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(Review)

Recent advance in the management of Japanese cedar pollinosis

Hiroichi NAGAI, PhDV

<Abstract>

Japanese cedar pollinosis is the most common seasonal allergic rhinitis in Japan and it has been
considered a national affliction. More than one third all Japanese people are suffered from this
disease. Japanese guidelines for allergic rhinitis recommend some specific pharmacotherapy and
immunotherapy for the management of Japanese cedar pollinosis. Histamine and IgE antibody are
major pathological molecules to evoke the several symptoms and progression of allergic rhinitis.

1) Histamine plays a role for the onset and development of allergic rhinitis including Japanese
cedar pollinosis. Each of four histamine receptors plays an individual role for progression of allergic
rhinitis. Among four receptors, the most important and well investigated receptor is H1 (histamine
1 receptor), therefore, more safety and effective H1-antagonists were developed from several point
of view, especially from pharmacokinetics point. Finally, second and third generation
H1-antagonists were produced and applied for the treatment of allergic rhinitis.

2) In addition to the development of new drugs, new protocol, pre-seasonal administration, of
H1l-antagonist is tried for the treatment of Japanese cedar pollinosis. The pre-seasonal
management was effective, but the mechanism of effectiveness is not yet fully elucidated.
H1-antagonists would have multiple pharmacological actions during the development of cedar
pollinosis.

3) Sublingual immunotherapy employing cedar pollen extract is approved in 2014 in Japan.
Another immunotherapy by anti-IgE antibody is under investigation. Many patients showed
moderate improvement to relief the symptom by both immunotherapies.

Additional current advances of the management of Japanese cedar pollinosis by specific

pharmacotherapy and immunotherapy are summarized in this review.
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<Introduction>

Epidemiological studies have indicated that prevalence of allergic rhinitis continues to increase,
and it has been a worldwide health problem that places a significant healthcare burden on
individuals and society®. In Japan, cedar pollinosis is the most common allergic rhinitisé10,
Cryptomeria japonica (Japanese cedar) is an evergreen needle-leaved tree whose pollen bears high
allergenic potential. Cedar pollen-induced allergic rhinoconjunctivitis has long been seen as a major
immunologic condition in Japan with high exposure and sensitization rates in the general
population. Due to the increasing disease burden all Japanese, this study aims to review the
current and emerging management options for cedar pollen-induced rhinitis from the
immunopharmacological point of view.

Sound clinical evidence is present for the symptomatic treatment of cedar pollen-induced allergic
rhinoconjunctivitis with oral HIl-antagonists and leukotriene antagonistsil'15, The topical
application of glucocorticoids has also been efficient in randomized controlled clinical trials.
Combined approaches employing multiple agents are common. The mainstay of causal treatment to
date, especially in Japan, is two methods including pre-seasonal prophylactic treatment with
antihistamine and sublingual immunotherapy with the focus on the major allergen16-20),

In addition to above two methods, some future treatment options are proposed and tried. Novel
antihistamines for symptomatic treatment are aimed at the histamine H3-receptor2126), New
adjuvants with toll-like receptor 4 activities or the application of the monoclonal
anti-immunoglobulin E antibody, omalizumab, are supposed to enhance conventional
immunotherapy273%. An approach targeting toll-like receptor 9 by synthetic cytosine
phosphate-guanosine oligodeoxynucleotides (CGP-ODN) is a new treatment paradigm that aims to
modulate the immune response, but it has yet to be proven in clinical trials34:36), In this review, the
author would like to introduce recent advances in the management of Japanese cedar

pollen-induced rhinitis by H1 antagonists and immunotherapy.

