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DESCRIPTION 

IMMUNOSTIMULATORY OLIGONUCLEOTIDES AND USE THEREOF IN 

PHARMACEUTICALS 

5 

TECHNICAL FIELD 

[0001] The present invention relates to 

immunostimulatory oligonucleotides and use thereof in 

pharmaceuticals, and particularly relates to novel 

10 oligonucleotides by which an interferon (IFN)-inducing 

activity is augmented and an inflammatory cytokine-inducing 

activity is reduced, and pharmaceuticals containing the 

oligonucleotides and the use thereof.  

15 BACKGROUND ART 

[0002] Tokunaga et al. have reported that a particular 

type of bacterial DNA stimulates an immune response 

(Yamamoto et al., Jpn. J. Cancer Res. 79:866-873, 1988). A 

major component of the bacterial DNA essential for an 

20 immunostimulatory activity is a characteristic short 

sequence structure containing a CpG dinucleotide motif 

(hereinafter abbreviated as CpG) which is not methylated.  

It has been also reported that a synthesized CpG-containing 

oligonucleotide induces the production of type I IFN (IFN

25 a and IFN-) and IFN-y in macrophageE and natural killer 

(NK) cells and has a cytotoxic activity of the NK cells (JP 

Hei-4-352724-A) . It has been also reported that the CpG

containing oligonucleotide acts upon not only the 

macrophages but also dendritic cells and B cells and 

30 induces a cell proliferative activity and the production of 

inflammatory cytokines of interleulia-12 (IL-12), tumor 

necrosis factor (TNF-x) and interleukin-6 (IL-6) (Klinman 

et al., Proc. Natl. Acad. Sci., 93:2879-2883, 1996). Thus,
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the CpG-containing oligonucleotide is useful as an adjuvant 

of a vaccine and for the treatment of allergic diseases 

because it induces cellular immunity and Th1 responses. On 

the other hand, it can not be denied that the CpG

5 containing oligonucleotide might trigger side effects such 

as sepsis, fever, joint pain, muscular pain and flare 

because of inducing the production of TNF-a and IL-6.  

[0003] Tokunaga et al., have found that the 

oligonucleotide containing the CpG motif and composed of a 

10 6 bases-palindrome motif has strong activity in the 

cytotoxic activity in the murine NK cells, and have 

reported that the sequences of 5'-AACGTT-3' (SEQ ID NO:92), 

5'-AGCGCT-3' (SEQ ID NO:93) and 5'-G.CGTC-3' (SEQ ID NO:61) 

have the strongest activity (Yamamotc at el., J. Immunol., 

15 148:4072-4076, 1992). Other types of immunostimulatory 

oligonucleotide sequences have been reported (International 

Publication No. 1998/018810 Pamphlet, International 

Publication No. 2003/015711 Pamphlet, International 

Publication No. 2004/058179 Pamphlet).  

20 [0004] Studies for the purpose of augmenting activity of 

oligonucleotides have been also conducted. Tokunaga et al., 

have found that NK cell activities and IFN-inducing 

activities are augmented when a repenting structure of 

deoxyguanylic acid (poly-G sequence) is inserted outside 

25 the 6 bases-palindrome motif containing CpG (JP Hei-4

352724-A). It has been also demonst::ated that the sequence 

outside the 6 bases-sequence containLng the CpG motif has 

no small effect on the activity.  

[00051 The other CpG-containing sequences known publicly 

30 include D-type (or A-type) and K-type (or B-type) of 

immunostimulatory oligonucleotides (International 

Publication No. 2000/61151 Pamphlet). The K-type is known 

to activate the B cells. The D-type, where a poly-G
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sequence is added outside the CpG-containing palindrome 

sequence, induces a production of type I IFN in the 

dendritic cells and activates human NK cells. It has been 

described that, for the IFN-inducing activity of the D-type, 

5 the 3' terminal side is important, and 4 or more bases are 

required for a length of the poly-G sequence at the 3' 

terminal (International Publication No. 2000/61151 

Pamphlet). Meanwhile, it has been also described that the 

poly-G sequence at the 3' terminal side is important for 

10 activities of inducing the production of inflammatory 

cytokines of IL-12 and TNF-x, and a poly-G sequence of at 

least 4 or more bases is required fox eliciting these 

effects (Korea KR 2001-063153). Therefore, the sequences 

of the publicly known oligonucleotidEs which enhance 

15 immunostimulatory activities, or the structure of a poly-G 

sequence does not reveal an independEncy of the induction 

of IFN and the induction of inflammatory cytokines.  

[00061 It has been found that the immunostimulatory 

nucleotide having the palindrome motif of 5'-GACGATCGTC-3' 

20 (SEQ ID NO:76) has stronger activity of inducing IFN-a 

than the conventional unmodified CpG--containing 

immunostimulatory nucleotides (the e::fect of modified ones 

will be described later), by inserting a poly-G sequence 

having an appropriate length up to 10 at the 3' terminus 

25 and the 5' terminus (JP 2005-237328-A). It has been 

disclosed that to confer a higher ac:ivity of inducing IFN

a to the immunostimulatory nucleotidas having 5'

GACGATCGTC-3' (SEQ ID NO:76), it is better to put 8 to 10 G 

bases at the 3' terminus or the 5' terminus, but to inhibit 

30 a production of interleukin-10 (IL-1D) which is an 

immunosuppressive cytokine, it is better to put unevenly 

the base(s) at the 5' terminus only (JP 2005-237328-A). It
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has been also reported that the activ:.ty of inducing the 

inflammatory cytokines of TNF-L and I'-12 is moderately 

correlated to the activity of inducing INF-a. These do 

not reveal an effect by insertion of *:he poly-G sequence at 

5 the 5' terminus in a palindrome sequence other than 5'

GACGATCGTC-3' (SEQ ID NO:76). An optLmal base number of 

the poly-G sequence of the CpG-containing oligonucleotide, 

by which the activity to induce an inflammatory cytokine is 

attenuated and the IFN-inducing activity for both IFN-y and 

10 IFN- is augmented, is not disclosed.  

[0007] 5'-GGTGCCGATCGGCAGGGGGG-3' (SEQ ID NO:1) has been 

found as an oligonucleotide having higher immunostimulatory 

activity than the conventional D-type of CpG

oligonucleotide (JP 2004-287102-A). Derivatives obtained 

15 by substituting one to several bases in this base sequence 

have been also disclosed. Although no specific sequence 

obtained by substituting 3 or more bases has been disclosed, 

only one sequence, 5'-GGGGGGTGCCGATCGGCAGGG-3' (SEQ ID 

NO:5) obtained by substituting 7 bases has been found to 

20 have IFN-inducing activity even when the poly-G sequence at 

the 3' terminus is composed of three bases (International 

Publication No. 2006/035939 Pamphlet).  

[0008] Concernig the other study for the purpose of 

augmenting the activity, stabilization of the 

25 oligonucleotide by chemical modification has been known.  

Naturally occurring phosphodiester nucleotides are degraded 

easily by various nucleic acid degradation activities in 

cells and in cell cultures. Therefo:e, it has been studied 

that, the phosphodiester nucleotides are stabilized by 

30 substituting an internucleotide phosphodiester bond which 

is an attack target of the nucleic a:ids degradation 

activity, and the resulting activity is augmented. A
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substitution frequently used is the substitution to 

phosphorothioate. The study by Klinman et al has shown 

that the induction of immune response is augmented by 

modifying a poly-G sequence outside the palindrome motif 

5 with phosphorothioate (International ?ublication No.  

2000/61151 Pamphlet).  

[0009] It has been found in the study using TLR9 

knockout mice that a receptor for the bacterial DNA 

containing non-methylated CpG is TLR9, which is one member 

10 in Toll-like receptor (TLR) family (Hemmi, et al., Nature, 

408:740-745, 2000). It has been also shown that the 

optimal CpG sequences to activate human TLR9 and murine 

TLR9 are different, indicating the presence of species 

specificity (Bauer, et al., PNAS, 98(16):9237-9242, 2001).  

15 In the development for the purpose of a therapy in human, 

it is essential that the CpG-oligonucleotide has high 

affinity to human TLR9. Also, it is important that the 

CpG-oligonucleotide acts upon animals such as mice in 

preclinical studies using the animals which are in 

20 developmental stage.  

[0010] For the treatment of allergic diseases, not a 

symptomatic treatment currently used frequently but an 

immunoregulatory type and an effective radical treatment 

have been desired. In the patients with allergy, the 

25 immune response to an allergen is leans to Th2 and the Th1 

immune response is suppressed. Therefore, a therapeutic 

agent that induces the Th1 immune response and suppresses 

the Th2 immune response is useful fo:: improving an allergic 

predisposition. It has been disclosed that the CpG 

30 oligonucleotide composed of a certai:i non-palindrome 

sequence (JP 2003-286174-A) and the OpG-oligonucleotide 

containing the 6 base-palindrome 5'-AACGTT-3' (JP 2002

500159- , Tighe, et al., J. Allergy Clin. Immunol.,
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106:124-134, 2000) have therapeutic e:'fects in a murine 

asthma model. However, the aforement:-oned 

immunostimulatory oligonucleotides are concerned to incur 

unfavorable side effects when administered at a 

5 pharmacologically effective amount because these not only 

induce the Th1 response but also elicLt the inflammatory 

cytokines.  

[0011] An allergic symptom is caused by extracellularly 

releasing granules (degranulation) containing histamine 

10 from mast cells, and this degranulation is caused by 

binding the allergen to IgE on the mast cell. In recent 

years, an antigen-specific regulatory T cell (Treg) has been 

noted in its function to keep the immune balance. For 

example, the inhibition of the degranulation by Treg via IgE 

15 receptor FcsRI may be included (Till, et al., J. Allergy 

Clin. Immunol., 113:1025-1034, ). IEN-a and IFN-P are 

shown to facilitate the induction of the production of IL

10 (Aman, et al., Blood, 87:4731-473E, 1996). Furthermore, 

IL-10 promotes the induction of the cifferentiation of 

20 IgG4- and IgA-producing cells. Thus, it is conceivable 

that the induction of IL-10 is also one of mechanisms in 

allergy therapeutic effects by the irnunostimulatory 

nucleotide. Therefore, it is desirable that the 

immunostimulatory nucleotide suitable for the allergy 

25 treatment augments the IFN-a-inducing activity and keeps 

the IL-10-inducing activity.  

[00121 Hepatitis indicates the disease including hepatic 

inflammation induced by virus, alcohol, drug, toxin and 

autoimmunity.  

30 [0013] Among them, a majority is the hepatitis caused by 

hepatitis virus, in particular, A, B and C types are 

frequent, and additionally the presence of D, E, F, G and



Docket No. PTRA-08171-AU 

7 

idiopathic hepatitis virus has been known. The above 

viruses distribute in many different viral families of RNA 

types and DNA types.  

[0014] Hepatitis B virus and hepat:Ltis C virus cause 

5 acute and chronic infection. In acute hepatitis, the 

symptom appears in an early infection or in recurrence in 

chronic infected patients. Meanwhile, in chronic hepatitis 

C, the hepatic inflammation continues for 6 months or 

longer, and the cells are destroyed, and then hepatic 

10 functions are reduced. In the infection with HCV, it is 

also problematic that a risk to progress from the acute 

hepatitis to the chronic hepatitis is high. From such a 

circumstance, early interference by the treatment and a 

highly effective therapeutic method for hepatitis virus 

15 infection disease are desired.  

[0015] In hepatitis type C, the treatment with various 

interferon (IFN) formulations alone cr the combination 

treatment using the IFN-a formulation. and ribavirin is the 

first choice of therapeutic means. In the combination 

20 treatment, the sustained effect can be expected compared 

with the treatment with a single medicament, but then, is 

more expensive and is accompanied with more side effects.  

However, even when these treatments are given, the 

therapeutic effect is observed in on y about 60% of the 

25 total treated patients, and when the treatment is 

discontinued after the effect was ob:3erved, a half or more 

patients suffer a recurrence. From :hese circumstances, 

further developments of therapeutic drugs have been desired.  

[0016] The therapeutic effects of the CpG 

30 oligonucleotide on the hepatitis may include augmentation 

of anti-viral effect by induction of interferon, the 

induction of cellular immunity against the cells infected 

with the virus and resistance to appearance of resistant
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strains. Concerning the use of the CpG-oligonucleotide for 

treating the hepatitis due to the infection with HBV or HCV, 

technical information is available in JP 2003-526662 and 

JP 2006-515277. The former has disclosed a method of 

5 treating without administering the CpG oligonucleotide 

(immune activation sequence: ISS) together with a hepatitis 

viral antigen. The latter has disclosed a method of 

treating individuals with chronic hepatitis type C where an 

antiviral agent such as interferon was ineffective, and the 

10 clinical study result of a developmental number CpG10101 

for usefulness in the patients was disclosed in European 

Association for the Study of Liver Diseases in 2006.  

However, from this clinical study result, the therapeutic 

effect of CpG10101 alone is extremely insufficient compared 

15 with the conventional therapies. The combination therapy 

using three agents, pegylated IFN-a, ribavirin and the 

CpG-oligonucleotide is expected to have a slightly higher 

effectiveness compared with the result of the standard 

therapy such as pegylated IFN-a with ribavirin, but has 

20 been already demonstrated not to givE a sufficient 

therapeutic effect compared with the combination with the 

other antiviral agents (e.g., a combination therapy with 

the inhibitor of a viral enzyme such as polymerase and 

protease).  

25 [0017] It can not be denied that the existing CpG

oligonucleotide might elicit sepsis, fever, joint pain, 

muscular pain and reddening and unexpected side effects due 

to inducing the production of TNF-a, IL-12 and IL-6 which 

are the inflammatory cytokines. In fact, it has been shown 

30 that the existing CpG-oligonucleotid? deteriorates a 

symptom of hepatitis in the study example using a murine 

hepatitis model (Abe, et al., Fukushima J. Med. Sci.,
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51:41-49, 2005). Therefore, it has been desired to develop 

CpG-oligonucleotides having the improvTed immunostimulatory 

activity suitable for the treatment o:' hepatitis and whose 

side effect is reduced.  

5 [0018] Depending on an activity of the immunostimulatory 

oligonucleotides, it becomes possible to reduce a dosage 

and an administration frequency. As 3. result, it is highly 

likely that occurrence of a toxic action is reduced and QOL 

is improved.  

10 In light of the foregoing, it is very useful and 

extremely highly beneficial in industrial application to 

find a sequence by which the IFN-inducing activity is 

enhanced and the inflammatory cytokine-inducing activity is 

reduced in human compared with the aforementioned existing 

15 immunostimulatory sequence.  

DISCLOSURE OF INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTIOt 

[0019] It is an object of the present invention to 

20 provide a novel immunostimulatory oligonucleotide by which 

an interferon (IFN)-inducing activity is augmented and an 

inflammatory cytokine-inducing activity is reduced, and 

pharmaceuticals containing this immunostimulatory 

oligonucleotide and use thereof.  

