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Background: Allergic diseases are a significant global health care problem.
Current pharmacological approaches address symptoms but do not alter the
underlying immune dysregulation. Current allergen-specific immunotherapy
has several drawbacks. Therefore, approaches that attenuate allergic
responses safely and effectively at the level of upstream causative events
are desirable. Oligonuleotide-based therapies [CpG DNA, antisense oligo-
nucleotides, and small interfering RNA (siRNA)] are promising approaches.
Objective/methods: We review developments in oligonucleotide-based ther-
apies and the potential of siRNA for treating allergy. Results/conclusions:
Strategies with oligonucleotides basically aim to reduce T helper type 2
(Th2) responses. It is controversial whether the reduction of Th2 responses
does, in fact, attenuate allergic diseases. Increased understanding of allergic
mechanisms will enhance the efficacy of oligonucleotide-based therapy
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1. Overview

Allergic diseases, which include allergic rhinitis, asthma and atopic dermatitis,
affect people on a widespread and global scale. Allergy is considered to be a
hypersensitivity reaction produced by antibodies or cells in response to environ-
mental allergens. Allergic patients have a tendency to produce IgE antibody upon
stimulation with allergens, in addition to developing symptoms of asthma,
rhinoconjunctivitis, and/or eczema.

Allergic diseases are generally associated with CD4* T helper type 2 (Th2)
cells, rather than Th1 cells which appear in immune responses to virus and bacteria
(Figure 1). The Th2 cell appears soon after sensitization with environmental allergens
and is characterized by production of IL-4, IL-5 and IL-13. B cells play a critical
role in IgE synthesis, and require two signals for this synthesis [1-3]. The first signal
is provided by cytokines, such as IL-4. The second signal is provide by ligation of
CD40 (Figure 2). IL-5 plays a central role not only in eosinophil differentiation
and proliferation, but also in eosinophil accumulation 4]. The functional importance
of this cytokine was demonstrated in studies where exogenous administration of
IL-5 resulted in eosinophilic infiltration and activation [4-6]. Conversely, IL-5
deficiency results in abrogation of eosinophilic accumulation in murine models of
allergy [4.7). The eosinophil has been known to be a primary effector in terms of
inducing airway damage by releasing detrimental mediators such as major basic
protein, eosinophilic peroxidase and eosinophil cationic protein [4,8,9]. The ability
to manipulate or suppress expression of Th2 cells could inhibit allergic responses
and symptoms.

Despite the increased understanding of the pathophysiology of allergic responses,
current therapy targets late events within the allergic cascade. Clinically, the main
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Figure 1. Dendritic cells (DCs) can potently initiate naive T cells to differentiate into effector T cells in immune responses.
DCs provide three signals to T cells during activation: (1) the antigenic signal that is communicated via the high expression of MHC
molecules found on DCs; (2) the costimulatory signal, comprising membrane-bound molecules such as CD40, CD80/86 and CD-40L,
which are essential for T cell expansion and escape from anergy; and (3) soluble cytokines. T cell differentiation into a T helper type 1
(Th1) phenotype is induced by IFN-y via upregulation of T-box expressed in T cells (T-bet). In contrast, the Th2 phenotype is caused by IL-4
through the regulation of GATA binding factor 3 (GATA-3). Th2 cells can then produce IL-4 and IL-5, which stimulate allergic sensitization

and symptoms. Ag: antigen; APC: antigen presenting cell,

therapy for allergic disorders includes pharmacological
antihistamines, antileukotrienes and corticosteroids. These
are effective for controlling allergic disease manifestations,
but only reduce the symptoms of asthma, rhinoconjunctivitis,
and eczema. Ant-IgE antibody therapy also reduces allergic
symptoms and inflammatory reactions [10]. However, these
approaches do not alter the underlying causative factors of
immune dysregulation. Current allergen-specific immuno-
therapy is performed using extracts from natural sources
that are not standardized and contain allergenic and non-
allergenic components, requiring treatment that lasts for a
period of about 3 years. Current allergen-specific immuno-
therapy is the only treatment that might be able to cure the
allergic disease itself. However, it is controversial whether
current allergen-specific immunotherapy is useful method or
not, although this phenomenon has been widely applied in
the treatment of allergic diseases. The long duration of
treatment and frequent injections result in low rates of
patient compliance. Therefore, new strategies have been

developed and published regarding the clinical treatment of
allergy. For example, intralymphatic allergen administration
increased safety and efficacy, and reduced treatment time
from 3 years to 8 weeks [11].

