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ABSTRACT 

The invention involves administration of an immunostimu 
latory nucleic acid alone or in combination With an asthma/ 
allergy medicament for the treatment or prevention of 
asthma and allergy in subjects. The combination of drugs are 
administered in synergistic amounts or in various dosages or 
at various time schedules. The invention also relates to kits 
and compositions concerning the combination of drugs. 
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IMMUNOSTIMULATORY NUCLEIC ACIDS FOR 
THE TREATMENT OF ASTHMA AND ALLERGY 

PRIORITY OF THE INVENTION 

[0001] This application claims priority under Title 35 
§119(e), of US. Provisional Application No. 60/179,991, 
?led Feb. 3, 2000, entitled IMMUNOSTIMULATORY 
NUCLEIC ACIDS FOR THE TREATMENT OF ASTHMA 
AND ALLERGY, the entire contents of Which are incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] Asthma is a chronic in?ammatory disease effecting 
14-15 million persons in the US. alone. Symptoms of 
asthma include recurrent episodes of Wheezing, breathless 
ness, and chest tightness, and coughing, resulting from 
air?oW obstruction. AirWay in?ammation associated With 
asthma can be detected through observation of a number of 
physiological changes, such as, denudation of airWay epi 
thelium, collagen deposition beneath basement membrane, 
edema, mast cell activation, in?ammatory cell in?ltration, 
including neutrophils, eosinophils, and lymphocytes. As a 
result of the airWay in?ammation, asthma patients often 
experience airWay hyper-responsiveness, air?oW limitation, 
respiratory symptoms, and disease chronicity. Air?oW limi 
tations include acute bronchoconstriction, airWay edema, 
mucous plug formation, and airWay remodeling, features 
Which often lead to bronchial obstruction. In some cases of 
asthma, subbasement membrane ?brosis may occur, leading 
to persistent abnormalities in lung function. 

[0003] Research over the past several years has revealed 
that asthma likely results from complex interactions among 
in?ammatory cells, mediators, and other cells and tissues 
resident in the airWay. Mast cells, eosinophils, epithelial 
cells, macrophage, and activated T-cells all play an impor 
tant role in the in?ammatory process associated With asthma 
(Djukanovic et al., Am. Rev. Respir. Dis; 142:434-457; 
1990). It is believed that these cells can in?uence airWay 
function through secretion of preformed and neWly synthe 
siZed mediators Which can act directly or indirectly on the 
local tissue. It has also been recogniZed that subpopulations 
of T-lymphocytes (TH-2) play an important role in regulat 
ing allergic in?ammation in the airWay by releasing selec 
tive cytokines and establishing disease chronicity (Robin 
son, et al. N. Engl. J. Med; 326:298-304; 1992). 

[0004] Asthma is a complex disorder Which arises at 
different stages in development and can be classi?ed based 
on the degree of symptoms of acute, subacute or chronic. An 
acute in?ammatory response is associated With an early 
recruitment of cells into the airWay. The subacute in?am 
matory response involves the recruitment of cells as Well as 
the activation of resident cells causing a more persistent 
pattern of in?ammation. Chronic in?ammatory response is 
characterized by a persistent level of cell damage and an 
ongoing repair process, Which may result in permanent 
abnormalities in the airWay. 

[0005] Medications for the treatment of asthma are gen 
erally separated into tWo categories, quick-relief medica 
tions and long-term control medications. Asthma patients 
take the long-term control medications on a daily basis to 
achieve and maintain control of persistent asthma. Long 
term control medications include anti-in?ammatory agents 
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such as corticosteroids, chromolyn sodium and medacromil; 
long-acting bronchodilators, such as long-acting [32-agonists 
and methylxanthines; and leukotriene modi?ers. The quick 
relief medications include short-acting [32 agonists, anti 
cholinergics, and systemic corticosteroids. There are many 
side effects associated With each of these drugs and none of 
the drugs alone or in combination is capable of preventing 
or completely treating asthma. 

