Chromalin Remodeling of IL-4 Gene Locus in Memory Th2 Cells
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Fic. 6. Intergenic ranscripts are preserved in memory Th2 cells. A, detection of non-coding intergenic transcripts of the IL-13 and IL-4
gene loci in memory Th2 cells. Freshly prepared KJ1* CD4 T cells (Fresh), memory Th2 cells (3femory), and effector Th2 (Effecior) were prepared
described in Fig. 5, and total RNA was prepared. To aveid contamination of genomic DNA, samples were treated with DNase 1. Non-coding
transcripts were determined by a semiquantifative RT-PCR analysis with 3-fold serial dilution of template cDNA. The ratios of band intensity of
the fresh and memory cells to that of effector cells are depicted in the lower panel. Three independent experiments with different T cell preparations
were performed with similar results. B, non-coding transcription in IL-4-deficient memory Th2 cells. The levels of intergenic transcription in
11-4-deficient memory Th2 cells were determined as described above. C, memory Th2 cells were prepared as in A, and stimulated with anti-TCR
mAb for 48 h in the presence or absence of 100 nm of FK506. Non-coding transcripts were assessed as in A. The ratios of band intensity of cells
after anti-TCR stimulation in the presence (+FK508) or absence (Conirol) of FK508 to that of before stimulation (no séim.) are summarized in the
lower panel. D, levels of mature IL4 and I1-13 transcripts in the cells as in C. Three independent experiments with different T cell preparations

were performed with similar results.

induced by anti-TCR stiraulation in memory Th2 cells, and
thess were found fo be significantly inhibited in the presence of
FK506 (Fig. 6D). These resulis suggest that the intergenic
transcripts of the IL-13 and IL-4 gene loci were generated by a
distinet signaling mechanism as compared with that for ma-
ture I1-13 and I1.-4 mRNA.

Histone Methylation (H3-K4) in the Long Range Region of the
IL-13 and IL-4 Gene Loci Iz Totally Preserved in Memory Th2
Cells—It has been reported that the methylation of histone
H3-K4 is well correlated with active chromatin in franscription
and some specific role in the maintenance of H3-K9/14 acety-
lation in mammalian systems (50). Consequenily, we analyzed
the methylation status of histone H3-K4 of the IL-4 and IL-13
gene loci in fresh DO11.10 Tg KJ17 CD4 T cells (F), memory
(M), and effector (E) Th2 cells using a series of primer pairs and
anti-di- and tri-methyl histone specific Abs (Fig. 7A4). The rel-
ative intensity profiles are depicted in Fig. 7B. The relative
levels of di (Me2)- or tri (Me3)-methylation at histone H3-K4 of
the IL-4 and IL-13 gene loci were low in fresh CD4 T cells, but
there was substantial methylation at the sife in memory Th2
cells and effector Th2 cells to almost equivalent levels. These
results suggest that histone methylation (H3-K4) in the long
range region of the IL-13 and I1-4 gene loci is totally preserved
in memory Th2 cells.

Memory Th2 Cell-specific Accumulaiion of Pol I Complex at
Specific Intergenic Regions (CNS1, IL-4p, and V, Enhoncer)—
Because some of the histone methyltransferase for H3-K4 func-
tionally interacted with Pol 11 (26), ChiP assay with anti-Pol II
Ab was performed. Interestingly, strong bindings of Pol II to
specific regions, i.e. CNS1 (17), IL-4 promoter (22), and V,
enhancer (27) sites, and a weak binding to the CGRE site (8)

were observed in memory Th2 cells (Fig. 7C). In addition, weak
binding of Pol IT was observed at almost all regions of the IL-4
and IL-13 gene loci in effector Th2 cells. Although nineteen
regions throughout the IL-13 and IL-4 gene loci were analyzed,
the strong binding of Pol IT was observed at only these three
sites in memory Th2 cells (Fig. 7C). We algo tested additional
12 sites within the region, but found no additional strong sites
(data not shown). The binding of TFIIB was observed at the
same three strong binding sites for Pol II (CNS1, IL-4p, and V,
enhancer; Fig. 7D). These results indicate that highly re-
gtricted accumulation of Pol II complex to specific sites is
unique to memory Th2 cells, and may play a role in the main-
tenance of intergenic iranscription and hiztone methylation
(H3-K4) in the IL-13 and IL-4 gene loci in memory Th2 cells.

