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This article reviews the current literature investigating
the applications and success of immune modulatory
oligonucleotides as immunotherapy to treat and prevent
allergen-induced eustachian tube dysfunction in animal
models. Synthetic DNA-based immunotherapy agents
composed of unmethylated cytosine—guanine dinucleo-
tides (CpG ODNEs) that bind to Toll-like receptors have
been found to have tremendous potential as therapeutic
agents and adjuvants. CpG ODNSs can induce a shift in
the cytokine profile and immune response that favors
the T-helper type 1 pathway and suppresses the T-helper
type 2 pathway. This makes CpG ODNs promising can-
didates for treating allergic diseases. Current CpG ODN
studies have demonstrated prevention and treatment of
acute allergen inflammation of the eustachian tube in
an animal model of otitis media. Immune modulatory
oligonucleotides in immunotherapy, administered sys-
temically or topically, have been shown to be safe and
effective in the animal model.

Introduction

Otitis media with effusion (OME) is defined as chronic
inflammation of the middle ear mucosa with presence of
fluid in the middle ear. Its etiology is multifactorial. Fac-
tors such as eustachian tube dysfunction (ETD), bacterial
and/or viral infection of the middle ear, and inflammation
within the nose resulting from allergic rhinitis or upper
respiratory infection play important and interrelated roles

in the development of OME [1-3]. Although no direct
causal evidence links allergy as an etiologic agent in
OME, population studies have shown a distinct associa-
tion between allergy and OME [4,5]. For example, atopic
infants in Sweden were five times more likely to develop
OME than nonatopic infants [4]. Tomonaga et al. [5]
found that more than 87% of those with OME had aller-
gic symptoms and/or were atopic. Jero et al. [6] noted that
those with allergy were 4.4 times less likely to clear acute
episodes of OME. Other studies report that as many as
one half of all patients with OME have allergic rhinitis,
and 21% of patients with nasal allergy have OME [7,8].
Nguyen et al. [3] showed that the allergic inflammation
observed in atopic patients with OME occurred in the
middle ear and the nasopharynx [3].

ETD is thought to be one of the foremost factors
contributing to OME. Although the precise manner in
which nasal allergic disease contributes to ETD is not
fully understood, it is believed that allergic inflamma-
tion within or around the nasopharyngeal portion of the
eustachian tube (ET) may lead to the loss of its protective
functions, resulting in increased risk for development of
otitis media [9].

From an immunologic standpoint, it is more important
to think of the physiologic components of the middle ear as
an intricate interrelated structure composed of the middle
ear space, ET, nasopharynx (adenoids), nasal mucosa, and
mastoid air cells [10]. The ET plays a vital role in middle
ear function by providing a means of interaction between
the nasopharynx and middle ear. Swallowing causes the
tensor veli palatini to actively open the ET and thus venti-
lates the middle ear with atmospheric pressure [8,11]. The
ET is also a pathway for drainage of secretions into the
nasopharynx and protects the middle ear from nasopha-
ryngeal secretions and sound pressure [11,12¢,13,14].

Like mucosa elsewhere in the respiratory tract, the
ET’s mucosal lining contains mucus-producing cells,
ciliated cells, plasma cells, and mast cells. Hurst et al.
[15,16] and Wright et al. [17] demonstrated eosinophils,
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myeloperoxidase, eosinophil cationic protein, and mast
cells to be present in middle ear effusions of those with
chronic OME, suggesting that the middle ear mucosa in
atopic patients responds differently than that in nonatopic
patients. Ebmeyer et al. [18] demonstrated that mast
cells were a major contributor to the early inflammatory
response of the middle ear to bacteria. Sobol et al. [19]
found T lymphocytes, eosinophils, and other T-helper
type 2 (Th2) cytokines in the effusions of atopic children.

Several means have been proposed to explain ET
obstruction due to inflammatory processes. First, poor ET
function could result from a retrograde spread of edema
due to nasal mucosa congestion. Also, poor mucociliary
function, whether intrinsic or due to the inflammatory
response, may lead to poor clearance of secretions and
obstruction of the lumen of the ET [9,12e]. Furthermore,
direct allergic inflammation within the ET may cause
obstruction due to intrinsic venous engorgement and
hypersecretion of mucus, isolating the middle ear space.
Thus, gas exchange occurs and results in the diffusion of
nitrogen out of the middle ear space and into the mucosa
[20]. The development of a net negative pressure in the
middle ear perturbs cellular tight junctions and allows
for a transudation of fluids into the middle ear space.
The persistent obstruction of the ET with mucus results
in chronic middle ear inflammation, mucosal metapla-
sia, increased glandular activities of goblet cells, and an
inability to clear middle ear fluid [10,20].