[0006] Allergy is a disease associated With the production 
of antibodies from a particular class of immunoglobulin, 
IgE, against allergens. The development of an IgE-mediated 
response to common aeroallergens is also a factor Which 
indicates predisposition toWards the development of asthma. 
If an allergen encounters a speci?c IgE Which is bound to an 
Fc IgE receptor on the surface of a basophil (circulating in 
the blood) or mast cell (dispersed throughout solid tissue), 
the cell becomes activated, resulting in the production and 
release of mediators such as histamine, scrotonin, and lipid 
mediators. Allergic diseases include but are not limited to 
rhinitis (hay fever) asthma, urticaria and atopic dermatitis. 

[0007] Conventional methods for treating or preventing 
allergy have involved the use of anti-histamines or desen 
sitiZation therapies. Anti-histamines and other drugs Which 
block the effects of chemical mediators of the allergic 
reaction help to regulate the severity of the allergic symp 
toms but do not prevent the allergic reaction and have no 
effect on subsequent allergic responses. DesensitiZation 
therapies are performed by giving small doses of an allergen, 
usually by injection under the skin, in order to induce an 
IgG-type response against the allergen. The presence of IgG 
antibody helps to neutraliZe the production of mediators 
resulting from the induction of IgE antibodies, it is believed. 
Initially, the subject is treated With a very loW dose of the 
allergen to avoid inducing a severe reaction and the dose is 
sloWly increased. This type of therapy is dangerous because 
the subject is actually administered the compounds Which 
cause the allergic response and severe allergic reactions can 
result. 

SUMMARY OF THE INVENTION 

[0008] Improved methods and products for the prevention 
and/or treatment of asthma and allergy are provided accord 
ing to the invention. The invention is based, in some aspects, 
on the ?nding that When immunostimulatory nucleic acid 
molecules are used in conjunction With medicaments for the 
treatment of asthma and allergy, some unexpected and 
improved results are observed. For instance, the efficacy of 
the combination of immunostimulatory nucleic acids and 
asthma and allergy medicaments is profoundly improved 
over the use of each of the medicaments alone. The results 
are surprising in part because the drugs act through different 
mechanisms and Would not necessarily be expected to 
improve the e?icacy of one another in a synergistic manner. 

[0009] In some aspects, the invention is a method for 
preventing or treating asthma or allergy by administering a 
synergistic combination of an immunostimulatory nucleic 
acid and an asthma/allergy medicament, Wherein the com 
bination is administered in an effective amount for syner 
gistically reducing the immune or in?ammatory response 
caused by a mediator of asthma or allergy. It Was surpris 
ingly discovered according to the invention that the combi 
nation of the immunostimulatory nucleic acid and the 
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asthma/allergy medicament Worked synergistically to 
reduce the immune or in?ammatory response initiated When 
a mediator of asthma or allergy is encountered. 

[0010] In other aspects, the invention is a method for 
altering the dosage of the asthma/allergy medicament that is 
required to treat a subject suffering from asthma or allergy. 
The invention in one aspect is a method for increasing the 
dose of an asthma/allergy medicament Without inducing the 
level of side effects ordinarily observed With that dose of an 
asthma/allergy medicament. The method is accomplished by 
administering to a subject suffering from asthma or allergy 
or at risk of developing asthma or allergy, an asthma/allergy 
medicament in a dose Which Would ordinarily induce side 
elTects, administering an immunostimulatory nucleic acid to 
the subject, Wherein administration of the immunostimula 
tory nucleic acid prevents the side effects associated With the 
high dose of the asthma/allergy medicament. The method 
provides a basis for administering higher therapeutic doses 
of an asthma/allergy medicament to a subject in order to 
prevent or reduce the symptoms associated With an asth 
matic or an allergic response more suf?ciently than a loWer 
dose. It is not desirable to administer such high doses alone, 
in the absence of the immunostimulatory nucleic acid, 
because of the side effects resulting from the high dose. 

