(FIG. 11a) or 25 pg/ml of R837 (FIG. 115) for 8 hours. The
expression of IFN-f mRNA was measured by quantitative
RT-PCR. The results are shown in FIG. 11. The symbol “*”
indicates that the results of pretreated cells are p<0.01 with
respect to the results of cells not subjected to the pretreatment.

Identification of HMGB and its Binding to DNA and
RNA

Example 12

HMGB was identified. Cytoplasmic extract of MEFs
stimulated with B-DNA for 4 hours was subjected to a pull-
down assay using biotin-bound B-DNA and streptavidin-
bound magnetic beads. The protein bound to the B-DNA was
eluted by DNase [ treatment. The eluted protein was visual-
ized by SDS-PAGE and subsequent silver staining (F1G. 12a)
and was subsequently analyzed by mass spectrometry. FIG.
12a shows the results of the silver staining. FIG. 126 shows
the results of immunoblot analysis using antibodies against
HMGBI, 2 and 3.

Example 13

Binding of HMGB to DNA, RNA and base-free phospho-
rothioate deoxyribose homopolymer (PS) was investigated.
The results are shown in FIG. 13. In vitro pull-down assay
using recombinant HMGB1 or 2 and biotin-bound B-DNA
was performed in the presence of 1, 3, 10, 30 and 100 pg/mlL.
of unlabeled nucleic acid (B-DNA, poly(I:C), poly(U),
bovine thymus DNA, or microbial DNA), R837 (1, 3, 10, 30
and 100 ng/ml.) (upper and middle panels), base-free natural
deoxyribose homopolymer (PD: 0.01, 0.1, 0.3, 1 and 3
ng/mlL., lower panel), or base-free phosphorothioate deoxyri-
bose homopolymer (PS: 0.01, 0.1, 0.3, 1 and 3 ng/mlL., lower
panel). In the lower panel, unlabeled B-DNA or CpG-B ODN
having stepwise increasing concentrations (0.1, 0.3, 1 and 3
ng/ml.) was also used. The median inhibition concentrations
(ICs,) of CpG-B ODN and PS were 1/150 and 1/100, respec-
tively, of that of unlabeled B-DNA.

Example 14

In vitro pull-down assay using recombinant HMGB1 and
biotin-bound poly(U) was performed in the presence of unla-
beled CpG-B ODN, PS, or R837 having stepwise increasing
concentrations (0.1, 1 and 10 pg/ml.) The results are shown in
FIG. 14.
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Example 15

In vitro pull-down assay using recombinant HMGB3 and
biotin-bound B-DNA was performed in the presence or
absence of 1 or 10 pg/ml of unlabeled B-DNA or poly(1:C).
The results are shown in FIG. 15.

Essential Role of HMGB in Immune Response
Activated by Nucleic Acid

Example 16

B-DNA (FIGS. 164, b and ¢) or poly(I:C) (FIGS. 16d, ¢ and
/) was lipotransfected (lipofection) into Hmgbl** or
Hmgh1~~ MEFs. Subsequently, the expression levels of
mRNAs of IFN-c4 (FIG. 16a and d), IL-6 (FIGS. 165 and ¢)
and RANTES (FIGS. 16¢ and f) were measured by quantita-
tive RT-PCR. The results are shown in FIG. 16. All data were
shown as meansstandard deviation (n=3). ND means not
detected. The symbol “*” indicates p<0.01 in comparison
with Hmgb1** MEFs. The induction of various cytokine and
chemokine genes decreased in the absence of HMGBI.

Example 17

Hmgb1~"~ MEFs derived from wild-type and litters were
stimulated with B-DNA having stepwise increasing concen-
trations (0.1, 1, 5 and 10 pg/mL) (FIGS. 174 and b) or poly
(I:C) having stepwise increasing concentrations (0.1, 1, 5and
10 pg/mL) (FIGS. 17¢ and d) for 6 hours or stimulated with
LPS having stepwise increasing concentrations (10, 50, 100
and 500 ng/mL) (FIGS. 17¢ and f) for 2 hours. The expression
of mRNAs of IFN-f (FIGS. 174, ¢ and ¢) and IL-6 (FIGS.
175, d and f) was measured by quantitative RT-PCR. The
results are shown in FIG. 17.

Example 18

B-DNA (FIGS. 184, b and ¢) or poly(I:C) (FIGS. 184, e and
/) were lipotransfected (lipofection) into Hmgb1** or
Hmgh1~"~ ¢cDCs (conventional dendritic cells). Subsequently,
expression levels of mRNAs of IFN-f (FIGS. 184 and d),
IFN-04 (FIGS. 186 and e), 1L-6 (FIGS. 18¢ and f) were
measured by quantitative RT-PCR. The results are shown in
FIG. 18. All data were shown as meanzstandard deviation
(n=3). ND means not detected. The symbol “*” indicates
p<0.01 in comparison with Hmgb1** ¢cDCs.

The induction of various cytokine and chemokine genes
decreased in the absence of HMGBI. It is believed that the
response to poly(I:C) in ¢DCs is mediated by both RLR and
TLR3.

Example 19

Induction of cytokine genes in the absence of HMGB2 was
investigated. Hmgb2~~ MEFs derived from wild-type and
litters were stimulated with B-DNA having stepwise increas-
ing concentrations (0.1, 1, 5 and 10 pg/mL) (FIGS. 194 and )
or poly(I:C) having stepwise increasing concentrations (0.1,
1, 5and 10 pg/mL) (FIGS. 19¢ and d) for 6 hours or stimulated
with LPS having stepwise increasing concentrations (10, 50,
100 and 500 ng/ml) (FIGS. 19¢ and f) for 2 hours. The
expression of mRNAs of IFN-f3 (FIGS. 194, ¢ and ¢) and IL.-6
(FIGS. 194, d and f) was measured by quantitative RT-PCR.
The results are shown in FIG. 19. All data were shown as
meanzstandard deviation (n=3).
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Example 20

The influence of knock-down of HMGB2 in
Hmgb1~"~ MEFs was investigated. Hmgb1~~ MEFs trans-
formed with retrovirus expressing siRNA (HMBG2-si) tar-
geting HMGB?2 or control siRNA (Ctrl-si) were stimulated
with B-DNA (FIGS. 20a and 4) or poly(I:C) (FIGS. 20¢ and
d), and the expression of mRNAs of IFN-f (FIG. 20a and ¢)
and IFN-a4 (FIGS. 2056 and d) were measured by quantitative
RT-PCR. Hmgb1** expressing control siRNA (Ctrl-si) was
also analyzed for comparison. The results are shown in FIG.
20. All data were shown as meansstandard deviation (n=3).
The symbol “*” indicates p<0.01 in comparison with the cells
expressing control siRNA (Ctrl-si).

Example 21

The effect of siRNA targeting HMGB2 was investigated.
Wild-type MEFs were transformed with the shown siRNA
retrovirus, and the expression of each HMGB protein was
analyzed by immunoblot analysis. The results are shown in
FIG. 21.

Example 22

The effect of siRNA targeting all HMGBs was investi-
gated. Wild-type MEFs were transformed with retrovirus
expressing siRNA targeting all HMGBs (HMBG-si) or con-
trol siRNA (Ctrl-si), and the expressions of HMGB1 (FIG.
22a), HMGB2 (FIG. 22b) and HMGB3 (FIG. 22¢) proteins
were analyzed by quantitative RT-PCR. The results are shown
in FIG. 22. The symbol “*” indicates p<0.01 in comparison
with the Ctrl-si-introduced MEFs.

Example 23

The effect of siRNA targeting all HMGBs was investi-
gated. Wild-type MEFs were transformed with retrovirus
expressing siRNA targeting all HMGBs (HMBG-si) or con-
trol siRNA (Ctrl-si), and the expression of each HMGB pro-
tein was analyzed by immunoblot analysis. The results are
shown in FIG. 23.

Example 24

Deficiency in immune response against stimulations of
cytoplasms with various nucleic acids in HMGB deletion
cells was investigated. MEFs transformed with retrovirus
expressing siRNA targeting all HMGBs (HMBG-si) or con-
trol siRNA (Ctrl-si) were stimulated with shown nucleic acids
of HSV-1 DNA (FIG. 24a), vaccinia virus DNA (FIG. 245),
5'-triphosphate RNA (FIG. 24c¢), microbial DNA (FIG. 244),
bovine thymus DNA (FIG. 24¢), or ISD (FIG. 24f) for 6 hours
or with LPS (200 ng/mL) (FIG. 24g) for 2 hours. The mRNA
expression levels of the I[.-6 gene were measured by quanti-
tative RT-PCR. The results are shown in FIG. 24. All data
were shown as meansstandard deviation (n=3). The symbol
“* indicates p<0.01 in comparison with Ctrl-si-introduced
MEFs.

Example 25

Deficiency in immune response against nucleic acid
ligands at various concentrations in HMGB deletion cells was
investigated. MEFs expressing siRNA targeting all HMGBs
(HMBG-si) or control siRNA (Ctrl-si) were stimulated with
B-DNA having stepwise increasing concentrations (0.1, 1, 5
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and 10 pg/mL) (FIGS. 254 and d) or poly(I:C) having step-
wise increasing concentrations (0.1, 1, 5 and 10 pg/ml)
(FIGS. 2556 and e) for 6 hours or stimulated with LPS having
stepwise increasing concentrations (10, 50, 100 and 500
ng/ml) (FIGS. 25¢ and f) for 2 hours. The expression of
mRNA of TFN-f (FIGS. 254, b and ¢) or IL-6 (FIGS. 25d, e
and f) was measured by quantitative RT-PCR. The results are
shown in FIG. 25. All data were shown as mean+standard
deviation (n=3).

Example 26

Deficiency in immune response against nucleic acid
ligands at various concentrations in HMGB deletion cells was
investigated. MEFs expressing siRNA targeting all HMGBs
(HMBG-si) or control siRNA (Ctrl-si) were stimulated with
B-DNA having stepwise increasing concentrations (0.1, 1, 5
and 10 pg/mL) (FIGS. 264 and c¢) or poly(I:C) having step-
wise increasing concentrations (0.1, 1, 5 and 10 pg/ml)
(FIGS. 265 and d) for 6 hours or stimulated with LPS having
stepwise increasing concentrations (10, 50, 100 and 500
ng/ml) (FIG. 26e) for 2 hours. The expression of IFN-f
(FIGS. 264 and b) or IL-6 (FIGS. 26¢, d and ¢) was measured
by ELISA. The results are shown in FIG. 26. All data were
shown as meanzstandard deviation (n=3).