<The role of histamine in allergic rhinitis>

Histamine is a major mediator of the immediate allergic reaction in human and is released from
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mast cells after the combination of antigen with IgE antibody. Histamine causes vascular
permeability increasing, pruritus, contraction of smooth muscle of the respiratory and
gastrointestinal tracts and release of inflammatory mediators and recruitment of inflammatory
cells. These pharmacological actions play an important role for the onset of allergic rhinitis. Our
investigation3? 38 on chronic allergic respiratory inflammation in guinea pigs indicated the
importance of histamine (Table 1). Experiments were carried out by repeated provocation of
allergen to several groups of guinea pigs. Increasing concentration of antigen solution (0.1, 0.1, 0.2,
0.4, 0.5 and 1%) was inhaled into animals every three days after systemic sensitization. The
amount of histamine, leukotriene and thromboxane A2 and the number of eosinophils in
bronco-alveolar lavage fluid (BALF) were measured. The three allergic mediators are increasing
after every allergen provocation. In the separate experiments in guinea pigs, nasal resistance was
measured after allergen provocation. Apparent biphasic, acute and late phase, increase in nasal

resistance was detected in every after antigen challenge as indicated in Fig 1.

Table 1  The changes of respiratory resistance and chemical mediators in BALF after the

repeated allergen provocation in guinea pigs

Symptoms Allergen provocation

1st 9nd 3rd 4th Ath 6th

Acute phase reaction + + + + + +
Late phase reaction + + ++ 4+
Eosinophilia + + + + ++
Histamine + + + + + +
Leukotriene + + + + + +
Thromboxane A2 + + + + + +

Late phase reaction, an important cause of worsening the symptom was increased by proportional
to the antigen inhalation. This means that the worsen symptoms are caused by repeated antigen
provocation and released histamine. These basic experimental data suggest that histamine plays
multiple roles as an eliciting and aggravating factor in the chronic rhinoconjunctivitis.

Combined to many results3946) from clinical and basic researches including us, a possible

schematic role of histamine in chronic allergic rhinitis is summarized in Fig 2. Histamine plays a
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role as an inducer of symptom in acute phase and accumulator of inflammatory cells in late phase
reaction in allergic rhinitis. These evidences indicate that histamine has multiple roles in the

development of allergic rhinitis.
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Figure 1 The nasal resistance after repeated allergen
provocation in guinea pigs
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<Anti-histamines and management of Japanese cedar pollinosis>

Combined with clinical investigations and our experimental results, the importance of histamine
in allergic rhinitis is evident. In the case of Japanese cedar pollinosis, Sakata4? and other
researchers#850 reported or suggested an increase of histamine content in nasal fluid during the
cedar pollen season. Research on the histamine initially focused completely on the role in allergic
diseases and resulted in the development of several potent antihistamines which were useful for

[13

interference of certain symptoms in allergic reaction. The term anti-histamines “ or
“anti-histaminics” are commonly used for histamine H1-receptor antagonist (H1-antagonist)
because it was the first histamine antagonist. Then, the improvement of molecular biological
science revealed the existence of four histamine receptor subtypes. These four receptors were
discovered over a span of almost 100 years and each discovery provides excellent advance of
receptor pharmacology. The first actions of histamine were reported around 1910, but this before
the idea of the receptor was widely accepted. After the development of compounds that blocked the
effect of histamine, it was noted that their effects were consistent with a competition for binding at
a receptor now known as the histamine H1 receptor. Then, Ash and Schild5? reported that some
pharmacological actions of histamine were not antagonized by antihistamine. These findings led to
the researchers to suggest the existence of second subtype of histamine receptor. In 1972, Black et
al.5? defined histamine H2 receptor by using first potent histamine antagonist of gastric acid
secretion. Following the discovery of H2 receptor, a third histamine receptor (H3) was determined
by Arrang et al.5® in 1983. The H3 receptor located on nerve ending in the central nervous system
and characterized as a histamine auto-receptor, appears to play a regulation of neurotransmission
in central and peripheral neuronal systems. The histamine H4 receptor was first noted’¥ as a
sequence in genomic databases that had features of class A G protein coupling receptor. Much effort
has been paid to understand the pharmacology of H4 receptor, precious pharmacological action
induced by H4 receptor activation is not fully elucidated. However, one hint of function was evident
from the expression pattern described in the original cloning manuscript that showed a firmly
selective expression on bone marrow and hematopoietic cells. This suggests the H4 receptor may
play a role in inflammatory or immunological reactions5557, From above historical background,
many researches indicated close relationship between histamine and allergic symptoms through
different receptor subtypes as indicated in Table 2.