DISCUSSION

In the present study, we investigated the molecular basis for
the maintenance of Th2 cytokine production in memory Th2
cells using in vivo generated OVA-specific memory Th2 cells.
These memory Th2 cells appeared to have typical memory Th2
cell phenotypes as evidenced by the prompt proliferation upon
restimulation with a low dose antigen (Fig, 1C) and the pro-
duction of large amounts of Th2-specific cytokines (Fig. 2).

It iz known that IL-4-induced STATE activation and the
subsequent induction of GATAS protein are essential for chro-
matin remodeling including histone hyperacetylation in devel-
oping ThZ cells (22). In developed ThZ cells, the production of
IL-4 and IL-13 is not dependent on 114 (51, 52). Here, we
assessed the role for 114 in the generation and the mainte-
nance of memory Th2 cells, and found that 114 is dispensable
(Fig. 4). In addition, the expression of GATAS protein may not
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Fic. 7. Histone methylation (H3-K4) in the long-range region of the IL-13 and IL-4 gene loci and accumulation of Pol II complex

in memory Th2 cells. A and B, histone H3 (K4) methylation of

the IL-13 and IL-4 gene loci in memory Th2 cells. Anti-dimethyl- or

anti-{rimethyl-histone H3 (K4) antibodies and the indicated specific primer pairs were used. Shown are the PCR product bands for each primer
pair (4) and Me2/Input (B, upper) and Me3/Input ratio (B, lower). Three independent experiments were done with similar results. C, binding of
Pol 11 to highly restricted sites of the JL-4 and IL-13 gene loci in memory Th2 cells. ChIP assay was performed using anti-Pol II antisera and
indicated specific primer pairs. D, ChIP assay was performed using anti-Pol II and anti-TFIIB antisera. PCR was performed with 3-fold serial

dilution of template genomic DNA.

have an important role in the process becsuse the protein
expression level of GATA3 was marginal at best in the memory
Th2 cells (Fig. 5C). However, our study revealed that the Th2-
specific remodeled chromatin in the IL-13 and IL-4 gene loci
was preserved in memory Th2 cells (Figs. 3 and 7, A and B).
The upstream boundary of the hyperacetylation at the CGRE
site and the levels of acetylation in each region assessed by a
series of primer pairs were almost perfectly maintained (Fig.
3C). Thus, the molecular mechanisms that govern the mainte-
nance of the remodeled chromatin in the IL-13 and IL-4 gene
loci in memory Th2 cells appear to be distinct from those for the
induction of chromatin remodeling.

As for the mechanisms responsible for the maintenance of
remodeled chromatin, the transcriptional events including con-
tinuous intergenic {ranscription may play an important role
(Fig. 6). The non-coding transcription of the IL-13 and IL-4
gene loci, particularly that of downstream regions of CNS1 was
well preserved in memory Th2 cells, and it was Insensitive to
FK506 (Fig. 6C), suggesting that the non-coding regions are