Example 27

Responses against various cytokine stimulations in HMGB
deletion cells were investigated. MEFs expressing siRNA
targeting all HMGBs (HMBG-si) or control siRNA (Ctrl-si)
were stimulated with B-DNA (10 pg/mL) for 6 hours (FIG.
27a), IFN-p (500 units/mL) for 6 hours (FIG. 275), IFN-y (1
unit/mL) for 2 hours (FIG. 27¢), or TNF-a (10 ng/mL) for 2
hours (FIG. 27d). The mRNA expression levels of IFN-f
(FIG. 27a), IRF7 (FIG. 27b), GBP1 (FIG. 27¢) and IkB-a
(FIG. 27d) were measured by quantitative RT-PCR. The
results are shown in FIG. 27. All data were shown as
meansstandard deviation (n=3). Basically, the same results
were obtained in different amounts of these ligands.

Example 28

Activation of STAT1 induced by IFN-y in HMGB deletion
cells was investigated. MEFs expressing siRNA targeting all
HMGBs (HMBG-si) or control siRNA (Ctrl-si) were stimu-
lated with IFN-y (1 or 10 units/ml.) for 30 minutes. Phospho-
rylated STAT1 and f-actin were detected with anti-phospho-
rylated STAT1 (p-STAT1) and anti-p-actin antibodies,
respectively. The results are shown in FIG. 28.

Example 29

Deficiency in immune response against stimulation of
cytoplasms with nucleic acid in HMGB deletion RAW264.7
cells was investigated. RAW264.7 cells expressing siRNA
targeting all HMGBs (HMBG-si) or control siRNA (Ctrl-si)
were stimulated with B-DNA (FIG. 29a) or poly(1:C) (FIG.
295) for the shown periods of time. The mRNA expression
levels of IFN-f genes were measured by quantitative RT-
PCR. The results are shown in FIG. 29. The symbol “*”
indicates p<0.01 in comparison with Ctrl-si-expressing cells.

Example 30

RAW264.7 cells expressing HMBG-si or Ctrl-si were
stimulated with B-DNA having stepwise increasing concen-

10

25

40

45

50

60

65

26

trations (0.1, 1, 5 and 10 pg/mL) (FIGS. 30a and d) or poly
(I:C) having stepwise increasing concentrations (0.1, 1, 5 and
10 pg/mL) (FIGS. 3056 and e) for 6 hours or stimulated with
LPS having stepwise increasing concentrations (10, 50, 100
and 500 ng/mL) (FIGS. 30c and f) for 2 hours. The mRNA
expression levels of shown cytokine genes were measured by
quantitative RT-PCR. The results are shown in FIG. 30. All
data were shown as meanzstandard deviation (n=3).

Example 31

Immune response against stimulations of cytoplasms with
nucleic acid in HMGB deletion NIH3T3 cells was investi-
gated. NIH3T3 cells expressing siRNA targeting all HMGBs
(HMBG-si) or control siRNA (Ctrl-si) were stimulated with
B-DNA (FIG. 31a) or poly(I:C) (FIG. 31b) for the shown
periods of time. The mRNA expression levels of IFN-f were
measured by quantitative RT-PCR. The results are shown in
FIG. 31. The symbol “*” indicates p<0.01 in comparison with
Ctrl-si-expressing cells.

Example 32

NIH3T3 cells expressing HMBG-si or Ctrl-si were stimu-
lated with B-DNA having stepwise increasing concentrations
(0.1, 1, 5 and 10 pg/ml) (FIGS. 324 and ¢) or poly(I:C)
having stepwise increasing concentrations (0.1, 1, 5 and 10
png/mL) (FIGS. 325 and d) for 9 hours or stimulated with LPS
having stepwise increasing concentrations (10, 50, 100 and
500 ng/mL) (FIG. 32¢) for 2 hours. The mRNA expression
levels of IFN-f (FIGS. 324 and b) or IL.-6 (FIGS. 32¢, d and
e) were measured by quantitative RT-PCR. The results are
shown in FIG. 32. All data were shown as mean+standard
deviation (n=3).

Example 33

Involvement of HMGB in activation of the inflammasome
pathway by B-DNA stimulation and cell death was investi-
gated.

B-DNA was lipotransfected into Hmgbh1** or Hmgb1~"~
fetal liver hematopoietic progenitor cell-derived macroph-
ages (FIG. 33a) and RAW264.7 cells (FIG. 33b) expressing
siRNA targeting all HMGBs (HMBG-si) or control siRNA
(Ctrl-si), and the amounts of secreted mature IL-1 were
measured by ELISA 12 hours later. RAW264.7 cells were
stimulated with 50 ng/mL of LPS for 16 hours to activate
inflammasome. The results are shown in FIG. 33. All data
were shown as meanzstandard deviation (n=3). The results
are shown in FIG. 33. The symbol “*” indicates p<0.01 in
comparison with wild-type cells or Ctrl-si-expressing cells.
ND means not detected.

RAW264.7 cells expressing HMBG-si or Ctrl-si were
stimulated with B-DNA having stepwise increasing concen-
trations. The cells were collected after the stimulation for 24
hours and were stained with trypan blue. The percentage of
viable cells to untreated cells was calculated. The results are
shown in FIG. 33¢. RAW264.7 cells expressing HMGB-si
showed higher resistance to cell death induced by DNA. All
data were shown as meanzstandard deviation (n=3).

Example 34

MEFs expressing siRNA targeting all HMGBs (HMBG-si)
or control siRNA (Ctrl-si) were infected with VSV (FIG. 34a)
or HSV-1 (FIG. 34b), and the virus titers were measured 24
hours later. The results are shown in FIG. 34. All data were
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shown as meanzstandard deviation (n=3). The symbol
indicates p<0.01 in comparison with Ctrl-si-expressing cells.

BT

Example 35

RAW264.7 cells expressing siRNA targeting all HMGBs
(HMBG-si) or control siRNA (Ctrl-si) were infected with
VSV (FIGS. 354, b and ¢) or HSV-1 (FIGS. 35d, e and /).
Subsequently, mnRNA expression levels of IFN-f3 (FIGS. 354
and d), IFN-al (FIGS. 356 and e) and IFN-a4 (c and f) were
measured. The results are shown in FIG. 35. The symbol “*”
indicates p<<0.01 in comparison with Ctrl-si-expressing cells
and the symbol “**” indicates p<0.05 in comparison with
Ctrl-si-expressing cells. ND means not detected.

Example 36

RAW264.7 cells expressing siRNA targeting all HMGBs
(HMBG-si) or control siRNA (Ctrl-si) were infected with
VSV or HSV-1. Subsequently, the virus titers were measured.
The results are shown in FIG. 36. The symbol “*” indicates
p<0.01 in comparison with Ctrl-si-expressing cells.

HMGB is Necessary for Activation of TLR Mediated
by Nucleic Acid

Example 37

RAW264.7 cells expressing siRNA targeting all HMGBs
(HMBG-si) or control siRNA (Ctrl-si) were stimulated with
poly(1:C) (FIGS. 37a and b) or CpG-B ODN (FIGS. 37¢ and
d), and the expression levels of mRNAs of 1L.-6 (FIGS. 374
and ¢) and TNF-a (FIGS. 37b and d) were measured by
quantitative RT-PCR. The results are shown in FIG. 37. All
data were shown as meanzstandard deviation (n=3). The
symbol “*” indicates p<0.01 in comparison with Ctrl-si-ex-
pressing cells. ND means not detected.

Example 38

RAW264.7 cells expressing siRNA targeting all HMGBs
(HMBG-si) or control siRNA (Ctrl-si) were stimulated with
CpG-A ODN or CpG-A ODN and DOTAP, and expression
levels of mMRNAs of IFN-f (FIG. 38a) and IFN-a4 (FIG. 385)
were measured by quantitative RT-PCR. DOTAP (trade
name, Roche Diagnostics K.K.) is a reagent for introducing
molecules negatively charged, such as DNA and RNA, into
eukaryotic cells through cationic liposome. The results are
shown in FIG. 38. All data were shown as mean+standard
deviation (n=3). The symbol “*” indicates p<0.01 in com-
parison with Ctrl-si-expressing cells.

Example 39

Inhibition of immune response activated by nucleic acid by
stimulation using a nucleic acid analogue was investigated.
MEFs were lipotransfected with B-DNA and were then co-
stimulated with 1 uM CpG-B ODN for 0, 1, 2, or 3 hours, and
induction of IFN-} was measured by ELISA. The results are
shown in FIG. 39. All data were shown as mean+standard
deviation (n=3). The symbol “*” indicates p<0.01 in com-
parison with stimulation with B-DNA without performing
stimulation with CpG-B ODN.

Example 40

Bone marrow-derived T1r9~~ ¢cDCs were pretreated with 5
UM PS or 1 uM CpG-B ODN for 30 minutes or not pretreated
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and then stimulated with 50 pg/ml of poly(1:C) (without
lipotranstection) (FIG. 404a) or 25 pg/ml of R837 (FIG. 406)
for 4 hours. The expression levels of IL.-12p40 mRNA were
measured by quantitative RT-PCR. The results are shown in
FIG. 40. All data were shown as mean+standard deviation
(n=3). The symbol “*” indicates that the results of cells not
subjected to the pretreatment are p<0.01 with respect to the
results of pretreated cells. ND means not detected.

Example 41

Intracellular localization of HMGBI1 and RIG-I was inves-
tigated. Expression vectors of CFP-tagged RIG-1 (CFP-RIG-
1) and YFP-tagged HMGB1 (YFP-HMGB1) were intro-
duced, together with RFP-tagged Rab5 (RFP-Rab5) or
without RFP-Rab5, into HelLa cells. At 16 hours after the gene
transfer, the cells were stimulated with poly(1:C) for 2 hours,
and fluorescence microscopic observation was performed
using a laser scanning confocal microscope.

FIG. 41 shows the fluorescence microscopy photographs
of cells cotransfected with expression vectors (CFP-RIG-I,
YFP-HMGB1 and RFP-Rab5). The upper and lower stages of
FIG. 41 respectively show photographs of single (from the
left to the right, RIG-I, HMGB1 and Rab5) and superposition
(from the left to the right, CFP-RIG-I+YFP-HMGBI1, CFP-
RIG-I+RFP-Rab5, YFP-HMGB1+RFP-Rab5 and CFP-RIG-
I+YFP-HMGB1+RFP-Rab5). The scale bar indicates 5 pm.
Typical results observed in a large number of cells are shown.
Both the RIG-I and HMGBI partially overlapped the Rab5,
which shows recruitment of RIG-I and HMGB1 to endosome
membrane and probably activation of RIG-I by HMGB.

