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cells/mL, respectively (P =0.78). Interestingly, accumulation of
eosinophils in control and LFK groups were 2.53 x 10° and
1.63 x 10° cells/mL, respectively (P = 0.013). Compared with a
decrease in the number of eosinophils, the number of lympho-
cytes increased in LFK-treated mice (sce Fig. 2).

Dose-dependent effect of LFK on peritoneal accumulation
of eosinophils in ragweed pollen allergen-sensitized mice

As shown in Fig. 3, the total number of accumulated cells in
control mice and 4 mg, 23 mg and 60 mg LFK -treated mice were
1.47 x 105, 1.66 x 10°, 1.52 x 10° and 1.53 x 10° cells/mL, re-
spectively. No significant difference was observed among all
groups (P=0.96). Accumulalion of eosinophils in control
mice and 4mg, 25mg and 60mg LFK-treated mice was
2.76 x 10°, 2.92 x 10°, 2.55 x 10° and 1.60 x 10° cells/mL, re-
spectively. Tt was inclined to be a dose-dependent fashion in
combating eosinophil accumulation (P=0.14), but LFK did
not have any effect on the number of neutrophils, monocytes
and lymphocytes among each group.

Discussion

Over the past few decades, the role of intestinal microflora, such
as several strains of LAB in priming the immune system during
ontogeny to limit allergy, has been brought to attention [l1].
Epidemiological studies have demonstrated a higher incidence
of allergy expression in early childhood among children who
have low enteric populations of LAB, supporting the notion
that appropriate micrabial colonization of the gut can lower the
risk of developing allergy (11, 12]. There is also clinical evidence
that appropriate gut-colonizing microbes can control the devel-
opment of atopy [13, 14]. Further studies, utilizing splenocytes
derived from allergen-primed mice, have demonstrated that the
inclusion of LAB cells in allergen-stimulated cell cyltures can
increase production of IFN-y, but reduces levels of allergen-
driven IL-4, IL-5 and IgE [15, 16).

Extensive experimental studics and clinical investigations
have implicated eosinophils in the pathogenesis of allergic dis-
eases. Eosinophil accumulation into inflammatory sites should
be viewed as a characteristic phenomenon of allergic inflam-
mation [9]. In the present study, it has been demonstrated
that LFK, a preparation of lysozyme treated and heat-
killed E. faecalis FK-23 strain, inhibited the ragweed pollen

108 sensitized mice. Each value represeants
mean £+ 3D of six mice.*P =0.95, **P=0.14, as
compared with control,

allergen- induced peritoneal accumulation of eosinophils and
was inclined to be in a dose-dependent fashion in mice. How-
ever, FK23, a preparation of heat-killed E. faecalis FK-23
strain, did not show the same inhibition (data not shown).
Interestingly, LFK and FK23 were differently treated prepar-
ations from the same strain of E. faecalis FK-23.

Although some attempts have been made to study the mech-
anism of LFK on inhibition of eosinophil accumulation, it
remains uncertain. We have found that lysozyme treatment of
the cell-wall compound of E. faecalis FK-23 could inhibit the
peritoneal accumulation of eosinophils in mice [17]. In addition,
LFK has an obvious effect on decreasing serum ovalbumin
(OVA)-specific IgE levels, but not OV A-induced total IgE levels
in experimental mice (data not shown). Furthermore, in a recent
clinical study, we have observed that LFK could decrease the
peripheral blood cosinophils and improve the tuberculin re-
sponses in patients with perennial allergic chinitis (unpublished
data).

Taken together, it is likely that LFK can prevent the over-
expression of Th2-dominated immune responses. Also, alter-
ation of gut mucosal immunity after LFK oral treatment might
explain our finding. Further research on the molecular mechan-
ism of LFK in combating eosinophilia and allergy is needed to
clarify the association of orally delivered LAB and anti-allergy
immunoregulation.
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Polymorphism of SLCI11A1 (Formerly
NRAMPI) Gene Confers Susceptibility
to Kawasaki Disease
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Since its first description in Japan >30 years ago, Kawasaki
disease (KD} has been reported worldwide. Although an in-
fectious etiology is suspected based on the epidemiology and
clinical features, a causative agent has not been identified. The
disease is more frequent in children of Japanese ancestry, and
siblings of children with KD have a significantly greater risk
of developing KD than do children of the same age in the
general population. This suggests a possible genetic suscep-
tibility to KD. Results of this study showed that allefe 1 of the
5 promoter (GT)n repeat in the SLCI11A! (formerly NRAMPI)
gene, which endows the gene with a weak promoter activity,
was highly represented in patients with KD. This suggests
possible explanations for both the infectious etiology of this
disease and the genetic risk in the Japanese population.

Kawasaki disease (KD) is an acute multisystem vasculitis that
occurs in infants and children [1]. The diagnostic criteria for
KD include fever for =5 days, typically with at least 4 of the
following 5 clinical features: bilateral conjunctival injection
without purulent discharge; inflammatory changes of the lips
and “strawberry” tongue; changes of the peripheral extremities,
particularly redness and swelling of the hands and feet with
subsequent periungual desquamation; rash, primarily truncat
and taking many forms, but nonvesicular; and cervical lymph-
adenopathy, usually unilateral, :
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Since 1970, nationwide epidemiologic surveys have been
conducted biennially in Japan with the cooperation of medical
facilities throughout the country. Three nationwide epidemics
of KD occurred in Japan in 1979, 1982, and 1986 [2]. KD is
clearly overrepresented in children of Asian background, both
in Asia and North America, In 2001, Yanagawa et al. (3] re-
ported an annual attack rate in Japan of 140/100,000 children
aged <3 years, which is higher than the rate in US whites and
blacks (~10/100,000 children aged <3 years) [4]. The KD attack
rate for US Asians and for Pacific Islanders in San Diego County
and Hawaii is 3 times higher than that in US white children
[4, 5]. Siblings of children with KD have a significantly greater
risk of developing KD than children of the same age in the
general population, which suggests a possible genetic risk. How-
ever, the basis of genetic susceptibility remains unclear.