transcribed by a distinct mechanism from that for mature
mRNA for IL-4 and IL-13. Interestingly, we identified highly
restricted unique accomulation of Pol II complex at three in-
tergenic regions (CNS1, Il-4p, and V; enhancer) (Fig. 7, C and
D). These are located in the region where the intergenic tran-
seripts were perfectly preserved in memory Th2 cells (down-
stream of the CNS1 site), and thus this could account for the
continuous generation of bigh level intergenic transcripts ob-
served in the region. Similar highly resiricted localization of
Pol I within a locus control region was reported in the 8-globin
gene (53). As Pol IT is known to associate with histone-modify-
ing enzymes (26), Pol II localization within a locus control
region may have also a specific role in histone modification,
such as H3-K4 methylation and H3-K9/14 acetylation.
Site-specific histone methylation appears to play also an
important role in transcriptional regulation (29). Methylation
of H3-K4 disrupts binding of the nucleosome remodeling and
deacetylase (NuRD} complex to H3 tails, thereby preventing
targeted histone deacetylation catalyzed by the NuRD complex
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(54, 55), The SET domain of MLL, a human homolog of Dro-
sophila trithorax, is reported 1o be an H3-K4-specific methyl-
transferase, and the disruption of MLL SET domain reduced
histone acetylation levels of the Hox 8 gene locus in mouse
embryo fibroblasts (50, 56). More recently, several groups have
demonstrated that the yeast Setl and Set2 H3-K4d-specific
methyltransferase complexes interact with Pol IT (26). Thus, it
is also probable that methylation of histone H3-K4 residues is
important for the mainienance of the intergenic transcripts.
Taken together, although we do not know the precise role of the
accumulation of Pol II in a certain restricted regions at this
time, intergenic transcription, methylation of histone H3-K4,
and hyperacetylation of histone H3-K9/14 appear to be critical
active events for maintaining the histone modification of the
IL-4 and IL-13 gene loci in memory Th2 cells.

In conirast to the IL-13 and IL-4 gene loci, the level of
histone hyperacetylation of the IL-5 gene locus was dramati-
cally decreased in memory Th2 cells as compared with those of
effector Th2 cells (Fig. 34). Also I1-4 dependence was ohserved
in the histone hyperacetylation of the I1-5 gene locus (Fig. 4D).
Furthermore, di- and tri-methylation of H3-K4 was not ob-
served at the IL-5 locus in memory Th2 cells.? However, al-
though the production of IL-5 after antigenic restimulation was
slightly decreased in I1.-4-deficient memory Th2 cells, substan-
tial amounts of IL-5 were produced upon restimulation (Fig.
4C). The acetylation levels of histone H3 in the IL-5 locus were
rapidly increased after TCR restimulation in memory Th2
cells.? The kinetics of induction of histone acetylation of the
IL-5 gene locus appeared to correlate with the kinetics of the
expression levels of GATAS protein after anti-TCR stimulation
(shown in Fig. 5D), suggesting that histone acetylation of the
IL-5 gene locus in memory Th2 cells remained highly depend-
ent on GATAS3. This suggests that the control mechanisms for
the transeriptional memory of the IL-5 gene are clearly distinct
from that of the IL-4 and IL-13 gene loci. Similarly, hyperacety-
lation of the IFNy promoter region was not preserved in mem-
ory Thl eells (Fig. 38 and Supplemental Fig. 2). Further in-
vestigation is required fo address the precise mechanisms that
control the maintenance of remodeled chromatin of the IL-5
and IFNy gene loci in memory T cells.

Another unexpected but interesting result is that substantial
levels of mRNA of GATAS were detected in the freshly isolated
memory Th2 cells (Fig. 54). The transeription of GATAS is
maintained in the absence of Ii-4 (Fig. 5B). These results
indicated that the transcriptional induction of GATA3 in mem-
ory Th2 cells is independent on IL-4. Murphy and co-workers
(57) reported that the expression of GATAS3 is controlled by
antoactivation. Twe distinct promoters (FGATA3a and GATAS36)
control the expression of GATA3 (49). A newly identified pro-
moter GATA3a is suggested 1o be responsible for GATA3-de-
pendent GATA3 transcription (GATA3 autoactivation). It is
possible that the IL-4-independent transcription of GATA3 in
memory Th2 cells is mediated by GATA3 auntcactivation. How-
ever, only trace levels of transcripis from the GATA3a were
detected in memory Th2 cells (Fig. 5A) and the protfein expres-
sion of GATA3 was marginal (Fig. 5C). Thus, the maintenance
of GATAS transcription in memory Th2 cells may not be ex-
plained by the action of the newly identified GATA3q promoter.
Although the mechanism to account for the high level tran-
scription of the GATAS gene in memory Th2 cells is not com-
pletely known, it appears to be clear that chromatin remodeling
of the GATA3 gene locus is induced during the Th2 cell differ-
entiation and that it is mainiained in the memory Th2 cells in
an IL-4-independent manner. Furthermore, the protein expres-