25 

MEANS FOR SOLVING PROBLEM 

[0020] As a result of an extensive study for solving the 

problem, the present inventors have found that the 5' 

terminal side outside a sequence con:aining a CpG motif is 

30 important for an IFN-inducing activity. That is, the 

present inventors have demonstrated that an oligonucleotide 

having the interferon-inducing activity which is more 

excellent than in other oligonucleotides is obtained by
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inserting 6 or more bases of consecut:.ve guanine sequence 

to the 5' terminal side. As a result of the further study, 

the present inventors have found that a CpG oligonucleotide 

having a poly-G sequence of 6 to 10 bases inserted in the 

5 5' terminal side, a poly-G sequence oE 0 to 3 bases 

inserted in the 3' terminal side and a predetermined 

structural characteristic has a more strongly augmented 

activity of inducing type I IFN, i.e., IFN-a and IFN-3, and 

IFN-y, and exhibits a reduced activity of inducing 

10 inflammatory cytokines, and has a higher activity-of 

suppressing IgE production, a higher activity of 

suppressing Th2 and a higher activity of inducing Thl than 

conventionally known oligonucleotides composed of a D-type 

CpG sequence. In addition to them, as a result of a study 

15 in a hepatitis murine model, the present inventors also 

have found that the oligonucleotide cf the present 

invention also has a therapeutic effect for hepatitis in 

vivo, and have completed the present invention.  

[0021] 

20 [1] An immunostimulatory oligonuclectide comprising: 

the base sequence thereof consisting of the sequence 

represented by the formula: 5'-(G)mPXCGYQ(G)N -3' (C is 

cytosine, G is guanine; X and Y are riutually independent 

and represent each an arbitrary sequence which has a length 

25 of 0 to 10 nucleotides and does not contain 4 or more 

consecutive guanine residues, and a :ength of X + Y is 6 to 

20 nucleotides; XCGY contains a palindrome sequence having 

a length of at least 8 nucleotides and has a length of 8 to 

22 nucleotides; P and Q are mutually independent and 

30 represent one nucleotide other than juanine, and M 

represents an integer of 6 to 10 and N represents an 

integer of 0 to 3; and each nucleotiJe length of X and Y 

needs not be necessarily the same length.), and has a
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length of 16 to 37 nucleotides in total, except an 

oligonucleotide of which the base sequence is represented 

as SEQ ID NO:5 [GGGGGGTGCCGATCGGCAGGG:).  

[2] The immunostimulatory oligonucleo-:ide according to [1], 

5 wherein the M represents the integer of 6 to 8 and the 

total length is 16 to 35 nucleotides.  

[3] The immunostimulatory oligonuclectide according to [1] 

or [2], wherein the XCGY has a length of 9 or 10 

nucleotides and the total length is 17 to 23 nucleotides.  

10 [4] The immunostimulatory oligonucleDtide according to any 

one of [1] to [3], wherein the XCGY contains any one base 

sequence selected from CGATCG (SEQ ID NO:59), ATCGAT (SEQ 

ID NO:60) and GACGTC (SEQ ID NO:61).  

[5] The immunostimulatory oligonucleotide according to any 

15 one of [1] to [3], wherein the XCGY contains CGATCG (SEQ ID 

NO:59).  

[6] The immunostimulatory oligonuclEotide according to [4] 

or [5], wherein the immunostimulatory oligonucleotide 

containing CGATCG (SEQ ID NO:59) is composed of SEQ ID 

20 NOS:6, 7, 9 to 11 and 15 to 18, 22, 24, 26, 28, 48, 50 to 

52, 54, 95 and 97.  

[7] The immunostimulatory oligonucleotide according to [4], 

wherein the immunostimulatory oligonucleotide containing 

CGATCG (SEQ ID NO:60) is composed of the base sequence of 

25 SEQ ID NO:30.  

[8] The immunostimulatory oligonucleotide according to [4], 

wherein the immunostimulatory oligonicleotide containing 

CGATCG (SEQ ID NO:61) is composed of the base sequence of 

SEQ ID NO:40 and 42.  

30 [9] The immunostimulatory oligonuclEotide according to [4] 

or [5], wherein the immunostimulatory oligonucleotide is 

composed of base sequences SEQ ID NOS: 6, 7, 10 and 15 to 

17, 24, 26, 28, 48, 50 to 52, 95 and 97.
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[10] The immunostimulatory oligonucleotide according to any 

one of [1] to [9], wherein a phosphod:-ester linkage at all 

or a part of internucleotides is modified with 

phosphorothioate.  

5 [11] The immunostimulatory oligonuclectide according to 

[10], wherein the phosphodiester linkage of at least a part 

of internucleotides, in a consecutive G sequence at the 5' 

terminus is modified with phosphorothioate.  

[12] The immunostimulatory oligonucleotide according to 

10 [10] or [11], wherein the phosphodiester linkage of at 

least a part of internucleotides, at the 3' terminus is 

modified with phosphorothioate.  

[13] A pharmaceutical containing the immunostimulatory 

oligonucleotide according to any one of [1] to [12] as an 

15 active ingredient.  

[14] A therapeutic or preventive agent for an allergic 

disease containing the immunostimulatory oligonucleotide 

according to any one of [1] to [12] E.s an active ingredient.  

[15] The therapeutic or preventive acent for the allergic 

20 disease according to [14], wherein se.id allergic disease is 

a pollen allergic disease.  

[16] A vaccine containing the immunostimulatory 

oligonucleotide according to any one of [1] to [12] as an 

adjuvant.  

25 [17] A therapeutic or preventive agent for hepatitis 

containing the immunostimulatory oligonucleotide according 

to any one of [1] to [12] as an active ingredient.  

[18] The therapeutic or preventive agent for hepatitis 

according to [17], wherein the hepatLtis is viral hepatitis.  

30 [19] The therapeutic or preventive agent for hepatitis 

according to [18], wherein the viral hepatitis is hepatitis 

B or hepatitis C.  

[20] Use of the immunostimulatory oligonucleotide according
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to any one of [1] to [12] as a therapeutic or preventive 

agent for an allergic disease.  

[21] Use of the immunostimulatory olijonucleotide according 

to any one of [1) to [12] as an adjuvant for a vaccine.  

5 [22) Use of the immunostimulatory olijonucleotide according 

to any one of [1] to [12] as a therapeutic or preventive 

agent for hepatitis.  

[23] A method for treating or preventing an allergic 

disease by the immunostimulatory oligonucleotide according 

10 to any one of [1] to [12).  

[24] A method of using the immunostimulatory 

oligonucleotide according to any one of [1] to (12] as an 

adjuvant for a vaccine.  

[25] A method of treating or preventing hepatitis by the 

15 immunostimulatory oligonucleotide according to any one of 

[1] to [12].  

EFFECT OF THE INVENTION 

[0022] The novel immunostimulatory oligonucleotide 

provided by the present invention haE high therapeutic 

20 effect because of excellent immunostimulatory activities, 

such as the augmented IFN-inducing activity, the reduced 

inflammatory cytokine-inducing activity, and high 

activities of suppressing the IgE production, suppressing 

Th2 and inducing Thl. In addition, as a result of the 

25 study with the murine hepatitis model., it has also been 

proved to have a therapeutic effect !or hepatitis in vivo, 

too. Furthermore, it is possible to use at high doses 

because the risks of side effects are reduced. Therefore, 

the immunostimulatory oligonucleotide of the present 

30 invention makes the treatment and prevention of allergic 

diseases and/or hepatitis possible and allows use as a more 

efficient and safe vaccine adjuvant for a shorter period, 

compared with the conventional immun~stimulatory
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oligonucleotides.  

BRIEF DESCRIPTION OF DRAWINGS 

[0023] FIG. 1-1 shows results of simulating human PBMC 

5 with the immunostimulatory oligonucleotides of the present 

invention and measuring amounts of produced IFN-a in 

culture supernatants in Example 1; 

FIG. 1-2 shows results of stimulating human PBMC with the 

immunostimulatory oligonucleotides of the present invention 

10 and measuring amounts of produced IFN-y in culture 

supernatants in Example 1; 

FIG. 1-3 shows results of stimulating human PBMC with the 

immunostimulatory oligonucleotides of the present invention 

and measuring amounts of produced TFN-a in culture 

15 supernatants in Example 1; 

FIG. 1-4 shows results of stimulating human PBMC with the 

immunostimulatory oligonucleotides of the present invention 

and measuring amounts of produced IFN-y in culture 

supernatants in Example 1; 

20 FIG. 1-5 shows results of stimulating human PBMC with the 

immunostimulatory oligonucleotides of the present invention 

and measuring amounts of produced IFN-a in culture 

supernatants in Example 1; 

FIG. 1-6 shows results of stimulating human PBMC with the 

25 immunostimulatory oligonucleotides of the present invention 

and measuring amounts of produced IFN-y in culture 

supernatants in Example 1; 

FIG. 2 shows results of stimulating murine J774 cells 

with the immunostimulatory oligonucleotides of the present 

30 invention and measuring amounts of produced Il-12 p40 in 

culture supernatants in Example 2; 

FIG. 3-1 shows results of stimulatLng human PBMC with the
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immunostimulatory oligonucleotides (G(-PXCGYQ-G3) of the 

present invention or D-type CpG (G2-PXCGYQ-G6) having the 

same palindrome motif and measuring amounts of produced 

IFN-j in culture supernatants in Example 3; 

5 FIG. 3-2 shows results of stimulating human PBMC with the 

immunostimulatory oligonucleotides (G5-PXCGYQ-G3) of the 

present invention or D-type CpG (G2-PXCGYQ-G6) having the 

same palindrome motif and measuring amounts of produced 

IFN-y in culture supernatants in Example 3; 

10 FIG. 3-3 shows results of stimulating human PBMC with the 

immunostimulatory oligonucleotides (G6/7-PXCGYQ-G2) of the 

present invention or D-type CpG (G2/3-PXCGYQ-G6) having the 

same palindrome motif and measuring amounts of produced 

IFN-ax in culture supernatants in Exarple 3; 

15 FIG. 4 shows results of stimulating human PBMC with the 

immunostimulatory oligonucleotides of the present invention 

and measuring amounts of produced IF1-a in culture 

supernatants in Example 4; 

FIG. 5-1 shows results of stimulating human PBMC with the 

20 immunostimulatory oligonucleotides of the present invention 

or the publicly known oligonucleotides and measuring 

amounts of produced IFN-a in culture supernatants in 

Example 7; 

FIG. 5-2 shows results of stimulat:.ng human PBMC with the 

25 immunostimulatory oligonucleotides o:! the present invention 

or the publicly known oligonucleotide s and measuring 

amounts of produced IFN-a in culture supernatants in 

Example 7; 

FIG. 5-3 shows results of stimulating human PBMC with the 

30 immunostimulatory oligonucleotides of the present invention 

or the publicly known oligonucleotides and measuring 

amounts of produced IFN-a in culture supernatants in
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Example 7; 

FIG. 5-4 shows results of stimulati:ig human PBMC with the 

immunostimulatory oligonucleotides of the present invention 

or the publicly known oligonucleotides and measuring 

5 amounts of produced IFN-. in culture supernatants in 

Example 7; 

FIG. 6 shows results of stimulating human PBMC with the 

immunostimulatory oligonucleotides of the present invention 

or the publicly known oligonucleotides and measuring 

10 amounts of produced IFN-a in a culture supernatant in 

Example 8; 

FIG. 7-1 shows results of stimulating murine splenic 

cells with the immunostimulatory oligonucleotides of the 

present invention or D-type CpG having the same palindrome 

15 motif and measuring amounts of produced IFN-y in culture 

supernatants in Example 9; 

FIG. 7-2 shows results of stimulating murine splenic 

cells with the immunostimulatory oliconucleotides of the 

present invention or D-type CpG havir.g the same palindrome 

20 motif and measuring amounts of produced IL-10 in culture 

supernatants in Example 9; 

FIG. 8-1 shows results of stimulating murine J774 cells 

with the immunostimulatory oligonucleotides (G6-PXCGYQ-G3) 

of the present invention or D-type CpG (G2-PXCGYQ-G6) 

25 having the same palindrome motif and measuring amounts of 

produced IL-12 in culture supernatants in Example 10; 

FIG. 8-2 shows results of stimulating murine J774 cells 

with the immunostimulatory oligonucleotides (G6-PXCGYQ-G3) 

of the present invention or D-type CpG (G2-PXCGYQ-G6) 

30 having the same palindrome motif and measuring amounts of 

produced TNF-a in culture supernatants in Example 10; 

FIG. 9 shows results of stimulating murine J774 cells
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with the immunostimulatory oligonucleotides of the present 

invention or D-type CpG having the same palindrome motif or 

the publicly known immunostimulatory oligonucleotides and 

measuring amounts of produced TNF-a i:a culture 

5 supernatants in Example 11; 

FIG. 10 shows results of stimulating human PBMC with the 

immunostimulatory oligonucleotides of the present invention 

or D-type CpG having the same palindrome motif or the 

publicly known immunostimulatory oligonucleotides together 

10 with anti-CD40 antibody and IL-4 and measuring amounts of 

produced IgE in culture supernatants in Example 12; 

FIG. 11 shows results of measuring the amounts of 

produced IgE in serum after eliciting the allergy by 

treating the mice with the immunostimulatory 

15 oligonucleotide of the present invention and the publicly 

known immunostimulatory oligonucleotide together with a 

cedar pollen antigen Cry jl in Example 13; 

FIG. 12-1 shows results of measurir.g the amounts of 

produced IFN-y in culture supernatants obtained from Cry 

20 jl-stimulated splenic cells after eliciting the allergy by 

treating the mice with the immunostiriulatory 

oligonucleotide of the present invention and the publicly 

known immunostimulatory oligonucleot:.de together with the 

cedar pollen antigen Cry jl in Examp e 13; 

25 FIG. 12-2 shows results of measuring the amounts of 

produced IL-5 in culture supernatants obtained from Cry jl

stimulated splenic cells after elici:ing the allergy by 

treating the mice with the immunostimulatory 

oligonucleotide of the present invention or the publicly 

30 known immunostimulatory oligonucleotide together with the 

cedar pollen antigen Cry j1 in Example 13; 

FIG. 13 shows results of evaluating the effect of the 

immunostimulatory oligonucleotide of the present invention
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on elevation of ALT levels in serum in a Con-A induced 

murine hepatitis model in Example 14; 

FIG. 14-1 shows results of comparing and evaluating the 

effects of the immunostimulatory oligonucleotide of the 

5 present invention and the publicly kn~wn immunostimulatory 

oligonucleotide on the elevation of ALT levels in serum in 

the Con-A induced murine hepatitis model in Example 15; and 

FIG. 14-2 shows results of comparing and evaluating the 

effects of the immunostimulatory oligonucleotide of the 

10 present invention and the publicly known immunostimulatory 

oligonucleotide on the elevation of ALT levels in serum in 

the Con-A induced murine hepatitis model in Example 15.  

BEST MODES FOR CARRYING OUT THE INVENTION 

15 [0024] The immunostimulatory oligcnucleotide of the 

present invention is comprising: 

the base sequence thereof consisting of the sequence 

represented by the formula: 5'-(G)MPXCGYQ(G)N-3' (C is 

cytosine, G is guanine; X and Y are mutually independent 

20 and represent each an arbitrary sequEnce which has a length 

of 0 to 10 nucleotides and does not contain 4 or more 

consecutive guanine residues, and a :ength of X + Y is 6 to 

20 nucleotides; XCGY contains a palindrome sequence having 

a length of at least 8 nucleotides and has a length of 8 to 

25 22 nucleotides; P and Q are mutually independent and 

represent one nucleotide other than quanine, and M 

represents an integer of 6 to 10 and N represents an 

integer of 0 to 3; and each nucleotide length of X and Y 

needs not be necessarily the same length.), and 

30 16 to 37 nucleotides in total, except an 

oligonucleotide of which the base sequence is represented 

as SEQ ID NO:5 [GGGGGGTGCCGATCGGCAGG3]).  