Example 42

The cells cotransfected with CFP-RIG-1and YFP-HMGB1
expression vectors were stimulated with poly(I:C) and were
then stained with MitoTracker Deep Red 633 (mitoTR, Invit-
rogen Corporation) to perform fluorescence microscopic
observation using a laser scanning confocal microscope. FIG.
42 shows fluorescence microscopy photographs of cells. The
upper and lower stages in FIG. 42 respectively show photo-
graphs of single (from the left to the right, CFP-RIG-I, YFP-
HMGBI1 and mitoTR) and superposition (from the left to the
right, CFP-RIG-I+YFP-HMGBI1, CFP-RIG-I+mitoTR,
YFP-HMGB1+mitoTR and CFP-RIG-I+YFP-HMGB1 +mi-
toTR). The scale bar indicates 5 pm.

As shown herein, RIG-I overlapped mitoTR, but no over-
lapping between HMGB1 and mitoTR was observed at all.
Together with the results shown in Example 41, the results are
interpreted as follows. After recognition of poly(I:C) by
HMGBI1, RIG-1 is activated and is localized in the mitochon-
dria and interacts with IPS-1/MAVS therein.

These observations are “snapshot” in a series of actions of
nucleic acid recognition and activation of immune response,
and in the observations, a part of fractions of RIG-I interacts
with HMGBI1, and at the same time, another fraction disso-
ciates from HMGBI to binds to IPS-1/MAVS.

FIG. 43 shows a schematic diagram of the activation of an
immune response mediated by nucleic acid, i.e., the activa-
tion of an immune response mediated by an HMGB protein,
made on the basis of the results of the above-described
Examples. All immunogenic nucleic acids bind to HMGB
(promiscuous sensing), which is necessary for recognition by
a specific pattern recognition receptor (discriminative sens-
ing) for activating the subsequent immune response.

Example 43

The method of screening for an inhibitor of activation of an
immune response mediated by an HMGB protein with an
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immobilized HMGB protein was evaluated using a micro-
plate. A recombinant HMGBI protein dissolved in PBS at a
concentration of 5 pg/ml. was dispensed by 100 uL in each
well of a 96-well microplate and was left at 25° C. for 1 hour
for immobilization. Each well was washed with PBS solution
twice, and then 100 ulL of a 2% BSA-PBS solution was added
to each well, followed by incubation at 25° C. for 1 hour for
blocking. Each well was washed with a PBS solution twice,
and then 100 pL of a PBS solution only or a PBS solution
containing 75 pg/mL of B-DNA, 100 pg/mL of poly(1:C), 100
ng/ml, of LPS, or 25 pg/ml. of R837 dissolved therein was
added to each well, followed by incubation at 25° C. for 1
hour. Subsequently, each well was washed with a PBS solu-
tion twice, and then 100 pl of 1 uM B-DNA labeled with
biotin at the 5' end or a PBS solution only was added to each
well, followed by incubation at 25° C. for 1 hour. Subse-
quently, each well was washed with a PBS solution twice,
then 100 ul. of HRP-labeled anti-biotin antibody (R&D sys-
tems, Inc.) diluted 200 times with a PBS solution was added
to each well, followed by incubation at 25° C. for 1 hour. Each
well was washed with a PBS solution twice, and then 100 pL.
of'a substrate solution (BD Biosciences) of HRP was added to
each well, followed by color development at 25° C. for 15
minutes. The absorbance of each well was quantified with a
microplate reader (Model 680, Bio-Rad Laboratories, Inc.).
FIG. 45(a) shows the photographs of the microplate after
color development, and FIG. 45(b) shows a graph of absor-
bance of each sample. All data were shown as mean+standard
deviation (n=3).

(Effects of Phosphorothioate Oligonucleotide and PS on
Activation of Immune Response Mediated by HMGB Pro-
tein)

Experiments using CpG-B(S), CpG-Rev(S) and
CpG-M(8S), which are phosphorothioate oligonucleotides and
PS were carried out. FIG. 46 shows nucleotide sequences of
these compounds. In FIG. 46, the underlined CG (CpG-B(S)),
GC (CpG-Rev(S)) and GG (CpG-M(S)) are characteristic
nucleotide sequences of the respective phosphorothioate oli-
gonucleotides.

In Vitro Pull-Down Assay
Example 44

As in Example 13, in vitro pull-down assay using recom-
binant HMGB1 and biotin-bound B-DNA was performed for
0.1,0.5,2.5,12.5 and 62.5 ng/mL of CpG-B(S), CpG-Rev(S),
CpG-M(S) and PS, as competitors. The results are shown in
FIG. 47. CpG-Rev(S) and CpG-M(S) (data are not shown)
showed higher competitivity than PS.

Inhibition of Activation of Immune Response
Mediated by HMGB Protein

Example 45

CpG-B(S), CpG-Rev(8), or PS was added to the media of
MEFs at a concentration of 0.1, 0.25, 0.5, 0.75, or 1 uM, and
treatment was carried out for 1 hour. Subsequently, these
MEFs were lipotransfected with 5 pg/ml. of B-DNA or 5
ng/mL of poly(I:C) to stimulate for 24 hours, and production
of IFN-f was measured by an ELISA method. The results are
shown in FIG. 48. All data were shown as mean+standard
deviation (n=3). (a) to (c¢) show the results of stimulation with
B-DNA, and (d) to (f) show the results of stimulation with
poly(l:C). As a result, in MEFs treated with CpG-B(S) (FIG.
48a and d) or CpG-Rev(S) (FIGS. 485 and e), the production
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of IFN-f were notably decreased. In addition, it was revealed
that in the concentrations in this experiment, inhibition of
production of IFN-f by MEFs in the case of using PS is
weaker than that in the case of using CpG-B(S) or
CpG-Rev(S) (FIGS. 48¢ and ).

From the results above, it was revealed that the presence of
the base moiety is important for inhibiting the production of
IFN-f by MEFs. It is known that the 8th and 9th nucleotides
of CpG-B (SEQ ID NO: 1) being a sequence of CG is impor-
tant for activating the immune response mediated by TLR9,
but in MEFs treated with CpG-Rev(S) (SEQ ID NO: 38) in
which this sequence was changed to GC and all phosphodi-
ester linkages were replaced by phosphorothioate linkages,
the production of IFN-f was notably decreased. It is believed
from this result that the unmethylated CG sequence (5'-CG-
3" is not important for inhibition of the activation of an
immune response mediated by the HMGB protein and that (1)
the presence of phosphorothioate linkage and (2) the presence
of'base are important.

Example 46

Differentiation of wild-type mouse-derived bone marrow
cells was induced with human FIt3L as described above to
give pDCs. The pDCs (hereinafter, sometimes referred to as
“F1t3-DCs”) were treated in the presence of 3 puM of
CpG-M(S) for 1 hour and were then lipotransfected with 1
uM of CpG-A (TLR9 agonist) or 5 pg/mL of poly(U) (TLR7
agonist) to stimulate for 24 hours, and the production of
IFN-a and IFN-} was measured by the ELISA method. The
results are shown in FIG. 49. (a) and (b) show the measure-
ment results of production amount of IFN-c., and (¢) and (d)
show the measurement results of production amount of IFN-
[. In addition, (a) and (c¢) show the results of stimulation with
CpG-A, and (b) and (d) show the results of stimulation with
poly(U). All data were shown as meansstandard deviation
(n=3). As a result, it was revealed that in F1t3-DCs treated
with CpG-M(8), the production of IFN-c and IFN- when the
F1t3-DCs are stimulated with CpG-A or poly(U) are notably
inhibited.

In Vivo Septicemia Model
Example 47

LPS administration to mice is employed as a septicemia
model. In the case of administering a lethal dose of LPSto a
mouse, the blood concentrations of inflammatory cytokines,
TNF-c, IL-1p and IL-6, increase shortly after the adminis-
tration of LPS, reach their peaks 2 to 3 hours later, and then
return to the base levels within several hours. Meanwhile, in
tracking of survival progress of the mice, it takes 12 to 48
hours from the LPS administration until death of many indi-
viduals. The cytokine found to be present in the blood at a
high level during this period is HMGB1. The blood level of
HMGBI1 does not change within 8 hours after LPS adminis-
tration, then increases, and maintains a high level 16 to 36
hours after the administration. The importance of contribu-
tion of HMGBI1 to lethality of septicemia is seen from the
correlation between the blood concentration of HMGB1 and
severity of septicemia and an increase in survival rate by
administration of HMGB1 neutralizing antibody.

In addition, it is known that in a septicemia model, necrosis
of hepatocytes occurs, and a possibility is suggested that
DAMPs, such as nucleic acid, released by necrotic cells exac-
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erbate the symptoms. The possibility of improving symptoms
by inhibiting these so-called inflammation mediators was
investigated.

The eftect of CpG-M(S) was investigated in a septicemia
model that is initiated by intraperitoneal administration of
LPSto C57BL/6 mice at 1.25 mg/mouse. At 1 hour before the
administration of LPS, 100 pg/mouse of CpG-M(S) or saline
was administered to each mouse through the tail vein, and the
survival rate of mice was measured. The results are shown in
FIG. 50. In mice administered with CpG-M(S), improvement
in survival rate was recognized. It is believed that the admin-
istration of LPS causes cell death in, for example, the liver to
release nucleic acids and that these nucleic acids induce the
activation of an immune response mediated by an HMGB
protein. Though it is not to stick to a specific theory, it is
believed that such activation of an immune response mediated
by an HMGB protein is inhibited by the administration of
CpG-M(S).

As shown in FIG. 50, in the sample group (n=10) where
LPS was injected after administration of CpG-M(S), 70% of
individuals survived, whereas in the control group (n=10)
where CpG-M(S) was not administered, all individuals died
12 to 48 hours after LPS injection.

Investigation of Nucleotide Sequence
Example 48

MEFs were pretreated for 1 hour with 1 uM of a phospho-
rothioate oligonucleotide (hereinafter, sometimes expressed
as “poly(dA)(S)”) including a nucleotide sequence of poly
(dA) (purine base) of 5-mer, 10-mer (SEQ ID NO: 41),
15-mer (SEQ ID NO: 42), or 20-mer (SEQ ID NO: 43) or 1
uM of a phosphorothioate oligonucleotide (hereinafter,
sometimes expressed as “poly(dC)(S)”) including a nucle-
otide sequence of poly(dC) (pyrimidine base) of 5-mer,
10-mer (SEQ ID NO: 44), 15-mer (SEQ ID NO: 45), or
20-mer (SEQ ID NO: 46). Subsequently, the pretreated MEFs
were stimulated by lipotransfection of B-DNA at a concen-
tration of 5 ug/ml., and the induction of mRNA of IFN-§§ 3
hours or 6 hours later was investigated by RT-PCR.