[0011] In another aspect, the invention includes a method 
for decreasing the dose of an asthma/allergy medicament by 
administering to a subject having asthma or allergy or at risk 
of developing asthma or allergy an asthma/allergy medica 
ment in a sub-therapeutic dosage and an immunostimulatory 
nucleic acid, Wherein the combination of the sub -therapeutic 
dose of the asthma/allergy medicament and the immuno 
stimulatory nucleic acid produce a therapeutic result in the 
prevention or treatment of asthma or allergy in the subject. 
The method alloWs a loWer dose of the asthma/allergy 
medicament to be used. This provides several advantages, 
including loWer costs associated With using less drugs and 
less chances of inducing side effects resulting from the 
medications by using loWer doses. 

[0012] According to other aspects, the invention involves 
methods for treating or preventing asthma and/ or allergy by 
administering an immunostimulatory nucleic acid and an 
asthma/allergy medicament in different dosing schedules. In 
one aspect, the invention is a method for preventing or 
treating asthma or allergy by administering to a subject an 
effective amount of an immunostimulatory nucleic acid in an 
effective amount for producing the immune response and 
subsequently administering to the subject an asthma/allergy 
medicament. In other aspects, the invention is a method for 
preventing or treating asthma or allergy by administering to 
a subject an allergy/asthma medicament in an effective 
amount for providing some symptomatic relief and subse 
quently administering an immunostimulatory nucleic acid to 
the subject. In some embodiments, the immunostimulatory 
nucleic acid is administered in an effective amount for 
redirecting the immune response from a Th2 to a Th1 
immune response. In some embodiments, the immunostimu 
latory nucleic acid is administered consistently over a period 
of time, such as, for instance, in a sustained release vehicle. 

[0013] In another aspect of the invention is a method for 
treating asthma or allergy by administering to a subject 
having asthma or allergy or at risk of developing asthma or 
allergy an immunostimulatory nucleic acid and an asthma/ 
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allergy medicament, Wherein the immunostimulatory 
nucleic acid is administered systemically and the asthma/ 
allergy medicament is administered locally. In yet another 
aspect, the immunostimulatory nucleic acid is administered 
locally and the asthma/allergy medicament is administered 
systemically. 

[0014] According to yet another aspect of the invention, a 
method for treating or preventing asthma/allergy is pro 
vided. The method is accomplished by administering to a 
subject having asthma or allergy or at risk of developing 
asthma or allergy, an immunostimulatory nucleic acid and an 
asthma/allergy medicament on a routine schedule. In some 
embodiments, the routine schedule is a daily, Weekly, 
monthly, or quarterly administration of the medicaments. In 
other embodiments, the immunostimulatory nucleic acid 
and/or the asthma/allergy medicament is administered in 
tWo or more doses. 

[0015] The immunostimulatory nucleic acid can be 
administered on a recurring basis, such as daily, Weekly, or 
monthly in one or more doses. Alternatively, it can be 
administered on a non-regular basis e.g. Whenever symp 
toms being. In yet other embodiments, the asthma/allergy 
medicament is a quick relief asthma/allergy medicament and 
in other embodiments it is a long-lasting asthma/allergy 
medicament. 

[0016] According to yet another aspect of the invention, 
methods for treating or preventing asthma or allergy using 
speci?c immunostimulatory nucleic acid molecules are pro 
vided. The method in one aspect involves a method for 
preventing or treating asthma or allergy by administering to 
a subject suffering from asthma or allergy or at risk of 
developing asthma or allergy, an immunostimulatory nucleic 
acid having a sequence selected from the group consisting of 
SEQ ID NO:1 through to SEQ ID NOzl093 and adminis 
tering to the subject an asthma/allergy medicament. 