Until recently, the therapeutic options for decreasing
allergic inflammation were limited. However, immune
modulatory oligodeoxynucleotides may offer new treat-
ments by altering the allergic pathway. Tokunaga et al. [21]
first discovered the immunostimulatory properties of bac-
terial DNA in the 1980s. They demonstrated that nucleic
acid extracted from the Mycobacterium bovis strain of
bacille Calmette-Guérin induced strong antitumor anti-
bodies. The immunostimulatory properties of bacterial
DNA are found in the six—base pair DNA sequence that
follows the formula 35’-purine-purine-CpG-pyrimidine-
pyrimidine-3’. This bacterial sequence can be mimicked by
synthetic oligodeoxynucleotides known as cytosine—gua-
nine oligodeoxynucleotides (CpG ODNSs) [22].

Since this discovery, CpG ODNs have been found
to have tremendous potential as therapeutic agents and
adjuvants. The immunostimulatory effects of CpG ODNs
have been found to confer protection against infectious
diseases, allergies, and cancer in animal models. This
paper highlights the recent progress in the treatment and
prevention of allergy-induced ETD in the animal model.

Immunologic Principles

Allergic diseases are immune system disorders associated
with an imbalance of the Th1 and Th2 lymphocyte sub-
sets. The Th1 pathway is characterized by Th1 antibody
production by B cells, activation of natural killer cells and

phagocytic cells, and the development of T-cell-medi-
ated immunity against viral and bacterial infections or
malignant cells [23]. In contrast, the Th2 pathway leads to
immunoglobin class switching from IgG to IgE, therefore
mediating the eosinophil/mast cell-dependent immunity.
This type of response is important for eliminating parasite
infections but is implicated in hypersensitivity responses
[24]. Interleukin (IL)-12 and interferon-y (IFN-y) are
important in the modulation of the Th1/Th2 balance. IFN-
v has also been shown to moderate eosinophil recruitment
and inhibit secondary allergic response development.

One proposed model of CpG ODN immunologic
function maintains that CpG ODNs are recognized by
Toll-like receptors (TLRs) and induce a cascade that favors
activation of Th1-dominated immune response. TLRs are
expressed on the surface (TLR1, TLR2, TLR4, TLRS,
TLR6) and the endosomal compartment (TLR3, TLR7,
TLRS, TLRY) of antigen-presenting cells [25¢e]. The
endosomal-expressed TLRY recognizes the dinucleotide
sequence CG, which is more abundant in prokaryotic
DNA or synthetic CpG ODNs [26,27]. CpG ODN stimu-
lation of TLR9 induces the promotion of IFN-y, IL-6, and
IL-12 and reduces the production of IL-4, which leads to
the development of antigen-specific Th1 cells and interferes
with the development of allergen-specific Th2 cells [28].

However, other studies have shown a B-cell-intrin-
sic, T-cell-independent mechanism for which CpG
ODN:s directly act on B cells and prevent allergic symp-
toms. CpG ODNs suppress IgE and IgG production of
B cells by inhibiting normal isotype switching (IL-4 and
CD40) from IgM to IgE and IgG. These studies have also
reported that although CpG ODNs stimulate all B cells,
they preferentially stimulate memory B cells as opposed
to naive B cells [29].

However, a different model showed that CpG ODNs
induced high levels of indoleamine 2,3-dioxygenase,
which acts as an immunosuppressant, via the production
of IFNs. This model indicates that CpG ODNs medi-
ate immunomodulatory effects by inducing the death of
effector Th2 cells and not by inducing a Th1-cell response
[30,31]. These studies suggest there may be more than one
possible mechanism involved in mediating the antiallergic

effects of CpG ODNE.

Structural Characteristics

Changes in the structural requirements for cellular
uptake and activation of CpG ODN can enhance its
therapeutic use. It has been observed that distinct immu-
nostimulatory profiles of CpG ODN such as sequence
and length, as well as the number and positions of CpG
motifs, affect species recognition. The expression of TLR
functions as a major pathogen-associated molecular pat-
tern receptor, serving to bind pathogen-derived ligands
and induce cell activation via the Toll/IL signal pathway.
As a result, the expression of TLR9 correlates with the
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responsiveness of CpG ODN [25ee]. Current evidence
suggests that the receptor shows considerable selectiv-
ity for CpG ODN sequences, with different preferences
observed in different species [32].