2T, Nakayama and M. Y hita, unpublished observation,
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sion level of GATA3 in memory Th2 cells was very low and
comparable to those of naive T eells (Fig. 5C), suggesting the
presence of post-transcriptional regulation of GATAS in mem-
ory Th2 cells. Following anti-TCR mAb restimulation of mem-
ory Th2 cells, the GATAS protein expression is rapidly induced
(Fig. 5D). This may account for the great amounts of Th2
eytokine production including I1-18 and IL-5 (Fig. 2), whose
transeription is highly sensitive to GATAS (58, 59).

Only weak association of Pol II was observed at the CGRE
site, 71 bp of CGRE at 1.6-kbp upstream of the IL-13 locus exon
1 (Fig. 7C). We previously proposed that the CGRE plays a
crucial role for GATA3-mediated targeting and downstream
spreading of core histone hyperacetylation within the IL-13
and IL-4 gene loci in developing Th2 cellg (22), The binding of
Pol 11 to this site iz dependent on GATAS3 (22). Since GATA3
protein was not highly expressed in resting memory Th2 cells,
Pol I1 may fail to associate CGRE site. However, histone H3-K4
was highly methylated at the CGRE site (Fig, 7B), suggesting
that unique molecular events in chromatin of this particular
region are taking place.

Memory CD4 T cells can be subdivided into {wo distinct
subsets based on the expression level of CD62L (48). The
CD62L*°" memory subset (effector memory) functionally re-
sembles to effector cells that exhibit hyperresponsiveness to
anti-CD3 and antigenic stimuli, high proliferative capacity,
and rapid activation kinetics. The CD62L**® memory subset
(central memory) exhibits hyporeponsiveness to anti-CD3 and
antigen stimuli, lower proliferative capacity, and slower acti-
vation kinetics (60). We have confirmed that the proliferative
activity of the effecior memory Th2 cells is higher than that of
CD62LMe* central memory population? We observed the
CD621°% effector memory Th2 cells produced higher levels of
1L-5 compared with CD62LY5" central memory Th2 cells in
response to antigens, whereas IL-4 production was slightly
lower and 11.-13 production was equivalent (Supplemental Fig.
30C). Interestingly, the levels of histone H3-K9/14 acetylation of
the Th2 cytokine gene loci were eguivalent between these two
subpopulations (Supplemental Fig. 3). Although the acetyla-
tion status of histones in the /L-13 and IL-4 gene loci is not
different, it will be of interest to explore the difference in the
chromatin status of effector and central memory T cells.

In summary, memory Th2 cells maintain a unigue Th2-
specifc remodeled chromatin in the IL-4 and IL-13 gene loci,
characterized by H3-K9/14 hyperacetylation and H3-K4 meth-
ylation associated with non-coding transcription and unigue
RNA Pol II accumulation in an IL-4-independent manner. The
maintenance of the remodeled chromatin structure in the IL-13
and JL-4 gene loci in memory Th2 cells appears to be mediated
by active molecular events that are distinet from those that
operate during the induction of chromatin remodeling in devel-
oping ThZ cells.
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Treatment options for children with allergic rhinitis

K. Masuyama

Department of Otolaryngology, Faculty of Medicine, University of Yamanashi, Yamanashi, Japan

Summary

Allergen avoidance, pharmacotherapy, immunotherapy and surgical procedures are indicated for
the treatment of allergic rhinitis (AR) in children. Antihistamines are the usual pharmacothera-
peutic option; however, second-generation antihistamines are of limited availability in Japan.
Immunotherapy is the only strategy that can offer remission or cure of paediatric AR.