[0017] In yet another aspect of the invention, a method for 
preventing or treating asthma or allergy utiliZing different 
routes of administration is provided. In one aspect, the 
method involves the step of administering to a subject 
having asthma or allergy or at risk of developing asthma or 
allergy, an immunostimulatory nucleic acid, Wherein the 
immunostimulatory is administered systemically and 
Wherein the asthma/allergy medicament is administered 
locally. In a related embodiment, the immunostimulatory 
nucleic acid molecule may be administered locally and the 
asthma/allergy medicament is administered systemically. In 
still other embodiments, the immunostimulatory nucleic 
acid and the asthma/allergy medicament are administered by 
the same route (i.e., both delivered locally or both delivered 
systemically), and optionally at the same time. 

[0018] The invention according to another aspect is a 
method of preventing or treating asthma or allergy by 
administering a poly-G nucleic acid, in an effective amount 
for treating or preventing asthma or allergy. In some 
embodiments the poly-G nucleic acid is administered alone 
and in other embodiments the poly-G nucleic acid is admin 
istered in conjunction With an asthma/allergy medicament. 
The poly-G nucleic acid in preferred embodiments com 
prises one of the folloWing formulas: 5'X1X2GGGX3X4 3', 
Wherein X1, X2, X3, and X4 are nucleotides, 5' GGGNGGG 
3' or 5' GGGNGGGNGGG 3', Wherein N represents betWeen 
0 and 20 nucleotides. In some embodiments at least one of 
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X3 and X4 are a G and in other embodiments both of X3 and 
X4 are a G. Accordingly, in some embodiments, the poly-G 
nucleic acid may comprise a sequence of 5' XIXZGGGGX4 
3'. In still other embodiments, the poly-G nucleic acid is one 
Which is rich in G (e.g., six out of seven bases are G, or six 
out of eight bases are G). 

[0019] The poly-G may be free of unmethylated CG 
dinucleotides, or may include at least one unmethylated CG 
dinucleotide. 

[0020] The poly G nucleic acid in some embodiments is 
selected from the group consisting of SEQ ID NO: 5, 6, 73, 
215, 267-269, 276, 282, 288, 297-299, 355, 359, 386, 387, 
444, 476, 531, 557-559, 733, 768, 795, 796, 914-925, 
928-931, 933-936, and 938. In other embodiments the poly 
G nucleic acid includes a sequence selected from the group 
consisting of SEQ ID NO: 67, 80-82, 141, 147, 148, 173, 
178, 183, 185, 214, 224, 264, 265, 315, 329, 434, 435, 475, 
519, 521-524, 526, 527, 535, 554, 565, 609, 628, 660, 661, 
662, 725, 767, 825, 856, 857, 876, 892, 909, 926, 927, 932, 
and 937. 

[0021] The invention provides, in yet another aspect, a 
method for treating or preventing asthma or allergy in a 
hypo-responsive subject. The method involves administer 
ing to a hypo-responsive subject having asthma or allergy or 
at risk of developing asthma or allergy an immunostimula 
tory nucleic acid. In one embodiment, the method further 
comprises administering to the hypo-responsive subject an 
asthma/allergy medicament. If the asthma/allergy medica 
ment is not administered to the hypo-responsive subject, 
then the immunostimulatory nucleic acid is administered in 
an amount to treat or prevent the asthma or allergy. If the 
asthma/allergy medicament is administered to the hypo 
responsive subject, then the immunostimulatory nucleic acid 
and the asthma/allergy medicament are administered in an 
e?‘ective amount to treat or prevent the asthma or allergy. In 
this latter instance, the amount of the immunostimulatory 
nucleic acid and the amount of the asthma/allergy medica 
ment may be insuf?cient (i.e., ine?cective) in treating or 
preventing the asthma or allergy if administered alone. In 
other Words, in some embodiments, the immunostimulatory 
nucleic acid may be administered to the hypo-responsive 
subject in a sub-therapeutic amount. Similarly, the asthma/ 
allergy medicament may also be administered in a sub 
therapeutic amount. HoWever, the combination of the immu 
nostimulatory nucleic acid and the asthma/allergy 
medicament alloWs for loWer doses of one or both in order 
to treat or prevent the asthma or allergy. The immunostimu 
latory nucleic acid may be administered concurrently With 
the asthma/allergy medicament, but need not be. 