The human genome project, combined with the exponential
rise in genomic and proteomic technologies, enabled scientists
to associate numerous genes and their products with path-
ological processes. Conventional means of drug development
after identifying pathology-associated genes involves creation
of recombinant protein products and attempting to target
the protein with small-molecule libraries. A more specific
approach to targeting expression of undesired genes appeared
with the development of antisense oligonucleotides. Unfor-
tunately, the relatively low in vivo efficacy of this approach
has held back significant clinical progress. A more potent,
self-amplifying means of gene-silencing involves introduction
of a double stranded RNA into a cell to activate the process
of RNA interference (RNA1). Double stranded RNA strands
of approximately 21 nucleotide base pairs are sufficient to
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Figure 2. B cell differentiation into IgE-expressing cells is induced by several important signals. The first is an antigen-specific
signal which is provided via B cell antigen receptor (BCR). Signals delivered through the interaction of co-stimulatory molecule CD-40 and
CDA40 ligand (CD40L) are also critical. Cytokines such as IL-4 and IL13, which are produced by Th2 cells, are important signals.

TCR: T-cell receptor.

activate RNAI, without activating innate IFN-0. responses.
These small interfering RNA (short interference RNA,
siRNA) have proven to be a potent, selective, and easily-in-
ducible method for specifically blocking expression of desired
genes. siRNA has been shown to have superior gene silencing
capability when compared with antisense oligonucleotides
and ribozymes [12-14]. In this paper, we review the recent
and the

developments oligonucleotide-based  therapies,
potential of siRNA for allergy attenuation.

2. CpG DNA therapy

Toll-like receptors (TLRs) are transmembrane signaling molecules
that play an important role in the initiation of innate and
adaptive immune responses. TLRs recognize conserved molecular
patterns associated with either pathogens or tissue injury. For
example, TLR-2 and-4 recognize lipoproteins found on bacteria,
as well as endogenous extracellular matrix fragments,
TLR-3 is activated by double stranded RNA, as found on
viruses, and TLR-5 recognizes bacterial flagellin. Many TLRs
induce Thl cytokines, such as IL-12 and IFN-y. Among the
TLRs, TLRY is prominent for its involvement in stimulating
innate responses after detecting DNA oligodeoxynucleotides
that contain CpG motifs (CpG DNA), which are commonly
associated with DNA of bacterial origin. CpG DNA induces
antigen presenting cells to promote Thl-like responses char-
acterized by the production of IL-12, INF-y and IgG2a.
IL-12 and IFN-y induce naive T cells to differentiate into
Thl cells [1516]. This strategy also inhibits IgE, IgG1 and
passive cutaneous anaphylaxis (PCA) reactions, and reduces
IL-4 levels [15,16l. The mechanism by which these effects
occur has been recently investigated. CpG DNA undergoes

endocytosis and interacts with toll-like receptor 9 (TLR-9),
which further interacts with the adaptor protein, myeloid
differentiation primary response protein 88 (MyD88) [15].
Through MAPK, p38, JUN transcription factor homologs 1 and
2 (JUN1/2), IxB kinase (IKK), activator protein 1 (AP-1),
and NF-xB translocate to the nucleus, where they promote
the transcriptional activation of target proinflammatory
genes like TNF-a,, IL-12 and CD 40 [15]. CpG DNA alone
can induce non-specific inhibition of allergic responses.
Conjugates of CpG DNA and allergenic proteins are more
effective in allergen-specific immunotherapy, compared with
non-conjugated molecules [17). Clinical trials with CpG
DNA have been performed. Tulic ez al. (18] showed that
immunotherapy with conjugates of Amb a 1 oligonu-
cleotide and CpG DNA modifies the response of nasal
mucosa to allergen challenge by increasing Thl cytokine
production while decreasing both Th2 cytokine production
and eosinophilia in patients with ragweed allergy. Creticos
et al. [19] also demonstrated clinical benefit of CpG DNA in
patients with allergic rhinitis. Gauvreau ez al. also showed
regulation of IFN by CpG DNA, although CpG DNA did
not regulate allergic airway responses [20]. Furthermore, clinical
trials to evaluate the safety and efficiency of Tolamba, a
conjugate of CpG DNA and ragweed, have been performed
by Dynavax Technologies Corporation. However, Dynavax
discontinued its Tolamba program because of failure in
Phase II clinical trial r21].