Whereas four kinds of receptor may play a role for the onset of allergic rhinitis, presently usual
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treatment of disease is firstly recommended to employ the H1 antagonists. Although the ideal H1
antagonist does not yet exist, many antagonists display anti-allergic activities including the
inhibition of cytokine production and immune cell activation. These effects are beneficial for the
treatment of allergic rhinitis. Recent investigations proposed a classification of H1 antagonist into
three generations according to more beneficial property on the drugs with respect to the avoidance
of adverse effect. First-generation H1 antagonists are highly lipophilic and therefore readily cross
the blood-brain barrier, contributing to adverse central nervous system effects, including sedation,
drowsiness, and decreased cognitive processing. Second generation drugs have higher specificity for
binding to H1 receptors, lower affinity for non-histamine receptors, and are low lipophilic moiety
which resulted in poor penetration of the blood brain barrier. Third generation H1 antagonists are
natural metabolites of first generation drugs, developed with the goal of improving clinical efficacy

and minimizing side-effects.

Table 2 Pharmacological actions of histamine through four receptors

Receptor Action

H1 Smooth muscle contraction, Increased vascular permeability, Increase in
¢-GMP, Pruritus, Prostaglandin generation, Decrease in A-V node conduction
time, Activation of airway vagal afferent nerves

H2 Gastric acid secretion, Increase in airway mucus secretion, Increase in C-AMP,
Esophageal contraction, Inhibition of inflammatory cell ( mast cell and

neutrophil) activation, Regulatory and suppressor T cell activation

H3 Inhibition of sympathetic nerve stimulation, Down regulation of histamine
generation

H4 Recruitment of inflammatory or immunological cell, Allergic rhinitis-induced
cough

Concerning to the second generation H1-antihistamines, they have advantageous physicochemical
properties which prevent these drugs from reaching the brain and that they therefore are selective
antagonists of peripheral H1 receptors. The general physicochemical property of H1 anti-histamine
is displayed in Fig.3 (a). They have a lipophilic moiety and cationic terminal in both sides.

Timmerman and others5860 indicated the importance of lipophilic activity of the compound for the
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passage of the blood brain barrier, brain penetration. Young et al.6V and Ter Laak et al.6?
investigated the relationship between the ratio of drug solubility in organic solvent or water and
brain penetration, then they found close relation between the solubility ratio and central nervous
effect as shown in Fig 3 (b). This is one of famous model to know the physicochemical property of

non-sedative H1 antagonist.
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Figure 3 Chemical property of H1 —antihistamine and theoretical ahility to
penetrate intocentral nervous system

In addition to the development of new drugs, new protocol, pre-seasonal administration, of
H1-antagonist is tried to protect the onset of Japanese cedar pollinosis. The pre-seasonal treatment
with anti-histamines is reasonable for the prevention of onset and growing worse the symptoms,
when considered on the role of histamine in chronic rhinitis. Some researcherss. 63:66) reported the
effectiveness of pre-seasonal administration, but the precise mechanism is not yet fully elucidated.
H1l-antagonists would act on multiple pharmacological points during acute and chronic

inflammation in cedar pollinosis.