[0022] The hypo-responsive subject may be one Who is 
hypo-responsive to an asthma/allergy medicament. In one 
embodiment, the hypo-responsive subject is selected from 
the group consisting of a subject Who is refractory to an 
asthma/allergy medicament, a subject Who is a non-re 
sponder to an asthma/allergy medicament, an elderly subject 
and a neonatal subject. 

[0023] According to yet another aspect of the invention, a 
method is provided for preventing asthma or allergy in a 
subject at risk of developing asthma or allergy Which 
involves administering to a subject at risk of developing 
asthma or allergy an e?‘ective amount of an immunostimu 
latory nucleic acid substantially prior to an asthmatic or an 
allergic event. 
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[0024] In one embodiment, the immunostimulatory 
nucleic acid is administered at least three months, at least 
tWo months, at least one month, or at least 20 days prior to 
the asthmatic or allergic event. In another embodiment, the 
immunostimulatory nucleic acid is administered at least tWo 
Weeks prior to the asthmatic or allergic event. In yet another 
embodiment, the immunostimulatory nucleic acid is admin 
istered at least 10 days, at least 5 days or at least 2 days prior 
to the asthmatic or allergic event. 

[0025] In one embodiment, the asthmatic or allergic event 
is selected from the group consisting of an asthma attack, 
seasonal allergic rhinitis, and perennial allergic rhinitis. 

[0026] In one embodiment, the immunostimulatory 
nucleic acid is administered in a routine schedule. In a 
related embodiment, the routine schedule is selected from 
the group consisting of a daily routine, a Weekly routine, a 
bi-Weekly routine, a monthly routine, and a bimonthly 
routine. 

[0027] In a further aspect, the invention provides another 
method for decreasing a dose of an asthma/allergy medica 
ment. The method involves administering to a subject at risk 
of developing asthma or allergy, substantially prior to an 
asthmatic or allergic event, an immunostimulatory nucleic 
acid in an amount to decrease an e?‘ective amount of an 

asthma/allergy medicament subsequently administered to 
the subject in order to treat the asthma or allergy. 

[0028] In one embodiment, the immunostimulatory 
nucleic acid is administered at least three months, at least 
tWo months, at least one month or at least 20 days prior to 
the asthmatic or allergic event. In another embodiment, the 
immunostimulatory nucleic acid is administered at least tWo 
Weeks, at least 10 days, at least one Week, at least 5 days or 
at least 2 days prior to the asthmatic or allergic event. 

[0029] In one embodiment, the asthmatic or allergic event 
is selected from the group consisting of an asthma attack, 
seasonal allergic rhinitis, and perennial allergic rhinitis. 

[0030] In one embodiment, the immunostimulatory 
nucleic acid is administered in a routine schedule. The 
routine schedule may be selected from the group consisting 
of a daily routine, a Weekly routine, a bi-Weekly routine, a 
monthly routine, and a bi-monthly routine. 

[0031] The method may further comprise administering to 
the subject the asthma/ allergy medicament sub sequent to the 
administration of the immunostimulatory nucleic acid. In 
one embodiment, the asthma/allergy medicament is admin 
istered immediately prior to, concurrently With, or folloWing 
the asthmatic or allergic event. The method may further 
comprise administering the immunostimulatory nucleic acid 
concurrently With or folloWing the asthmatic or allergic 
event. In one embodiment, the immunostimulatory nucleic 
acid is administered concurrently With the asthma/allergy 
medicament. In one embodiment, the asthma/ allergy medi 
cament is administered in a sub-therapeutic dose. 