2.1 Side effects
Fever, a mild increase in circulating neutrophils and elevated
serum haptoglobin were recorded in mice, cattle and sheep

treated with CpG DNA [22-24]. Since CpG DNA can
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activate B cells and antigen-presenting cells, it might trigger
or aggravate autoimmune processes [25].

2.2 Chemical modification of CpG DNA

Modification of CpG DNA has been investigated to improve
its immunostimulatory activity, stability and toxicity [2627].
Chemical modification may enhance the clinical potential of

CpG DNA.

2.3 Dendritic cells pulsed with CpG DNA

Dendritic cells (DCs) derived from bone marrow (BM-DCs)
pulsed with CpG DNA together with the allergen downregu-
lated Th2 immune responses and reduced airway inflamma-
tion [28]. Therefore, allergen-specific therapy using allergen plus
CpG-pulsed DCs appears promising. However, Trujillo-Vargas
et al 29] showed that allergen-pulsed DCs matured with CpG
DNA did not result in reduction of airway eosinophilia nor
allergen-specific IgE in the serum. Further experiments and trials
are required to fully elucidate the effects of this therapy.

2.4 Conjugation of CpG DNA and T-cell epitope peptide
Conventional allergen-specific immunotherapy has limited
safety because of side effects such as anaphylactic reactions.
Therefore, current allergen-specific immunotherapy generally
starts with a low dose of allergen which is subsequently
increased to a higher dose. T-cell peptide epitopes are short
linear structures, and are not readily able to crosslink IgE,
which is bound to mast cells or basophils. T-cell peptide
epitopes can, however, induce immunologic tolerance. The
tolerogenic effects of peptides on T cells and antibody
responses against whole protein allergens have been demon-
strated using allergenic epitopes [30,31], suggesting that the
underlying mechanism of peptide immunotherapy is the
induction of tolerance within a specific T-cell population.
The major advantage of this therapy is the reduction in
IgE-mediated events compared with whole-allergen therapy.
Clinical trials using peptide immunotherapy have been
performed for bee venom [32) and cat allergy (33]. Tarzi
et al. [32) showed that peptide immunotherapy reduced
late-phase skin reactions following an allergen challenge with
bee venom, and reduced the production of both IL-13 and
IFN-y by peripheral blood mononuclear cells.

Since the mechanisms by which CpG DNA and peptide
immunotherapy mediate activity are defferent (1530511, we
investigated the use of conjugate of CpG DNA and T-cell
epitope peptides. Consequently, we showed that conjugates
of CpG DNA and T-cell epitope peptides reduced allergic
responses compared with T-cell epitope peptide alone, and
that conjugates of CpG DNA and T-cell epitope peptide
had therapeutic effects in mice [34].

3. Antisense oligonucleotide

Immune modulation has conventionally been restricted to
relatively non-specific approaches, for example chemical agents

that induce multiple cascades, or cytokines that are administered
systemically at non-physiological levels. The advent of gene-
specific silencing has provided immunologists a novel method
of intervening in biological processes that is more selective
and ‘refined’ as compared with previous approaches.
Antisense oligonucleotides are single-stranded synthetic
nucleic acids which are 18 — 30 bp in length and can
specifically hybridize to the target gene through Waston—
Crick base-pair hybridization. This results in specific inhibition
of gene expression through activation of Rnase H which
cleaves the target mRNA [35]. Antisense is useful method for
attenuating allergy and immune diseases. For example,
Gauvreasu ¢t al. [36] examined the drug TPI ASMS8, contain-
ing two phosphorothioate antisense oligonucleotides against
the chemokine receptor CCR3 and B (c) subunit of IL-3,
IL5 and IL-13; they found it inhibited B (c) and CCR3
mRNA in sputum, allergen-induced eosinophilic response,
and early asthmatic response in patients with mild asthma.