Three structurally distinct classes of synthetic CpG
ODNs that differentially activate human TLR9 have
been described. “K”-type ODNs (also known as CpG-B)
are potent B-cell activators that interact with TLR9 and
induce monocytes to proliferate and secrete IgM, IL-10,
and IL-6. “K” ODNs have a simple structure that encodes
multiple CpG motifs on a phosphorothioate backbone.
The “K” ODNs with immunostimulatory activity are 12
bases long, whereas shorter ODNs are less active. “D”-
type ODNs (also known as CpG-A) are potent at inducing
IFN-o production by plasmacytoid dendritic cells, which
indirectly supports the subsequent maturation of anti-
gen-presenting cells. “D” ODNs are structurally more
complex than the “K” type. “D” ODNs are constructed
using a phosphodiester-phosphorothioate  backbone
and contain a single hexameric purine-pyrimidine-CG-
purine-pyrimidine motif that can result in the formation
of tetrads and ODN clusters. The minimum length of
an active “D” ODN is 18 bases. “C” type (also known
as CpG-C) combines B-cell activation and induction of
IFN-o.. “C” ODNs contain a central phosphorothioate
backbone (as in “K” ODNSs), as well as the single hexa-
meric purine-pyrimidine-CG-purine-pyrimidine motif (as
in “D” ODNs) [33,34ee].

Other clinical modifications on CpG motifs also have
been reported. In 2003, Kandimalla et al. [35] joined two
CpG ODN:s through a 5°-5° linkage and showed enhanced
immunostimulative activity. They also designed a syn-
thetic nucleoside with a bicyclic heterobase to replace the
C in CpG, resulting in an RpG dinucleotide. Using the
RpG dinucleotide, they stimulated the proliferation of
peripheral blood mononuclear cells in different species.
These chemical modifications of the structural character-
istics of the CpG ODNs may overcome the species-specific
recognition receptor system [35].

Delivery Methods
Selecting the appropriate route of delivery of CpG ODN5s
to targeted immune compartments is a critical issue in the
optimization of immunostimulatory responses of CpG
ODN: . To date, many routes have been tested, including
intravenous, subcutaneous, sublingual, interdermal, intra-
nasal, intraperitoneal, transtympanic, and intratracheal.
The effectiveness, dosing, and toxicities for each method
are important for CpG ODN therapeutic application.
Human studies have revealed that subcutaneous (but
not intravenous) administration of a CpG ODN induced
a systemic innate immune response [36]. Intravenous
application of CpG ODN triggered suppression of T-cell
expansion and cytotoxic T-cell lymphocyte activity in the
spleen, but subcutaneous injection of CpG ODN resulted

in antigen-specific response in the lymph nodes. How-
ever, whereas systemic immunization induces adaptive
responses systemically, the induction of mucosal immu-
nity generally requires local exposure of antigen. Recent
animal studies have shown that intranasal immunother-
apy is more effective than systemic therapy in inducing a
systemic and mucosal immune response [37]. Other stud-
ies have demonstrated that mucosal vaccination routes
are effective for inducing antigen-specific IgA responses.
IgA has an inhibitory effect on bacterial adherence and is
essential for mucosal immunity [38].

A reliable model of allergy has been created in the
Brown Norway rat. Previous studies have demonstrated
increased IgE response in the Brown Norway rat in
asthma, allergic rhinitis, and food allergies [39-41].
These studies demonstrated that CpG ODNs significantly
reduced the systemic and pulmonary manifestations of
allergy. The model commonly includes a “sensitization”
phase, during which animals are exposed to the allergen,
followed by a “challenge” phase, in which the animals are
re-exposed to the same allergen [42]. The unified airway
concept has shown that allergic inflammation occurs in
the ET, middle ear, and nasopharynx.