[0025] The base sequence which constitutes the
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immunostimulatory oligonucleotide of ~:he present invention 

is represented by the formula: 5'-(G)IIPXCGYQ(G)N-3'. In the 

formula, "5'-" and "3'-" represent the 5' terminus and the 

3' terminus, respectively. C is cytosine, G is guanine, 

5 X and Y are mutually independent and cepresent each an 

arbitrary sequence. P and Q are mutually independent and 

represent mutually one nucleotide. (3)m and (G)N 

respectively represent each the consecutive sequence 

composed of guanine (G) alone, and M and N represent a 

10 number of guanine. That is, the aforementioned formula is 

represented by generalizing the base sequence from the 5' 

terminus to the 3' terminus of the inmunostimulatory 

oligonucleotide of the present invention. In the present 

invention, "XCGY" means an entire sequence composed of X, C, 

15 G and Y in the aforementioned formula, and "PXCGYQ" means 

an entire sequence composed of P, X, C, G, Y and Q in the 

aforementioned formula. For the aforementioned formula, 

the "length" means a number of the nucleotides (nucleotide 

length) which constitutes each sequerLce. Furthermore, " a 

20 length of X + Y" means a sum of the length of X and the 

length of Y.  

[0026] In the aforementioned formula, each of X and Y 

has a length in the range of 0 to 10 nucleotides. In 

particular, it is preferable to be 2 to 6 nucleotides. The 

25 sequences of X and Y may be each independently composed of 

any nucleotides, but it is necessary not to contain 4 or 

more consecutive guanine bases. Furthermore, it is 

necessary that a length of X + Y is 5 to 20 nucleotides.  

The nucleotide length is preferably 6 to 12, more 

30 preferably 7 or 8, and most preferably 8. The nucleotide 

lengths of X and Y may be not always the same.  

[0027] In the aforementioned formula, it is necessary 

that a palindrome sequence is contained in XCGY. The
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palindrome sequence means a base sequence composed of the 

bases bilaterally symmetric in a complementary style to an 

axis between arbitrary two bases, and is also referred to 

as a palindromic sequence. In the present invention, it is 

5 necessary that a length of the palindrome sequence 

contained in XCGY is 8 or more nucleo-ides. XCGY may be 

composed only of the palindrome sequence of 8 bases or more, 

and as long as the palindrome sequence of 8 bases or more 

is contained, the sequence need not be always fully 

10 complementary.  

[0028] It is preferable that XCGY contains any one base 

sequence selected from CGATCG (SEQ ID NO:59), ATCGAT (SEQ 

ID NO:60) and GACGTC (SEQ ID NO:61). In particular, it is 

the most preferable to contain CGATCG (SEQ ID NO:59).  

15 These sequences per se are the palindrome sequences, and it 

is preferable that the palindrome sequence contained in 

XCGY contains these sequences as a part thereof.  

[00291 Examples of the palindrome sequence in the 

present invention are shown below. In XCGY, the palindrome 

20 sequences of 8 bases-sequence may include CCGATCGG (SEQ ID 

NO:62), GCGATCGC (SEQ ID NO:63), ACGArCGT (SEQ ID NO:64), 

CATCGATG (SEQ ID NO:65), GATCGATC (SEQ ID NO:66), ATCGCGAT 

(SEQ ID NO:67), GAACGTTC (SEQ ID NO:68), CAACGTTG (SEQ ID 

NO:69), AGCGCGCT (SEQ ID NO:70), ACGTACGT (SEQ ID NO:71), 

25 TAGCGCTA (SEQ ID NO:72), ACGGCCGT (SEQ ID NO:73), CGACGTCG 

(SEQ ID NO:74) and CGTCGACG (SEQ ID IO:75). Among them, 

CCGATCGG, GCGATCGC, ACGATCGT, CATCGATG and CGACGTCG are 

preferable. In XCGY, the palindrome sequences of 10 bases

sequence may include GACGATCGTC(SEQ ED NO:76), GGCGATCGCC 

30 (SEQ ID NO:77), CGATCGATCG (SEQ ID NO:78), GATCGCGATC (SEQ 

ID NO:79), GCAACGTTGC (SEQ ID NO:80), GCATCGATGC (SEQ ID 

NO:81), CAGCGCGCTG (SEQ ID NO:82), GACGTACGTC (SEQ ID 

NO:83), CTAGCGCTAG (SEQ ID NO:84), CCCGATCGGG (SEQ ID
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NO:85), GACGGCCGTC (SEQ ID NO:86), GCCGATCGGC (SEQ ID 

NO:87), TCCGATCGGA (SEQ ID NO:88), ACCTCGACGT (SEQ ID 

NO:89), ACAACGTTGT (SEQ ID NO:90) and ACGACGTCGT (SEQ ID 

NO:91). Among them, GCCGATCGGC, CCCGATCGGG, TCCGATCGGA, 

5 GGCGATCGCC, GACGATCGTC, GCATCGATGC anc. ACGACGTCGT are 

preferable. The palindrome sequence is not necessarily 

limited to these specific examples as long as its length is 

at least 8 nucleotides.  

A length of XCGY is 8 to 22 nucleotides, and can be 

10 controlled within this range depending on the lengths of 

each X and Y and the types of a palindrome sequence. The 

length of XCGY is preferably 8 to 14 nucleotides, more 

preferably 9 or 10 nucleotides and most preferably 10 

nucleotides.  

15 [0030] P and Q in the aforementioned formula represent 

one nucleotide other than guanine. Specifically, they are 

any of adenine (A), thymine (T) and cytosine (C).  

M in the aforementioned formula represents an integer 

of 6 to 10 and preferably 6 to 8. If M is departed from 

20 this range, it is not preferable becE.use the IFN-inducing 

activity becomes insufficient. N represents an integer of 

0 to 3. If N is departed from this range, it is not 

preferable because the inflammatory cytokine-inducing 

activity can not be reduced sufficiently.  

25 [0031] A full length of the immunostimulatory 

oligonucleotide of the present invention is 16 to 37 

nucleotides, and varies depending on M and N and the 

lengths of X and Y in the aforementioned formula. When M 

is in the range of 6 to 8 as described above, the full 

30 length is 6 to 35 nucleotides. When the length of XCGY is 

9 or 10 nucleotides, the full length is 17 to 23 

nucleotides.  

Examples of the base sequence of the immunostimulatory
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oligonucleotide of the present invent:.on may include 

preferably, but are not necessarily limited to, 

GGGGGGTGACGATCGTCGGG (SEQ ID NO:97:Modl92), 

GGGGGGTGACGATCGTCAGGG (SEQ ID NO:28:Mod46), 

5 GGGGGGTCCCGATCGGGAGGG (SEQ ID NO:22:M~d43), 

GGGGGGTTCCGATCGGAAGGG (SEQ ID NO:24:Mxd44), 

GGGGGGTGGCGATCGCCAGGG (SEQ ID NO:26:Mxd45), 

GGGGGGTGCATCGATGCAGGG (SEQ ID NO:30:MDd47), 

GGGGGGGTGCCGATCGGCAGGG (SEQ ID NO:6:Mod53), 

10 GGGGGGGGTGCCGATCGGCAGGG (SEQ ID NO:7:Mod54), 

GGGGGGTGCCGATCGGCAGG (SEQ ID NO:9:Mod40), 

GGGGGGGTGCCGATCGGCAGG (SEQ ID NO:10:Mod55), 

GGGGGGTGCCGATCGGCAG (SEQ ID NO:11:Mod41), 

GGGGGGTGCCGATCGGCA (SEQ ID NO:15:Mod61), 

15 GGGGGGGTGCCGATCGGCA (SEQ ID NO:16:Mod62), 

GGGGGGGGTGCCGATCGGCA (SEQ ID NO:17:Mcd63), 

GGGGGGGGGGTGCCGATCGGCA (SEQ ID NO:18:Mod64), 

GGGGGGGACGACGTCGTCGG (SEQ ID NO:40:Mcd71) and 

GGGGGGAACGACGTCGTTGG (SEQ ID NO:42:Mcd73). When M is 7 and 

20 N is 2 in 5'-(G)MPXCGYQ(G)N-3', the examples may be 

GGGGGGGAGCCGATCGGCTGG (SEQ ID NO:43), GGGGGGGAGCCGATCGGCAGG 

(SEQ ID NO:44), GGGGGGGTGCCGATCGGCTGC (SEQ ID NO:45), 

GGGGGGGAGCCGATCGGCCGG (SEQ ID NO:46), GGGGGGGCGCCGATCGGCCGG 

(SEQ ID NO:47), GGGGGGGTGACGATCGTCAGG (SEQ ID NO:48:Mod84), 

25 GGGGGGGTGACGATCGTCTGG (SEQ ID NO:49), GGGGGGGAGACGATCGTCAGG 

(SEQ ID NO:50:Mod85), GGGGGGGAGACGATCGTCTGG (SEQ ID 

NO:51:Mod83), GGGGGGGCGACGATCGTCAGG (SEQ ID NO:52:Mod87), 

GGGGGGGTGACGATCGTTAGG (SEQ ID NO:53), GGGGGGGTCGACGTCGTGG 

(SEQ ID NO:100), GGGGGGGACGACGTCGTGG (SEQ ID NO:101), 

30 GGGGGGGTCGACGTCGAGG (SEQ ID NO:102) and 

GGGGGGGACGACGTCGTCGG(SEQ ID NO:105). Furthermore when M is 

7 and N is 3, the examples may be GGSGGGGCGACGATCGTCGGG 

(SEQ ID NO:54), GGGGGGGTGACGATCGTCGGG (SEQ ID NO:94),
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GGGGGGGTCGACGTCGTGGG (SEQ ID NO:99) ar.d 

GGGGGGGTCGACGTCGAGGG (SEQ ID NO:107). When M is 8 and N is 

1, the examples may be GGGGGGGGCGACGA'CGTCG (SEQ ID 

NO:95;Mod93), GGGGGGGGTGACGATCGTCG (SEQ ID NO:96), 

5 GGGGGGGGACGACGTCGTG(SEQ ID NO:103) and GGGGGGGGTCGACGTCGAG 

(SEQ ID NO:104). When M is 8 and N i3 0, the example may 

be GGGGGGGGACGACGTCGTC (SEQ ID NO:106 

[0032] As specifically shown in the following examples, 

in the oligonucleotides composed of tie base sequences 

10 represented by SEQ ID NOS:6, 7, 9 to Ll, 15 to 18, 22, 24, 

26, 28, 30, 40, 42, 48, 50 to 52, 54, 95 and 97 in Sequence 

Listing, it has been demonstrated that the IFN-inducing 

activity is further augmented and the inflammatory 

cytokine-inducing activity is further reduced compared with 

15 the D-type CpG sequences which satisfy the condition of 

PXCGYQ and do not satisfy the other condition in the 

aforementioned formula. That is, the palindrome sequence 

including a CpG motif in oligonucleotides is essential for 

the IFN-inducing activity, but the number of the bases in 

20 the poly-G sequence inserted outside thereof is important 

for both the augmentation of the IFN-inducing activity and 

the reduction of the inflammatory cytokine-inducing 

activity. Therefore, the most important thing in the 

present invention is not the combination of the poly-G 

25 sequence with the particular palindrcme sequence, but the 

insertion mode of the optimal poly-G sequence. Among the 

oligonucleotides listed above, the oligonucleotide composed 

of the base sequences of SEQ ID NOS:E., 7, 10, 15 to 17, 24, 

26, 28, 48 and 50 to 52, among them, especially SEQ ID 

30 NOS:6, 7, 10, 28, 48 and 50 to 52 have the strong 

interferon (IFN)-inducing activity are particularly 

preferable.  

[0033] In the immunostimulatory oligonucleotide of the



Docket No. PTRA-08171-AU 

24 

present invention, all or a part of internucleotide 

phosphodiester bonds, a ribose sugar noiety and a base 

moiety of each nucleotide may be chemically modified. But, 

a methylation to cytosine in XCGY is not preferable because 

5 an immunostimulatory activity is lost. A suitable 

embodiment of the modified immunostimilatory 

oligonucleotide of the present invention in this way is the 

substitution and/or modification of aa oxygen atom in a 

phosphoric acid group in the internucleotide phosphodiester 

10 bond, and may include phosphorothioats, methylphosphonate 

and phosphoramidate. A phosphorothioite modification is 

preferably made in all or the part of the internucleotide 

phosphodiester bonds in the 5' terminal poly-G sequence 

[(G)m in the aforementioned formula)]. In the 5' terminal 

15 poly-G sequence, it is preferable that the phosphorothioate 

modification is made in all internucleotide phosphodiester 

bonds or in the phosphodiester bond at an extreme terminus.  

For the 3'-terminal poly-G sequence, it is preferable that 

a phosphorothioate modification is made in a part or all of 

20 the internucleotide phosphodiester boads except for the 

base at the extreme terminus. In the oligonucleotides 

where N=0 or 1 in the aforementioned general formula, the 

phosphorothioate modification may be jiven to the 

phosphodiester bonds except guanine ia the 3' terminal side.  

25 Further, it is preferable that the phosphodiester bonds in 

the poly-G sequence at the 5' terminal side and in the 

extreme terminus at the 3' terminal side are modified with 

phosphorothicate. Furthermore, as long as the 

oligonucleotide has an immunostimulatory activity, the 

30 chemical modification other than the methylation may be 

given to cytosine (C in the center of the aforementioned 

formula) of CpG dinucleotides.  

[00341 A degradation of the oligonucleotide having a
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phosphodiester skeleton is mediated by exonuclease and 

endonuclease. It is known that the resistance to these 

nucleases is acquired by modifying an internucleotide bond 

with phosphorothioate. Examples of the oligonucleotide 

5 having some internucleotide modifications may include the 

oligonucleotides having phosphorothioate modifications in 

5' and 3' terminal internucleotide bonds and the 

oligonucleotides having phosphorothioate modifications in 

internucleotide bonds of a poly-G sequence, which have a 

10 resistance to exonuclease. The oligoiucleotide having 

phosphorothioate modifications in all internucleotide bonds 

has a resistance to exonuclease and eadonuclease. The 

nuclease-resistant CpG-oligonucleotide is stable, for 

example, prolongs the time period for acting upon a target 

15 receptor and keeps a constant concentration, and 

consequently augments the immunostimulatory activity.  

[00351 The aforementioned immunostimulatory 

oligonucleotide of the present invention may bind a 

molecule other than the nucleic acid, if the requirement 

20 for the base sequence decribed above is satisfied as long 

as it has the immunostimulatory activity, specifically, the 

augmented IFN-inducing activity and the reduced 

inflammatory cytokine-inducing activity.  

[0036] In the present invention, that the 

25 immunostimulatory oligonucleotide has the immunostimulatory 

activity means that the interferon (IFN)-inducing activity 

is augmented and the inflammatory cytokine-inducing 

activity is reduced. Here, the inflEmmatory cytokine means 

interleukin-12 (hereinafter, IL-12), tumor necrosis factor

30 a (hereinafter, TNF-a), interleukin-6 (hereinafter, IL-6) 

and interleukin-1l (hereinafter, IL-l$). An inflammatory 

refers to a property to induce the fever in a tissue, and 

to elicit infiltration and activation of the cells.
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Meanwhile, an immunosuppressive property indicates having a 

function or a nature to suppress the :.nflammatory reaction 

described above. Interleukin-10 (hereinafter, IL-10) is 

one of immunosuppressive cytokines, and is functionally 

5 different from the inflammatory cytok:.nes. An IFN-inducing 

activity or an inflammatory cytokine-Lnducing activity 

indicates an action to induce the production of cytokines 

from, for examples in the human, peripheral blood 

mononuclear cells (hereinafter, PBMC) of human specimens 

10 having a normal reactivity, and for e:<ample in the mouse, 

bone marrow -derived dendric cells or splenic cells or 

monocytic cell lines J744 or RAW264 sensitive to an 

immunostimulatory oligonucleotide having a CpG sequence.  