4. RNA interference

In 1998, Fire et al. demonstrated that injecting Caenorhabditis
elegans with a combination of both sense and antisense RNA
specific to endogenous genes led to a more potent suppression
of gene expression than the administration of sense or antisense
alone. Inhibition of gene expression was so potent that ~1
— 3 molecules of duplexed RNA per cell were effective at
knocking down gene expression. One of the striking findings
was that suppression of gene expression was capable of
migrating from cell to cell and that the inhibitory effect was
transferred to progeny cells. This was, to our knowledge, the
first description of RNAi (371. This phenomenon is an
endogenous cellular defense mechanism against both viruses
that invade the cell and transposable elements in the
genome [38,39]. Upon recognition of these ‘dangerous’ double-
stranded RNA (dsRNA), enzymatic complexes degrade any
mRNA  transcripts containing homology to the dsRNA.
Although RNAI was first detected in C. elegans, it has been
discovered that RNAI is conserved in many species, including
insects, plants, and fungi [40] and
cells [411. This implies that artificial induction of RNAIi can be
useful for silencing pathological genes in a therapeutic
manner. One problem arising from the initial description
of RNAi was that in order to induce RNA], long pieces
(200 — 800 base pairs) of dsSRNA had to be used. This was
impractical for therapeutic uses owing to the sensitivity of long
RNA to cleavage by plasma and intracellular RNAses. In
addition, long pieces of dsSRNA induce a cellular ‘panic response’,
part of which includes nonspecific inhibition of gene transcrip-
tion, which was associated with production of IFN-ot [42].
In 2001, it was demonstrated that following the entry
of long dsRNA duplexes into the cytoplasm, a ribonuclease
[I-like enzymatic activity cleaved the duplex into smaller
21 — 23 base pair fragments, which are active in blocking
endogenous gene expression. These small pieces of RNA, siRNA,

also mammalian
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can be administered exogenously to block gene expression in
mammalian cells without triggering the panic response [41].

There are two pathways for inducing RNAI. The first is the
naturally occurring pathway that is triggered when viral or long
dsRNA enters a cell. Upon crossing the membrane, the dsRNA
activates several enzymatic components: i) (2',5")oligoadenylate
synthetase, an enzyme that initiates a biochemical cascade lead-
ing to inhibition of protein synthesis 43]; ii) protein kinase R
(PKR), which also results in nonspecific shut-down of cellular
activity [441; and iii) Dicer, a nuclease that cuts the dsRNA into
21 — 23 base pair lengths which then become active in blocking
endogenous gene expression [45]. Long dsRNA also activates
TLR-3, resulting in the production of IFN-ol by a variety of
cells, such as plasmacytoid dendritic cells [46). Gene silencing by
long dsRNA is not advantageous for therapeutic or experimental
purposes owing to its non-specific effects.

Another pathway of RNAI induction is initiated by synthetic
siRNA of 21 — 23 base-pairs in length (47). The siRNA
forms and guides the RNA-induced silencing complex
(RISC) to dock with endogenous mRNA transcripts. RISC
subsequently cleaves the mRNA transcript in a sequence- and
length-specific manner. This approach is highly selective in
that only endogenous mRNA transcripts with strict homology
to the siRNA are destroyed. Furthermore, because siRNA
does not activate (2’,5")oligoadenylate synthetase or PKR,
the cell maintains normal protein synthesis and function.