Therefore, our laboratory has evaluated the effect of
CpG ODN:s in ovalbumin-induced ETD. Assessment of
ETD was measured using a water manometer and the
application of positive or negative pressure into the mid-
dle ear [43]. Our laboratory has used multiple challenge
and treatment approaches. We have investigated the use
of CpG ODNs when delivered via subcutaneous injection
before transtympanic allergen challenge and found no
clinical evidence of middle ear effusion in treated animals
compared with untreated animals [39]. Ebert et al. [44]
demonstrated that subcutaneous injection of CpG ODNss
can prevent allergic-like inflammation of ET after intrana-
sal allergen exposure. Blanks et al. [45] also demonstrated
effective mucosal application of CpG ODNs before and
after transtympanic allergen exposure. Unlike previous
studies, CpG ODNs were placed directly on the middle
ear mucosal epithelium via transtympanic injection. This
study showed a 50% reduction in the pressure required to
open and close the ET in the CpG ODN-treated animals
compared with the untreated animals [45]. Kodama et
al. [38] has also demonstrated that CpG ODN acts as an
immunostimulate in the middle ear of mice nasally immu-
nized with nontypeable Haemophilus influenzae.

Side Effects

CpG ODNs’ high immunostimulatory ability raises con-
cerns in relation to their clinical tolerability. It is possible
that CpG ODNs may enhance the immunogenicity of
self-proteins, triggering the development of autoimmune
disease, or increase susceptibility of the host to pathologic
agents that cause toxic shock. CpG ODNs may trigger the
production of reactive oxygen species and the secretion of
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proinflammatory cytokines and chemokines [46]. With
local intranasal therapy of CpG ODNs, Matheu et al. [37]
found that mice developed a mild synovitis [37]. Previous
animal studies have shown (in high doses) severe toxicity,
including multifocal hepatic necrosis, destruction of lym-
phoid follicles, extramedullary hematopoiesis, and lethal
systemic inflammatory response syndrome [47].

However, no toxicity has ever been reported in normal
animals treated with therapeutic doses of CpG ODNS.
CpG ODNs have also been administered to humans in
clinical trials, with no adverse reactions attributable to
CpG ODNs observed.

Conclusions

Several theories have been proposed to explain ETD sec-
ondary to an inflammatory process. ETD may result from
a retrograde spread of edema attributable to nasal mucosa
congestion. Poor ciliary function resulting from an inflam-
matory response may also contribute to impaired clearance
of secretions and obstruction of the ET lumen [9,12¢].
Additionally, direct allergic inflammation within the ET
may cause obstruction from intrinsic venous engorgement
and hypersecretion of mucus, thus isolating the middle ear
space and thereby affecting gas exchange [20]. As a result,
the persistent obstruction of the ET results in chronic
inflammation, mucosal metaplasia, increased glandular
activities of goblet cells, decrease of ciliated cells, and an
inability to clear middle ear fluid [10,20]. Repeated allergic
exposures and development of ETD may lead to repeated
episodes or persistence of otitis media.

Recent studies have demonstrated that immunotherapy
is an effective treatment before or after the development
of allergen-induced ETD. CpG ODNs represent a new
class of adjuvant for immunotherapy in the treatment of
allergic disease.

Disclosures
No potential conflicts of interest relevant to this article
were reported.

References and Recommended Reading
Papers of particular interest, published recently,
have been highlighted as:

o Of importance
oo Of major importance
1. Daly KA, Hunter LL, Giebink GS: Chronic otitis media

with effusion. Pediatr Rev 1999, 20:85-93; quiz 94.

2. Doyle WJ: The link between allergic rhinitis and otitis
media. Curr Opin Allergy Clin Immunol 2002, 2:21-25.

3. Nguyen LH, Manoukian JJ, Sobol SE, et al.: Similar
allergic inflammation in the middle ear and the upper
airway: evidence linking otitis media with effusion to the
united airways concept. | Allergy Clin Immunol 2004,
114:1110-1115.

4. Irander K, Borres MP, Bjorksten B: Middle ear diseases in
relation to atopy and nasal metachromatic cells in infancy.
Int ] Pediatr Otorhinolaryngol 1993, 26:1-9.

5. Tomonaga K, Kurono Y, Mogi G: The role of nasal allergy
in otitis media with effusion. A clinical study. Acta Otolar-
yngol Suppl 1988, 458:41-47.

6. Jero J, Virtanen M, Eskola ], et al.: Factor predicting poor
outcome of acute otitis media in children. In Sixth Inter-
national Symposium on Recent Advances in Otitis Media.
1996. Hamilton, Ontario: BC Decker; 1996.