In the present invention, it can be shown as the activity 

15 indicated by inducement to produce IFN-a and IFN-y from the 

human peripheral blood mononuclear cells (hereinafter, 

PBMC) by treating with the immunostimulatory 

oligonucleotide. Also, it can be shown as the activity 

indicated by inducement to produce IFN-y and IL-10 from the 

20 murine splenic cells by treating with the immunostimulatory 

oligonucleotide. Furthermore, it can be shown as the 

activity indicated by inducement to Froduce interleukin-12 

p40 (hereinafter, IL-12 p40) and TNF-a from murine 

dendritic cells and a J774 cell line by treating with the 

25 immunostimulatory oligonucleotide. In the present 

invention, the augmented IFN-inducinc activity, which is 

used when the activities of several immunostimulatory 

oligonucleotide sequences are compared, means that when the 

above cells are stimulated with the immunostimulatory 

30 oligonucleotide, a larger amount of the production of IFN

a and IFN-y is induced by lower concentrations of the 

oligonucleotides compared with the other. Meanwhile, the
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reduced inflammatory cytokine-inducing activity means that 

when the above cells are stimulated with the 

immunostimulatory oligonucleotide, a smaller amount of the 

production of IL-12 p40 and TNF-a is induced.  

5 [0037] A specific method of tests :o evaluate the IFN-a 

and IFN-y-inducing activity in vitro in PBMC by the 

immunostimulatory oligonucleotide of :he present invention 

is shown below. PBMC are isolated from human blood by 

density gradient centrifugation at 2, )00 rpm at room 

10 temperature for 25 minutes using Histapaque 1077. The 

isolated PBMC are suspended at 4.0 x 106 cells per mL in 

RPMI 1640 medium containing 10% FCS, and then, seeded in a 

round-bottomed 96-well microplate at 4.0 x 105 cells per 

well, and stimulated in the presence Df the 

15 immunostimulatory oligonucleotide for 24 hours or 7 days.  

Then, each culture supernatant is collected. The amounts 

of produced IFN-a and IFN-y are quant fied by ELISA using 

the culture supernatants stimulated for 24 hours and 7 days.  

[0038] The specific method of tests to evaluate the IL

20 12 and TNF-ai-inducing activity in vitro from PBMC by the 

immunostimulatory oligonucleotide of the present invention 

is shown below. PBMC are isolated from human blood by 

density gradient centrifugation at 2,000 rpm at room 

temperature for 25 minutes using Histopaque 1077. The 

25 isolated PBMC are suspended at 2.0 x 106 cells per mL in 

RPMI 1640 medium containing 10% FCS, and then, seeded in a 

flat-bottomed 96-well microplate at 2.0 x 105 cells per 

well, and stimulated in the presence of the 

immunostimulatory oligonucleotide for 8 hours or 24 hours.  

30 Then, each culture supernatant is collected. The amounts 

of produced IL-12 and TNF-a are quantified by ELISA using 

the culture supernatants stimulated for 8 hours and 24
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hours.  

[0039] The procedure to identify the presence or absence 

of the induction of IFN-y and IL-10 production from the 

murine splenic cells by the immunostiniulatory 

5 oligonucleotide of the present invent:.on may include an 

induction evaluation test in vitro. "he specific method is 

shown below. The spleen is removed f::om a male C57BL/6N 

mice aged 10 to 25 weeks, and transferred into a petri dish 

in which RPMI 1640/10% FCS has been placed. The spleen is 

10 mashed using two partially scabrous glass slides, the 

mashed spleen is strained through a call strainer and the 

filtrated splenic cells are transferred to a round bottomed 

centrifuge tube. The transferred sample is centrifuged at 

1,000 rpm at 40C for 10 minutes, the supernatant is 

15 discarded, and then 5 mL of hemolysis buffer (prepared by 

mixing 0.83% NH4Cl and 170 mM Tris-HCL, pH 7.65 at 9:1) is 

added, and then a cell pellet is flaked by pipetting to 

suspend the cells. After incubating at room temperature 

for 5 minutes, 5 mL of the medium is added thereto, and 

20 mixed upside down, and the mixture is centrifuged at 1,000 

rpm at 4*C for 10 minutes. The superaatant is discarded, 

and the cell pellet is flaked by pipetting to suspend the 

cells. After washing the cells twice, the cells are 

resuspended in the medium, a cell nunber is counted using 

25 trypan blue, and the cells are prepared to be at 4 x 106 

viable cells per mL. The cells are seeded at 4.0 x 105 

cells per well in a round-bottomed 96-well microplate, and 

stimulated with the immunostimulatory oligonucleotide for 3 

days. After the stimulation, the concentrations of IFN-y 

30 and IL-10 in the culture supernatant are quantified by 

ELISA.  

[0040] The procedure to identify -:he presence or absence
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of the induction of IL-12 p40 and TNF- production in J774 

cell line by the immunostimulatory oligonucleotide of the 

present invention may include an induction evaluation test 

in vitro. The J774 cells are adjusted to 1 x 106 cells per 

5 mL using the medium (RPMI 1640, 10% FZS, 50 pM 2-ME). The 

cells are seeded at 1.0 x 105 cells per well in a flat 

bottomed 96-well multiplate and stimulated with the 

immunostimulatory oligonucleotide for 4 hours, 8 hours or 

48 hours. After the stimulation, the concentrations of IL

10 12 p40 and TNF-x in the culture supernatant are quantified 

by ELISA.  

(0041] The immunostimulatory oligcnucleotide of the 

present invention can be synthesized by the conventional 

technology and a nucleic acid synthesizer. These synthesis 

15 methods include enzymatic methods, chemical methods and a 

degradation of a longer sequence thar the sequence of the 

present invention, but are not necessarily limited thereto.  

The modified oligonucleotide is also synthesized by the 

conventional technology. For examplE, the oligonucleotide 

20 modified with phosphorothioate is obtained by treating 

oligonucleotide phosphoramidate with sulfur, but it is not 

necessarily limited thereto. The synthesis technology and 

the modification technology to obtain oligonucleotides are 

also used in Patent Documents and Non-patent Literatures 

25 cited herein, in addition, publicly known technologies are 

confirmed in many reports.  

[0042] The immunostimulatory oligonucleotide of the 

present invention described above may be in a form of an 

oligonucleotide complex for the purpose of the use as 

30 pharmaceuticals. As the complex, a mixture or a binding 

body of the immunostimulatory oligonucleotide with the 

other substance (e.g., including cytokines, peptides,



Docket No. PTRA-08171-AU 

30 

antigens composed of the protein or nan-protein), or a 

colloid dispersion system or a lipid oase system in which 

the immunostimulatory oligonucleotide has been incorporated 

may be used. The colloid dispersion system may include 

5 polymer complexes, nanocapsules, microspheres and beads.  

As the lipid base system, for example, an oil in water type 

emulsifiers, micelles, mixed micelles and liposomes may be 

selected, but the lipid base system is not necessarily 

limited thereto. In the suitable embodiment, the above 

10 complex is the liposome in which the immunostimulatory 

oligonucleotide has been embedded and sealed. Embedding 

and sealing indicate binding to a lipid membrane surface of 

the liposome, uptaking into a lipid n.embrane or uptaking in 

a lumen of the liposome. The liposon.e may be modified with 

15 or bound to particular functional molecule(s), e.g., 

monoclonal antibody, sugar, glycolipid or protein.  

[0043] As lipid(s) which composes the liposome, any 

lipids known for composing the liposcome and commonly used 

can be used alone or in combination of two or more. For 

20 example, natural products, e.g., egg yolk, soybeans or the 

other lipids obtained from animals or plants, and these 

lipids can be used by hydrogenating to reduce an 

unsaturation degree. Specifically, :.or example, sterols 

(e.g., cholesterol), phosphatidyl ethanolamines (e.g., 

25 dipalmitoyl phosphatidyl ethanolamine, distearoyl 

phosphatidyl ethanolamine), phosphat.dyl inositols, 

phosphatidyl cholines (e.g., dipalmiloyl phosphatidyl 

choline, distearoyl phosphatidyl choline), phosphatidyl 

glycerols, phosphatidyl serines (e.g., dipalmitoyl 

30 phosphatidyl serine, distearoyl phosphatidyl serine), 

phosphatidic acids (dipalmitoyl phosphatidic acid, 

distearoyl phosphatidic acid), sphingomyelins and 

cardiolipin are included, but are not limited thereto.
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[0044] The liposome is prepared by using the publicly 

known method. A vortex method and an ultrasonic method are 

common. In addition, an ethanol injection method, an ether 

method, a mechanochemical method, a warming method, a lipid 

5 dissolution method and a reverse phas? evaporation method 

can be applied, and can be used in combination. For 

example, in the vortex method and the ultrasonic method, a 

predetermined lipid is dissolved in an organic solvent, 

e.g., methanol, ethanol, chloroform or the mixture thereof, 

10 e.g., the mixture of methanol and chloroform, and 

subsequently the organic solvent is evaporated and removed 

to yield a thin film of the lipid. At that time, by 

dissolving the above lipids in various combinations at 

concentration ratios in the organic solvent, it is possible 

15 to produce various liposomes. Subsequently, an aqueous 

medium is added to this thin film of the lipid and the 

vortex treatment or the ultrasonic treatment is given 

thereto to form the liposome. At that time, by mixing, 

dissolving or suspending a substance to be embedded and 

20 sealed in the liposome in the above aqueous medium, it is 

possible to embed and seal a substance in the liposome.  

The concentration of the substance to be embedded and 

sealed, which is dissolved in an aqueous medium, is not 

particularly limited, and it is preferably 0.00375 to 375 

25 mg/mL for the protein and 0.5 to 5,000 pg/mL for the 

immunostimulatory oligonucleotide. Generally, a particle 

diameter of the liposome is preferably in the range of 0.01 

to 10 pm.  

[0045] The above immunostimulatory oligonucleotide of 

30 the present invention can be used as an active ingredient 

of the pharmaceuticals for various uses. A suitable 

indication in one embodiment may incLude allergic diseases.  

The allergic disease is caused by an antigenic substance
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derived from pollens, mites, animals :such as dogs and cats, 

foods and house dusts, and the allergic disease has a 

symptom of an inflammation such as rhinitis, conjunctivitis, 

dermatitis and asthma. The more suitable embodiment may 

5 include the use as the active ingredient of a therapeutic 

or preventive agent for pollen allergic among the above 

allergic diseases. As pollen allergies, the allergy caused 

by proteins derived from cedar pollen as an antigen is 

common, but antigens may be the substance derived from the 

10 other pollens of Japanese cypress, white birch, alder, 

ragweed, tansy and cocksfoot.  

[0046] For example, when the murine splenic cells 

sensitized with the cedar pollen antigen are stimulated 

with the cedar pollen antigen, the production of IL-5 and 

15 IL-4, which are the indicator of an antigen specific Th2 

response, is typically induced and it is not demonstrated 

that the production of IFN-y, which is the indicator of a 

Thl response, is induced. However, when the cells are.  

stimulated with the cedar pollen antigen simultaneously 

20 with the immunostimulatory oligonuclEotide of the present 

invention, it is demonstrated that tI.e production of IFN-y 

is effectively induced. When the mouse is treated with the 

immunostimulatory oligonucleotide of the present invention 

and subsequently the Th2 response is elicited with the 

25 mixture of the antigen and alum, it i.s demonstrated that 

the production of antigen specific IE in serum is 

suppressed and the level of antigen specific IgG2a is 

increased. By this test method, the therapeutic effect on 

asthma can be demonstrated when an a:3thma-inducing antigen 

30 is used as the antigen treating for a sensitization and a 

therapy.  

Therefore, the above immunostimilatory oligonucleotide 

of the present invention exhibits high therapeutic and
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preventive effects on various allergic symptoms.  

[0047] The above immunostimulatory oligonucleotide of 

the present invention can be used as a single agent, or as 

the therapeutic agent for a hyposensi:ization therapy by 

5 using together with the above allergen.  

[0048] Furthermore, the immunostimilatory 

oligonucleotide of the present inventLon has an action to 

suppress a production of IgE in human cells. As the 

procedure to identify such an action, a specific method of 

10 the test to evaluate the activity of suppressing the 

production of IgE in vitro is shown below. PBMC isolated 

from the human blood by the method described above are 

prepared at 4.0 x 106 cells per mL in RPMI 1640 containing 

10% FCS, and then seeded at 4.0 x 105 cells per well in the 

15 flat bottomed 96-well microplate. The cells are stimulated 

with human IL-4 and anti-CD40 antibody together with the 

immunostimulatory oligonucleotide for 14 days, and then the 

culture supernatant is collected. The amount of produced 

IgE is quantified by ELISA.  

20 [0049] The suitable indication in an embodiment of the 

present invention may be a vaccine containing the 

immunostimulatory oligonucleotide of the present invention 

as an adjuvant. Diseases for which the vaccine can be used 

are infections and allergies. An infection is caused by 

25 viruses, bacteria, fungi and protozoa, but the cause is not 

necessarily limited thereto. Typically, a vaccine refers 

to an antigenic suspension or soluticn which is 

administrated to a patient to generate an active immunity, 

and which contains an infectious factor, a specific part of 

30 the infectious factor or a factor derived from animals or 

plants. An antigenic portion which composes the vaccine 

may be any of a protein, a peptide, a lipid, a 

polysaccharide or a nucleic acid. The preferable
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embodiment is not particularly limited, and is a mixed 

solution of the immunostimulatory oligonucleotide of the 

present invention and the vaccine. I- may be the complex 

of the immunostimulatory oligonucleotide of the present 

5 invention with the antigenic portion Df the vaccine.  

[0050] Furthermore, the suitable applicable symptom for 

one embodiment is hepatitis, specifically hepatitis with 

activation of immune system, non-viral hepatitis and/or 

viral hepatitis, and more preferably [epatitis C and/or 

10 hepatitis B caused by infection with HBV and/or HCV.  

Symptoms of the infection with HBV and/or HCV in the 

present specification include the symptoms caused by acute 

and chronic hepatitis. The clinical symptoms of viral 

hepatitis include, but are not necessarily limited to, 

15 jaundice, abdominal pain, fatigue, nausea and emesis, as 

well as clinical/laboratory hepatitis associated-findings 

such as elevated levels of hepatic erzymes (e.g., alanine 

aminotransferase [ALT], aspartic acic. aminotransferase 

(AST] and/or lactic acid dehydrogenate [LDH]), elevation of 

20 bilirubin level, HCV viremia or eleva.tion of an antigenic 

level, portal hypertension and anore :ia.  

[0051] The therapeutic effect of the immunostimulatory 

oligonucleotide of the present invention for hepatitis B 

and/or hepatitis C can be evaluated by examining the above 

25 clinical symptoms (jaundice, fatigue, abdominal pain), 

hepatitis-associated laboratory find:.ngs (e.g., levels of 

hepatic enzymes in blood), amplifica-;ion and replication of 

virus, or the amount of the virus (t.Lter) as the indicators.  

That is, comparing individual not treated with the present 

30 invention with an individuals treated with the 

immunostimulatory oligonucleotide of the present invention, 

disappearance, remission and amelioration of the clinical 

symptoms of hepatitis B and/or hepatitis C, or reduction of
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symptomatic levels, and further shortening of a diseased 

period can be expected. The therapeutic effect could be 

reflected in the hepatitis-associated laboratory findings, 

the replication of virus and the viral amount. A decrease 

5 of the viral titer includes an elimination of the virus 

from an infected site or individual.  