The epidemic nature, seasonal distribution, and clinical fea-
tures suggest an Infectious etiology of this disease. Multiple agents
have been implicated, including Streptococcus, Staphylococcus,
Yersinia, and Rickettsia organisms, viruses, and environmental
chemicals. However, none has been conclusively demonstrated
to be causative. The activation of T cells, B cells, and monocytes
and/or macrophages is well known in KD and suggests a gen-
eralized immune activation. Previous studies suggest that im-
munoregulatory abnormalities may centribute to its pathogen-
esis, and one of the significant clinical features of KD is local
inflammatory reactivation of a previous bacillus Calmette-Guérin
(BCG) inoculation site, a specific and early manifestation of KD
(2, 6], which shows an erythematous indurated plaque with ac-
tivated macrophages at the skin lesion, although no evidence of
active mycobacterial infection has been observed.

In laboratery strains of inbred mice, resistance and/or sus-
ceptibility to the growth of BCG is controlled by locus Beg.
Subsequently, a gene called SLC11A1 (formerly NRAMPI) was
identified in the locus that controls resistance to BCG and other
intracellular parasites, and the human homologue was subse-
quently isolated (7, 8]. SLCIIA! regulates the cascade of gene-
inductive events that follow interaction of macrophages with
bacterial lipopolysacchatide (LPS) and/or natural killer cell- or
T cell-derived interferon (IFN}—y. The gene has multiple plei-
otropic effects, including regulaticn of interleukin-18, tumor
necrosis factor—c, and major histocompatibility complex class
I1 molecules [9]. Several polymarphic variants have been found
in the human SLCIIAI gene promoter, which may change
many different aspects of macrophage function and many cyto-
kine responses [10, 11]. KD has unique properties of macro-
phage and cytokine responses in the acute phase, Here we
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present evidence that the polymorphism at the human SLC11AI
gene promoter confers susceptibility to KD.

Materials and methods. Blood samples were obtained
from 71 Japanese patients with KD and 110 age- and sex-
matched healthy Japanese volunteers residing in the same re-
gional area (Yamaguchi Prefecture, Japan). The diagnosis of KD
was based on criteria described elsewhere [2].

Leukocyte DNA was extracted by use of the Wizard genomic
DNA purification kit (Promega), and 50 ng was used in a
polymerase chain reaction (PCR). The 5'-promoter (GT)n was
genotyped by PCR with primers 5-GTC TTG GAA CTC CAG
ATC AAA G-3' and 5-TTG CAT ATT CAT GTC AAT ACC C-
3. PCR was done under the following conditions: denaturation
at 95°C for 2 min followed by 30 cycles of denaturation at 95°C
for I min, annealing at 60°C for 1 min, and extension at 72°C
for 2 min. PCR was terminated by extension at 72°C for 7 min
followed by cooling to 4°C.

Three alleles, 134 bp (designated as “allele 1), 132 bp {“allele
2"), and 130 bp (“allele 3”), were identified in the Japanese
population and imaged by use of an automated DNA sequencer.
Exonl5, Asp543Asn (D543N), and the deletion of the 3-un-
translated region (3-UTR D/I) were genotyped by PCR with
the primers 5-GCA TCT CCC CAA TTC ATG GT-3 and 5'-
AAC TGT CCC ACT CTA TCC TG-3 with the following con-
ditions: denaturation at 95°C for 2 min followed by 35 cycles
of denaturation at 95°C for 1 min, annealing at 58°C for 1 min,
and extension at 72°C for 2 min. PCR was terminated by ex-
tension at 72°C for 7 min followed by cooling to 4°C. Restric-
tion-endonuclease digestions were then done by using Avall
and Fokl under conditions recommended by the supplier (New
England Biolabs). Restriction enzyme digestion products were
resolved by electrophoresis on 12% polyacrylamide gels stained
with ethidium bromide. Avall cleaves the Asp alleles of exon
15 into 3 products of 126, 79, and 39 bp and the Asn alleles
into 2 products of 201 and 39 bp. Fokl cleaves the —TGTG
allele of the 3-UTR region into 211 and 33 bp and does not
cleave the +TGTG allele.

We estimated the power of this study by using the formula
described by Ohashi et al. [12]. OQur study had about 80% power
(at the .05 level) to detect an allelic association with a sample
size of 71 cases and 110 control subjects, assuming that the
frequency of risk allele in control subjects is 0.03 and its relative
risk is 3.35. (Under these conditions the incidence of KD is
calculated to be 0.0014 in dominant model.} We used the
Fisher's exact test to assess the association between the poly-
morphisms and the disease. Contingency table analysis, odds
ratios, 95% confidence intervals, and significance values were
estimated by use of computerized methods (SPSS program vers.
10.1)). In the 5-promoter polymorphism, we also estimated
empirical P values by use of the Monte Carlo methed, using
the CLUMP program with 100,000 stimulations [13]. Corrected

P values with the number of alleles (Pc¢) <.02 were considered
to be statistically significant.

Results. 'We conducted a genetic association study in a
Japanese population to determine whether variants of SLCI1Al
relate to KD. We studied 71 Japanese children (48 boys and 23
girls) who were diagnosed with KD at ages 0-5 years and 110
healthy children (control subjects) without a history of KD
who were matched by age and sex. No significant difference
was observed in age or ratio of sexes between patients and
control subjects. Table 1 shows gene frequency of genotypes of
the 3-UTR region, exon 15 region, and 5'-promoter (GT)n
region in children with KD and in control subjects. No asso-
ciation was found between KD and distribution of the variants
¥-UTR D/l (P = .834) and exon 15 Asn543Asp (P = .834).
However, the association of the distribution of the 5-promoter
(GT)n region and KD was significant, and the gene frequency
of allele 1 of the 5'-promoter (GT)n was significantly higher in
patients with KD than in control subjects (P = .0074).

Discussion.  We investigated genetic associations in a Jap-
anese population to determine whether variants of SLCI1A1
relate to KD, a disease for which the eticlogy and genetic sus-
ceptibility remain unclear. To date, 11 variants including 5 cod-
ing regions, 3 in the introns, 2 in the 3-UTR, and 1 in the 5
promoter region) have been identified in SLCI1Al. Among
these, only 2 of the polymorphisms were predicted to cause
amino acid substitution in A318V, an alanine-rvaline substi-
tution, and in D543N, an aspartic acid—asparagine substitu-
tion [8].

We genotyped the D543N polymerphism because this could
affect protein function by substituting a negatively charged amino
acid with an uncharged residue in the cytoplasmic carboxy ter-
minal domain and could possibly alter the macrophage function.
Another polymorphism on which we focused is a Z DNA-form-
ing polymorphic {GT)n repeat 250-300 bp upstream of the tran-
scription start site, designated here as the 5-promoter (GT)n 14,
which may be a functional polymorphism at the transcription
level [10]. In addition to these possibly functional polymor-
phisms, a 4-bp deletion polymorphism in the 3-UTR region,
designated here as 3-UTR D/I, was genotyped. The physiologic
effects of sequence polymorphisms in the 3¥-UTR are not fully
understood, although there are regulatory elements for several
genes within the 3-UTR.