Keywords Allergen avoidance, immunotherapy, laser surgery, pharmacotherapy, second-
generation antihistamines, topical corticosteroids

Introduction

The principles of treatment of allergic rhinitis (AR) in
children are similar to those applied in adult patients.
Current practical guidelines for the treatment of AR in
Japan [1] recommend allergen avoidance measures, pharma-
cotherapy, immunotherapy and surgical procedures.
The goals of therapy, dependent on the patient’s disease
profile, include elimination or reduction of symptoms so as
not to disturb the patient’s daily life, with little need for
rescue medication; control of symptoms with low
frequency or short duration of exacerbations; and absence
of triggering of symptoms by nasal allergen provocation.
Children with AR usually present with the following
characteristics: males are more affected than females, and
paediatric AR patients probably have symptoms through-
out the year due to house dust mite allergen. In addition,
the child’s nose is often anatomically narrow and easily
obstructed with congestion, leading to nasal blockage.

Treatment

A range of treatments has been developed for AR in
children. Good doctor communication with patients and
their guardians is essential. Elimination and avoidance of
allergen, pharmacotherapy, allergen-specific immunother-
apy and surgical procedures are recommended manage-
ment strategies. Treatment options for allergic rhinitis are
summarized below [1]:
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Otolaryngology, Faculty of Medicine, University of Yamanashi,
Tamaho, Yamanashi 409-3898, Japan.
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1 Communication with patients;
2 Elimination and avoidance of allergens:
® mites: cleaning, dehumidification, impermeable
covers, etc.
® pollen: wearing masks, glasses, etc.
3 Pharmacotherapy:
® antihistamines:
(topical, oral)
antileukotrienes, antithromboxane A, (oral)
mast cell stabilizers (topical, oral)
corticosteroids (topical, oral)
autonomotropic agents (alpha-adrenergic, anticholi-
nergic)
4 Specific immunotherapy (conventional, rush)
5 Surgical procedures:
® cautery: electrical, laser, chemical (trichloroacetate);
® resection: deviatomy, conchotomy, submucosal
turbinectomy; and
® lateral posterior inferior nerve neurectomy, vidian
neurectomy, etc.

first-generation, second-generation

Allergen avoidance

The first step towards controlling AR is to reduce or avoid
exposure to allergen. The Japanese practical guidelines [1]
include useful tips on how to take measures to reduce
house dust mite and pet allergens in the home.

Pharmacotherapy

Medical therapy is recommended according to the severity
and type of AR in Japanese patients. Table 1 shows some
treatment choices for AR in adults. In moderate cases with
symptoms of sneezing and runny nose, second-generation
antihistamines, mast cell stabilizers and intranasal cortico-
steroids are recommended. Concomitant topical corticoster-
oids may be used with antihistamines or mast cell

27
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Table 1. Treatment of allergic rhinitis in adults. Medicines are stepped down when nasal symptoms are well conirolled after several months of

treatment (adapted with permission from Baba et al. [1])

Severity

Mild Moderate

Severe

Symptoms: sheezing
and rhinorrhea

Symptoms: nasal
obstruction

Symptoms: Sneezing

and rhinorrhea Symptoms: nasal obstruction

Treatment 1. Second-generation

antihistamines

1. Second-generation
antihistamines

2. Mast cell stabilizers
3. Topical steroids

2. Mast cell stablilizers

Either 1,2 0r 3
Combine 3 with either
1 or 2 if necessary

Either 1 or 2

1. Antileukotrienes

Topical steroids
+ second-
generation
antihistamines

Topical steroids +
antileukotrienes or anti-TXA,

2. Anti-TXAg
3. Topical steroids

Topical decongestants
for < 5-7 consecutive days
as necessary

Either 1,2 or 3
Combine 3 with either
1 or 2 if necessary

Surgical procedures

Specific immunotherapy

Elimination and avoidance of allergen

stabilizers if necessary. In contrast, in moderate cases
with nasal blockage antileukotriene or antithromboxane A,
is recommended. Intranasal corticosteroids are the first-
choice recommendation in severe cases. In addition, second-
generation antihistamines are prescribed in patients with
sneezing and runny nose, while antileukotriene or antithrom-
boxane A, are indications for those with nasal blockage.