[0052] A method of evaluation may be selected from 

detection of the symptoms, measurement of hepatic functions 

by clinical examinations, hepatic biopsy, direct or 

10 indirect measurement of portal vein pressure, and the 

measurement of viral particles, viral nucleic acids and 

viral antigen titers, and any procedure known in the art 

including the detection and the measurement of anti-viral 

antibody. Subjective physical symptcms such as abdominal 

15 pain and fatigue are determined by the presence or absence 

of the symptom, and jaundice is determined by qualitative 

base and quantified by measuring the level of bilirubin in 

blood or serum. The laboratory findings for hepatitis, for 

example, the levels of the hepatic er.zyme, AST and ALT in 

20 blood or serum, are measured by hematological, biochemical 

and histological tests. The viral titer in blood or serum 

sample is measured by the methods well-known in the art, 

e.g., quantification of the viral particles (e.g., by 

separation or visualization, or assay of DNase resistant 

25 particles), the detection of viral antigen in the blood or 

serum sample (quantification of antigen amount by ELISA), 

the detection of viral antibody in the blood or serum 

sample, or the detection of viral nucleic acids (RNA and 

DNA) (PCR amplification using HCV gene specific primers or 

30 in situ hybridization using a viral specific probe). A 

biopsy sample from hepatic tissue can also be evaluated by 

the above methods.  

[0053] Subjects to be treated by -:he above therapeutic
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agent of the present invention are vertebrate animals, 

preferably mammalian animals and more preferably human 

beings. The vertebrate animals other than the human being 

may include, but are not necessarily Limited to, dogs, cats, 

5 horses, cattle, swines, sheeps, goats, chickens, monkeys, 

rats or mice.  

[0054] The immunostimulatory oligoaucleotide of the 

present invention may be administered to individuals likely 

infected with HBV and/or HCV (e.g., cases of having no 

10 physical symptom and an embryo in a mother carrying HCV), 

to individuals confirmed to be infected with HBV and/or HCV, 

and to individuals with the above clinical symptoms of 

hepatitis B and/or hepatitis C (e.g., including chronic 

hepatitis or acute hepatitis due to early infection or 

15 recurrence after chronic infection). Frequency of 

administration of the immunostimulatcry oligonucleotide 

varies depending on degrees of the infection with HBV 

and/or HCV or the symptoms thereof. The treatment using 

the immunostimulatory oligonucleotide may be used for the 

20 individuals where a treatment such as interferon therapy 

(and its effect) was insufficient or unsuccessful.  

Furthermore, the immunostimulatory oligonucleotide may be 

administered once or multiple times.  

[0055] In the case of using a preventive or therapeutic 

25 agent for allergic diseases and hepatitis, its 

administration route is not particularly limited, and is 

preferably subcutaneous injection, intradermal injection, 

intravenous injection, intramuscular injection, injection 

to diseased tissue, oral administration, nasal 

30 administration, transocular administration, laryngeal 

administration, lung administration, percutaneous 

administration and sublingual administration. A dosage is 

appropriately selected depending on a condition of a
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patient, atherapeutic purpose and an administration route, 

and is typically 0.1 pmol to 10 pmol -and preferably 1 pmol 

to 1 jmol per adult per day as the amount of the 

oligonucleotide. When administered as the adjuvant, a 

5 dosage is also appropriately selected depending on a 

therapeutic purpose and an administra:ion route, and may be 

typically almost the same dosage as the above. The 

immunostimulatory oligonucleotide of -he present invention 

is typically formulated by a well-known method of 

10 formulating into a dosage form to be employed.  

These immunostimulatory oligonucleotides can be used 

as a therapeutic or preventive agent Eor allergic diseases, 

an adjuvant of a vaccine and a therapeutic or preventive 

agent for hepatitis, and can also be used as a method for 

15 treating or preventing allergic diseases, a method for 

utilizing as an adjuvant for the vaccine or the method for 

treating or preventing hepatitis.  

EXAMPLES 

20 [0056] Examples will be described Ln detail below. But, 

the technical scope of the present invention is not limited 

to these Examples.  

Abbreviations and properties of ':he sequences of the 

immunostimulatory oligonucleotides used in the following 

25 description are described in Sequence Listing. The 

sequences, the abbreviations and the properties of the 

publicly known immunostimulatory oligonucleotides described 

in Examples were shown in Table 1.  

[0057] 

30 Table 1
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[0058] Example 1: Comparison of base numbers of 5' 

terminal poly-G sequences essential for the IFN-inducing 

activity in human PBMC among immunostimulatory 

oligonucleotides 

5 CpG oligonucleotides to which the poly-G sequence 

composed of various numbers of bases >ad been inserted were 

synthesized, and a length of the base essential for IFN

inducing activities was examined. Tw.enty immunostimulatory 

oligonucleotides (SEQ ID NOS:1 to 20) were constructed by 

10 inserting the oligonucleotide containLng the poly-G 

sequence modified with phosphorothioate in both terminal 

sides or only in the 5'-terminal side outside the 

palindrome sequence TGCCGATCGGCA containing the palindrome 

sequence CGATCG (Sequences 49 and 15 in JP Hei-4-352724-A) 

15 shown by Tokunaga et al. Mod2 (SEQ ID NO:1) and Mod33 (SEQ 

ID NO:5) have been shown to have IFN-inducing activity in 

International Publication No. 2006/035939 Pamphlet.  

Further, the oligonucleotides composed of these 

constructed-sequences were screened for having the activity 

20 of inducing the production of IFN-a and IFN-y in human PBMC 

(FIGs. 1-1 to 1-6, Table 2). The activity of inducing the 

production of IFN-ax and IFN-y was evaLuated, according to 

the procedure and conditions shown as the specific method 

of a test for evaluating the in vitrc activity of inducing 

25 the production of IFN-a and IFN-y in auman PBMC, based on 

the amount produced in the culture supernatant obtained by 

stimulating for 24 hours and 7 days.  

[0059] 

Table 2
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[0060] The amounts of produced IFN shown in Table 2 were 

obtained when the concentration of tha immunostimulatory 

oligonucleotide was 100 nM (final concentration).  

5 Lowercase letters in the sequences in Tables and Figs.  

represent the bases modified with phosphorothioate.  

[0061] FIGs.1-1 and 1-2 show the amounts of IFN-a 

produced when the oligonucleotide concentration was 100 nM 

(final concentration) of Mod2 (SEQ ID NO:1, Lane 2), Mod52 

10 (SEQ ID NO:2, Lane 3), Mod51 (SEQ ID \10:3, Lane 4), Mod42 

(SEQ ID NO:4, Lane 5), Mod53 (SEQ ID \10:6, Lane 6), Mod54 

(SEQ ID NO:7, Lane 7), Mod56 (SEQ ID NO:8, Lane 8), Mod40 

(SEQ ID NO:9, Lane 9) or Mod55 (SEQ ID NO:10, Lane 10), and 

the amounts of IFN-y produced when th2 oligonucleotide 

15 concentration was 300 nM (final concentration) of the same 

sequences, respectively. Concerning the IFN-a-inducing 

activity (Table 2 and FIG. 1-1), in the group having 3 

bases (N=3) (Lanes 3 to 7 in FIG. 1-1) of a poly-G sequence 

at the 3' terminus, the activity was high when the 

20 oligonucleotides had 6 or more bases (M is 7 or more) 

(Lanes 6 and 7) of a poly-G sequence at the 5'-terminus.  

In the group having 2 bases (N=2) of a poly-G sequence at 

the 3' terminus (Lanes 8 to 10), the activity was high when 

they had 6 or more bases of a poly-G sequence at the 5' 

25 terminus (Lanes 9 and 10). Comparing with Mod2 (M=2/N=6, 

Lane 2) having the structure of a typical CpG sequence, the 

activity of Mod52 (M=3/N=3, Lane 3), Mod5l (M=4/N=3, Lane 

4) or Mod42 (M=5/N=3, Lane 5) was attenuated or was 

completely lost. Thus, it was found that the 

30 oligonucleotide having the enhanced ::FN-a-inducing 

activity was not always obtained only by designingsequences 

by changing the numbers of bases froia 4 to 6 of the poly-G
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sequences in Mod2. Concerning the IFN-y-inducing activity 

(Fig. 1-2), a similar tendency was observed except for 

Mod56 (SEQ ID NO:8, M=5/N=2, Lane 8). In particular, the 

IFN-y-inducing activity of Mod53 (M=7/N=3, Lane 6), Mod54 

5 (M=8/N=3, Lane 7) or Mod55 (M=7/N=2, Lane 10) was 

significantly enhanced compared with chat of Mod2 having 6 

bases of the poly-G sequence at a 3' terminus (t-test, 

p<0.01). This result indicates that, an IFN-y-inducing 

activity of oligonucleotides depends on the 5' terminal 

10 side and the poly-G sequence is required to have a length 

of at least 6 or more bases.  

[0062] Subsequently, in order to elucidate the relation 

between a length of the poly-G sequence at the 5' terminus 

and IFN-inducing activity, the IFN-y-Lnducing activity was 

15 evaluated for the oligonucleotides obtained by inserting up 

to 20 bases of a poly-G sequence intc the 5' terminus (FIGs.  

1-3 and 1-4). FIGs. 1-3 and 1-4 show the amounts of IFN-c 

and IFN-y produced when the oligonucleotide concentration 

was 300 nM of Mod2 (Lane 1), Mod61 (SEQ ID NO:15, Lane 2), 

20 Mod62 (SEQ ID NO:16, Lane 3), Mod63 (SEQ ID NO:17, Lane 4), 

Mod64 (SEQ ID NO:18, Lane 5), Mod65 (SEQ ID NO:19, Lane6) 

or Mod66 (SEQ ID NO:20, Lane7). As a result, at a 

concentration of 300 nM, the IFN-ca-inducing activity of 

the oligonucleotides having up to 8 bases of poly-G 

25 sequences was significantly enhanced (FIG. 1-3, M=6 to 

8/n=0, Lanes 2 to 4), and the oligonucleotide having 10 

bases of a poly-G sequence (M=10/N=0 showed slightly 

higher activity than that of Mod2 (FIG. 1-3, Lane 5) 

Meanwhile, the oligonucleotides having 12 or more bases of 

30 poly-G sequence s (M=12 or 20/N=0) lost the most activities 

(Lanes 6 and 7). In the IFN-y-induc:.ng activity, the
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similar tendency to the IFN-a-inducing activity was 

observed, but the oligonucleotides having even 12 or more 

bases of poly-G sequences had activities equivalant to Mod2 

having a conventional D-type CpG sequence (FIG. 1-4, Lanes 

5 1, 6 and 7).  

[0063] Furthermore, the relation between the base number 

of a poly-G sequence at the 3' terminus and the IFN

inducing activity was evaluated. FIGs. 1-5 and 1-6 show 

the amounts of IFN-a produced when the oligonucleotide 

10 concentration was 100 nM (final concentration) of Mod2 

(Lane 2), Mod50 (SEQ ID NO:14, lane 3), Mod49(SEQ ID NO:13, 

Lane 4), Mod40 (Lane 5) or Mod4l (SEQ ID NO:1l, Lane 6), 

and the amounts of IFN-y produced whea the oligonucleotide 

concentration was 300 nM (final concentration)of the same 

15 sequences, respectively. When the length of a poly-G 

sequence at the 5' terminus was chanced from 2 bases (Mod2: 

M=2/N=6, Lane 2) to 6 bases (Mod50: M=6/N=6, Lane 3), the 

amounts of produced IFN-ax and IFN-y was increased(Table 2, 

FIGs. 1-5 and 1-6) to the levels equivalent to Mod55 

20 (M=7/N=2, see Lane 10 in FIGs. 1-1 and 1-2). The IFN-a

inducing activity of the oligonucleot ides having 6 bases of 

poly-G sequences at a 5' terminus (M=6/N=0 to 6) tended to 

depend on the length of poly-G sequences at the 3' terminus, 

but was not lost completely and exceeded the activity of 

25 Mod2 (Lanes 3 to 6 in FIG. 1-5). The IFN-y-inducing 

activity of all oligonucleotides at 300 nM exceeded the 

activity of Mod2 (Lanes 2 to 6 in FIG. 1-6).  

From the above results, it was demonstrated that when 

the base number (M) of poly-G sequences at the 5' terminus 

30 is 6 to 10, preferably 6 to 8, even :hough the 

oligonucleotide had no poly-G sequence at the 3' terminus, 

that led to the the more enhanced IFN'-inducing activity
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compared with the activity of the conventional D-type CpG 

sequence having the same PXCGYQ as in the aforementioned 

formula.  

[0064] Example 2: Comparison of base numbers of 3' 

5 terminal poly-G sequences essential for the inflammatory 

cytokine-inducing activity in murine J774 cells among 

immunostimulatory oligonucleotides 

Concerning the immunostimulatory oligonucleotides 

obtained by inserting 6 bases of a poly-G sequence at the 

10 5' terminus, in vitro an induction evaluation test was 

performed to identify the presence or absence of induction 

of the IL-12 p40 production in urine J774 cells described 

above. That is, J774 cells were stimulated with each 

oligonucleotide for 48 hours, and the amount of the 

15 inflammatory cytokine IL-12 (IL-20 p40) produced in the 

culture supernatant was evaluated. As a result, in the 

production of IL-12 p40 by Mod50 (Lane 2), Mod49 (SEQ ID 

NO:13, Lane 3), Mod48(SEQ ID NO:12, Lane 4), Mod33 (SEQ ID 

NO:5, Lane 5), Mod40 (lane 6) or Mod4l (Lane 7) at a final 

20 concentration of 300 nM of each sequEnces, the 

oligonucleotides having 4 or more bases of poly-G sequences 

at the 3' terminus (M=6/N=4 to 6, lanes 2 to 4) induced the 

IL-12 production, but no activity was observed in the 

oligonucleotides having 3 or less bases of poly-G 

25 sequences(M=6/N=0 to 3; Lane 5 to 7) (FIG. 2).  

[0065] In light of the foregoing, it was demonstrated 

that the oligonucleotides having 3 o:: less bases of poly-G 

sequences at the 3' terminus reduced or lost the 

inflammatory cytokine-inducing activity even if the 6 bases 

30 of a poly-G sequence was inserted at the 5' terminus.  

[0066] Example 3: Comparison of ITN production-inducing 

effects in human PBMC between the innunostimulatory 

oligonucleotides of the present invention containing a
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sequence of CGATCG, ATCGAT or GACGTC as palindrome motif, 

and D-type CpG oligonucleotide 

The oligonucleotides (G6-PXCGYQ-G3, M=6/N=3) including 

the immunostimulatory oligonucleotides of the present 

5 invention inserting poly-G sequences composed of 6 bases at 

the 5' terminus and 3 bases at the 3' terminus into 6 types 

of the palindrome motifs where P was T (thymine), Q was A 

(adenine) and XCGY was composed of 1C bases in the formula: 

5'-(G)MPXCGYQ(G)N-3', and the D-type CpG sequence inserting 

10 poly-G sequences composed of 2 bases at the 5' terminus and 

6 bases.at the 3' terminus (D-type CpG: G2-PXCGYQ-G6, 

M=2/N=6) were synthesized. In additicn, their IFN-inducing 

activities were evaluated in human PEMC. The palindrome 

motif in each oligonucleotide is shown in Sequence Listing, 

15 FIGs. 3-1, 3-2 and 3-3, and is CCCGAICGGG of Lane 1 in 

Mod29 (SEQ ID NO:21) and Mod43 (SEQ ID NO:22), TCCGATCGGA 

of Lane 2 in Mod37 (SEQ ID NO:23) and Mod44 (SEQ ID NO:24), 

GGCGATCGCC of Lane 3 in Mod38 (SEQ ID NO:25) and Mod45 (SEQ 

ID NO:26), GACGATCGTC of Lane 4 in Mcd39 (SEQ ID NO:27) and 

20 Mod46 (SEQ ID NO:28), or GCATCGATGC of Lane 5 in D19 (SEQ 

ID NO:29) and Mod47 (SEQ ID NO:30). The IFN-inducing 

activity in human PBMC using the above oligonucleotides was 

evaluated in the same procedure and conditions as in 

Example 1.  