[0032] In these and other aspects of the invention, the 
immunostimulatory nucleic acids have a number of 
attributes. The immunostimulatory nucleic acids may have a 
modi?ed backbone. In some embodiments, the modi?ed 
backbone is a phosphate modi?ed backbone, and in related 
embodiments, the phosphate modi?ed backbone is a phos 
phorothioate backbone. In certain embodiments, the immu 
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nostimulatory nucleic acid is a CpG nucleic acid, in other 
embodiments, the immunostimulatory nucleic acid is a 
T-rich nucleic acid, While in still other embodiments, the 
immunostimulatory nucleic acid is a poly-G nucleic acid. 
Preferably, the T-rich and poly-G nucleic acids are also CpG 
nucleic acids. In still other embodiments, the immunostimu 
latory nucleic acid comprises a poly-G motif (e. g., 5' GGGG 
3') and a palindrome. Preferably, the immunostimulatory 
nucleic acid comprises tWo poly-G motifs, one 5' and one 3' 
to a centrally located palindrome sequence. Even more 
preferably, the backbone of these latter immunostimulatory 
nucleic acids is chimeric (i.e., it is partially, but not com 
pletely, composed of phosphorothioate linkages). In some 
embodiments, a plurality of immunostimulatory nucleic 
acids is administered, Wherein the plurality comprises CpG 
nucleic acids and T-rich nucleic acids, or CpG nucleic acids 
and poly-G nucleic acids, or T-rich nucleic acids and poly-G 
nucleic acids. 

[0033] In these and other aspects of the invention, the 
asthma/allergy medicaments have a number of attributes. In 
some embodiments, the asthma/allergy medicament is an 
asthma medicament, While in still other embodiments, the 
asthma/allergy medicament is an allergy medicament. 

[0034] In some embodiments, the asthma/allergy medica 
ment is selected from the group consisting of a steroid and 
an immunomodulator. In certain embodiments, the steroid 
may be selected from the group consisting of beclometha 
sone, ?uticasone, tramcinolone, budesonide, and budes 
onide. In certain embodiments, the immunomodulator may 
be selected from the group consisting of an anti-in?amma 
tory agent, a leukotriene antagonist, an IL-4 mutein, a 
soluble IL-4 receptor, an immunosuppressant, anti-IL-4 anti 
body, an IL-4 antagonist, an anti-IL-5 antibody, a soluble 
IL-l3 receptor-Fc fusion protein, an anti-IL-9 antibody, a 
CCR3 antagonist, a CCR5 antagonist, a VLA-4 inhibitor, 
and a doWnregulator of IgE. The doWnregulator of IgE may 
be an anti-Ig antibody or a fragment thereof, but need not be 
so limited. The immunosuppressant may be a toleriZing 
peptide vaccine, but need not be so limited. 

[0035] In some embodiments, the asthma/allergy medica 
ment is a medicament selected from the group consisting of 
a PDE-4 inhibitor, a bronchodilator/beta-2 agonist, a K+ 
channel opener, a VLA-4 antagonist, a neurokin antagonist, 
a TXA2 synthesis inhibitor, Xanthanine, an arachidonic acid 
antagonist, a 5 lipoxygenase inhibitor, a thromboxin A2 
receptor antagonist, a thromboxane A2 antagonist, an inhibi 
tor of 5-lipox activation protein, and a protease inhibitor. In 
certain embodiments, the bronchodilator/beta-2 agonist may 
be selected from the group consisting of salmeterol, salb 
utamol, terbutaline, D2522/formoterol, fenoterol and orci 
prenaline. 
[0036] In some embodiments, the asthma/allergy medica 
ment is a medicament selected from the group consisting of 
an anti-histamine and a prostaglandin inducer. In certain 
embodiments, the anti-histamine is selected from the group 
consisting of loratidine, cetiriZine, bucliZine, ceteriZine ana 
logues, fexofenadine, terfenadine, desloratadine, norastemi 
Zole, epinastine, ebastine, ebastine, astemiZole, levocabas 
tine, aZelastine, tranilast, terfenadine, miZolastine, 
betatastine, CS 560 and HSR 609. The prostaglandin inducer 
may be S-575l, but is not so limited. 