D543N and 3-UTR D/I appeared to be in absolute linkage
disequilibrium, and no association was found between KD and
D543N and 3-UTR D/L. In contrast, in this study, the gene
frequency of allele 1 of S-promoter (GT)n was 0.032 in the
control children and 0.113 in the KD patients, which indicates
a significant association of the 5-promoter (GT)n with suscep-
tibility of KD. Allele 1 frequency was previously reported to be
0.022 in adults in an area of Japan remote from the region in
our study [14]. Elsewhere the allele t frequency is 0.001, 0.021,
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of the host is regulated by level of SLCIIAI gene expression.
The high incidence of KD in Asians may be due to a high
genetic susceptibility to this pathogen.

Acknowledgments

We thank T. Yoshida, M. Fujiwara, T. Matsubara, and §.
Furukawa of the Japan Kawasaki Disease Research Group
for help with sample collection, clinical information, and
critical review of the study proposal.

References

1. Kawasaki T. Acute febrile mucocutaneous syndrome with lympheid in-
volvernent with specific desquamation of the fingers and toes in children:
clinical observations of 50 cases [in Japanese]. Arerugi 1967; 16:178-222.

2. Yanagawa H, Nakamura Y, Ojima T, Yashiro M, Tanihara §, Oki 1.
Changes in epidemic patterns of Kawasuki disease in Japan. Pediaer
Infect Dis ] 1999; 18:64-6.

3. Yanagawa H, Yashiro M, Oki I, Nakamura Y, Tuohong Z. Thirty-year
observation of the incidence rate of Kawasaki disease in Japan [abstract
SAIl] In: Program and abstracts of the 7th International Kawasaki
Disease Symposium {Hakone, Japan), 2001:31.

4. Bronstein DE, Dille AN, Austin JP, Williams CM, Palinkas L, Burns
JC. Relationship of climate, ethaicity and socioeconomic status to Ka-
wasaki disease in San Diego County, 1994 through 1998. Pediatr Infect
Dis J 2000; 19:1087-91.

11

12,

13.

14,

15.

. Holman RC, Shahriari A, Effler PV, Belay ED, Schonberger LB. Ka-

wasaki syndrome hospitalization among children in Hawati and Con-
necticut. Arch Pediatr Adolesc Med 2000; 154:804-8.

. Hsu YH, Wang YH, Hsu WY, et al. Kawasaki disease characterized by

erythema and induration at the bacillus Calmette-Guérin and purified
protein derivative inoculation sites, Pediatr Infect Dis ] 1987; 6:576-8.

. Kishi F Isolation and characterization of human NRAMP cDNA. Bio-

chem Biophys Res Commun 1994;204:1074-80.

. Lin J, Fujiwara TM, Buu NT, et al. Identification of pelymorphisms and

sequence variants in the human homologue of the mouse natural resis-
tance-associated macrophage protein gene. Am J Hum Genet 1995;56:
845-53.

. Skamene E. The Beg gene story. Immunobiology 1994; 191:451-60.
. Blackwe!l JM, Barton CH, White JK, ¢t al. Genomic organization and

sequence of the human NRAMP gene: identification and mapping of
a promoter region polymorphism. Mol Med 1995;1:194-205.

Searle S, Blackwell JM. Evidence for a functional repeat polymorphism
in the promoter of the hurnan NRAMPI gene that correlates with au-
toimmune versus infectious disease susceptibility. ] Med Genet 1999; 36:
295-9.

Ohashi J, Yarnamoto S, Tsuchiya N, et al. Comparison of statistical power
between 2 X 2 allete frequency and allele positivity tables in case-control
studies of complex disease genes. Ann Hum Genet 2001;65:197-206.
Sham PC, Curtis D. Monte Carlo test associations between disease and
allele at highly polymorphic loci. Ann Hum Genet 1993;5%:97-105.
Gao PS, Fujishima §, Mao XQ, et al. Genetic variants of NRAMP! and
active tuberculosis in Japanese populations. Clin Genet 2000; 58:74-6.
Yang ¥$, Kim §J, Kim JW, Koh EM. NRAMP gene polymorphisms in
patients with rheamatoid arthritis in Koreans. ] Korean Med Sci 2000;
15:83-7.

BRIEF REPORT + JID 2003:187 (15 January) * 329



Table 1.
in control subjects {# = 110).

SLC71A1 gene polymorphisms in Japanese children with Kawasaki disease {(m = 71} and

Kawasaki disease

Control subjects

Characteristic (frequency) {frequency} P
No. of boys/no. of girts 48/23 69/41
Mean age, years 1.80 2.09
Genotype
JUTR O/
D/D 2 2
Dt 13 18
I/l 56 S0 .B34
Exon15 Asn543Asp
AsnfAsn 2 2
Asn/Asp 13 18
AspfAsp 56 20 .834
§-promoter (GTIn repeat allelic distribution
Allele 1 16 {€.3113) 7 (0.032)
Allele 2 19 (0.134) 321(0.177)
Allale 3 107 {0.754) 174 (0.790) .00739; .06598°
Genotypic distribution
Allele (1,1} 1 0
Allels 11,2) 4 2
Allele (1,3) 10 5
Allele (2,2) 4 3
Allela (2,3) 7 N
Allele {3,3) 45 €9 .00270; .00340°
Allele (1,1) + allele {1,2) + allele (1,3) 15 7 01367
Allele (2,2} + allele {2,3) + allsle (3,3} 56 103 Reference

NOTE. UTR, untransiated regien.
* Fisher's exact test.

b p value for T1 statistic obtained with Monte Carlo simulation [13]. x? = 10.053.
© P value for T1 statistic obtained with Monte Carto simulation [13]. x = 16.028.
9 Fisher's exact test correctad for multiple testing (3 times}. Odds ratio, 3.94 (96% confidence intsrval, 1.52-10.2).

and 0.039 in white persons [11}, Brazilians [10], and Koreans
[15], respectively. These findings show that Asians have a higher
genetic frequency and incidence of KD than persons elsewhere.
These results are suggestive of the importance of SLCIIAI ex-
pression level in the difference of susceptibility of KD,

Of the 3 (GT)n alleles, allele 3 was observed to drive more
than 10-fold higher levels of gene expression than either allele
1 or allele 2 [11]. Addition of IFN-y as an exogenous stimulus
causes a 1-2-fold enhancement of the gene expression in al] 3
alleles, and bacterial LPS as a second signal results in a further
~2-fold enhancement of allele 3-driven gene expression. In
contrast, no enhancement by LPS was observed in the expres-
sion levels of alleles 1 and 2. Moreover, allele 1 differed sig-
nificantly from allele 2, and its baseline expression level was
less than one-half that of allele 2. Therefore, there might be a
biologic difference in phenotypic expression between allele 1
and allele 2. The significance of these biologic differences in
human disease remains to be investigated.