25 [0067) As a result of measuring the activity of the D

type CpG sequence and the immunostimIulatory 

oligonucleotides of the present invention at a 

concentration of 100 nM, the IFN-a-inducing activity was 

enhanced in all palindrome motifs evaluated in the 

30 immunostimulatory oligonucleotides (FIG. 3-1, G6-PXCGYQ-G3) 

of the present invention compared with the D-type CpG 

sequences (G2-PXCGYQ-G6), and was augmented to 1.4 to 74.5 

times more than the ability of D-type CpG. In the IFN-y-
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inducing activity at 100 nM of the abDve oligonucleotide, 

the similar tendency to IFN-a was observed (FIG. 3-2).  

[0068] The IFN-ix-inducing activities of two 

immunostimulatory oligonucleotides, were P in the 

5 aforementioned formula was A (adenine) and Q was C 

(cytosine) or T (thymine) and 8 bases of a palindrome motif 

CGACGTCG was contained, and the IFN-a-inducing activity of 

the D-type CpG were evaluated in the human PBMC. As a 

result, the activities of Mod7l (SEQ ID NO:40, M=7/N=2) and 

10 Mod73 (SEQ ID NO:42, M=6/N=2) which were the 

immunostimulatory oligonucleotides of the present invention 

was more remarkably augmented at 300 nM than the activity 

of Mod70 (SEQ ID NO:39, M=3/N=6) and Mod72 (SEQ ID NO:41, 

M=2/N=6) which respectively correspond D-type CpG sequences 

15 (FIG. 3-3).  

[0069] These results indicate that the inserted-type of 

the poly-G sequences in the novel immunostimulatory 

oligonucleotides of the present invertion augments the IFN

inducing activity without depending cn the particular 

20 palindrome structure.  

[0070] Example 4: IFN-a productior.-inducing effect in 

human PBMC by the immunostimulatory oligonucleotides of the 

present invention having CGATCG as palindrome motif 

Optimal sequences of immunostimulatory 

25 oligonucleotides of the present invention were examined. P 

and Q in the immunostimulatory oligorucleotide of the 

present invention, where M=7 and N=2, and XCGY was 

GACGATCGTC, were examined. The oligcnucleotide (Mod83, SEQ 

ID NO:51) where P was A (adenine) and Q was T (thymine), 

30 the oligonucleotide (Mod84, SEQ ID NO:48) where P was T and 

Q was A, the oligonucleotide (Mod85, SEQ ID NO:50) where 

both P and Q were A and the oligonuc.eotide (Mod87, SEQ ID
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NO:52) where P was C and Q was A were synthesized. The 

IFN-a-inducing activity of Mod46 having particularly 

strong IFN-inducing activity among the immunostimulatory 

oligonucleotides of the present invention found in Example 

5 3, and the IFN-a-inducing activities of these 

oligonucleotides were compared and evaluated in human PBMC.  

The IFN-inducing activity in human PBMC was evaluated in 

the same procedure and conditions as in Example 1, except 

that the oligonucleotides were replaced and only IFN-a was 

10 measured.  

As a result, at 100 nM of the oligonucleotides, Mod83, 

Mod84, Mod85 and Mod87 exhibited IFN-a-inducing activities 

equivalent to the activity of Mod46 (FIG. 4).This result 

indicates that P and Q in the immunostimulatory 

15 oligonucleotide of the present invention may be any one 

other than G, i.e., any of A, T and C; even if they are not 

complementary nucleotides each other, the oligonucleotide 

has the strong IFN-a-inducing activity.  

[0071] Example 5: Comparison of IFN-inducing activities 

20 in human PBMC between the immunostimulatory 

oligonucleotides of the present invention, and the 

oligonucleotides of G9-GACGATCGTC-G1 and G7-GACGATCGTC-G3 

The IFN-inducing activities in human PBMC by 

immunostimulatory oligonucleotides of the present invention, 

25 and those by the oligonucleotides of G9-GACGATCGTC-Gl (SEQ 

ID NO:36) and G7-GACGATCGTC-G3 (SEQ ID NO:98) known as the 

sequences having strong IFN-a-inducirg activity in JP 

2005-237328-A were compared.  

Mod92 (SEQ ID NO:97) and Mod93 (SEQ ID NO:95) which 

30 were the immunostimulatory oligonucleotides of the present 

invention, which had the most approximate sequences to G9

GACGATCGTC-G1 and G7-GACGATCGTC-G3 and were synthesized
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without modifying with phosphorothioate, and then their 

IFN-x-inducing activities in human PBC were compared 

(Tables 3 and 4). The IFN-inducing activity in human PBMC 

was evaluated in the same procedure and conditions as in 

5 Example 1, except that the oligonucleotides were replaced.  

As a result, Mod92 and Mod 93 exhibited higher IFN-a

inducing activity than those of G7-GACGATCGTC-G3 andG9

GACGATCGTC-Gl.  

[0072] 

10 Table 3 

Table 3. IFN- a PRODUCTION AMOUNT IN HUMAN PBMC 

CpG Sequence 5'--3' IFN-a [pg/mL] 

Mod92 GGGGGGTGACGATCGTCGGG 3263.3±424.5 

G7-GACGATCGTC-G3 GGGGGGGGACGATC 3TCGGG 2515.1±307.0 

[0073] The amounts of IFN represented in Table 3 are the 

values of the produced IFN when the concentration (final 

15 concentration) of the immunostimulatcry oligonucleotides 

was 100 nM. No modification with phcsphorothioate was 

given to all of the above oligonuclectides.  

[0074] 

Table 4 

Table 4. IFN- a PRODUCTION AMOUNT IN HUMAN PBMC 

CpG Sequence 5'--:' IFN-cx [pg/mL] 

Mod93 GGGGGGGGCGACGATCGTCG 2442.5±171.4 

G9-GACGATCGTC-G1 GGGGGGGGGGACGATCGTCG 684.0±277.9 
20 

[0075] The amounts of IFN represented in Table 4 are the 

values of the produced IFN when the concentration (final 

concentration) of the immunostimulatory oligonucleotides 

25 was 100 nM. No modification with phosphorothioate was
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given to all of the above oligonucleotides.  

[0076] In light of the foregoing, it was demonstrated 

that the immunostimulatory oligonucleotides of the present 

invention had strong IFN-ca-inducing activity, even if they 

5 had not been modified with phosphorothioate. It was also 

shown that it was important that P and Q in the general 

formula were the bases other than G. Therefore, it was 

shown that the IFN-ax-inducing activity was further 

enhanced by inserting at least one base nucleotide between 

10 the palindrome sequence such as GACGATCG exhibiting the 

excellent IFN-a-inducing activity anc the poly-G sequence.  

[0077] Example 6: Comparison of I-12-inducing 

activities in human PBMC between the immunostimulatory 

oligonucleotides of the present invertion, and the 

15 oligonucleotides of G9-GACGATCGTC-G1 and G7-GACGATCGTC-G3 

The IL-12-inducing activitiy of immunostimulatory 

oligonucleotide of the present invention which was Mod93 

used in Example 5, and the IL-12-inducing activity of G9

GACGATCGTC-G1 or G7-GACGATCGTC-G3 disclosed in JP 2005

20 237328-A were compared in human PBMC. The levels of IL-12 

were measured in accordance with the specific method of the 

aforementioned test to evaluate the IL-12-inducing activity 

in vitro.  

As a result, Mod93 of the present invention did not 

25 induce the production of IL-12 at al'.; on the contrary, it 

tended to suppress the IL-12 product:.on compared with the 

control which had not been stimulated (Table 5). Meanwhile, 

G9-GACGATCGTC-G1 exhibited an weak increase in the IL-12 

production. Therefore, it was shown that the inflammatory 

30 cytokine-inducing activity in human was also low by the 

immunostimulatory oligonucleotide of the present invention.  

[0078]
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Table 5 

Table 5. IL-12 PRODUCTION IN HUMAN FBMC 

CpG Sequence 5'--3 IL-12 [pg/mL] 

no CpG-ODN 4.878±0.610 

Mod93 GGGGGGGGCGACGA[CGTCG 1.423±0.932 

G9-GACGATCGTC-G1 GGGGGGGGGGACGATCGTCG 5.895±0.704 

[0079] The amounts of IL-12 represented in Table 5 are 

5 the values of produced IL-12 when no stimulation was added 

(no CpG-ODN) or the concentration (final concentration) of 

the immunostimulatory oligonucleotides was 300 nM. No 

modification with phosphorothioate was given to all of the 

above oligonucleotides.  

10 [00801 In the stimulation with thE immunostimulatory 

oligonucleotide alone, because no remarkable production of 

IL-2 from human peripheral blood cells was observed, by 

stimulating with an immunostimulatory oligonucleotide 

together with lipopolysaccharide (LPS) being an endotoxin 

15 which was a potent inducer of the inflammatory response, 

the effect on the IL-12 production was evaluated. That is, 

the PBMC isolated according to the aforementioned method 

were prepared at 2.0 x 106 cells per mL in RPMI 1640 medium 

containing 10% FCS, seeded at 2.0 x :.0 cells per well in a 

20 round bottomed 96-well microplate, and cultured in 

coexistence of LPS and the immunostimulatory 

oligonucleotide for 24 hours. Then, the culture 

supernatant was collected, and the production of IL-12 was 

quantified by ELISA. As the immunos:imulatory 

25 oligonucleotides, Mod92, Mod93, G9-GACGATCGTC-G1 and G7

GACGATCGTC-G3 were used. As a resul-:, any of the 

immunostimulatory oligonucleotides did not augment the IL

12 production induced by the stimulation with LPS (50
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ng/mL). Rather, the suppressive effe:t on its production 

was observed, and Mod93 which was the immunostimulatory 

oligonucleotide of the present invention exhibited the 

strongest inhibitory activity (Table 6).  

5 [0081] 

Table 6 

Table 6. IL-12 PRODUCTION IN HUMAN PBMC 
BY CpG-ODN IN THE PRESENCE CF LPS 

CpG Sequence 5'--3' IL-12 [pg/mL} 

no CpG-ODN 620.2±49.9 

Mod92 GGGGGGTGACGATCGTCGGG 535.6±44.9 

G7-GACGATCGTC-G3 GGGGGGGGACGATCGTCGGG 569.0±14.3 

Mod93 GGGGGGGGCGACGATCGTCG 488.1±17.3 

G9-GACGATCGTC-G1 GGGGGGGGGGACGATCGTCG 584.8±46.6 

[0082] The amounts of IL-12 represented in Table 6 are 

10 the values of produced IL-12 when no stimulation (no CpG

ODN) was added or the concentration final concentration) 

of the immunostimulatory oligonucleot ides was 100 nM in the 

presence of LPS. No modification wit h phosphorothioate was 

given to all of the above. oligonucleotides.  

15 [0083] From the above results, it was demonstrated that 

the immunostimulatory oligonucleotides of the present 

invention exhibited lower inflammatory cytokine-inducing 

activity than the oligonucleotides having the publicly 

known sequences and had an anti-inflammatory action.  

20 [0084] Example 7: Comparison of IF'N-inducing activities 

in human PBMC between the immunostimulatory 

oligonucleotides of the present invention, and the 

oligonucleotides of M26, M27, M26-GS, M27-GS, Il, 2006, 

2395, 1018, C274,G9-GACGATCGTC-G1 and D19 

25 The IFN-ax-inducing activities of the oligonucleotide



Docket No. PTRA-08171-AU 

52 

sequences of M26 (SEQ ID NO:37) and M27 (SEQ ID NO:38) 

disclosed in KR 2001-0063153 (Korea Patent Office), the 

IFN-ca-inducing activities of M26-CS and M27-CS obtained by 

giving the phosphorothioate modification to the 

5 internucleotide bonds of the poly-G sequence thereof, and 

IFN-ax-inducing activities of the immunostimulatory 

oligonucleotides Mod55 and Mod 46 of the present invention 

found in Examples 1 and 3, were compared and evaluated.  

The IFN-inducing activity in human PBMC in Example 5 was 

10 evaluated in the same procedure and conditions as in 

Example 1, except that the oligonucleotides were replaced 

and only IFN-a was measured. As a result, at 100 nM of 

the oligonucleotides, the immunostimulatory 

oligonucleotides of the present invention exhibited much 

15 higher IFN-ax-inducing activity than the other 

oligonucleotides (FIG. 5-1).  

[0085) Subsequently, the IFN-a-inc.ucing activities of 

the oligonucleotide sequence of G9-GACGATCGTC-G1 (SEQ ID 

NO:36) known as the representative sEquence having a 

20 strong IFN-ax-inducing activity in JP 2005-237328-A, and 

the IFN-a-inducing activities of the immunostimulatory 

oligonucleotides of the present invention which were Mod53, 

Mod54, Mod55, Mod6l, Mod62, Mod45, Mod46, Mod7l and Mod73 

found in Examples 1 and 3, were compared and evaluated. As 

25 a result, the immunostimulatory oligonucleotides of the 

present invention exhibited higher IFN-a-inducing activity 

at a concentration of 1 ptM (FIG. 5-2:.  

[0086] The IFN-ax-inducing activities of the 

oligonucleotide sequence Il shown in JP Hei-10-506265, the 

30 IFN-x-inducing activity of the immunostimulatory 

oligonucleotide of the present invention which was Mod46
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found in Example 3, and the IFN-a-indacing activities of 

Mod 39 and Mod 33 which were the D-type CpG having the same 

palindrome sequence as in Mod46, were compared and 

evaluated. As a result, the other oligonucleotides 

5 scarcely exhibited any activity whereas the 

immunostimulatory oligonucleotide of the present invention 

exhibited a remarkably high IFN-a-inducing activity at a 

concentration of 30 nM (FIG. 5-3).  

[0087] The IFN-at-inducing activities in human PBMC by 

10 the oligonucleotide sequence (D19) shown in International 

Publication No. 00/61151 Pamphlet, IFN-a-inducing 

activities of the oligonucleotide sequences (2006) shown in 

JP 2001-503267 and International Publication No.  

1998/018810 Pamphlet, the IFN-cx-inducing activity of the 

15 oligonucleotide sequence (2395) shown in International 

Publication No. 03/015711 Pamphlet, cf the oligonucleotide 

sequences (1018) shown in JP 2002-517156 and JP-2002-500159, 

and of the oligonucleotide sequence (C274) shown in 

International Publication No. 04/058179 Pamphlet, and the 

20 IFN-c-inducing activity of the immuncstimulatory 

oligonucleotide of the present invention which is Mod46 

(SEQ ID NO:28), were compared. As a result, at 100 nM of 

oligonucleotides, it was demonstratec. that the 

immunostimulatory oligonucleotide of the present invention 

25 had the strongest IFN-a-inducing activity (FIG. 5-4).  