[0037] In still other embodiments, the asthma/allergy 
medicament is a prostaglandin inhibitor in the form of a 
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cyclooXygenase-2 (COX-2) inhibitor. The COX-2 inhibitor 
may be selected from the group consisting of celecoxib, 
rofecoxib, NS-398, l-745,337, meloxicam, nimesulide, 
SC236, and C-phycocyanin. 

[0038] A composition comprising a poly-G nucleic acid in 
an aerosol formulation is provided according to other 
aspects of the invention. 

[0039] A kit is provided according to another aspect of the 
invention. The kit in one aspect includes a sustained-release 
vehicle containing an immunostimulatory nucleic acid and 
at least one container housing an asthma/allergy medica 
ment, and instructions for timing of administration of the 
immunostimulatory nucleic acid and the asthma/allergy 
medicament. In another aspect, the kit includes containers 
for multiple administrations of immunostimulatory nucleic 
acid and/or multiple administrations of immunostimulatory 
nucleic acid and at least one container housing an asthma/ 
allergy medicament. 

[0040] A composition is provided according to another 
aspect of the invention. The composition includes an immu 
nostimulatory nucleic acid and an asthma/allergy medica 
ment, formulated in a pharmaceutically-acceptable carrier 
and in an effective amount for preventing or treating an 
immune response associated With exposure to a mediator of 
asthma or allergy. 

[0041] Formulations of poly-G nucleic acids are also 
encompassed by the invention. For instance the invention 
includes a pharmaceutical composition of a poly-G nucleic 
acid in an aerosol formulation. 

[0042] The immunostimulatory nucleic acid may be any of 
the immunostimulatory nucleic acids described above, and 
may have any of the attributes of the immunostimulatory 
nucleic acids described above Which are useful in other 
aspects of the invention. 

[0043] The asthma/ allergy medicament may be any of the 
asthma medicaments or allergy medicaments described 
above Which are useful in other aspects of the invention. 

[0044] Each of the limitations of the invention can encom 
pass various embodiments of the invention. It is, therefore, 
anticipated that each of the limitations of the invention 
involving any one element or combinations of elements can 
be included in each aspect of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0045] The invention relates to methods and products for 
the treatment of asthma/allergy using a combination of 
immunostimulatory nucleic acids and asthma/allergy medi 
caments. The compositions can be administered in higher 
doses Without as many side effects as are ordinarily achieved 
at those dosage levels or in loWer doses With higher ef?cacy 
than is ordinarily achieved With those doses. The composi 
tions can also be administered on ?xed schedules or in 
different temporal relationships to one another. The various 
combinations have many advantages over the prior art 
methods of treating asthma and allergy. 

[0046] One method for treating or preventing asthma or 
allergy includes the step of administering a synergistic 
combination of an immunostimulatory nucleic acid and an 



US 2006/0154890 A1 

asthma/ allergy medicament in an effective amount to treat or 
prevent the asthma or allergy. 

[0047] An “immunostimulatory nucleic acid” as used 
herein is any nucleic acid containing an immunostimulatory 
motif or backbone that induces a Th1 immune response 
and/or suppresses a Th2 immune response. lmmunostimu 
latory motifs include, but are not limited to, CpG motifs, 
poly-G motifs, and T-rich motifs. lmmunostimulatory back 
bones include, but are not limited to, phosphate modi?ed 
backbones, such as phosphorothioate backbones. Immuno 
stimulatory nucleic acids have been described extensively in 
the prior art and a brief summary of these nucleic acids is 
presented beloW. 