KD is characterized by monocyte andfor macrophage acti-
vation and high circulating cytokine levels of all of the pro-
inflammatory cytokines in response to IFN-y, LPS, and other
stimuli in the acute phase. It seems inconsistent that allele 1,
a poor promoter of SLCI1AL which regulates the cascade of
gene-inductive events that follow interaction of macrophages
or muny procytokines, increased patients with KD than in con-
trol subjects. However, no data showed polymorphisms of the
SLCIIAL gene; therefore, circulating cytokine levels in ho-
mozygous KD patientts or control subjects should be analyzed
further with each allele of the SLC11A! gene.

In conclusion, we show that 1 variant of the SLCIIAT gene
is associated with KD in a group of Japanese children. The
skewed ethnic distribution and seasonality are consistent with
the hypothesis that KD is an infectious disease that is influenced
by environmental and genetic factors. Our results suggest that
KD might be caused or induced by a certain infection with a
yet unknown intracellular parasite to which innate resistance
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of the host is regulated by level of SLCI11AI gene expression.
The high incidence of KD in Asians may be due to a high
genetic susceptibility to this pathogen.
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Regulatory mechanisms of human IgE synthesis
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ABSTRACT

The induction of allergen-specific IgE synthesis requires
the cognate interactions between B and T helper (Th)
2 cells. The B cell-octivating signal for IgE synthesis is
delivered through interleukin {IL)-4 or IL-13 and CD40
ligand, which are provided by activated Th2 cells.
Signaling through the IL-4 receptor a chain {IL-4Ra)
triggers IL-4- or IL-13-dependent germline Ce tran-
scription by activating signal transducer and activator
of transcription (STAT)-6 through members of the
Janus kinase (JAK} family. In oddition to the known
JAK-STAT pathway, two adaptor molecules associated
with the IL-4Ra, which include Src homologous and
collagen {Shc) and a product of the fes proto-oncogene
family, are involved in the induction of germline Ce
transcription. These adaptor molecules tfransmit the
downstream signaling, leading to activation of PU.1, @
product of the ets proto-oncogene family, which co-
operates functionally with STAT-6 for germline Ce
transcription. Ligation of CD40 in the presence of 1L.-4
or IL-13 leads to expression of activation-induced cyti-
dine deaminase (AID). This novel RNA-editing enzyme
plays a role upstream of the putative switch recom-
binase, activation of which results in IgE isotype
switching, mature Ce transcription and IgE synthesis.
Although CD40 signaling activates multiple pathways
that are critical for the activation of the switch recom-
bination machinery, none of the known second
messengers and transcription factors generated by
CD40 ligation is involved in AID expression and
isotype switching. Elucidation of the merging point of
IL-4Rer and CDA40 signaling pathways required for IgE
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switching will provide potential new strategies for the
isotype-specific regulation of IgE synthesis.

Key words: activation-induced cytidine deaminase,
adaptor molecule, germline Ce transcription, IgE iso-
type switching, switch recombination machinery.

INTRODUCTION

The human immunoglobulin family consists of nine
isotypes, each of which is involved in humoral immunity.
Of these isofypes, IgE plays a key role in the patho-
genesis of allergic disease. The production of IgE by
B celis requires interactions with T cells and is induced
through eytokines and cell surface malecules provided by
activated T cells. Increasing understanding of ihe cellufar
and molecular events underlying IgE synthesis has
allowed the identification of new targets for IgE regula-
tion. The present article provides an up-to-date overview
of the regulatory mechanisms of human IgE synthesis.

IMMUNOGLOBULIN EXPRESSION DURING B CELL
DIFFERENTIATION

The primary function of B cells is to produce antibodies,
including the IgE isotype, against a vast array of environ-
mental anfigens. The production of such a large spec-
trum of antibodies is due to the generation of a large
repertoire of B celis, each of which expresses antibodies
of a different specificity.

Antibody molecules are composed of paired heavy
and light chains and their variable regions have a unique
antigen-binding specificity. Of clonally diverse B cells, a
cell bearing a particulor Ig receptor responds to the com-
plementary anfigen with proliferation and differentiation
into antibody secreting plasma cells.

The B-linecge cells, which derive from hemopoietic
stem cells that give rise to cells of other blood lineages,
can be divided into five general stages of differentiation
represented by pro-B cells, pre-8 cells, immature B cells,
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mature B cells and plasma cells (Fig. 1). The generation
of B celis and their maturation in the bone marrow are
antigen-independent processes, whereas the terminal
differeniiation of mature B cells into plasma cells in lym-
phoid organs is antigen dependent.

The production of B cells by the bone marrow is g
multifocal process that involves the generation of an
extensive repertoire of Ig specificities. Such a repertoire is
acquired by a series of gene rearrangements of the vori-
able regions of the g heavy and light chains.)? Although
pro-B cells start to synthesize cytoplasmic n heavy chains,
but not the conventional light chains of the x or A type
necessary for the formation of a complete IgM molecule,
the cells constitutively express recombination-activating
gene-1 and -2, the products of which [RAG-1 and
RAG-2, respectively) initiate V (variable)-D (diversity)-J
{joining) recombination at the w chain locus. Subse-
guently, these two gene products expressed in pre-B cells,
which express both | chains and surrogate light chains,
initiate ¥-J recombination at the light chain loci, thereby

H
SL ML Y igM )
0—0—0—0O-O-0"

Hemopoietic Pro-B cell

stem cell

Lymphoid
progenitor

—V(D)}J recombination—
3 Bone marrow 3

leading to the formation of completed IgM molecules
and pre-B cell transition into immature B cells bearing
surface IgM. These cells further differentiate into mature
B cells that coexpress IgD, having identical binding
specificity.