The results are shown in FIG. 51. All data were shown as
meanzstandard deviation (n=3). (a) shows the results of poly
(dA)X(S) and (b) shows the results of poly(dC)(S). Cells pre-
treated with CpG-M(S) were used as a positive control and
cells pretreated without addition of the oligonucleotide were
used as a negative control. Both the poly(dA)(S) and
poly(dC)(S) inhibited the induction of IFN-f mRNA by
stimulation with B-DNA. In particular, the inhibition of
induction of IFN-f mRNA was notable when a purine base,
poly(dA)(S), was used. In addition, a phosphorothioate oli-
gonucleotide having a length of 15-mer or more showed a
high effect of inhibiting the induction of IFN- mRNA.

(Search for Nonimmunogenic Oligodeoxyribonucleotide
Inhibiting Nucleic Acid Recognition Receptor Signal)

Comparison of Ability of Inhibiting Production of
Type I IFN by Various Oligodeoxyribonucleotides
(ODNs)

Example 49

It has been reported that when poly(dA:dT)«(dT:dA) (ds-
DNA taking the B type conformation, hereinafter, referred to
as “B-DNA™), or poly(I1:C), which is a dsRNA, is introduced
into mouse fetal fibroblasts (MEFs) by a lipofection method,
type I IFN (IFN-o/f) and inflammatory cytokines are pro-
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duced. Accordingly, first, immune response inhibition by
addition of ODN to a medium in advance (hereinafter,
referred to as “ODN pretreatment™) was investigated using
the production amount of type I IFN by nucleic acid stimu-
lation as an index. The production amounts of type I IFN in
MEFs were quantified by ELISA for the case of performing
the pretreatment with various ODNs at 1 hour before the
nucleic acid stimulation and the case of not performing the
pretreatment. As a result, the production of type I IFN was
inhibited depending on the increase in concentration of ODN
in the medium when CpG-B(S), CpG-Rev(S), CpG-M(S),
CpG ODN 1018(S), or ODN 1019(S) was used in the pre-
treatment. In addition, it was revealed that the ability of inhib-
iting the production of type I IFN in ODN(PS) not having the
base and composed of only the phosphorothioate backbone is
lower than that when the pretreatment was performed with
ODN having the base. The results are shown in FIG. 52.

In more detail, MEFs were stimulated with 5 pg/ml of
B-DNA (A-F) or 5 pg/mL of poly(I:C) (G-L) at 1 hour after
the pretreatment with any of ODNs (CpG-B(S), CpG-Rev(S),
CpG-M(S), CpG ODN 1018(S), ODN 1019(S) and PS) and
the IFN-f in the supernatant of the culture 24 hours later was
quantified by ELISA. The mean and the standard deviation of
independent two samples were shown. In FIG. 52, the sym-
bols “*” and “**” indicate that there are significant differ-
ences between the values of CpG-M(S)(+) and CpG-M(S)(-)
at P<0.05 and P<0.01, respectively.

Example 50

It was investigated a possibility that the inhibition of pro-
tein synthesis is a cause of immune response inhibition by
ODN. Regarding CpG-B(S) and CpG-M(S), induction of
mRNAs of type | IFN and inflammatory cytokines in MEFs
was investigated by quantitative RT-PCR. As a result, as
shown in F1G. 53, the expression induction of mRNAs of both
type I IFN and inflammatory cytokines was inhibited by using
CpG-B(S) or CpG-M(S) in the pretreatment. Accordingly, it
was suggested that these ODNSs target upstream the mRNA
expression induction to inhibit the immune response. In addi-
tion, in the pretreatment using ODN(CpG-M) having the
same nucleotide sequence as that of CpG-M(S) and com-
posed of a phosphodiester backbone, inhibition of expression
induction of type I IFN and inflammatory cytokines was not
observed, unlike in the pretreatment with CpG-M(S).

In more detail, 5 pg/ml of B-DNA or 5 ng/mL of poly(1:C)
were introduced into MEFs for stimulation at 1 hour after the
pretreatment with any of ODNs (CpG-B(S), CpG-M(S) and
ODN(CpG-M) having the same sequence as that of
CpG-M(S) and a phosphodiester backbone). Total RNA was
collected at 3 hours and 6 hours after the stimulation, and the
induction of mRNAs of (A) Ifha4, (B) Ifub1, (C) 116 and (D)
Ccl5 was quantified by quantitative RT-PCR. The mean and
the standard deviation of independent two samples were
shown. In FIG. 53, N.D. indicates not detectable. The sym-
bols “*” and “**” indicate that there are significant differ-
ences with the value of CpG-M(S)(-) at P<0.05 and P<0.01,
respectively.

Analysis of Nucleic Acid Uptake Efficiency
Example 51

The analysis in Example 50 showed that IFN production by
stimulation with B-DNA or poly(1:C) is inhibited by subject-
ing the MEFs to ODN pretreatment. Regarding this result, it
was investigated what kind of mechanism ofthe ODN inhibits
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the IFN production. In the stimulation of cells using B-DNA
or poly(I:C), introduction by a lipofection method of nucleic
acid is necessary. Consequently, in Example 50, it was sug-
gested a possibility that the ODN inhibits the uptake by lipo-
fection of B-DNA or poly(I:C) into cells and, as a result,
inhibits the IFN production. Accordingly, in uptake of the
B-DNA labeled with FITC at the 5' end into cells, the influ-
ence of the presence or absence of pretreatment with CpG-
Rev(S), CpG-M(S), or ODN 1019(S), which is believed not to
activate TLR9, on the uptake of the B-DNA was investigated.
The results are shown in FIG. 54. In FITC-labeled B-DNA-
introduced MEFs, the fluorescence derived from the FITC
was observed by flow cytometry. The flow cytometric analy-
sis was performed with FACS Calibur (Becton, Dickinson
and Company). Under this condition, in samples pretreated
with CpG-B(8S), CpG-Rev(S), or CpG-M(S), which inhibits
IFN production, (FIGS. 54, C, D and E), fluorescent intensity
equivalent to or higher than that in the untreated control (FIG.
54, B) was observed, which revealed that the uptake of
B-DNA was not inhibited. In contrast, in MEFs pretreated
with ODN 1019(S) (FIG. 54, F), the number of cells emitting
fluorescence derived from FITC was less than that in the
control cell group (FIG. 54, B), which proved that the ODN
1019(S) inhibits the uptake by lipofection of B-DNA into
MEFs.

In more detail, the fluorescence derived from FITC-labeled
B-DNA taken up into MEFs was detected by flow cytometry
for MEFs (A) not introduced with the FITC-labeled B-DNA
without performing the pretreatment with various ODNs,
MEFs (B) introduced with 3 pg/ml of FITC-labeled B-DNA
only, and MEFs (C) to (F) introduced with 3 ug/ml. of FITC-
labeled B-DNA after the pretreatment for 1 hour with 1 uM of
CpG-B(S), 1 uM of CpG-Rev(S), 1 uM of CpG-M(S), or 1
uM of ODN 1019(S), respectively. The number of cells was
shown as a histogram with respect to the fluorescent intensity
of the fluorescence derived from FITC on the abscissa. In
FIG. 54, the number in each panel indicates the proportion of
the FITC positive cells to the total cells.

The mechanism of how the ODN 1019(S) inhibits the
introduction by lipofection of nucleic acid into cytoplasms is
unclear, but the analysis of the style of the inhibitory action is
not the main purpose here. Accordingly, in the specification,
further analysis of the uptake-inhibiting mechanism by ODN
1019(S) is not performed, and CpG-M(S), which does not
inhibit uptake of nucleic acid like CpG-B(S), was used in the
following experiments.

Inhibition of Binding Between CpG-M(S) and
HMGB Protein and Nucleic Acid Receptor Signaling
Pathway

Example 52

It was clear from the results above that the inhibition of IFN
production by CpG-M(S) is not performed by inhibition of
nucleic acid uptake. Accordingly, it was investigated where is
the site of action of inhibition by CpG-M(S). The analysis was
carried out by focusing on the signaling molecules related to
nucleic acid recognition. Itis known that not only induction of
type I IFN but also NF-kB pathway and M AP kinase pathway
are activated by stimulation of B-DNA or poly(I:C), and it
was investigated for a possibility of inhibiting activation of
these signaling pathways by inhibiting the binding of B-DNA
or poly(I1:C) to HMGB protein. The binding of CpG-M(S) to
HMGB protein was investigated by in vitro pull-down assay.
HMGBI1 bound to B-DNA, as shown in FIG. 55A, by puri-
fying a recombinant protein of HMGB1 and mixing the pro-
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tein with a biotin-labeled B-DNA. This binding was com-
pletely inhibited by adding CpG-B(S) as a competitor. Then,
whether this strong binding between HMGB1 and CpG-B(S)
can be inhibited by CpG-M(S) was investigated. As shown in
FIG. 55B, it was revealed that the strong binding between
CpG-B(S) and HMGBI can be dose-dependently inhibited
by adding CpG-M(S) to a mixture of biotin-labeled
CpG-B(S) and the HMGBI protein. Since the binding was
inhibited equally to the case where CpG-B(S) not labeled
with biotin was added, it was suggested that CpG-M(S) binds
to HMGB1 with the same strength as that of CpG-B(S). Atthe
same time, as shown in FIG. 55B, it was shown that
CpG-M(S) binds to HMGB1 with a higher strength than
ODN(PS) composed of only a phosphorothioate backbone
and not having any base and ODN(CpG-M) having the same
sequence as that of CpG-M(S) and a phosphodiester back-
bone.