[0048] The immunostimulatory nucleic acids When com 
bined With the asthma/allergy medicaments have many 
advantages over each composition alone for the treatment of 
asthma and allergy. The immunostimulatory nucleic acid 
functions in some aspects by simultaneously suppressing 
Th2-type immune responses (IL-4, lgE production, hista 
mine release) that can result in airWay in?ammation and 
bronchial spasm, and/or inducing Thl -type immune 
responses (lFN-y and lL-l2 production) that promote harm 
less antibody and cellular responses. This creates an envi 
ronment inside the body that safely and effectively prevents 
hypersensitive reactions from occurring, thereby eliminating 
symptoms. 

[0049] The immunostimulatory nucleic acids eliminate/ 
reduce bronchial hyperreactivity, bronchoconstriction, bron 
chial obstruction, airWay in?ammation and atopy (Which 
improves asthma control, normaliZes lung function, prevents 
irreversible airWay injury); and may also inhibit acute 
response to exercise, cold dry air, and S02. The nucleic acids 
provide long-lasting effects, thus reducing dosing regimes, 
improving compliance and maintenance therapy, reducing 
emergency situations; and improving quality of life. These 
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compounds are also useful because they provide early 
anti-infective activity, Which leads to decreasing infectious 
episodes, Which further reduces hyperreactive immune 
responses. This is especially true in subjects like children or 
immuno-compromised subjects. Furthermore, use of the 
immunostimulatory nucleic acids reduces/eliminates use of 
inhalers, Which can exacerbate hypersensitive reactions by 
providing simpler and safer delivery and by alloWing less 
drugs to be used. 

[0050] lmmunostimulatory nucleic acids stimulate the 
immune system to prevent or treat allergy and/or asthma. 
The strong yet balanced, cellular and humoral immune 
responses that result from the nucleic acid’s stimulation 
re?ect the body’s oWn natural defense system against invad 
ing allergens and initiators. 

[0051] The terms “nucleic acid” and “oligonucleotide” are 
used interchangeably to mean multiple nucleotides (i.e. 
molecules comprising a sugar (e.g. ribose or deoxyribose) 
linked to a phosphate group and to an exchangeable organic 
base, Which is either a substituted pyrimidine (e.g. cytosine 
(C), thymine (T) or uracil (U)) or a substituted purine (e.g. 
adenine (A) or guanine (G)). As used herein, the terms refer 
to oligoribonucleotides as Well as oligodeoxyribonucle 
otides. The terms shall also include polynucleosides (i.e. a 
polynucleotide minus the phosphate) and any other organic 
base containing polymer. Nucleic acids include vectors, e. g., 
plasmids as Well as oligonucleotides. Nucleic acid mol 
ecules can be obtained from existing nucleic acid sources 
(eg genomic or cDNA), but are preferably synthetic (e.g. 
produced by oligonucleotide synthesis). 

[0052] Exemplary immunostimulatory nucleic acids as 
those described herein as Well as various control nucleic 
acids include but are not limited to those presented in Table 
1. 

TABLE 1 

SEQ 
ID 

NO: ODN SEQUENCE BACKBONE 

tctcccagcgtgcgccat 
ataatccagcttgaaccaag 
ataatcgacgttcaagcaag 
taccgcgtgcgaccctct 
ggggagggt 
9999519999 
ggtgaggtg 
tccatgtzgttcctgatgct 
gctaccttagzgtga 
tccatgazgttcctgatgct 
tccatgacgttcztgatgct 
gctagazgttagtgt 
agctccatggtgctcactg 
ccacgtcgaccctcaggcga 
gcacatcgtcccgcagccga 
gtcactcgtggtacctcga 
gttggatacaggccagactttgttg 
gattcaacttgcgctcatcttaggc 
accatggacgaactgtttcccctc 
accatggacgagctgtttcccctc 
accatggacgacctgtttcccctc 
accatggacgtactgtttcccctc 
accatggacggtctgtttcccctc 
accatggacgttctgtttcccctc 
ccactcacatctgctgctccacaag ommmmmmoommmmooooommmmmmm 
















































































































































































































































































































































































































