Mature B cells respond to antigens by undergeing
plasma cell differentiation. This terminal differentiation
process involves isotype switching, which atlows expres-
sion of IgG, IgA or IgE.? The generation of switched
B cells and their differentiation are dependent on T cell
help, which is mediated through cytokines and cell
surface molecules provided by activated Tcells. Re-
expression of RAG-1 and RAG-2 is also inducible in
mature B cells under suitable conditions before isotype
switching, which is predicted to allow secondary rear-
rangements leading fo lg receptor revision.? Isotype
switching results from Ig gene rearrangement that involves
the deletion of constant region genes upstream of the
one to be expressed. Thus, individual plasmo cells
produce antibodies of a single isotype.
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Fig. 1

B cell differentiation pathway and immunoglobulin gene rearrangements. Cell surface melecules indicate immunaglobulins

expressed during B cell differentiation. H, heavy chain; L, light chain; SL, surrogate light chain; V(D}J, variable (diversity} joining.



Cellular events in the induction of IgE
synthesis

Cognate inferactions between B and T cells are required
to induce allergen-specific IgE synthesis (Fig. 2). When o
mature B cell recognizes o porticular cllergen via B cell
receptor, the cell processes the allergen and presents its
T cell epitope, together with major histocompatibility
complex (MHC) class Il molecules, to an allergen-
specific CD4* Tcell with a Th2 phenotype. Subse-
quently, the T cell is activated through engagement of
the af T cell receptor—CD3 complex and is induced to
produce Th2-type cytokines, such as interleukin (IL}-4
and IL-13, and to express CD40 ligand (CD40L,
CD154), which belongs to the tumor necrosis factor
superfamily. In the presence of T cell-derived IL-4 or
IL-13, the B cell undergoes germline Ce transcription,
which is a critical initicting step for switching from IgM to
IgE. This cytokine-dependent transcription directs switch-
ing to the corresponding isotype.57

Signaling through the IL-4 receptor o chain {IL-4Ra,
CD124}, which is a component of both the heterodimeric
IL-4R consisting of the IL-4Rex and the common ¥ chain
{yc, CD132) and the heterodimeric IL-13R consisting of

Th2

r—bl_b
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the IL-4Rat and IL-13Rat1 (CD213al), plays a key rofe in
the induction of germline Ce transeription &' In support
of this is the finding that B cells of X-linked severe com-
bined immunodeficiency patients with mutations in the
yc gene can express germline Ce transcripts in response
to [L-4 or IL-13."%12 CD40L, o non-covalent trimer
expressed on the activated T cell, in conjunction with 1L-4
orIL-13, not only enhances cytokine-dependent germline
Ce transcription, but also induces IgE isotype switching
through cross-linking of CD40 constitutively expressed on
the B cell. Engagement of CD40 by CD40L also medi-
ates rescue from apoptosis, proliferation and terminal dif-
ferentiation into IgE antibody secreting plasma cells.'314
Thus, IL-4Ra and CD40 signaling pathways are inte-
grated to induce IgE isotype switching and IgE synthesis,
The central role of the interaction of CD40 with
CD40L in switching to T cell-dependent isotypes has
been shown in patients with-X-linked hyper-lgM syndrome
who have mutations in the CD40L gene that result in
defective isotype switching.?® Although CD40 on B cells
prompts endocytosis of surface CD40L expressed on acti-
vated T cells, engagement of CD40L by CD40 is able
to increase [L-4 production by T cells, thereby leading
to enhanced germline Ce transcription.'®'7 This may

Allergen

IL-4/IL-13R

MHC It

— 1
I3 IL4 \ =
IgE

cD28 || CDa6

Fig. 2 Induction of allergen-
specific IgE synthesis by cognate
intercctions  between B and
Tcells. BCR, B cell receptor;
CD40L, CD40 ligand; IL, inter-
leukin; IL-4/IL-13R, receptor for
IL-4 or IL-13; MHC Ui, major
hisotocompatibility  complex
class | molecules; TCR, a/p

|—D
—_ - —JCD4oL || D40 \—igE isolype switching
CD40L

Germline Ce transcription

IL-4/IL-13R

!

T cell receptor.

IL-4/1L-13
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contribute to upregulation of IgE isotype switching and
IgE synthesis.

In addition to CD4* T cells with a Th2 phenotype,
CD8* T cells with a Tc2 phenotype, CD3* T cells bearing
the ¥ T cell receptor, mast cells, basophils and eosi-
nophils produce IL-4 and/or IL-13 and express CD40L
after immunologic or non-immunologic stimulation.18-22
Such cellular responses allow adjacent B cells o induce
IgE isotype switching and differentiation into 1gE-
secrefing plasma cells.

More recently, glucocorticoids have been shown to
upregulate CD40L expression bath in T and B cells.?
Thus, several cell types are involved in the induction of
IgE synthesis, olthough the production of specific IgE anti-
body by a given B cell clone is critically dependent on the
interaction with an allergen-specific CD4* T cell. In con-
trast, other lineage cells may participate mainly in poly-
clonal IgE production by different B cells.

MOLECULAR MECHANISMS OF IGE ISOTYPE
SWITCHING

A mature B cell can switch the Ig class while retaining
the same antigen specificity. This event results from

(a)

isotype switching that occurs by @ DNA rearrangement in
the CH [constant region of the heavy chain}) gene
locus.3?* The human CH gene family consists of nine
functional genes and two pseudogenes. The organiza-
tion of the CH locus located at the 3’ side of a given VH
segment, a D segment and a JH segment that complete
o VH region sequence is as follows: 5'-JH-Cp-C8-Cy3-
Cy1-Cye-Cal-Cyy-Cy2-Cy4-Ce-Ca2-3' (Fig. 30). A
DNA recombination involved in isotype switching takes
place between two switch {5} regions located at the
5' side of each CH gene, except C& and Cyy.? The
S regions include Sp, Sy, Sa and Se, each of which is
composed of tandem repeats of short unit sequences.
Although the Se region is also present before the Cye
gene, this region is not involved in recombination
because of the defect in a part of the exon. Furthermore,
the germline 1 exons (Iu, Iy, lo and le) are located 5 to
each functional S region. With the exception of constitu-
tive activation of the lu promoter, the other It promoter
is activated in response to appropriate cytokines, result-
ing in transcription of the IH exon, the S region and the
CH exons. Because transcripts of the S region are spliced
out by splicing factors, the resultant |4 and CH transcripts
are germline CH transcripts, expression of which directs