In more detail, a final concentration 0f0,0.1,0.5,2.5,12.5,
or 62.5 pg/mL of CpG-B(S) as a competitor was added to 2 ug
of'arecombinant HMGB1 protein and a final concentration of
2.5 pg/mL of biotin-labeled B-DNA, and they were incubated
(room temperature, 30 minutes). The biotin-labeled B-DNA
was pulled down with streptavidin-bound magnetic beads,
and HMGBI1 in the coprecipitated protein was detected by
Western blotting using an anti-HMGB1 antibody. The results
are shown in FIG. 55A. In addition, a final concentration of 0,
1,2,4,8,16, 0r32 uM of a competitor: CpG-B(S) not labeled
with biotin, CpG-M(S), ODN(PS) composed of only a phos-
phorothioate backbone and not having any base, or ODN
(CpG-M) having the same sequence as that of CpG-M(S) and
a phosphodiester backbone, was added to 2 pg of the recom-
binant HMGBI protein and a final concentration 0f 0.2 uM of
biotin-labeled CpG-B(S). The biotin-labeled CpG-B was
pulled down with streptavidin-bound magnetic beads, and
HMGBI in the coprecipitated protein was detected by West-
ern blotting using an anti-HMGB1 antibody. The results are
shown in FIG. 55B.

Example 53

In the investigation of Example 49, CpG-M(S), which is
believed to have a high binding affinity to HMGBI1, showed a
stronger ability of inhibiting the IFN induction by nucleic
acid stimulation than PS composed of only a phosphorothio-
ate backbone; and in the investigation of Example 50, CpG-
M(S) inhibited the mRNA induction of type I IFN and inflam-
matory cytokines, whereas CpG-M did not, therefore, it was
believed that the immune response inhibitory action by CpG-
M(S) arises from inhibition of binding and signaling to an
immunoreceptor downstream by binding of an immunogenic
nucleic acid to an HMGB protein through strong binding of
CpG-M(S) to the HMGB protein. According to this hypoth-
esis, the inhibitory action of CpG-M(S) should act on not only
the induction of type I IFN, but also activation pathways of
NF-xB and MAP kinase. Accordingly, subsequently, the
inhibitory action of CpG-M(S) on activation of these tran-
scription factors and signaling molecules by nucleic acid
stimulation was investigated.

It has been reported that IFN regulatory factor 3 (IRF3),
which is a transcription factor, plays an important role in
induction of type I IFN by stimulation with nucleic acid such
as B-DNA or poly(I:C). IRF3 is present in cytoplasm as a
monomer in the absence of stimulation and is known to form
a homodimer by activation with phosphorylation or the like
and is transported into nuclei. Accordingly, the activation of
IRF3 was investigated using phosphorylation as an index.
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The results are shown in FIG. 56. It was revealed that the
phosphorylation of IRF3 by nucleic acid stimulation is nota-
bly inhibited by the pretreatment with CpG-M(S). Subse-
quently, the activation of the NF-kB pathway was investi-
gated using the phosphorylation of IkBa as an index, and the
activation of MAP kinase pathway was investigated using
phosphorylation of c-Jun N-terminal kinase (JNK) and p38 as
indices. As aresult, it was revealed that the activation of these
transcription factors and signaling molecules was also nota-
bly decreased by the pretreatment with CpG-M(S). It was
suggested from the above that CpG-M(S) binds to an HMGB
protein and thereby inhibits the binding of B-DNA and poly
(I:C) to the HMGB protein and inhibits the signaling pathway
by the natural immunoreceptor stimulation.

In more detail, 1 pg/ml of B-DNA (A) or 1 ug/mL of
poly(I:C) (B) was introduced into cytoplasms of MEFs
derived from C57BL/6] mice pretreated with 1 uM of CpG-
M(S) for 1 hour or not pretreated for stimulation. Protein
samples were collected at 0.5, 1, 1.5, 2, 3 and 4 hours after the
stimulation, and phosphorylation of IRF3, IxkBa, JNK and
p38 (p-IRF3, p-IkBa, p-INK and p-p38) was detected by
Western blotting.

Investigation of Involvement of TLR9 in Inhibitory
Action of CpG-M(S)

Example 54

It was revealed from the results above that CpG-M(S) does
not affect the uptake of B-DNA into cells and inhibits the
activation of signaling pathway downstream intracellular
nucleic acid recognition receptor. It is strongly suggested that
CpG-M(S) inhibits the immune response by targeting the
HMGB protein. Incidentally, CpG-M(S) has a sequence dif-
ferent from that of CpG-B(S), a TLR9 agonist, by one nucle-
otide only. Accordingly, it was investigated whether
CpG-M(S) can inhibit the activation of an immune system by
nucleic acid stimulation also in a cell type expressing TL.R9.
In addition, a possibility that CpG-M(S) itself is recognized
by TLRY and thereby acts as an agonist was investigated.
Whether the response to intracellular nucleic acid stimulation
is inhibited by CpG-M(S) treatment was investigated using
¢DCs derived from a TIr9 gene deficient (T1r9~'~) mouse and
a control (T1r9*'~) mouse. As shown in FIG. 57, expression of
type I IFN and inflammatory cytokine genes was induced
equally in both ¢DCs by stimulating these mouse-derived
c¢DCs with B-DNA or poly(1:C). On this occasion, the expres-
sion induction of type I IFN and inflammatory cytokine genes
was inhibited by the pretreatment with CpG-M(S) in both of
TIr9*~ ¢DC and TIr9~'~ ¢DC. It was revealed by the above
that CpG-M(S) inhibits the immune system activation by
nucleic acid stimulation also in cell types other than MEF. In
addition, it is surmised that this inhibitory action does not
depend on the signal of TLR9 and may be probably achieved
by the binding between the HMGB protein and CpG-M(S)
upstream TLRO. Furthermore, since neither type I IFN nor
inflammatory cytokines was induced in the case of not stimu-
lating with B-DNA and poly(I:C) and adding CpG-M(S)
only, it was revealed that CpG-M(S) does not have immuno-
genicity, unlike the CpG-B(S) being an agonist of TLRO.

In more detail, cDCs derived from a Tlr9 gene deficient
(TIr9~"") mouse and a control (T1r9™") mouse were pretreated
with 1 uM of CpG-M(S) or were not pretreated as a control,
and 5 pg/ml of B-DNA or 5 pg/mL of poly(I:C) was intro-
duced into the cells 1 hour later for stimulation. Total RNA
was collected at 3 and 6 hours after the stimulation, and the
induction of mRNAs of (A) Ifha4, (B) Ifub1, (C) 116 and (D)
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Tnfa was measured by quantitative RT-PCR. The mean and
the standard deviation of independent two samples were
shown. In FIG. 54, N.D. indicates not detectable. The sym-
bols “*” and “**” indicate that there are significant differ-
ences between the values of CpG-M(S)(+) and CpG-M(S)(-)
at P<0.05 and P<0.01, respectively.

Investigation of Inhibition by CpG-M(S) of TLR
Pathway

Example 55

It was believed from the results in Example 54 that CpG-
M(S) inhibits the immune system activation by nucleic acid
stimulation by targeting further upstream TLR9. Accord-
ingly, it was investigated whether signaling pathways down-
stream TLR7, which is a membrane receptor similarly recog-
nizing nucleic acid, can be similarly inhibited by CpG-M(S).
CpG-M(S) does not have immunogenicity as an agonist of
TLR9Y. Accordingly, whether the induction of type I IFN in
nucleic acid recognition by TLR7 or TLRY is inhibited by
CpG-M(S) was investigated using pDCs, which are cells that
highly express TLR7 and TLR9 and produce a large amount
oftype I IFN by recognition of ssRNAs, the respective ligands
thereof, and DNA having CpG motif. As shown in FIG. 58,
the production of IFN-a was induced by stimulating pDCs
with CpG-A, which is a TLRO ligand, or poly(U), which is a
TLR7 ligand, and this production was inhibited by the pre-
treatment with CpG-M(S).

In more detail, pDCs derived from C57BL/6J mice pre-
treated with 3 uM of CpG-M(S) or not pretreated were stimu-
lated with (A) 1 uM of CpG-A, whichis a TLR9 ligand, or (B)
5 pg/mL of poly(U), whichis a TLR7 ligand, and IFN-c.in the
culture supernatant was quantified by ELISA 24 hours later.
The symbol “**” indicates that there is a significant differ-
ence between the values of CpG-M(S)(-) and (+) at P<0.01.

Example 56

Then, the expression induction of type I IFN gene was
analyzed by quantitative RT-PCR, and as shown in FIG. 59,
the expression of type I IFN gene was inhibited at the mRNA
level in both cases of stimulating with any of CpG-A and
poly(U). It was suggested from this that CpG-M(S) inhibits
the induction of type I IFN by targeting the mechanism com-
mon to nucleic acid recognition by TLR7 and TLR9.

In more detail, in pDCs derived from C57BL/6J mice pre-
treated with 10 uM of CpG-M(S) or not pretreated, mRNA
induction of (A) Ifna4 and (B) Ifnbl when the pDCs were
stimulated with 1 uM of CpG-A and mRNA induction of (C)
Itha4 and (D) Ifnb1 when the pDCs were stimulated with 5
png/mL of poly(U) were quantified by quantitative RT-PCR.
The mean and the standard deviation of independent two
samples were shown in both cases. N.D. indicates not detect-
able. The symbols “*” and “**” indicate that there are sig-
nificant differences between the values of CpG-M(S)(+) and
CpG-M(S)(-) at P<0.05 and P<0.01, respectively.

(Inhibition of Activation of Adaptive Immune System by
Nucleic Acid Stimulation of CpG-M(S) and Evaluation in
Disease Model)

The results above demonstrated the ability of CpG-M(S) of
inhibiting the innate immune response in vitro. The natural
immunity, which promptly recognizes pathogen-associated
molecular patterns (PAMPs) and self-tissue damage-associ-
ated molecular patterns (DAMPs) and responds thereto, is
important in the point of promptly eliminating non-selfin the
living body. At the same time, however, activation of an
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adaptive immune system and initiation of an immune
response with higher specificity are also important roles of
natural immunity.

Accordingly, first, whether or not the innate immune
response in vivo and the adaptive immune response activated
thereby are inhibited by CpG-M(S) was investigated using
the activation of CD8" T cells as an index. Furthermore, in
addition to the inhibition of the adaptive immune system by
CpG-M(8), considering that CpG-M(S) does not have immu-
nogenicity as shown in the results above, the influences of
CpG-M(S) in disease models such as experimental autoim-
mune encephalomyelitis (EAE) and septicemia were investi-
gated.