<Sublingual immunotherapy>

Sublingual immunotherapy of allergic rhinitis is generally interesting due to its low risk of side
effects and potentially better compliance. Since standardized Japanese cedar pollen extract is
available in Japan, randomized comparative study was carried out to evaluate the efficacy and

safety of a new oral formulation (CEDARTOLEN R, Torii Pharmaceutical Co. Ltd. Tokyo Japan) by

7
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sublingual immunotherapy. Sublingual daily administration was effective for improving nasal and
ocular symptoms of Japanese cedar pollinosis and reducing the use of relief medication. No systemic
anaphylaxis occurred and only local adverse events were detected. However some questions have
remained with respect to the mechanism of desired effect and optimal dosage. Many
researcherst”7 have investigated the possible mechanism from different aspects. Author?
described the possible mechanism of immunotherapy in previous manuscript entitled “Recent
advance in immunotherapy for allergic diseases” (2014). The possible mechanism on
immunotherapy for allergic diseases is classified into three categories including 1) regulation of
allergen specific IgE antibody response, 2) reduction of inflammatory response in the tissue and 3)
alternations in allergen specific T cell response. Regarding the specific IgE response, Yamanaka et
all®, Fujimura et al.’® and Sakashita et al.16) reported close relationship between the improvement
of clinical symptoms and alteration of the ration between specific IgE and total IgE by sublingual
cedar pollen immunotherapy. In addition, researchers reported that the induction of regulatory T
cell resulted in to the reduction of IgE response and an inhibition of inflammatory cell activation
during the sublingual immunotherapy. These results are valuable to explain the efficacy of
immunotherapy with oral formulation of cedar pollen. However, the precise mechanism of the
immunotherapy is not yet fully elucidated, further researches on the mechanism in clinical efficacy

of immunotherapy are necessary.

<New agents nearing clinical application>

Applicants of new therapeutic agents are listed in Table 3. The histamine H3 receptor
antagonist?126), leukotriene B4 receptor antagonist’, prostaglandin D2 receptor antagonist?,
omalizumab (anti-IgE antibody) 2739, CpG 3436 motif and cytokine modifiers are included.

Table 3 Typical new agents nearing clinical application

Histamine H3 receptor antagonist JNJ-39220675,
PF-03654746

Leukotriene B4 receptor antagonist ONO-4057
Prostaglandin D2 receptor antagonist AM-156
Anti IgE antibody Omalizumab
CpG motif

Cytokine modifier IL-10, IL-16
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In preclinical investigations, above agents are being evaluated for their value in the treatment of
allergic rhinitis. All of them showed the improvement of allergic rhinitis symptoms in animal
models. Among them, some of them are evaluated in clinical trial and indicated the efficacy of some
kinds of allergic rhinitis. Monoclonal antibody against IgE, omalizumab has been approved to
clinical use in some countries. It can bind to serum IgE antibody in the patients, therefore resulting
the inhibition of binding the IgE to Fce receptor on mast cells or basophils. This leads the reduction
of allergic symptoms caused by combination of antigen and IgE antibody. In addition, it is able to
reduce serum IgE level after continuous therapy. A randomized controlled clinical trial showed that
the pretreatment with omalizumab was able to ameliorate the side effects of rush immunotherapy
for ragweed allergic rhinitis. This is an advanced usage of anti-IgE monoclonal antibody in allergic
rhinitis therapy if without consideration of cost effectiveness.

Some new immunological approaches for the treatment of allergic rhinitis are introduced
following by the improvement of immunological analysis of allergic diseases.

One is the participation and contribution of innate immunity for the onset of allergic condition and
the other is the elucidation of molecular mechanism of cytokine biology. These two items contain
highly scientific interesting and possibility of the improvement of clinical benefit. Further extensive
investigation in these fields is desired.
<Conclusion>

Japanese cedar pollinosis is the most popular allergic disease and considered to be a national
affliction. Several managements have been tried to treat the diseases for long time. But satisfied
treatment has not been obtained so far. Recently, two managements, pre-seasonable administration
of H1 antagonists and immunotherapy using cedar pollen extract showed relatively well advanced
improvement of the symptoms in Japanese cedar pollinosis. In addition, some new trials have been

planning for the therapy on cedar pollinosis in near future.
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