In Sp Iy3Sy3 = Iy1 Sy1 = Se = [21Sal y2Sy2 — Iy4 Sy4 — ¢ Se — [a28a2
5—| vou WW@
Cu Cd Cy3 Cyl Cye CalCyy Cy2 Cy4 Ce Ca2
(b)
I »igM, IgD ([vou[cu| fvbu[cs])

llL-4!IL—13

Ce  [02 =1 S02 |- Co2

L GemlineCe transcript ([1e [ Ce])

1 CD4oL

Cy1||Cat

S| Se =t Ce ff a2 fof So2 }d Ca2 fme -

Cy3) Cy2

Cu ‘ Cya

L »Mature Ce mRANA ([vDJ[Ce]) ISulSe

Fig. 3 Molecular events involved in IgE isotype switching. {a) Organization of nine functional genes and two pseudogenes of CH
isotypes. The functional Ce gene is located between the Cy4 gene and the CaZ gene. (b) Interleukin {IL}-4- or IL-13-dependent
germline Cg transcription ond CD40 ligand (CD40L)-dependant switching from IgM to IgE. See text for details,



isofype switching by regulating the accessibility of a
particular S region to o putative common recombinase
system.>2¢ This type of recombination involves the Su
region as one of the pair and the Sy, Sa or S¢ region is
involved as the other partner, resulting in the activation
of switch recombination responsible for the induction of
switching from Cu to Cy, Ca or Ce.

Engagement of CD40 by CD40L in the presence of a
particular cytokine plays a crucial role in o given switch
recombination.®14?" During recombination, the DNA
segment between the expressed V4 and CH genes is
looped out as a circle and deleted from the chromosome.
Although the switch recombinase has not as yet been
identified, activation-induced cytidine deaminase (AID),
a B cell-specific RNA-editing enzyme, has recently been
reported fo be expressed ofter cytokine and CD40L stim-
ulation and to be involved in regulation or catalysis of the
DNA modification step of isotype switching.28-20 Actually,
AlID deficiency causes the autosomal recessive form of
the hyper-IgM syndrome®® characterized by defective
DNA switch recombination.

During an IgE response, IL-4- or IL-13-dependent
induction of germline Ce transcription precedes CD40-
mediated Spu~S¢ recombination (Fig. 3b). Activation of
the le promoter, which contains an IL-4 or IL-13 response
element, initiates transcription of the le exon, the St
region and the Ce1—4 exons. Subsequently, splicing cuts
the transcript of the Se region, thereby allowing expres-
sion of germline Ce transcripts. Several studies have
shown that spliced switch transcripts bind the DNA of the
corresponding S region and induce stable RNA/DNA
hybrids thet are o target for both a ribonuclease and o
switch recombinase.562¢ Thus, processing of germline Ce
transcripts may be of importance in directing Su-Se
recombination.

CD40 ligation not only upregulates IL-4- or I1L-13-
driven germline Ce transcription due to full activation of
the le promoter, but also induces expression of AID,
which plays a role downstream of the germline Ce tran-
scription. Activation-induced cytidine deaminase expres-
sion is followed by activation of the recombination
machinery thot allows the deletion of the intervening DNA
between the Sp region and the tergeted Se region. This
deletional recombination results in the juxtaposition of
the Ce gene to the expressed gene of the variable region
and in the subsequent induction of mature Ce transcrip-
tion and IgE synthesis. In addition, alternative splicing is
involved in the transition from the membrane to the
secreted form of IgE.

REGULATION OF IgE SYNTHESIS 3

SIGNAL TRANSDUCTION OF IL-4 AND IL-13

The pleiotropic activities of IL-4 and IL-13 in B cells are
ascribed to the obility of these cyfokines to mediate a
diverse array of functions, including induction of germ-
line Ce transcription and enhanced expression of CD23,
CD86 and MHC class 1l molecules.®'" Such over-
lapping activities arise from using the IL-4Ra that forms
a heterodimeric complex with either the yc or the
IL-13Ra1. Although these three receptor chains lack the
intrinsic tyrosine kinase domain, IL-4 and IL-13 induce
tyrosine phospherylation of several cellular proteins.
Many cytokines octivate members of the Janus kinase
(JAK) family, resulting in activetion of members of the
signal transducer ond activator of transcription (STAT)
family.?" The IL-4Ra, yc and IL-13Ral associate with
JAKT, JAK3 and TYK2, respectively. Ligand binding
activates these JAK, which, in turn, induces phosphoryla-
tion of STAT-6 recruited to the IL-4Ra. Furthermore, the
phosphorylated STAT-6 forms o homodimer via its Src
homolegy (SH} 2 domain, translocates to the nucleus
and binds to the consensus sequence present in the
promoter regions of the IL-4- or IL-13-responsive genes.
These regions include the le promoter, activation of
which leads to induction of germline Ce transcription.
Extensive studies have shown that the le promoter
contains binding elements for STAT-6, CCAAT/enhancer-
binding protein (C/EBP), nuclear factor (NF)-kB and
B cell-specific activator protein {BSAP, Pax-5).32-3¢ In
addition, the upstream NF-xB site overlaps with a
binding element for PU.1, a product of the ets proto-
oncogene family.3 The essential role of STAT-4 in
germline Ce franscription and IgE isotype switching
is well established. Interestingly, a genetic variant of
IL-4Ret, namely lle50Val, has been identified in relation
to atopic asthma, associates with 1L-4 or IL-13 activity
and upregulates STAT-6 activation 37.38

In oddition to the JAK-STAT pathway, other pathways
are involved in the activation of the le promoter. The
IL-4Rat associates with adaptor molecuies, such as insulin
recepor substrate {IRS)-1, IRS-2, Src homologous and
collagen (She) and 1L-4 receptor-interacting protein
(FRIP) and the products of the fes proto-oncogene family
{FES and FER),3+? and these molecules transmit the
downstream  signaling {Fig. 4). Although FRIP is not
expressed in B cells, other molecules are constitutively
expressed in many cell types, including B and T cells. Both
IRS-1/2 ond She bind to the insulin/IL-4R (I4R} region of
the IL-4Ra. This region contains an Asn-Pro-X-Tyr (NPXY)
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Fig. 4 Association of several molecules with the intracellular domain of the interleukin [IL)-4 receptor a chain. Of these molecules,
insulin receptor substrate (IRS}, Src homologous and collagen (She), 1L-4 receptor interaction protein (FRIP) and the products of the
fes proto-oncogene family (FES/FER] are adapter molecules containing the phosphotyrosine-binding (PTB) domain that binds to an
Asn-Pro-X-Tyr (NPXY) motif present in the insulin/IL-4 receptor {14R) region. Only FRIP is not expressed in B cells. Both IRS-1/2 and
FES/FER contain the conserved Tyr-X-X-M (YXXM) motif to which the Sre-homology {SH) 2 domain of phosphatidylinositol 3-kinase
binds. The Box1 region is critical for the constitutive association with Janus kinase (JAK) 1 containing the JAK homology (JH) domains
and g protein tyrosine kinase (PTK} sequence. CC, coiled-coil region; CH, collegen homology domain; TM, fransmembrane region;