(Inhibition by CpG-M(S) of Activation of
Antigen-Specific CD8" T Cell)

Example 57

The activation of an innate immune system is closely
related in the activation of an adaptive immune system. It is
well known that an adaptive immune system specific to an
antigen is activated by administration of the antigen and an
adjuvant, and it is believed that the adjuvant activates an
innate immune system to express a costimulator in, for
example, dendritic cells and enhances antigen presentation to
T cells by accelerating maturation. There are many reports on
that an antigen-specific adaptive immune system is initiated
by nucleic acid and administration of an antigen, and here,
whether or not CpG-M(S) can inhibit the activation of the
adaptive immune system was investigated using B-DNA as
the nucleic acid and ovalbumin (OVA)-specific CD8* T cells,
which are induced by administration of OVA as an antigen, as
an index. In immunization of mice with OVA and B-DNA, a
group of administering CpG-M(S) and a group of not admin-
istering CpG-M(S) were prepared. Splenocytes were pre-
pared on the 8th day after the immunization, and CD8" T cells
that specifically react with OVA were detected by flow cytom-
etry using an OVA-specific MHC class I tetramer. As shown
in FIG. 60, the proportion of the OVA-specific CD8* T cells
(12.6%) was significantly increased in the case of immuniza-
tion with OVA together with B-DNA compared to that
(0.97%) in the case of sensitization with OVA only. On this
occasion, this proportion was notably decreased in the mice
administered with CpG-M(S) (2.41%). That is, it was shown
that CpG-M(S) can inhibit the activation of the adaptive
immune system by nucleic acid.

In more detail, (A) OVA only (B-DNA(-)), (B) OVA and
B-DNA (B-DNA(+)), or (C) OVA, B-DNA, and also
CpG-M(S) (B-DNA(+)*CpG-M(S)(+)) was intraperitoneally
administered to C57BL/6] mice. The proportion of OVA-
specific CD8" T cells in the spleen on 8 days later was ana-
lyzed by flow cytometry using an MHC class I tetramer. FIG.
60 shows gated cells for the CD8* T cells. In addition, frac-
tions of CD44 positive and MHC tetramer positive are sur-
rounded by red frames. The figures each indicate the propor-
tion of the fraction of CD44 positive and MHC tetramer
positive in the gated cell population for the CD8" T cells.

Evaluation of CpG-M(S) in EAE Pathological
Conditions

Example 58
EAE is one animal model of human multiple sclerosis

(MS). MS is an inflammatory, autoimmune, demyelinating
disease of the central nervous system, and mouse EAE can be
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developed by administering myelin-derived peptide (MOG
peptide 35-55, Operon, hereinafter referred to as “MOG pep-
tide”) together with complete Freund’s adjuvant (CFA) to a
normal mouse for immunization. The pathological findings
common to MS and EAE are infiltration of B cells, T cells and
macrophages into the central nervous system and neurologi-
cal disorders caused thereby, and it is also reported that
nucleic acid is involved in exacerbation of the pathological
conditions.

Accordingly, on the basis of an idea that the pathological
conditions of EAE can be relieved by administering
CpG-M(S), experiments were carried out. In EAE, the
progress of autoimmune inflammation can be evaluated by
scoring the severity of neurological disorders such as paraly-
sis of the tail and the limbs. The pathological scores of EAE
were determined on the basis of the criteria shown in Table 1.
The MOG peptide and CFA were subcutaneously injected in
the lower back of mice for immunization. 1 week after the
injection, CpG-M(S) (n=4) or PBS as control (n=4) was
administered three times every three days, and then the patho-
logical conditions were evaluated. The results are shown in
FIG. 61. In the CpG-M(S) administration group, the patho-
logical conditions of EAE were notably relieved compared to
the control group. That is, it was shown that CpG-M(S) can
relieve the pathological conditions of EAE.

In more detail, 1 week after the administration of the MOG
peptide and CFA to the lower back of C57BL/6] mice, CpG-
M(S) (CpG-M(S)(+), n=4) or PBS (CpG-M(S)(-), n=4) as
the control was administered by tail vein injection three times
every three days. In FIG. 61, the progress of pathological
score of each group was shown by mean and standard devia-
tion with respect to the number of days from administration of
the MOG peptide on the abscissa. The symbols “*7, «**”
and “***” indicate that there are significant differences
between the values of CpG-M(S)(+) and CpG-M(S)(-) at
P<0.05, P<0.01 and p<0.001, respectively.

TABLE 1

EAF score

Grade Clinical condition

Normal

Hanging down of the tip of the tail

Paralysis of the tail

Deficiency of cooperative motility; dysmotility of hindlimb
Paralysis of one hindlimb

Paralysis of both hindlimbs

Paralysis of both hindlimbs and weakness of forelimbs
Paralysis of both forelimbs

0
0.5
1
2
2.5
3
3.5
4
5 Moribund condition

Effect of CpG-M(S) of Inhibiting Immune System
Activation by Necrotic Cell

Example 59

Then, it was investigated whether the activation of the
immune system initiated by necrotic cells (excessive immune
response to dead cells) can be inhibited by CpG-M(S). Necro-
sis was induced by repeating freezing and thawing of a mouse
macrophage cell line, J774.1 cells, the necrotic cells were
mixed with splenocytes in the presence or absence of CpG-
M(S), and the production of inflammatory cytokines, 1L-6
and TNF-a, was investigated by ELISA. As shown in FIG. 62,
in the splenocytes pretreated with CpG-M(S), the results
demonstrated that the production amounts of IL.-6 and TNF-a.
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were decreased depending on an increase in the concentration
of'the CpG-M(S) in the pretreatment. Though it is unclear if
these results are caused by inhibition of the response in the
target splenocytes or by direct inhibition of the inflammatory
mediator released by necrotic cells, it was believed that the
results show that CpG-M(S) can inhibit the immune system
activation initiated by necrotic cells.

FIG. 62 shows the results of quantitative measurement by
ELISA of (A) IL-6 and (B) TNF-a in culture supernatant 24
hours after inducing necrosis in J774.1 cells and mixing the
cells with splenocytes in the presence or absence of
CpG-M(S).

(Consideration)

(Search for ODN Inhibiting Immune Response and Analy-
sis of Site of Action of CpG-B(S))

CpG-B(S) has one CG motif, and an immune response in a
cellis initiated by recognition of this CG by TLR9. Therefore,
CpG-B(S) does not initiate the immune response in MEFs
expressing TLR9 at a low level, but it is difficult to expect to
have the effect of inhibiting the immune response only in the
living body, where pDCs and macrophages expressing TLR9
are also present. Accordingly, in order to avoid recognition by
TLRY, CpG-Rev(S) and CpG-M(S) having GC and GG,
respectively, in place of CG in the sequence of CpG-B(S)
were synthesized and were confirmed to have an effect of
inhibiting the production of type I IFN in MEFs, like
CpG-B(S). Similarly, ODN 1019(S) having GG or AG in
place of CG in CpG ODN 1018(S) having a CG motif was
synthesized and was similarly investigated, and both CpG
ODN 1018(S) and ODN 1019(S) showed inhibition of pro-
duction of type I IFN in MEFs.

In the subsequently performed investigation of B-DNA
uptake inhibition by various ODNSs, a large difference was
observed between CpG-Rev(S) or CpG-M(S) and
ODN 1019(8S). In CpG-Rev(S) and CpG-M(S), the B-DNA
uptake was not influenced, but in MEFs pretreated with ODN
1019(S), only a small amount of B-DNA was uptaken into the
cells, which suggested that ODN 1019(S) inhibits the uptake
of B-DNA into cells. Though the detail of the uptake inhibi-
tion mechanism is unclear, it is believed that the entire
sequence of ODN and the ODN steric structure caused there-
from influence in any way. Since the immune system inhibi-
tion effect by the uptake inhibition is not the focus of this
study, further investigation using ODN 1019(S) was not per-
formed, and the analysis was carried out by focusing on
CpG-M(S).

It was investigated how CpG-M(S) inhibits the response
against nucleic acid stimulation and where the site of action of
the inhibition is. It was supposed that CpG-M(S) strongly
binds to an HMGB protein to inhibit its function and thereby
inhibits the immune response against nucleic acid. First,
analysis by in vitro pull-down assay showed that CpG-M(S)
strongly binds to HMGBI1. Furthermore, the hypothesis that
response to nucleic acid stimulation is inhibited by inhibiting
the function of the HMGB protein by CpG-M(S) was sup-
ported by the following four results obtained by this study.

(1) Activation of main transcription factors activated by
intracellular nucleic acid stimulation and all of IRF3, NF-kB
and MAP kinase, which are signaling molecules, was notably
inhibited by the pretreatment with CpG-M(S). This suggests
that CpG-M(S) acts upstream the activation pathways of
these transcription factors and signaling molecules. In addi-
tion, since the signaling pathway activation by stimulation
with each of B-DNA and poly(I:C) was inhibited by
CpG-M(8), it is believed that CpG-M(S) targets a structure
common to recognition mechanisms of both DNA and RNA
in cells.
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(i1) The inhibitory action by CpG-M(S) was also observed
in Tlr9 gene deficient cDCs. That is, it is suggested that the
site of action of inhibition by CpG-M(S) is further upstream
the signaling system of TLR9. Considering together with the
report on that HMGB1 is necessary also for activation of the
signaling pathway of TLRY, it was believed that CpG-M(S)
inhibits HMGBI1 upstream TLRO.

(ii1) In pDC, type I IFN induction by stimulation with each
of TLR7 and TLRY was inhibited by CpG-M(S). Based on
this, together with the results (i) and (ii), it is believed that
CpG-M(S) targets a structure common to both the intracellu-
lar nucleic acid recognition mechanism and the nucleic acid
recognition by TLR. This is believed to support the hypoth-
esis that CpG-M(S) inhibits HMGBI1.

(iv) It was revealed that the binding of CpG-M(S) to
HMGBI is very strong compared to that of PS composed of
only a phosphorothioate backbone and not having the base
moiety. Though PS also binds to HMGBI, the binding affinity
is low, and it was also revealed that the inhibitory action of
immune response against nucleic acid stimulation is also very
weak compared to that of CpG-M(S). This suggests that the
strength of binding between ODN and HMGBI1 correlates to
the strength of the inhibitory action of immune response of
ODN and is believed to support the hypothesis that this
inhibitory action is initiated by inhibition of HMGB1 by
ODN.

It is believed that the following three factors are necessary
as factors of nucleic acid for strongly binding to an HMGB
protein.

(1) The binding of an oligo DNA having a phosphorothioate
linkage backbone to HMGBI1 is stronger than that of an
ordinary oligo DNA having a phosphodiester linkage back-
bone.