5. Application of siRNA to clinical therapeutics

Application of siRNA as a treatment was demonstrated for
various diseases. The therapeutic promise of siRNA is dependent
upon the following conditions: i) bioavailability, ii) lack of toxicity,
iii) specificity of silencing effects, and iv) efficacy in vivo. It
appears that siRNA meets all of these criteria. Gene silencing
strategies using siRNA have been successful in inducing ther-
apeutic benefits in animal models of various conditions, such
as transplantation [48-50], cancer [51-53], and viral models.
Mice inoculated intravaginally with herpes simplex virus
type 2 (HSV-2) develop infection and apparent disease.
Only 25 % of mice treated with siRNA intravaginally 2 h
before challenge and 4 h after challenge with HSV-2 died,
compared with 75% of mice in the control groups [54]. In
the case of HIV, effective silencing of both the primary HIV
receptor, CD4, and the HIV coreceptor, CXCR-4 (55, has
been successfully accomplished with siRNA, resulting in the
prevention of viral entry into target cells. Clinical translation
of RNAI therapies for viral infections have already begun.
For example, a triple combination vector of antd-HIV
shRNA, anti-CC5 ribozyme, and nucleolar-localizing trans-
activating response (TAR) decoy was approved by the US
FDA to evaluate RNAi for HIV infections (56]. A Phase II
trial testing RNAI for respiratory syncitial virus (RSV) infec-
tion was also reported [57]. The field of antiviral siRNA
therapeutics is intensely studied and is a newly-developing
area of investigation. Investigations of siRNA for controlling
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allergy are quite recent, although therapeutic applications of
siRNA have been studied for various other diseases.

6. Therapeutic potential of siRNA for allergy

Allergic diseases are caused by an excessive Th2 response. It
has been reported that siRNA suppression of various immuno-
logical genes can be used to shift naive T cell commitment
to either Th1 or Th2. Of relevance to allergy, gene silencing
of signal transducer and activator of transcription 6 (STAT6)
or GATA binding protein 3 (GATA3) with siRNA reduced

Th2 cytokines and responses 77 vitro, as discussed below.

6.1 STAT6 siRNA

STAT proteins are considered to be transcription factors
mediating cytokine signaling [58]. The IL-4 response fails in
STATG deficient mice, since STATG6 is important for mediating
the responses causing IL-4 and Th2 production [59). Gene
expression of STATG6 was silenced in lymphocytes transfected
with STATG siRNA. In wvitro, STAT6 siRNA increased the
production of IFN-y, a Thl cytokine, from lymphocytes (60].

6.2 GATA3 siRNA

The transcription factor GATA3 is required for the
differentiation of Th2 cells from naive precursors and for
the expression of Th2 cytokines in differentiated Th2
cells [61-63]. GATA3 siRNA knocked down GATA3 gene
expression in human T cells. Expression of the genes encoding
the Th2 cytokines IL-4 and IL-13 was downregulated in
GATA3-silenced human T cells [64].

7. Reduction of allergic responses using siRNA

siRNA has therapeutic potential to attenuate allergy not
only in vitro but also in vivo. Several authors have shown
the usefulness of siRNA iz vivo as described below.

7.1 GATA3 short hairpin siRNA (GATA3 shRNA)

Administration of GATA3 shRNA after ovalbumin (OVA)
sensitization inhibited GATA3 expression in lung tissue,
resulting in the suppression of eosinophil, lymphocyte, and
neutrophil infiltration in bronchoalveolar lavage (BAL) fluid.
GATA3 shRNA also reduced levels of IL-4, IL-5, and IL-13 in

BAL fluid as well as decreasing airway hyper-responsiveness [65].

7.2 IL-5 short hairpin siRNA (IL-5 shRNA)

IL-5 shRNA inhibited IL-5 mRNA from being produced in
lung tissue 7z vivo. IL-5 shRNA also reduced airway hyper-
responsiveness, cosinophil and inflammatory cells into the
lung, and eotaxin levels in the BAL fluid. However, IL-5
shRNA did not decrease the OVA-specific IgE level [s6)

7.3 CD40 short hairpin siRNA (CD40 shRNA)
We have recently reported the use of CD40 shRNA (67)
to systemically inhibit Th2 development iz vivo. CD40 in
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dendritic cells (DCs) activates T cells through CD40 ligand
(CD40L, CD154), which is expressed on T cells [68]. CD40
crosslinking on isolated T cells has been demonstrated to
increase Thl and Th2 cytokines and stimulate prolifera-
tion [69]. To date, blockade of the CD40-CD40L interaction
is being aggressively pursued as a tolerance-inducing strat-
egy [70.71]. Inhibition of this bidirectional interaction not only
suppresses T cell responses 721 and Th2 cytokines (73], but
also actively generates regulatory T cells (Treg) (74].