PH, pieckstrin homology (PH} domain.

motif that specifically interacts with the phosphotyrosine-
binding (PTB} domain of IRS-1/2 or She.3** In contrast,
FES/FER contains the coiled-coil regions that are able to
interact with the region located between the Box1 and the
[4R4" Among these adaptor molecules, IRS-1/2 and
FES/FER contain the conserved Tyr-X-X-Met {YXXM)
matif to which the SH2 domain of phosphatidylinositol
3-kinase (PI3K] binds. Furthermore, FER, but not FES, is
selectively expressed in mature B cells.#! Although IRS-1/
2-dependent activation of PI3K has been most extensively
studied in many cell types, FER can mediate PI3K activa-
tion in mature B cells, independently of IRS-1/2.%3 There-
fore, it is possible that, in B cells, She rather than IRS-1/2
preferentially binds to the NPXY motif of the 14R region.
This possibility is supported by the finding that recom-
binant She can bind to a phosphopeptide identical to the
4R region, despiie the negligible sequence homology
between the PTB domain of IRS-1/2 and that of She. 4443
Although Shc mediates activation of phospholipase Cyl
(PLCy1) through direct association, the initial production
of inositel 1,4,5-¥risphasphate is marginal, thus resulting
in no significant change in iniracellular Ca?* levels.*
This contrasts with the high and prolonged production
of 1,2-diaeylglycerol (DAG). Both the lipid product of
PI3K activated through FER and DAG generated through

She-dependent PLCy1 aclivate isozyrmes of protein kinase C
(PKC), the substrates of which include transcription
factors thot cooperate functionally with STAT-4 (Fig. 5).
Isozymes of PKC can be classified into four groups
according to endogeneous and exogeneous activators:
(i) conventional PKC (e, B1, B2 and ¥), which depend on
both Ca?* and DAG; (i) novel PKC {8, €, & and 1), which
are Co?* independent and regulated by DAG; (iii) atypi-
cal PKC (& and /A}, which require neither Ca?* nor
DAG; and (iv) PKCp that has a putative transmembrane
domain.* Moreaver, both novel and atypical PKC iso-
zymes are activated by the lipid products of PI3K. Among
these, the Ca?*-independent isozymes PKCS and PKCE
are specifically activated in response to [L-4 or IL-13 and
can mediate threonine phosphorylation of PU.T.2447
Although bkinding elemenis for C/EBP, NF-xB and BSAP
are also present in the lg promotor, none of these tran-
scription factors is susceptible to PKCS and PKCE. Thus,
two such PKC isozymes appear to regulate transactiva-
tion by PU.1. Indeed, activation of the le promotor by
IL-4 and IL-13 con be blocked not only by dominant
negative mutanis of PKC3 and PKCE, but also by
isozyme-specific inhibitors roftlerin and PKCE pseudo-
subsirate peptide.*” However, these mutants and inhibi-
tors do not affect tyrosine phosphorylation and DNA
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binding activity of STAT-4. Several lines of evidence
support the notion that PU.1, as well as NF-xB, coopa-
rates with STAT-6 for the synergistic activation of the g
promotor, 34364849

SIGNAL TRANSDUCTION THROUGH CD40

Ligation of CD40 on B cells upregulates IL-4- or IL-13-
driven germline Ce transcription and acfivates DNA
switch recombination that leads #o IgE isotype switching,
mature Ce transcription and IgE synthesis. The cyto-
plasmic domain of CD40, which lacks any motifs for
transducing signals into B cells, associates not only with
two tyrosine kinaoses {Lyn and JAK3), but also with four
members of the six known tumor necrosis factor receptor-
associated factor (TRAF) family proteins, namely TRAF2,
TRAF3, TRAF5 and TRAF&.59-53 These molecules can
mediate activation of transcription factors, such as
STAT-3 and NF-xB. In particular, NF-xB cooperates

le promoter

with STAT-6 and thereby contributes fo the increased
activity of the lg promotor. However, none of the known
transeription factors activated through CD40 ligation is
critical for isotype switching that results from lcop-out
and deletional recombination. Isotype switching requires
AID, expression of which is dependent on a combination
of cytokine stimulation and CD40 ligation.?®¢ This
novel enzyme appears to play a role upstream of the
putative switch recombinase (Fig. 6). Furthermore, Ku70
and Ku80, which form a heterodimer and are associated
with CD40, are required to perform switch recombina-
tion.34-5¢ This heterodimer is dissociated from the CD40
following cytokine stimulation and CD40 ligation, trans-
locates into the nucleus and binds to the DNA-dependent
protein kinase. Such o heterotrimeric complex, as well as
DNA ligase IV, is involved in the repair of double-strand
breaks. Thus, CD40 signaling activates multiple path-
ways that are important for both the enhancement of
germline Ce transcription and the induction of IgE
switching.
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Fig. 6 Involvement of activation-induced cytidine deaminase (AID) in IgE isotype switching. Expression of AID induced by stimula-
tion with interleukin (IL}-4/1L-13 and CD40 ligand is a critical step for the acfivation of the putative switch recombinase. The same
stimulation also induces formation of a heterotrimeric complex composed of Ku70, Ku80 and DNA-dependent protein kinase (PK).
This heterotrimer, as well as DNA ligase 1V, is involved in the repair of double strand breaks, which is required to perform switch

recombination. VDJ, variable—diversity—joining segment.