(i) The binding of ODN having the base moiety to
HMGBI is stronger than that of ODN composed of only the
backbone and not having the base. On this occasion, it is
believed that the binding affinity does not depend on the
nucleotide sequence. Actually, it has been found that even in
the case of using ODN having base moieties composed of
adenine and thymine only and having a phosphorothioate
backbone in the pretreatment, the immune response by
nucleic acid stimulation is inhibited. However, it is also sup-
posed a possibility that TLRO recognizes the CG motif'in the
oligo DNA, like CpG-B(S), to activate the immune response.
Incidentally, in CpG-M(S) not having the CG motif, immune
system activating ability was not recognized.

(iii) The inhibitory action by ODN needs a chain length of
15-mer or more. The inhibitory actions of ODNs having the
phosphorothioate backbone and a base moiety composed of
adenine or thymine only and having a chain length of 5-mer,
10-mer, 15-mer, or 20-mer was investigated, and an inhibition
effect was observed in the ODN of 20-mer, but inhibition was
hardly recognized in the ODNSs having a chain length equal to
or less than that. It is surmised from these findings that it is
important to have a phosphorothioate backbone and also have
abase moiety and a chain length of about 20-mer for binding
of'oligo DNA and an HMGB protein and inhibitory action to
immune response. The demonstration of these characteristics
is expected to be useful information for considering an inhibi-
tor targeting an HMGB protein.

Then, considering that CpG-M(S) does not have immune
system activating ability, the use of CpG-M(S) as an inhibitor
ofrelieving the pathological conditions in which nucleic acid
is involved was investigated. It was revealed that the activa-
tion of OVA-specific CD8" T cells in immunization of mice
with OVA as an antigen together with B-DNA is notably
inhibited by administration of CpG-M(S). That is, it was
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revealed that CpG-M(S) not only inhibits the activation of the
innate immune system, but also can inhibit the adaptive
immune system in vivo. Regarding the activation of antigen-
specific CD8" T cells, it was reported that stimulation with
CD40 and TLR synergistically acts, and the stimulation of
TLR on this occasion is believed to be a factor for inducing
type I IFN. Accordingly, the inhibition of activation of CD8*
T cells observed in CpG-M(S) administration is believed to
be caused by that CpG-M(S) inhibits the activation of the
innate immune system in, for example, dendritic cells and
thereby inhibits the adaptive immune system to be subse-
quently induced. However, other influences, such as a possi-
bility that CpG-M(8) directly sensitizes CD8" T cells, cannot
be strictly denied.

From the viewpoint of that CpG-M(S) can inhibit not only
the innate immune system but also the adaptive immune
system, CpG-M(S) in an EAE disease model, which is a
model of an autoimmune disease, was evaluated. As a result,
it was revealed that the pathological conditions of EAE were
dramatically improved by administration of CpG-M(S). In
the protocol used in this analysis, an MOG peptide was mixed
with CFA and was administered to normal mice. Accordingly,
activation of MOG peptide-specific MHC class Il-restricted
CD4* T cells is induced. However, it has been reported that in
the pathological conditions of EAE, not only T cell response,
but also various factors contribute to exacerbation thereof,
and involvement of signaling through TLR9 is also pointed.
In relieving pathological conditions of EAE, it was also sug-
gested a possibility that CpG-M(S) inhibits such a nucleic
acid recognition receptor signal.

(Role of HMGBI1 as Inflammatory Cytokine and
CpG-M(S))

It was investigated a possibility that administration of
CpG-M(S) to an individual inhibits the inflammatory cytok-
ine function of HMGB1 and inhibits the pathological condi-
tions of septicemia, as an anti-HMGBI1 antibody. As a result
of'evaluation using a septicemia model caused by LPS admin-
istration to mice, it was revealed that the survival rate is
notably improved by administration of CpG-M(S) in
advance. In cells such as MEFs and RAW264.7 cells, it has
been found that CpG-M(S) does not inhibit the production
itself of cytokines by LPS stimulation, and it is suggested that
CpG-M(S) does not inhibit the LPS stimulation itself to cells.

As a possibility of the site of action of CpG-M(8), it is
believed that CpG-M(S) assembles with HMGB1 released
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into the blood by LPS administration to inhibit the function of
HMGBI as an inflammatory mediator. Alternatively, since it
is known that the LPS administration causes necrosis of hepa-
tocytes, itis also believed that CpG-M(S) inhibits the immune
response initiated by nucleic acid released by, for example,
necrosis.

Accordingly, administration of CpG-M(S) to J774.1 cells
to which necrosis was induced and which was mixed with
splenocytes inhibited inflammatory cytokines such as IL.-6
and TNF-a, which are produced in splenocytes when ODN is
not administered. Since the prepared necrotic cell solution is
thought to contain not only HMGBI1 flew out from cells and
nucleic acid derived from necrotic cells but also complexes
thereof, at this stage, the results do not contradict both the two
hypotheses described above. It is believed that in the future,
administration of CpG-M(S) to a living body can be taken
into consideration by clarifying whether CpG-M(S) inhibits
HMGBI1 as an inflammatory mediator by binding thereto,
whether CpG-M(S) inhibits the immune system activation by
necrotic cells, or whether there is a possibility of participation
of the both, and also a possibility of involvement of nucleic
acid.

INDUSTRIAL APPLICABILITY

According to the present invention, an inhibitor based on a
novel principle of the activation of an immune response medi-
ated by an HMGB protein, i.e., an antigen-specific adaptive
immune system, multiple sclerosis, an excessive immune
response to dead cells, an organ transplant rejection, an
autoimmune disease, inflammatory bowel disease, an allergy,
septicemia, tumor growth by inflammation and an inflamma-
tory disease caused by a nucleic acid-containing pathogen,
etc. is provided. In addition, a method of screening for an
inhibitor or enhancer of activation of an immune response
mediated by an HMGB protein is provided.

REFERENCE SIGNS LIST

1: HMGB protein, 2: positive control material, 3: test sub-
stance, 4: biotin-labeled B-DNA, 5: anti-biotin antibody,
6: substrate

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 56
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: CpG-B ODN

<400> SEQUENCE: 1

tccatgacgt tectgatget

<210> SEQ ID NO 2

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: CpG-A ODN
<220> FEATURE:

20
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US 9,186,371 B2

-continued

48

<400> SEQUENCE: 5

atggctaatc gaggagcaac
ttcaaactgyg tccttetagyg
gtgaaaggce aatttcatga
actgtgtgte ttgatgacac
cggtatcata gcttagcace
gatatcacaa atgaggaatc
caagcaagtc ctaatattgt
agagctgttyg acttccagga
gagacatcag ctaagacatc
ctgccaaaga atgaaccaca
cttactgage ctgcacagec
<210> SEQ ID NO 6

<211> LENGTH: 20
<212> TYPE: DNA

aagacccaac
agagtctget
atttcaagag
aacagtaaaa
aatgtactac
ctttgegaga
gatagcetttg
agcacagtcce
aatgaatgta
gaatcctggt

agccagaagce

gggccaaata
gttggcaaat
agtaccattg
tttgaaatat
cgaggagcac
gcaaaaaact
tcaggaaaca
tatgcagatg
aatgaaatat
gcaaactcag

cagtgttgta

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer HMGBl sense

<400> SEQUENCE: 6

ccaaagggga gaccaaaaag

<210> SEQ ID NO 7

<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

ctggaaataa

caagcctggt

gggetgecett

gggatacagce

aagcagccat

gggttaaaga

aagctgactt

acaacagcett

ttatggcaat

ccagaggacg

gtaactga

<223> OTHER INFORMATION: primer HMGBl antisense

<400> SEQUENCE: 7

tcatagggcet gettgtcatce
<210> SEQ ID NO 8

<211> LENGTH: 20
<212> TYPE: DNA

t

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer HMGB2 sense

<400> SEQUENCE: 8
tgccttette ctgttttget
<210> SEQ ID NO 9

<211> LENGTH: 20
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer HMGB2 antisense

<400> SEQUENCE: 9

ggacccttet ttectgette

<210> SEQ ID NO 10

<211> LENGTH: 23
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

aatatgccag

tcettegettt

tctaacccaa

tggtcaagaa

agttgtgtat

acttcaaagg

agcaaataaa

attatttatg

agctaaaaag

aggagtagac

60

120

180

240

300

360

420

480

540

600

648

20

21

20

20
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49

-continued

50

<223> OTHER INFORMATION: primer HMGB3 sense
<400> SEQUENCE: 10

ggagatgaaa gattatggac cag

<210> SEQ ID NO 11

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer HMGB3 antisense

<400> SEQUENCE: 11

ctttgetgee ttggtg

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer GBPl sense

<400> SEQUENCE: 12

ctcagcagca gtgcaaaagg

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer GBPl antisense

<400> SEQUENCE: 13

getectggag ggtttetgty

<210> SEQ ID NO 14

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer IRF7 sense

<400> SEQUENCE: 14

gcaagggtca ccacacta

<210> SEQ ID NO 15

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer IRF7 antisense

<400> SEQUENCE: 15

caagcacaag ccgagact

<210> SEQ ID NO 16

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer IL-12p40 sense

<400> SEQUENCE: 16

gacacgcctyg aagaagatga ¢

23

16

20

20

18

18

21
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-continued

52

<210> SEQ ID NO 17

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer IL-12p40 antisense

<400> SEQUENCE: 17

tagtcccttt ggtccagtgt g

<210> SEQ ID NO 18

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer GAPDH sense

<400> SEQUENCE: 18

ctcatgacca cagtccatge

<210> SEQ ID NO 19

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer GAPDH antisense

<400> SEQUENCE: 19

cacattgggyg gtaggaacac

<210> SEQ ID NO 20

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer IL-6 sense

<400> SEQUENCE: 20

atgaagttce tctcectgcaag agact

<210> SEQ ID NO 21

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer IL-6 antisense

<400> SEQUENCE: 21

cactaggttt gccgagtaga tcte

<210> SEQ ID NO 22

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer RANTES sense

<400> SEQUENCE: 22

acgtcaagga gtatttctac ac

<210> SEQ ID NO 23

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer RANTES antisense

21

20

20

25

24

22
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-continued

54

<400> SEQUENCE: 23

gatgtattct tgaacccact

<210> SEQ ID NO 24

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer I Kappa B-alpha sense

<400> SEQUENCE: 24

ttggtgactt tgggtgct

<210> SEQ ID NO 25

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer I Kappa B-alpha antisense