7. Rosenfeld RM, Culpepper L, Doyle KJ, et al.: Clinical
practice guideline: otitis media with effusion. Otolaryngol
Head Neck Surg 2004, 130(5 Suppl):S95-S118.

8. Fireman P: Otitis media and eustachian tube dysfunction:
connection to allergic rhinitis. | Allergy Clin Immunol
1997, 99:5787-S797.

9. Bernstein JM: Role of allergy in eustachian tube blockage
and otitis media with effusion: a review. Otolaryngol Head
Neck Surg 1996, 114:562-568.

10.  Bernstein JM: Allergic disease and the middle ear. In
Allergy and Immunology. An Otolaryngic Approach, edn
1. Edited by Krouse J. Philadelphia: Lippincott Williams &
Wilkins; 2002:192-200.

11. Bluestone CD, Doyle W]: Anatomy and physiology of

eustachian tube and middle ear related to otitis media.

J Allergy Clin Immunol 1988, 81:997-1003.

Lazo-Saenz JG, Galvan-Aguilera AA, Martinez-Ordaz

VA, et al.: Eustachian tube dysfunction in allergic rhinitis.

Otolaryngol Head Neck Surg 2005, 132:626-629.

Case-controlled study to determine the effects of allergic rhinitis on

the ET.

13. Takahashi H, Hayashi M, Sato H, et al.: Primary deficits
in eustachian tube function in patients with otitis media
with effusion. Arch Otolaryngol Head Neck Surg 1989,
115:581-584.

14. Miller GF Jr: Eustachian tubal function in normal and
diseased ears. Arch Otolaryngol 1965, 81:41-48.

15.  Hurst DS, Venge P: Levels of eosinophil cationic protein
and myeloperoxidase from chronic middle ear effusion in
patients with allergy and/or acute infection. Ozolaryngol
Head Neck Surg 1996, 114:531-544.

16.  Hurst DS, Amin K, Seveus L, et al.: Evidence of mast cell
activity in the middle ears of children with otitis media with
effusion. Laryngoscope 1999, 109:471-477.

17. Wright ED, Hurst D, Miotto D, et al.: Increased expression
of major basic protein (MBP) and interleukin-5 (IL-5) in
middle ear biopsy specimens from atopic patients with
persistent otitis media with effusion. Otolaryngol Head
Neck Surg 2000, 123:533-538.

18. Ebmeyer J, Furukawa M, Pak K, et al.: Role of mast cells in
otitis media. | Allergy Clin Immunol 2005, 116:1129-1135.

19. Sobol SE, Taha R, Schloss MD, et al.: T(H)2 cytokine
expression in atopic children with otitis media with effu-
sion. | Allergy Clin Immunol 2002, 110:125-130.

20.  Bernstein JM, Doyle W]J: Role of IgE-mediated hypersen-
sitivity in otitis media with effusion: pathophysiologic
considerations. Ann Otol Rhinol Laryngol Suppl 1994,
163:15-19.

21. Tokunaga T, Yamamoto H, Shimada S, et al.: Antitumor
activity of deoxyribonucleic acid fraction from Myco-
bacterium bovis BCG. 1. Isolation, physicochemical
characterization, and antitumor activity. | Natl Cancer Inst
1984, 72:955-962.

22.  Klinman DM, Currie D, Gursel I, et al.: Use of CpG
oligodeoxynucleotides as immune adjuvants. [mmunol Rev
2004, 199:201-216.

23. Nakamura I, Kajino K, Bamba H, et al.: Phenotypic
stability of mature dendritic cells tuned by TLR or CD40 to
control the efficiency of cytotoxic T cell priming. Microbiol
Immunol 2004, 48:211-219.

24.  Klinman DM: Use of CpG oligodeoxynucleotides as
immunoprotective agents. Expert Opin Biol Ther 2004,
4:937-946.

12.0



512 Otitis

25.0¢ Heeg K, Dalpke A, Peter M, et al.: Structural requirements

for uptake and recognition of CpG oligonucleotides. Int |
Med Microbiol 2008, 298:33-38.

In-depth review of the different animal-recognized immune motifs
and proposals to overcome these requirements.

26.

27.

28.

29.

30.

31.

32.

33.

Dalpke A, Zimmermann S, Heeg K: CpG-oligonucleotides
in vaccination: signaling and mechanisms of action. Immu-
nobiology 2001, 204:667-676.

Dalpke A, Zimmermann S, Heeg K: CpG DNA in the
prevention and treatment of infections. BioDrugs 2002,
16:419-431.