The anti-allergic medicines, including Th2 cytokine
blocker, available in Japan are listed in Table 2. However,
not all the medications available for the management of

Table 2. Anti-allergic medicines for allergic rhinitis in Japan

AR in adults are indicated for use in children. Among
second-generation antihistamines only ketotifen and
mequitazine are currently available for use in paediatric
patients in Japan.

Mast cell stabilizers such as cromoglycate disodium,
tranilast and pemirolast are approved for use in children
in Japan. Cromolyn sodium is applied topically; tranilast
and pemirolast are administered orally.

Intranasal corticosteroids are highly effective in relieving
AR symptoms such as sneezing, rhinorrhoea and nasal

Generic name (Brand name)

Administration

Antihistamines
(second-generation)

Ketotifen (Zaditen)*
Oxatomide (Celtect)

Azelastine (Azeptin)

Mequitazine (Zesulan, Nipolazine)*
Emedastine difumarate (Daren, Remicut)
Epinastine hydrochloride (Alesion)

Ebastine (Ebastel)

Cetirizine hydrochloride (Zyrtec)
Levocabastine hydrochloride (Livostin)
Bepotastine besilate (Talion)
Fexofenadine (Aliegra)

Olopatadine (Allelock)

Loratadine (Claritin)

Antileukotrienes
Antithromboxane Ap
Mast cell stablilizers

Pranlukast hydrate (Onon)
Ramatroban (Baynas)
Sodium cromoglycate (Intal)*

Tranilast (Rizaben)*
Amlexanox (Solfa)

Pemirolast potassium (Alegysal, Pemilaston)*
Suplatast tosilate (IPD)

Th2 cytokine inhibitors

Oral, topical
Oral

Oral

Oral

Oral

Oral

Oral

Oral

Topical

Oral

Oral

Oral

Oral

Oral

Oral
Topical

Oral

Oral, topical
Oral

Oral

*Available for children.

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Allergy Reviews, 4:27-29
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blockage. In Japan, beclomethasone dipropionate (for
children aged > 6 years) and fluticasone propionate (> 5
years) are currently available.

In children with AR complicated with asthma and in
moderate or severe cases of adult AR of nasal blockage
type, antileukotriene or antithromboxane A, are recom-
mended.

Immunotherapy

Double-blind placebo-controlled studies have suggested that
immunotherapy may be efficacious against allergies towards
bee venom, pollens, mites, cat dander, and molds [2]. Ohashi
et al. [3] reported that 5-10 years’ immunotherapy in
children may lead to suppression of interleukin (IL)-4 and
specific IgE antibodies. Conventional immunotherapy
requires frequent injections up to maintenance doses, with
some minor reported risk of anaphylactic reactions. How-
ever, this therapy is currently the only means offering long-
term remission or cure of AR.

Surgery

Surgical procedures in the AR setting are recommended
only in certain patients such as those with severe nasal
obstruction due to inferior turbinate hypertrophy and/or
nasal septum deviation. However, such procedures are very
limited in children for anatomical reasons. Of the available
methods, laser surgery is easily conducted in children.
Kubo has shown good relative effectiveness of laser sur-
gery in children aged < 12 years compared with adults in
terms of better improvement of nasal symptoms after

2 years of surgery (N. Kubo, personal communication
2003). However, the precise mechanism for this is not clear.

Conclusions

The first step in controlling nasal symptoms is to eliminate
or avoid environmental allergens. Pharmacotherapy should
be based on the severity and type of AR. Antihistamines
control sneezing and rhinorrhoea effectively but are less
effective against nasal blockage. However, these medica-
tions currently are of only limited availability for children
in Japan. Topical corticosteroids are highly effective in
controlling most nasal symptoms and are available for
use in children aged > 5 years. Immunotherapy is the only
measure that currently might offer remission or cure of AR

‘and thus should be considered in appropriate cases.

Further research aimed at minimizing the risk of systemic
adverse reactions to conventional immunotherapy will help
popularize the use of this option.
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