[0088] In light of the foregoing, it was revealed that 

the immunostimulatory oligonucleotidE of the present 

invention exhibited a higher IFN-ca-irducing activity than 

those of immunostimulatory oligonuclEotides having the 

30 publicly known CpG sequences.  

[0089] Example 8: Comparison of IEN-a-inducing 

activities in human PBMC between the immunostimulatory
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oligonucleotides of the present invention: Mod46, Mod83, 

Mod85 and Mod87, and publicly known CpG oligonucleotides: 

G10, G3-6, G9-GACGATCGTC-G1, G1-GACGATCGTC-G9 and 2332 

which have poly-G sequence and palindrome sequence 

5 GACGATCGTC 

The publicly known CpG oligonuclEotides where the 

poly-G sequence has been inserted outside the palindrome 

sequence GACGATCGTC may include the oLigonucleotide 

sequences of G9-GACGATCGTC-G1 (SEQ ID NO:36) and G1

10 GACGATCGTC-G9 (SEQ ID NO:55) disclosed in JP 2005-237328-A, 

G1O (SEQ ID NO:56) and the sequence of G3-6 (SEQ ID NO:57) 

disclosed in International Publication No. 2005/014110 

Pamphlet, and the sequence of 2332 (SEQ ID NO:58) disclosed 

in JP 2003-510290. Then, the IFN-a-iaducing activities of 

15 the immunostimulatory oligonucleotide3 of the present 

invention being Mod46, Mod83, Mod85 and Mod87, and those of 

the above publicly known CpG oligonucLeotides were compared 

and evaluated. The IFN-inducing activity in human PBMC was 

evaluated in the same procedure and conditions as in 

20 Example 1, except that the oligonucleAtides were replaced 

and only IFN-a was measured. As a result, at 30 nM of the 

oligonucleotides, the immunostimulatory oligonucleotides of 

the present invention exhibited higher IFN-a-inducing 

activity than the other oligonucleotides (FIG. 6).  

25 (0090] Example 9: Comparison of cytokine production

inducing activities in murine splenic cells among the 

immunostimulatory oligonucleotides: Mad2, Mod33, Mod39 and 

Mod46 

Using murine splenic cells derived from C57BL/6 mice, 

30 the cytokine production-inducing activities were compared 

and evaluated among the immunostimulatory oligonucleotides 

of the present invention, Mod46 and MDd33 found in Examples
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1 and 3, and Mod39 and Mod2 which wer2 the D-type CpG 

oligonucleotides.  

[00911 The IFN-y-inducing activity and the IL-10

inducing activity of the D-type CpG a:nd the 

5 immunostimulatory oligonucleotides of the present invention 

at 100 nM were measured. The measurement was performed 

according to the procedure and conditions presented as the 

specific method of identifying the presence or absence of 

the induction of IFN-y and IL-10 production in the murine 

10 splenic cells described above. As a :-esult, the 

immunostimulatory oligonucleotide Mod16 of the present 

invention exhibited more augmented IFV-y-inducing activity 

than Mod39 which was the D-type CpG having the same 

palindrome sequence as Mod46, and the activity of Mod46 was 

15 much higher than that of Mod33 (FIG. 7-1). Meanwhile, the 

IL-10-inducing activities of Mod33 and Mod46 were almost 

equivalent to those of Mod2 and Mod39, respectively (FIG.  

7-2). It was suggested that the induction of the 

immunosuppressive cytokine IL-10 production by the 

20 immunostimulatory oligonucleotide might be different from 

the induction of the inflammatory cytokine in mechanisms.  

[0092] The above results indicate that the novel 

immunostimulatory oligonucleotide of the present invention 

augments the IFN-inducing activity without depending on the 

25 palindrome motif with maintaining the IL-10-inducing 

activity. Although the immunostimulatory activity has 

species specificity depending on the CpG sequence, it was 

demonstrated that the immunostimulatory oligonucleotides of 

the present invention augmented the IFN-inducing activity 

30 without being affected by species difference, and it was 

suggested that those of the present invention have a 

universal structure to augment the activity.
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[0093) Example 10: Reduction of inElammatory cytokine

inducing activity by the novel immuno3timulatory 

oligonucleotides of the present invention in J774 cell line 

The inflammatory cytokine produc:ion-inducing activity 

5 of the immunostimulatory oligonucleotLdes of the present 

invention found in Example 3 was compared with the activity 

of the D-type CpG oligonucleotides having the same 

palindrome, and the results were evaluated. The palindrome 

motif in each oligonucleotide is show in Sequence Listing 

10 or in FIGs. 8-1 and 8-2, and TCCGATCG;A of Mod37 and Mod44 

is in Lane 1, GGCGATCGCC of Mod38 and Mod45 is in Lane 2, 

GACGATCGTC of Mod39 and Mod46 is in Lane 3. The evaluation 

was performed according to the procedure and conditions 

presented as a test to evaluate the IL-12- or TNF-a

15 inducing activity in J774 cells described above. As a 

result, at 300 nM remarkably, Mod44, Aod45 and Mod46 which 

were the immunostimulatory oligonucleotides of the present 

invention suppressed both IL-12-inducing activity (FIG. 8

1) and TNF-a-inducing activity (FIG. 8-2) compared with 

20 the D-type CpG having the same palindrome sequence 

correspondingly: Mod37, Mod38 and Mod39.  

(0094] As the above results, the novel immunostimulatory 

oligonucleotides having an inserted-type of the poly-G 

sequence found in the present invention exhibited further 

25 reduced inflammatory cytokine-inducing activity compared 

with the conventional D-type CpG having the same palindrome 

motif.  

[0095] Example 11: Comparison of TNF-ai-inducing 

activities in J774 cell line between the immunostimulatory 

30 oligonucleotides of the present invention and 

oligonucleotides of 2006, 2395, 1018 and C274 

TNF-c-inducing activities of the immunostimulatory
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oligonucleotides of the present inven-ion of Mod46 found in 

Example 8 and the TNF-a-inducing activities of the 

publicly known CpG oligonucleotides were evaluated. J774 

cells were stimulated with each immunostimulatory 

5 oligonucleotide (final concentration of 300 nM) or 

lipopolysaccharide (LPS: final concentration of 100 ng/mL) 

as a positive control for 8 hours, and then the amount of 

TNF-L produced in the culture supernalant was measured.  

The other procedure and conditions we::e the same as in 

10 Example 10. As a result, Mod46 exhibited considerably 

attenuated TNF-a-inducing activity compared with the 

oligonucleotides 2006 (SEQ ID NO:31), 2395 (SEQ ID NO:32), 

1018 (SEQ ID NO:33) and C274 (SEQ ID 10:34) shown in 

Example 4, and Mod39 and LPS (FIG. 9). From this and also 

15 considering the results shown in Examples 2 and 6, it was 

shown that the immunostimulatory oligonucleotides of the 

present invention having 3 or less bases of poly-G sequence 

at the 3' terminus attenuated the infL'ammatory cytokine

inducing activity.  

20 [0096] Example 12: Comparison of IgE production

suppressing activities in human PBMC between the 

immunostimulatory oligonucleotides Mod87 of the present 

invention, and the oligonucleotides of Mod39 and 1018 

The IgE production-suppressing activity of the 

25 immunostimulatory oligonucleotide of the present invention 

which was Mod87 found in Example 8 and the IgE production

suppressing activities of publicly known CpG 

oligonucleotides, were evaluated according to the procedure 

and conditions presented as the specific method of a test 

30 to evaluate the activity of suppressing the IgE production 

in vitro described above, based on thE amount of IgE 

produced in the culture supernatant obtained by the
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stimulation for 14 days. That is, the PBMC were prepared 

at 4.0 x 106 cells per mL in RPMI medium containing 10% FCS, 

seeded at 4.0 x 105 cells per well in a flat bottomed 96

well microplate, and stimulated with -he immunostimulatory 

5 oligonucleotide at a final concentration of 30 or 100 nM 

together with 20 ng/mL of human IL-4 and 0.2 ptg/mL of anti

CD40 antibody for 14 days. Then, the amount of IgE 

produced in the culture supernatant was measured by ELISA 

(FIG. 10).  

10 As a result, concerning the IgE production induced by 

IL-4 and anti-CD40 antibody, the immunostimulatory 

oligonucleotide Mod87 of the present invention (Lane 5 in 

FIG. 10) more strongly suppressed an IgE production 

compared with Mod2 (Lane 3 in FIG. 10) and Mod39 (Lane 4) 

15 disclosed in International Publicatior: No. 2006/035939 

Pamphlet, 1018 (Lane 6) disclosed in JP 2002-500159 and 

2395 (Lane 7) disclosed in Internatior.al Publication No.  

03/015711 pamphlet.  

[0097] In light of the foregoing, it was shown that the 

20 immunostimulatory oligonucleotide of the present invention 

had higher activity of suppressing the IgE production than 

the immunostimulatory oligonucleotides having a publicly 

known CpG sequence and might be effective for a therapy for 

human allergy.  

25 [0098] Example 13: Suppressive effect of the 

immunostimulatory oligonucleotide of the present invention 

on IgE production in animals 

An anti-allergic therapeutic effect of the 

immunostimulatory oligonucleotide Mod87 of the present 

30 invention showing the remarkable activity of suppressing 

the IgE production in Example 12, was evaluated by 

measuring the amount of serum IgE produced when a Th2 

response specific for an allergen was elicited in mice. A
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cedar pollen antigen of Cry jl known as one of the 

allergens causing cedar pollens allergy was used as an 

allergen. Cry jl was purified in accordance with the 

publicly known method (H. Yasueda et al., J. Allergy Clin.  

5 Immunol., 71, 77-86, 1983; M. Sakaguchi et al., 45, 309-312, 

1990). In JP 2002-517156, a method of making the antigen 

proximate to a immunostimulatory olig~nucleotide is 

disclosed as the means to enhance an anti-allergic 

therapeutic effect. Specifically, the method using a 

10 covalent bond or the method using a microcapsule such as 

liposome are available, and in International Publication No.  

2006/035939 Pamphlet it has been reported that when a 

liposome complex enclosing Mod2 and Cry jl was exposed to 

the allergen, the level of IgE induced in blood was 

15 suppressed. It was demonstrated that this suppressive 

effect on the IgE production was higher than the effect of 

the oligonucleotides having the publicly known CpG 

sequences. Then, anti-allergic therapeutic effects of Md87 

and Mod2 were evaluated by the above test method using 

20 "adjoining technique" by a liposome.  

[0099] A liposome complex enclosirg Cry j1 and the 

immunostimulatory oligonucleotide was prepared as follows.  

As a negative control, a liposome complex enclosing Cry jl 

but no immunostimulatory oligonucleot.ide was prepared.  

25 Cholesterol and dipalmitoyl phosphatidyl choline (DPPC) 

were mixed at a molar ratio of 1:1, and the mixture was 

dissolved in a solution of chloroform: methanol (=2:1) to 

form a lipid film in a pear-shaped fl.ask. Subsequently, 

3.75 mg/mL of Cry jl, or Cry jl and :.0 to 20 nM of the 

30 immunostimulatory oligonucleotide we::e added to the lipid 

film, and stirred at 400 C to make liposomes. The amount of 

Mod87 was used in one condition (1 x Mod87), and the 

amounts of Mod2 were used in two conditions (1 x Mod2:
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equivalent to the amount of Mod87) and (3 x Mod2: 3 times 

amount of Mod87). Particle sizes of these liposomes were 

granulated 5 times with applying the pressure at the range 

of 0.2 to 1 MPa to a filter of 1 tm using an extruder which 

5 was a particle size granulator. Subsequently, the 

liposomes were collected by centrifugation, and suspended 

in PBS(-). Free Cry j1 and free immunostimulatory 

oligonucleotides outside of the liposome were removed by 

repeating 3 times of suspension, centrifugation and 

10 supernatant removal. In an analysis of resulting liposomes, 

the amounts of cholesterol, Cry jl and the 

immunostimulatory oligonucleotide were measured using 

commercially available kits, Cholesterol E Test Wako (Wako 

Pure Chemical Industries Ltd., 439-17501), Modified Lowry 

15 Protein Assay Reagent Kit (Pierce, 23240) and OliGreen 

ssDNA Quantitation Kit (Molecular Probes, 0-11492), 

respectively. The amounts of 1 x Moc.87, 1 x Mod2 and 3 x 

Mod2 per 1 pg of Cry jl in a liposomE liquid were 4.751, 

5.425 and 16.867 ng, respectively.  

20 [0100] The abbreviations of the liposome complex shown 

in the following Examples are as follows. "Cry j1 + 1 x 

Mod2/L" is the liposome complex in which Cry jl and 1 x 

Mod2 have been enclosed, "Cry jl + 3 x Mod2/L" is the 

liposome complex in which Cry jl and 3 x Mod2 have been 

25 enclosed, and "Cry jl + 1 x Mod87/L" is the liposome 

complex in which Cry jl and 1 x Mod8 have been enclosed.  

In "1 x Mod", about 5 ng of the immunostimulatory 

oligonucleotide per 1 pg of Cry jl is; contained. In "3 x 

Mod", 3 times amount of 1 x, i.e., about 15 ng of the 

30 immunostimulatory oligonucleotide pe:: 1 pg of Cry jl was 

contained. "Cry jl/L" means that Cry jl alone has been 

enclosed in a liposome. "Cry jl" means that Cry jl has
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been directly administered without being enclosed in a 

liposome.  

[01011 Each subject substance being tested was 

administered to BALB/c mice aged 6 weaks (Charles River 

5 Japan Inc.) by intradermal inoculation (i.d.) at three 

times with one week interval ,i.e., ON, 1W and 3W when the 

week of starting the administration was OW. As the subject 

substance, Cry jl, Cry jl/L, Cry j1 + 1 x Mod2/L, Cry jl + 

3 x Mod2/L or Cry jl + 1 x Mod87/L we.:e prepared in PBS so 

10 that the Cry jl protein amount was 1 pig/100 pIL, and 100 pL 

per once was administered. The mixed solution of Cry jl 

and alum was twice administered by intraperitoneal 

injection one week (3W) and two week '4W) after the final 

administration of the subject substance in order to elicit 

15 the Th2 response. At 6W, fundus blood sample was collected.  

The blood was centrifuged and then the serum was frozen and 

stored at -20 0 C. The obtained serum was used as the sample 

for measuring the amount of total IgE in serum, which was 

the indicator of the Th2 response. After the final 

20 collection of the blood sample, spleer. was removed from 

each individual and homogenized, and the splenic cells were 

prepared in accordance with the method described in the 

specific method herein to identify the presence or absence 

of the induction of the IFN-y and IL-l0 production (RPMI 

25 1640 medium containing 10% fetal calf serum). A splenic 

cell suspension from each individual was seeded at 4 x 105 

cells per well in a round bottomed 96-well multiplate, and 

cultured in the presence of Cry j1 (final concentration of 

25 pg/mL) in a CO2 incubator for 72 hours. Then, the 

30 culture supernatant was collected. The amounts of IL-5 

(indicator of Th2 response) and IFN-y (indicator of Thl 

response) in the collected culture supernatant were
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measured by ELISA.  