<400> SEQUENCE: 25

tgacatcage cccacattt

<210> SEQ ID NO 26

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer IFN-alphal sense

<400> SEQUENCE: 26

gecttgacac tcctggtaca aatgag

<210> SEQ ID NO 27

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer IFN-alphal antisense

<400> SEQUENCE: 27

cagcacattyg gcagaggaag acag

<210> SEQ ID NO 28

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer IFN-alpha4 sense

<400> SEQUENCE: 28

gacgacagce aaagaagtga

<210> SEQ ID NO 29

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer IFN-alpha4 antisense

<400> SEQUENCE: 29

gagctatgte ttggecttee

<210> SEQ ID NO 30
<211> LENGTH: 26

20

18

19

26

24

20

20
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-continued
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: primer IFN-beta sense
<400> SEQUENCE: 30
ccaccacagc cctctccatce aactat 26

<210> SEQ ID NO 31

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer IFN-beta antisense

<400> SEQUENCE: 31

caagtggaga gcagttgagg acatc 25

<210> SEQ ID NO 32

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: HMGB1l,2 and 3 siRNA target sequence

<400> SEQUENCE: 32

gtatgagaag gatattgct 19

<210> SEQ ID NO 33

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: HMGB2 siRNA target sequence

<400> SEQUENCE: 33

gcgttacgag aaaccagtt 19

<210> SEQ ID NO 34

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Renilla luciferase siRNA target sequence

<400> SEQUENCE: 34

gtagcgcggt gtattataca 20

<210> SEQ ID NO 35

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: NF Kappa B consensus seguence

<400> SEQUENCE: 35

tcgacceggyg acttteegee gggactttee geegggactt teegg 45

<210> SEQ ID NO 36

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IFN stimulatory DNA (ISD)

<400> SEQUENCE: 36
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-continued

58

tacagatcta ctagtgatct atgactgatc tgtacatgat ctaca 45

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<223>

<400>

SEQ ID NO 37

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: CpG-B(S)

FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: phosphorothiocate oligonucleotide

SEQUENCE: 37

tccatgacgt tcectgatgcet 20

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<223>

<400>

SEQ ID NO 38

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: CpG-Rev(S)

FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: phosphorothiocate oligonucleotide

SEQUENCE: 38

tccatgaget tectgatget 20

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<223>

<400>

SEQ ID NO 39

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: CpG-M(S)

FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: phosphorothiocate oligonucleotide

SEQUENCE: 39

tccatgaggt tcectgatgcet 20

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 40

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: CpG-Rev(S)/CpG-M(S)
FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: phosphorothiocate oligonucleotide
FEATURE:

NAME/KEY: misc_feature

LOCATION: (9)..(9)

OTHER INFORMATION: § = g or ¢

SEQUENCE: 40

tccatgagst tcectgatgcet 20

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<223>

<400>

SEQ ID NO 41

LENGTH: 10

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: poly(da) (S), 10 mer

FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: phosphorothiocate oligonucleotide

SEQUENCE: 41



US 9,186,371 B2

-continued

60

aaaaaaaaaa

<210> SEQ ID NO 42

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: poly(da) (S), 15 mer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: phosphorothiocate oligonucleotide

<400> SEQUENCE: 42

aaaaaaaaaa aaaaa

<210> SEQ ID NO 43

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: poly(da) (S), 20 mer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: phosphorothiocate oligonucleotide

<400> SEQUENCE: 43

aaaaaaaaaa aaaaaaaaaa

<210> SEQ ID NO 44

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: poly(dC) (S), 10 mer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: phosphorothiocate oligonucleotide

<400> SEQUENCE: 44

ccceceececece

<210> SEQ ID NO 45

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: poly(dC) (S), 15 mer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: phosphorothiocate oligonucleotide

<400> SEQUENCE: 45

CCcCcccecececee cceece

<210> SEQ ID NO 46

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: poly(dC) (S), 20 mer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: phosphorothiocate oligonucleotide

<400> SEQUENCE: 46

CCCCCCCCCcC cceceeecece

<210> SEQ ID NO 47

10

15

20

10

15

20
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-continued

62

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer Ifna4 Fw

<400> SEQUENCE: 47

caatgaccte aaagectgtg tg

<210> SEQ ID NO 48

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer Ifna4 Rv

<400> SEQUENCE: 48

cacagtgatc ctgtggaagt

<210> SEQ ID NO 49

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer Ifnbl Fw

<400> SEQUENCE: 49

ccaccacage cctctecate aactat

<210> SEQ ID NO 50

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer Ifnbl Rv

<400> SEQUENCE: 50

caagtggaga gcagttgagg acatc

<210> SEQ ID NO 51

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer Ilé Fw

<400> SEQUENCE: 51

acgatgatge acttgcagaa

<210> SEQ ID NO 52

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer Ilé Rv

<400> SEQUENCE: 52

gtagctatgg tactccagaa gac

<210> SEQ ID NO 53

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer Tnfa Fw

<400> SEQUENCE: 53

22

20

26

25

20

23



US 9,186,371 B2

63

64

-continued

tcataccagg agaaagtcaa cctc 24
<210> SEQ ID NO 54

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer Tnfa Rv

<400> SEQUENCE: 54

gtatatgggc tcataccagg gttt 24
<210> SEQ ID NO 55

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CpG ODN 1018(S)

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: phosphorothiocate oligonucleotide

<400> SEQUENCE: 55

tgactgtgaa cgttcgagat ga 22
<210> SEQ ID NO 56

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: ODN 1019(S)

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: phosphorothiocate oligonucleotide

<400> SEQUENCE: 56

tgactgtgaa ggttagagat ga 22

The invention claimed is:

1. A method of inhibiting activation of an immune response
mediated by a high-mobility group box (HMGB) protein, the
method comprising

administering to a subject in need thereof a phosphorothio-

ate oligonucleotide of 20 to 40 nucleotides in length in
an amount effective to inhibit an immune response in the
subject, wherein

the phosphorothioate oligonucleotide binds to HMGB pro-

tein,

the phosphorothioate oligonucleotide does not have an

unmethylated CG sequence, and

the phosphorothioate oligonucleotide does not have a

methylated guanine.

2. The method according to claim 1, wherein the phospho-
rothioate oligonucleotide is a phosphorothioate oligonucle-
otide consisting of:

a nucleotide sequence as set forth in SEQ ID NO: 40; or

a nucleotide sequence having deletion, substitution, or

addition of one or more nucleotides in the nucleotide
sequence as set forth in SEQ ID NO: 40 and having a
binding ability to an HMGB protein.

3. The method according to claim 1, wherein the phospho-
rothioate oligonucleotide inhibits a binding between a nucleic
acid activating the immune response and the HMGB protein
in a cell.

4. The method according to claim 1, wherein the activation
of an immune response mediated by an HMGB protein is
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selected from the group consisting of antigen-specific adap-
tive immune system, multiple sclerosis, excessive immune
response to a dead cell, organ transplant rejection, autoim-
mune disease, inflammatory bowel disease, allergy, septice-
mia, tumor growth by inflammation and inflammatory dis-
ease caused by a nucleic acid-containing pathogen.

5. The method according to claim 1, wherein the phospho-
rothioate oligonucleotide is a phosphorothioate oligonucle-
otide consisting of:

a nucleotide sequence as set forth in SEQ ID NO: 40; or

a nucleotide sequence having deletion, substitution, or

addition of one to five nucleotides in the nucleotide
sequence as set forth in SEQ ID NO: 40 and having a
binding ability to an HMGB protein.

6. The method according to claim 1, wherein the activation
of'an immune response mediated by an HMGB protein causes
multiple sclerosis or septicemia.

7. The method according to claim 5, wherein the activation
of'an immune response mediated by an HMGB protein causes
multiple sclerosis or septicemia.

8. The method according to claim 1, wherein the phospho-
rothioate oligonucleotide is a phosphorothioate oligonucle-
otide consisting of:

a nucleotide sequence as set forth in SEQ ID NO: 40; or

a nucleotide sequence having deletion, substitution, or

addition of one to three nucleotides in the nucleotide
sequence as set forth in SEQ ID NO: 40 and having a
binding ability to an HMGB protein.
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9. The method according to claim 8, wherein the activation
of'an immune response mediated by an HMGB protein causes
multiple sclerosis or septicemia.

10. The method according to claim 1, wherein the phos-
phorothioate oligonucleotide is a phosphorothioate oligo-
nucleotide consisting of a nucleotide sequence as set forth in
SEQ ID NO: 40.

11. The method according to claim 10, wherein the activa-
tion of an immune response mediated by an HMGB protein
causes multiple sclerosis or septicemia.

12. The method according to claim 1, wherein the phos-
phorothioate oligonucleotide is a phosphorothioate oligo-
nucleotide comprising:

a nucleotide sequence as set forth in SEQ ID NO: 40; or

a nucleotide sequence having deletion, substitution, or

addition of one or more nucleotides in the nucleotide
sequence as set forth in SEQ ID NO: 40 and having a
binding ability to an HMGB protein.

13. The method according to claim 1, wherein the phos-
phorothioate oligonucleotide is a phosphorothioate oligo-
nucleotide comprising:

a nucleotide sequence as set forth in SEQ ID NO: 40; or

a nucleotide sequence having deletion, substitution, or

addition of one to five nucleotides in the nucleotide
sequence as set forth in SEQ ID NO: 40 and having a
binding ability to an HMGB protein.

14. The method according to claim 13, wherein the activa-
tion of an immune response mediated by an HMGB protein
causes multiple sclerosis or septicemia.
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15. The method according to claim 1, wherein the phos-
phorothioate oligonucleotide is a phosphorothioate oligo-
nucleotide comprising:

a nucleotide sequence as set forth in SEQ ID NO: 40; or

a nucleotide sequence having deletion, substitution, or

addition of one to three nucleotides in the nucleotide
sequence as set forth in SEQ ID NO: 40 and having a
binding ability to an HMGB protein.

16. The method according to claim 15, wherein the activa-
tion of an immune response mediated by an HMGB protein
causes multiple sclerosis or septicemia.

17. The method according to claim 1, wherein the phos-
phorothioate oligonucleotide is a phosphorothioate oligo-
nucleotide comprising a nucleotide sequence as set forth in
SEQ ID NO: 40.

18. The method according to claim 17, wherein the activa-
tion of an immune response mediated by an HMGB protein
causes multiple sclerosis or septicemia.

19. The method according to claim 1, wherein the activa-
tion of an immune response mediated by an HMGB protein
causes an inflammatory disease.

20. The method according to claim 1, wherein the phos-
phorothioate oligonucleotide is unmethylated.

21. The method according to claim 1, wherein the phos-
phorothioate oligonucleotide does not comprise a CG
sequence.
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