CD40 ligation-derived signals enhance IL-4- or IL-13-
driven germline Ce transcription. One such signal is
NF-kB, which synergizes with STAT-6 on the le promoter
for enhanced DNA-binding affinity.343¢48 Among the
TRAF proteins associated with CD40, TRAF2, TRAF5 and
TRAF6 mediate octivation of NF-kB through their ability
to bind ectivators of the kB kinase complex.5357 How-
ever, TRAF-dependent NF-xB activation appears to be
cell type specific. In B cells, TRAF6 is of importance in
activating NF-xB and exerts an enhancing effect on
germline Ce transcription.®® Furthermore, TRAF3 is
involved in upregulating germline Ce transcription in a
manner that is independent of NF-kB activation. This may
be mediated through TRAF3-dependent activation of
mitogen-activaled protein kinase [MAPK)/extracellular
signal-regulated kinase (ERK) kinase 1 {MEK1).58 Actu-
ally, like PD98059, a specific inhibitor of MEK]1, selective
abrogation of constitutive expression of TRAF3 protein by
anfisense oligodeoxynucleotide for TRAF3 inhibits CD40-
mediated ERK activation, resulting in decreased germline

Ce transcription.®® However, the downstream events that
arise from TRAF3-dependent ERK activation remain
unclear.

Although at least TRAF3 and TRAFé are important for
CD40-mediated enhancement of germline Ce transcrip-
tion, none of the TRAF proteins is involved directly in
CD40-mediated IgE switching. CD40 ligation also medi-
ates activation of tyrosine kinases, including Lyn and
JAK3. The tinding that tyrosine kinase inhibitors, such as
genistein and herbimycin A, inhibit CD40-mediated
isotype switching suggests that tyrosine kinase activity
may contribute to the activation of the switch recombina-
tion machinery system.*® However, neither Lyn nor JAK3
is critical in isotype switching, because B cells of JAK3-
deficient patients have the ability to switch to IgE and
because Lyn, as well as JAK3, is also associated with
other receptors.5? Despite great efforts, the nature of the
tyrosine kinase(s) involved in CD40-mediated switch
recombination has not yet been defined. It is also cur-
rently unclear whether CD40 signaling pathway for the



upregulation of germline Ce transcription and that for
the induction of AID expression and IgE switching are
overlapping or totally different.

PHARMACOLOGIC REGULATION OF B CELL
DIFFERENTIATION INTO IGE-SECRETING
PLASMA CELLS

Several afttempts have been made to regulate germline
Ce transcription and IgE synthesis. Cytokine-dependent
induction of germline Ce transcription is inhibited by
neutralizing antibodies against IL-4 or IL-13, a soluble
form of the IL-4Ra or IL-13Ral/a2 and a single or
double mutant of IL-4,606" |n addition to these antibod-
ies and antagonists, agents that prevent IL-4Ret signaling
inhibit germline Ce transcription. Such agents include
not only interferon {IFN)-y itself or inducers of IFN-y
production, but also inhibitors of PKC3 and PKCE that
are activated through adaptor molecules associatd with
the IL-4Ra.#74? Activation of IFN-yR induces expression
of o negative regulator of JAK-dependent STAT-6 acti-
vation.$? As for IL-12- or IL-18-dependent IFN-y pro-
duction, the predominant expression of a 91 base
deletion of the IL-12RB2 cDNA or a three base deletion
of the IL-18Ra cDNA is associated with reduced IFN-y
production in some allergic patients with high serum IgE
levels.®34% Thys, therapy with inducers of IFN-y pro-
duction will limit their usefulness in allergic patients
without such a deletion of the cytokine receptor cDNA.
Although abrogation of CD40 signaling can be targeted
by inhibiting switch recombination, this abrogation leads
to non-specific suppression of isotype switching. Thus,
strategies that target the merging point of IL-4Ra and
CDA40 signaling pathways would be desirable. Because
allergic individuals have some B cells that have already
switched to IgE in vivo, therapy directed towards IgE-
expressing B cells clso needs to regulate the terminal
differentiation into IgE-secreting plasma cells. In this
respect, a therapeutic approach using potent IgE-binding
agents, such as a soluble form of the high-affinity IgE
receptor o subunit {soluble FceRla) and anti-IgE anti-
bodies, may be useful in inactivating or eliminating IgE-
expressing B cells.

Both soluble FceRle and anti-lgE antibodies can selec-
tively modulate IgE synthesis by binding to IgE-expressing
B cells.¢54¢ Although the membrane-bound form of IgE
is a common farget for these agents, regulation of IgE
synthesis by soluble FceRla differs entirely from that by
anti-IgE antibodies. For instance, soluble FeeRle inhibits

REGULATION OF IgE SYNTHESIS ?

IgE synthesis via monovalent recognition of membrane
IgE, whereas Flab'); but not Fab fregments of anti-IgE
antibodies have an inhibitory effect.5¢6 The latter finding
indicotes that inhibition of IgE synthesis by anti-IgE anti-
bodies reguires divalent recognition of membrane IgE.
Furthermoare, there is a marked difference between mech-
anisms for soluble FeeRla- or anti-IgE antibody-induced
inhibition of IgE synthesis.®” Binding of soluble FceRla to
IgE-expressing B cells leads to a decrease in the autocrine
production of IL-6, which provides o late amplification
signal for IgE synthesis.®” In contrast, anti-IgE antibodies
or their Flab"); fragments induce apoptosis in IgE-
expressing B cells, although neither their Fab fragments
nor soluble FeeRla have such apoptotic activity. Thus,
cross-linking of membrane IgE is able to induce apop-
tosis, which accords with a report describing that anti-IgE
antibodies were effective in downregulating expression of
Bcl-2, known to inhibit apoptotic cell death.®8 These data
suggest that both soluble FeeRle and anti-IgE antibodies
may be useful in inhibiting the terminal differentiation of
IgE-expressing B cells, including memory cells, into IgE-
secreting plasma cells. In particular, non-anaphylactogenic
humanized or chimeric anti-IgE monoclonal antibodies
have been produced that bind to free IgE and membrane
IgE but not to IgE bound to the cell surfact FeeR|.8%-72
These properties are similar to those of soluble FeeRle,
which traps IgE via its Ce3 domain responsible for recep-
tor binding.

CONCLUSIONS

Allergen-specific IgE synthesis contributes to the induc-
tion and maintenance of allergic symptoms. The expo-
tential increase in the understanding of the cellular
mechanisms of IgE synthesis has led to the development
and cfinical trials of agents capable of regulating the
differentiation of B cells into IgE-secreting plasma cells.
However, the molecular mechanisms involved in IgE
isofype switching are incompletely understood. Although
AlD appears to be an essential part of the switch
recombination machinery, the switch recombinase has
not, as yet, been identified. Elucidation of the merging
point of IL-4Ra and CDA40 signaling pathways that are
required for AID expression and IgE switching, as well as
identification and characterization of the switch recombi-
nase, are the next challenge for future studies and
should provide potential new strategies for the isotype-
specific regulation of IgE synthesis.
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