[0102] As a result of measuring the amount of IgE in the 

serum at 6W, the amounts of IgE in the Cry jl-treated group 

were twice or more higher than in the Vehicle-treated 

5 group. The amounts of IgE in the Cry j1 + 1 x Mod87/L

treated group were the lowest, and became low in the order 

of Cry jl + 3 x Mod2/L, Cry jl/L and Cry j1 + 1 x Mod2/L 

(FIG. 11). Statistic processing (t-tESt) was performed 

between the Cry jl + 1 x Mod2/L-treatEd group and the Cry 

10 jil + 1 x Mod87/L-treated group. As a result, the amount of 

produced IgE was significantly low in the Cry j1 + 1 x 

Mod87/L-treated group (p<0.05).  

(01031 Subsequently, in order to identify the induction 

of the Th2 response or Th1 response in the mice treated 

15 with the subject substance, the spleen was removed from the 

mice, and the amounts of IL-5 (indicator of Th2 response) 

and IFN-y (indicator of Thl response) produced in the 

culture supernatant from the splenic cells stimulated with 

Cry jl were measured (FIG. 12-1). As a result of measuring 

20 the amounts of IFN-y which was the indicator of Thl 

response, the amount was the largest in the Cry j1 + 1 x 

Mod87/L-treated group (14324.62 ± 7444.07 pg), and next was 

high in the order of the Cry j1 + 3 x Mod2/L-treated group 

(3475.30 ± 907.56 pg) and the Cry jl/L--treated group 

25 (1782.02 ± 849.23 pg). Although the same amount of the 

immunostimulatory oligonucleotide as in the Cry jl + 1 x 

Mod87/L-treated group was administered, the production of 

IFN-y was scarcely observed in the Cry jl + 3 x Mod2/L

treated group.  

30 [0104] Subsequently, the amounts of produced IL-5 were 

measured. As a result, the production of IL-5 was not 

suppressed in the Cry jl/L-treated groip, but was
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remarkably decreased by adding the imnunostimulatory 

oligonucleotide. The suppressive activity was the 

strongest in the Cry jl + 1 x Mod87/L-treated group. The 

suppressive activity in the IL-5 production by the liposome 

5 complex enclosing the CpG oligonucleo-:ide and Cry j1 was 

inversely correlated with the IFN-y-ir.ducing activity, and 

well-correlated with the suppressive activity in the IgE 

production. The statistic processing (t-test) was 

performed between the Cry jl + 1 x Mod2/L-treated group and 

10 the Cry jl + 1 x Mod87/L-treated group. As a result, the 

amount of produced IL-5 was significantly lower in the Cry 

jil + 1 x Mod87/L-treated group (p<0.01) (FIG. 12-2).  

[01051 In ligh of the foregoing, it. was found that the 

liposome enclosing the immunostimulatory oligonucleotide of 

15 the present invention and the allerger. more strongly 

suppressed the Th2 response and the IcE production upon 

exposure to the allergen compared with the allergen 

technology by the liposome enclosing the publicly known 

immunostimulatory oligonucleotide and allergen, and 

20 potently induced a Thl-inducing activity.  

[0106] In light of the foregoing, it was shown that the 

immunostimulatory oligonucleotide of the present invention 

was useful as a therapeutic or preventive agent for 

allergic diseases when administered to a patient with an 

25 allergic disease, because the immunostimulatory 

oligonucleotide of the present invention enhanced the 

activity of suppressing the IgE production, the activity of 

suppressing the Th2 response and the activity of inducing 

the Th1 response compared with the publicly known D-type 

30 CpG oligonucleotides and had the effective therapeutic 

effect in a small dose in the allergy :nodel using the 

animals.  

[0107] Example 14: Therapeutic effect on hepatitis by
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the immunostimulatory oligonucleotide of the present 

invention in mice 

Using a concanavalin A (Con A)-induced hepatitis model 

generally utilized as a murine hepati-:is model, the anti

5 inflammatory effect in vivo of the imnunostimulatory 

oligonucleotide of the present invent-on was evaluated.  

The Con A-induced hepatitis model develops hepatitis by 

eliciting the rapid inflammatory response, and is used as 

the hepatitis model with activation of: the immune response.  

10 There is a publicly known example where K-type CpG, 1668 

(SEQ ID NO:108) inversely worsened the symptom of hepatitis 

in the test to evaluate the CpG oligorucleotides in the Con 

A-induced hepatitis model (Abe et al, Fukushima J. Med.  

Sci., 51, 41-49, 2005). No report has been disclosed that 

15 the immunostimulatory oligonucleotide containing CpG has 

suppressed the elevation of ALT value which is the marker 

of hepatitis in the Con A-induced hepatitis model was not 

reported.  

[0108] The Con A-induced murine hepatitis model was 

20 prepared and the ALT values in the serum were measured as 

follows.  

Female BALB/c mice aged 5 weeks (Charles River Japan 

Inc.) were used. The mice to be administered with Con A 

were starved from an evening on the day before the 

25 administration to the completion of Con A administration, 

and feeding was restarted after the Con A administration.  

The group in which no Con A was administered was made as a 

Naive group. The immunostimulatory oligonucleotide was 

administered once 3, 6 or 24 hours before the Con A 

30 administration. The immunostimulatory oligonucleotide was 

prepared at 10 ig/mL with PBS(-), and 100 pL thereof was 

injected in a tail vein. That is, 1 pg per mouse was 

administered. Con A was prepared at a concentration of 4
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mg/mL using saline as a solvent, and L00 pLL thereof was 

injected in the tail vein of the mouse . That is, 0.4 mg 

per mouse was administered. A blood :sample was collected 

24 hours after the Con A administration, and the blood was 

5 centrifuged at 10,000 rpm at 4*C for E minutes to obtain 

the serum. The ALT value in the serun was measured using 

Fuji Drychem (DRY-CHEM 5500V, FUJIFILM Corporation).  

(01091 The elevation of ALT values in the serum 24 hours 

after eliciting the inflammation in the Con A-induced 

10 murine hepatitis model was evaluated. As a result (FIG.  

13), the immunostimulatory oligonucleotide of Mod87 (SEQ ID 

NO:52) of the present invention suppressed the elevation of 

ALT values in the serum depending on treated time periods 

(Lanes 3 to 5 in FIG. 13). The tendercy to suppress the 

15 elevation was observed in the treatmert before 3 hours 

(Lane 5). The ALT value in the serum with the treatment 

before 24 hours was significantly low (Lane 3), and 28.5% 

of the ALT value of the vehicle group (Lane 2) (t-test, 

p<0.05).  

20 [01101 From the above results, it was demonstrated that 

the immunostimulatory oligonucleotide of the present 

invention had the therapeutic effect on hepatitis in vivo.  

[0111] Example 15: Comparison of hepatitis therapeutic 

effects by immunostimulatory oligonucleotide Mod87 of the 

25 present invention, with the effect by 2395, 1018 and G9

GACGATCGTC-Gl 

The therapeutic effects on hepatitis using the Con A

induced murine hepatitis model were compared among the 

oligonucleotide sequence (2395, SEQ ID NO:32) which had the 

30 same sequence as pG10101 under the clinical study for 

chronic hepatitis C and was disclosed Ln International 

Publication No. 03/015711 pamphlet and JP 2006-515277, the 

oligonucleotide sequence (1018, SEQ ID NO:33) disclosed in
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JP 2003-526662, the oligonucleotide sequence G9-GACGATCGTC

G1 (SEQ ID NO:36) disclosed as the representative sequence 

having the strong IFN-x-inducing activity in JP 2005

237328-A, and the immunostimulatory oI.igonucleotide Mod87 

5 (SEQ ID NO:52) of the present invention.  

[0112] According to the method shown in Example 14, the 

therapeutic effect of the immunostimulatory 

oligonucleotides on hepatitis was evaluated by examining a 

suppression of ALT value elevation in the serum as an 

10 indicator. The therapeutic effects of Mod87 and 2395 on 

hepatitis were compared and evaluated. 1 tg Of the 

immunostimulatory oligonucleotide was administered to the 

mouse 6 hours before the Con A administration, and the 

blood sample was collected 24 hours after eliciting the 

15 inflammation with Con A. Then, the AiT value in the serum 

was measured. As a result, the immuncstimulatory 

oligonucleotide Mod87 of the present invention 

significantly suppressed the elevation of the ALT value 

(Lane 3 in FIG. 14-1) (t-test, p<0.05), but the 

20 oligonucleotide 2395 had no effect at all (Lane 4).  

[0113] Subsequently, the therapeutic effects of Mod87, 

1018 and G9-GACGATCGTC-G1 on hepatitis were compared and 

evaluated. 1 pg Of the immunostimulatory oligonucleotide 

was administered to the mouse 24 hours before the Con A 

25 administration, and the blood sample was collected 24 hours 

after eliciting the inflammation with :on A. Then, the ALT 

value in the serum was measured. As a result, the 

immunostimulatory oligonucleotide Mod87 of the present 

invention suppressed the elevation of :he ALT value most 

30 strongly (Lane 3 in FIG. 14-2), and then 1018 (Lane 4 in 

FIG. 14-2) and G9-GACGATCGTC-G1 (Lane 5 in FIG. 14-2) 

suppressed it in this order. Mod87 and 1018 suppressed the
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elevation of the ALT value significantly (t-test, Mod87: 

p<0.01, 1018: p<0.05). The oligonucleotide G9-GACGATCGTC

G1 did not suppress it significantly.  

Therefore, it was demonstrated that the 

5 immunostimulatory oligonucleotide of the present invention 

had a higher therapeutic effect on hepatitis than the 

publicly known immunostimulatory oligonucleotides having 

CpG.  

[0114) By the comparative test in vitro using the human 

10 PBMC in Example 6, it has been shown that the 

immunostimulatory oligonucleotide of the present invention 

had a stronger activity of suppressinc the production of 

IL-12 than the oligonucleotides havinc the similar 

sequences. Thus, it was shown that the anti-inflammatory 

15 action in vitro might be correlated with the therapeutic 

effect on hepatitis in mice.  

[01151 In light of the foregoing, it was shown that the 

immunostimulatory oligonucleotide of the present invention 

had the therapeutic effect on hepatitis in addition to the 

20 excellent interferon-inducing activity and the reduced 

inflammatory cytokine-inducing activity. Thus, it was 

demonstrated that when administered to a patient with 

hepatitis C, the immunostimulatory oligonucleotide of the 

present invention was useful as a therapeutic or preventive 

25 agent for hepatitis C.
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CLAIMS 

1. An immunostimulatory oligonucleotide comprising: 

the base sequence thereof consisting of the sequence 

represented by the formula: 5'-(G)mPXCGYQ(G)N-3' (C is 

5 cytosine, G is guanine; X and Y are mutually independent 

and represent each an arbitrary sequence which has a length 

of 0 to 10 nucleotides and does not contain 4 or more 

consecutive guanine residues, and a length of X + Y is 6 to 

20 nucleotides; XCGY contains a palindrome sequence having 

10 a length of at least 8 nucleotides and has a length of 8 to 

22 nucleotides; P and Q are mutually independent and 

represent one nucleotide other than guanine, and M 

represents an integer of 6 to 10 and N represents an 

integer of 0 to 3; and each nucleotide length of X and Y 

15 needs not be necessarily the same lencth.), and 

16 to 37 nucleotides in total, 

except an oligonucleotide of which the base sequence 

is represented as SEQ ID NO:5 [GGGGGGIGCCGATCGGCAGGGI).  

20 2. The immunostimulatory oligonuclectide according to 

claim 1, wherein the M represents the integer of 6 to 8 and 

the total length is 16 to 35 nucleotides.  

3. The immunostimulatory oligonuclectide according to 

25 claim 1 or 2, wherein the XCGY has a length of 9 or 10 

nucleotides and the total length is 17 to 23 nucleotides.  

4. The immunostimulatory oligonucleotide according to any 

one of claims 1 to 3, wherein the XCGY contains any one 

30 base sequence selected from CGATCG (SE) ID NO:59), ATCGAT 

(SEQ ID NO:60) and GACGTC (SEQ ID NO:61).  

5. The immunostimulatory oligonucleotide according to any



Docket No. PTRA-08171 -AU 

69 

one of claims 1 to 3, wherein the XCGY contains CGATCG (SEQ 

ID NO:59).  

6. The immunostimulatory oligonucleotide according to 

5 claim 4 or 5, wherein the immunostimu..atory oligonucleotide 

containing CGATCG (SEQ ID NO:59) is ccmposed of SEQ ID 

NOs:6, 7, 9 to 11 and 15 to 18, 22, 24, 26, 28, 48, 50 to 

52, 54, 95 and 97.  

10 7. The immunostimulatory oligonucleotide according to 

claim 4, wherein the immunostimulatory oligonucleotide 

containing CGATCG (SEQ ID NO:60) is ccmposed of the base 

sequence of SEQ ID NO:30.  

15 8. The immunostimulatory oligonuclectide according to 

claim 4, wherein the immunostimulatory oligonucleotide 

containing CGATCG (SEQ ID NO:61) is composed of the base 

sequences of SEQ ID NOs:40 and 42.  

20 9. The immunostimulatory oligonuclectide according to 

claim 4 or 5, wherein the immunostimulatory oligonucleotide 

is composed of the base sequences SEQ ID NOs:6, 7, 10 and 

15 to 17, 24, 26, 28, 48, 50 to 52, 95 and 97.  

25 10. The immunostimulatory oligonuclectide according to any 

one of claims 1 to 9, wherein a phosphodiester linkage at 

all or a part of internucleotides is modified with 

phosphorothioate.  

30 11. The immunostimulatory oligonucleotide according to 

claim 10, wherein the phosphodiester linkage of at least a 

part of internucleotides, in a consecutive G sequence at 

the 5' terminus is modified with phosphorothioate.
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12. The immunostimulatory oligonucleotide according to 

claim 10 or 11, wherein the phosphodiester linkage of at 

least a part of internucleotides, at the 3' terminus is 

5 modified with phosphorothioate.  

13. A pharmaceutical containing the :.mmunostimulatory 

oligonucleotide according to any one of claims 1 to 12 as 

an active ingredient.  

10 

14. A therapeutic or preventive agent. for an allergic 

disease containing the immunostimulatory oligonucleotide 

according to any one of claims 1 to 12 as an active 

ingredient.  

15 

15. The therapeutic or preventive agEnt for the allergic 

disease according to claim 14, whereir said allergic 

disease is a pollen allergic disease.  

20 16. A vaccine containing the immunostimulatory 

oligonucleotide according to any one cf claims 1 to 12 as 

an adjuvant.  

17. A therapeutic or preventive agent for hepatitis 

25 containing the immunostimulatory oligonucleotide according 

to any one of claims 1 to 12 as an active ingredient.  

18. The therapeutic or preventive agent for hepatitis 

according to claim 17, wherein the hepatitis is viral 

30 hepatitis.  

19. The therapeutic or preventive agent for hepatitis 

according to claim 18, wherein the viral hepatitis is
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hepatitis B or hepatitis C.  

20. Use of the immunostimulatory oligfonucleotide according 

to any one of claims 1 to 12 as a therapeutic or preventive 

5 agent for an allergic disease.  

21. Use of the immunostimulatory oliconucleotide according 

to any one of claims 1 to 12 as an ad-uvant for a vaccine.  

10 22. Use of the immunostimulatory oliconucleotide according 

to any one of claims 1 to 12 as a therapeutic or preventive 

agent for hepatitis.  

23. A method for treating or preventing an allergic 

15 disease by the immunostimulatory oligcnucleotide according 

to any one of claims 1 to 12.  

24. A method of using the immunostimulatory 

oligonucleotide according to any one of claims 1 to 12 as 

20 an adjuvant for a vaccine.  

25. A method of treating or preventing hepatitis by the 

immunostimulatory oligonucleotide according to any one of 

claims 1 to 12.
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