Hussain I, Kline JN: CpG oligodeoxynucleotides: a novel
therapeutic approach for atopic disorders. Curr Drug
Targets Inflamm Allergy 2003, 2:199-205.

Xu W, Tamura T, Takatsu K: CpG ODN mediated
prevention from ovalbumin-induced anaphylaxis in mouse
through B cell pathway. Int Immunopharmacol 2008,
8:351-361.

Hayashi T, Beck L, Rossetto C, et al.: Inhibition of experi-
mental asthma by indoleamine 2,3-dioxygenase. | Clin
Invest 2004, 114:270-279.

Hayashi T, Raz E: TLR9-based immunotherapy for allergic
disease. Am | Med 2006, 119:897.e1-897.¢6.

Takeshita F, Leifer CA, Gursel I, et al.: Cutting edge: role
of Toll-like receptor 9 in CpG DNA-induced activation of
human cells. | Immunol 2001, 167:3555-3558.

Klinman DM: Immunotherapeutic uses of CpG oligodeoxy-
nucleotides. Nat Rev Immunol 2004, 4:249-258.

34.e¢ Wilson HL, Dar A, Napper SK, et al.: Inmune mechanisms

and therapeutic potential of CpG oligodeoxynucleotides.
Int Rev Immunol 2006, 25:183-213.

Offers a complete review of the different motifs of CpG oligonucle-
otides and a brief review of the animal models in which they are
currently being used.

35.

36.

Kandimalla ER, Bhagat L, Zhu FG, et al.: A dinucleotide
motif in oligonucleotides shows potent immunomodula-
tory activity and overrides species-specific recognition
observed with CpG motif. Proc Natl Acad Sci U S A 2003,
100:14303-14308.

Krieg AM, Efler SM, Wittpoth M, et al.: Induction of
systemic Th1-like innate immunity in normal volunteers
following subcutaneous but not intravenous administration
of CPG 7909, a synthetic B-class CpG oligodeoxynucleotide
TLRY agonist. | Immunother 2004, 27:460-471.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Matheu V, Treschow A, Teige I, et al.: Local therapy with
CpG motifs in a murine model of allergic airway inflamma-
tion in IFN-beta knock-out mice. Respir Res 2005, 6:25.
Kodama S, Hirano T, Abe N, et al.: Local application of
CpG oligodeoxynucleotide enhances nontypeable Hae-
mophilus influenzae-specific mucosal IgA responses in the
middle ear. Acta Otolaryngol 2007, 127:809-815.

Ebert CS Jr, Pollock HW, Dubin MG, et al.: Effect of
intranasal histamine challenge on eustachian tube function.
Int | Pediatr Otorhinolaryngol 2002, 63:189-198.

Zhang XD, Andrew ME, Hubbs AF, et al.: Airway
responses in Brown Norway rats following inhalation sen-
sitization and challenge with trimellitic anhydride. Toxicol
Sci 2006, 94:322-329.

Knippels LM, Penninks AH, Spanhaak S, et al.: Oral
sensitization to food proteins: a Brown Norway rat model.
Clin Exp Allergy 1998, 28:368-375.

Sur S, Lam J, Bouchard P, et al.: Inmunomodulatory effects
of IL-12 on allergic lung inflammation depend on timing of
doses. | Immunol 1996, 157:4173-4180.

Flisberg K, Ingelstedt S, Ortegren U: The valve and “lock-
ing” mechanisms of the eustachian tube. Acta Orolaryngol
Suppl 1963, 182:57-68.

Ebert CS Jr, Rose AS, Blanks DA, et al.: Immune
modulatory oligonucleotides in prevention of nasal
allergen-induced eustachian tube dysfunction in rats.
Otolaryngol Head Neck Surg 2007, 137:250-255.

Blanks DA, Ebert CS Jr, Eapen RP, et al.: Immune modula-
tory oligonucleotides in the prevention and treatment of
OVA-induced eustachian tube dysfunction in rats. Otolar-
yngol Head Neck Surg 2007, 137:321-326.

Chaung HC: CpG oligodeoxynucleotides as DNA adjuvants
in vertebrates and their applications in immunotherapy. Int
Immunopharmacol 2006, 6:1586-1596.

Krieg AM: CpG DNA: trigger of sepsis, mediator of protec-
tion, or both? Scand ] Infect Dis 2003, 35:653-659.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