Allergic symptoms improved significantly in mice that
received CD40 shRNA compared with mice that received
control shRNA or PBS. The therapeutic significance of
CD40 shRNA was also demonstrated by the remarkable
reduction of eosinohphils infiltrating the nasal mucosa.
OVA-specific T cell responses and anti-OVA-specific IgE
levels were significantly decreased in sera of mice that
received CD40 shRNA. Spleen cell production of IL-4
and IL-5 was suppressed in mice given CD40 shRNA.
Finally, CD40 shRNA therapy facilitated the generation of
regulatory T cells.

We also showed that the mechanisms of CD40 shRNA
include; i) impaired antigen presenting cell (APC) function
of dendritic cells; ii) impaired function of B cells; and iii)
facilitation of regulatory T cells.

7.4 CD86 siRNA

CD86 is involved in the development of allergic inflammation
and hyper-responsiveness [75]. CD86 plays an important role
in APC-T cell interaction through CD28/cytotoxic T lym-
phocte antigen 4 (CTLA-4)-CD80/CD86 costimulatory
pathway. Administering cream-emulsified CD86 siRNA
directly to ears significantly reduced ear swelling and attenuated
contact hypersensitivity [76]. Atopic dermatitis was also
induced by repeated exposure to Dermatophagoides farine
(Df) antigen. In mice with atopic dermatitis, topical CD86
siRNA application inhibited total IgE and Df-specific IgG1.

7.5 Sphingosine kinase (SPHK) siRNA

Activation of FceRI increases the amount of intracellular
second messengers through sphinogosine kinase (SPHK)
stimulation. siRNA against SPHK suppressed anti-OVA-
specific IgE in serum, in addition to decreasing the number
of total cells and eosinophil infiltration in BAL. SPHK1
siRNA also significantly inhibited levels of IL-4, IL-5 and
eotaxin in BAL [77].

7.6 Natriuretic peptide receptor (NPR) siRNA

Atrial natriuretic peptide (ANP) is associated with inflammatory
responses (78], suggesting the importance of natriuretic
peptide receptor (NPR) in inflammation. Imiquimod cream
(TLR-7/8 agonist) mixed with chitosan nanoparticles con-
taining NPRA siRNA inhibited airway hyper-reactivity,
eosinophilia in lung tissue, and goblet hyperplasia of lung
tissue. NPRA siRNA also reduced IL-4 in BAL fluid, and
IL-5 in lung homogenates [79].

7.7 Summary

siRNA that is specific for GATA3, IL-5, CD40, CD86,
SPHK and NPR inhibited allergic responses iz vivo. These
results will contribute to developing therapies for allergy.

8. Clinical potential of siRNA-based therapy

siRNA based-therapy has entered clinical trials for some
diseases such as viral infection 56,57], but siRNA-based
therapies for allergy have not yet entered clinical trials.
Direct administration of siRNA has the potential for delete-
rious side effects, but holds much promise for the future.

Administration of modified DCs with antisense oligonule-
otide targeting CD80 or CD86 prolongs allograft survival [so).
We also showed that administration of donor-derived v-rel
reticuloendotheliosis viral oncogene homolog B (RelB)-silenced
DCs significantly prevented allograft rejection in murine heart
transplantation [81]. Also, we demonstrated that CD40 siRNA
attenuated allergic diseases, and that this effect is associated
with the immunomodulation of DCs transfected with CD40
siRNA [67]. This finding indicates the potential of DC therapy
for allergy whilst excluding side effects caused by direct admin-
istration of siRNA. DCs are the major APC capable of activat-
ing naive T cells [82]. This is due to the high concentration of
MHC 1I, as well as secondary signals and cytokine production
by DCs, in comparison with other APCs. DCs are highly
phagocytotic in the immature state. The role that DCs seem
to have in allergic diseases can be largely attributed to
their ability to sample the environment. Receptors, such as
DEC-205 or CD36, are used by the DCs for internalizing
bacterial products or apoptotic cells (83. The DCs are also
able to acquire components shed by live cells using scavenger
receptors such as scavenger receptor A (SRA) [83). In addition
to receptor-mediated endocytosis, direct acquisition of environ-
mental components surrounding the immature DC occurs
through pinocytosis (84]. This high endocytotic capacity is
illustrated by experiments assessing immature DCs in which
fluorescein  isothiocyanate (FITC)-dextran is constitutively
acquired by immature DCs but not by mature DCs [s5). It
is known that intradermal administration of naked DNA
plasmids using either injection or gene-gun approaches leads
to preferential gene expression in DCs (8], indicating that DCs
take up genetic material efficientdy. Furthermore, the ability
of mRNA-pulsed DCs to transcribe and express the encoded
allergens demonstrates that DCs can actively sequester and
utilize exogenous RNA instead of leading it to cytoplasmic
destruction. This approach is considered to be a valuable
method for 772 vivo ‘DC vaccination’ for use in the treatment of
cancer patients [87]. DCs are a novel target in the development
of therapies for allergy (88.89].

9. Expert opinion

Allergy, which includes asthma, allergic rhinitis and atopic
dermatitis, is a common condition. Quality of life is negatively
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correlated with allergic diseases. Asthma can cause severe
symptoms, dyspnea and even death. The effects of allergy
treatments, such as antihistamines, leukotriene receptor
antagonists, and corticosteroids, are insufficient, highlighting
the need for new strategies. Recently, immunomodulatory
therapies are the center of attention for treating allergic diseases.
These therapies include oligonucleotide-based CpG DNA,
antisense oligonucleotide, and siRNA.

The 2006 Nobel Prize in Medicine was awarded to
Andrew Fire and Craig Mello for their discovery of RNAI.
RNAI using siRNA is a potent method of specifically knocking
down molecular targets. Gene silencing via siRNA allows for
the development of a novel therapies for various immuno-
logical problems such as cancer, transplantation and viral
diseases. siRNA can inhibit specific gene expression in the
early events of an allergic cascade; clinically-used agents only
target the late events. The interaction between APCs and T
cells plays an important role in allergic sensitization, and
this interaction is considered to be the source of allergic
responses. Blocking the APC-T cell interaction can suppress
allergic responses and attenuate allergic diseases by targeting
upstream events in the allergic cascade. In fact, it has been
reported that CD40 and CD86 siRNA attenuated allergic
responses. siRNA against the genes that are associated with
APC-T cell interaction has great potential for attenuating
immune diseases such as allergy.

Although we focused on siRNA specific for CD40 in our
previous study, there are numerous other attractive targets.
Indeed, siRNA specific for IL-10, STAT6 and GATA3 have
been shown to inhibit Th2 responses 7z vitro. Several authors
also reported that administration of siRNA specific for
IL-5, GATA3, sphingosine kinase, natriuretic peptide
receptor, CD40 and CD86 suppressed allergic responses
in vivo. There are other promising molecules including, but
not limited to, cell surface receptors, adhesion molecules,
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ligands, ion channels, cytokines and intracellular signal
transduction molecules.

siRNA-based therapy is an attractive approach for attenuating
allergy. However, direct administration may cause some side
effects 7z vivo. There are ongoing experiments in our laboratory
examining therapies using DCs transfected with siRNA for the
purpose of excluding the side effects of direct administration. It
should be noted that it is controversial whether this type of DC
therapy is effective, since the mechanisms of allergy are quite
complex. DCs are the most potent APCs, largely bearing the
responsibility of initiating protective immune responses [90].
Interestingly, DCs also play a critical role in the induction of
immune tolerance [91], drawing attention to the use of DCs for
inducing tolerance. It may be possible to generate dendritic
cells possessing tolerogenic properties (tol-DCs) that lack a
specific cytokine, a costimulatory molecule, etc. by transfecting
DC with gene-specific siRNA. Allergic responses may be
blocked by tol-DCs at the source of allergic diseases, since DCs
play an important upstream role.

Strategies with oligonucleotides basically aim to reduce
Th2 responses. It is controversial whether the reduction of
Th2 responses does, in fact, attenuate allergic diseases. Con-
sidering this, there are many issues to be resolved for oligo-
nucleotide-based therapies: i) route of administration; ii)
timing/frequency; iii) inclusion/exclusion criteria; and iv)
selection for specific immunological profiles. Solutions for
these issues will allow for further development of this ther-
apy for clinical treatment. Moreover, increased understand-
ing of allergic mechanisms will enhance the efficacy of
oligonucleotide-based therapy.
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