TREIMM-472; No of Pages 7

ELSEVIER

TRENDS in Immunology Vol.xxx No.x

Full text provi_ded by www.sciencedirect.com

ScienceDirect

Germinal-centre reactions in allergic

inflammation

Hannah J. Gould"*, Pooja Takhar'#, Helen E. Harries'#, Stephen R. Durham?* and

Christopher J. Corrigan®*

"Randall Division of Cell and Molecular Biophysics, King’s College London, UK, SE1 1UL
2Section of Allergy and Clinical Immunology, Imperial College School of Medicine, National Heart and Lung Institute, London,

UK, SW3 6LY

S Division of Allergy, Asthma and Lung Biology, King’s College London, UK, SE1 9RT
“*MRC and Asthma UK Centre in Allergic Mechanisms of Asthma, King’s College London, UK, SE1 1UL

Primary and secondary immune responses in the
germinal centres of lymphoid organs have been studied
in the past. There is now compelling evidence of a third
stage in the immune response, in ‘tertiary lymphoid
organs’ that develop at sites of chronic inflammation
in response to persistent local antigen challenge.
Germinal-centre-like reactions are well-documented in
the target organs of autoimmune diseases. Here, we
review recent evidence that they also occur at sites of
allergic inflammation.

IgE and allergic inflammation

Immediate hypersensitivity, the hallmark of the allergic
response, is the result of sensitization of mast cells and
basophils in mucosal tissues by IgE antibodies [1]. Cross-
linking of high-affinity IgE receptor (FceRI)-bound IgE by
allergens activates these cells to release mediators of
immediate hypersensitivity and results in more prolonged
allergic inflammation. Repeated allergen provocation of
affected tissues can result in chronic inflammation, irre-
versible tissue damage, persistent symptoms and hyper-
sensitivity to further allergen exposure. FceRI is also
expressed by dendritic cells in mucosal tissues. When
bound to allergen-specific IgE, it activates these cells in
the presence of allergen and facilitates allergen capture for
presentation to T-helper (Th) cells.

Conventionally, allergen-specific IgE synthesis is
initiated by the interaction between dendritic cells and
allergen-specific Th cells in local lymph nodes. These Th
cells, in turn, interact with cognate B cells, which divide
and form germinal centres. B-cell division is associated
with antibody affinity maturation, clonal expansion, class
switching and differentiation into memory B cells and
antibody-secreting plasma cells. After emerging from lym-
phoid tissue, some of these plasma cells find a survival
niche in the bone marrow [2]. They continue secreting
antibodies that prime subsequent immune responses in
the germinal centres [3] and also exert effector functions in
the periphery.

Compelling evidence, summarized in the next four
sections, suggests that, at least for IgE synthesis, this
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scenario is geographically less complex, and that all of
the immunological events culminating in the production
of allergen-specific IgE can occur locally in the inflamed
mucosa. A similar scenario is already widely recognized to
exist in the target organs of autoimmune disease [4].

Location of IgE synthesis and secretion

What is the origin of IgE antibodies required to sensitize
mast cells, basophils and dendritic cells at mucosal
surfaces? Is IgE imported from the -circulation
(Figure 1la, left-hand side), or produced locally in the
mucosa, (Figure 1a, right-hand side)?

First, a dilemma: mast cells express FceRI only after
they home to mucosal surfaces [5]; IgE is required for this
[1]. So, which comes first, the ‘chicken’ (IgE synthesis) or
the ‘egg’ (FceRI expression)? The same dilemma might
apply to mucosal dendritic cells. Local IgE synthesis by
B cells and plasma cells, abundant at mucosal surfaces [6],
could provide a solution to this dilemma.

IgE synthesis and secretion by B cells in the respiratory
mucosa was first proposed on the basis of IgE measure-
ments in secretions from patients with allergic rhinitis and
asthma (reviewed in [7,8]). Steady-state measurements of
IgE were complemented by kinetic studies showing that
IgE concentrations increased in nasal secretions more
rapidly than in serum in allergic children following re-
exposure to allergens after a period of allergen avoidance
[9]. The data imply that IgE synthesized and secreted by B
cells in the respiratory mucosa spills over into the circula-
tion, rather than the reverse, as is generally assumed.
Furthermore, some patients with rhinitis and asthma,
who apparently lack circulating, allergen-specific IgE, as
detected by conventional skin-prick tests (SPTs) and radio-
allergosorbent test (RAST) (Box 1), might, nevertheless,
produce allergen-specific IgE in local secretions following
local allergen challenge [6,7,10].

Kleinjan et al. provided the first direct evidence for this
local IgE synthesis [6]. Using dual immunohistochemistry,
they were able to detect IgE*CD20" B cells and
IgE*CD138" plasma cells in nasal biopsies from patients
with allergic rhinitis. Approximately 4% of the B cells and
12-19% of the plasma cells expressed IgE in the patients
with rhinitis, compared with 1% of the B cells and none of
the plasma cells in a group of normal subjects. However,
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Figure 1. Source of IgE and IgE-expressing plasma cells in the nasal mucosa in rhinitis. (a) IgE could be secreted into the circulation by plasma cells in the bone marrow and
diffuse into the nasal mucosa, or be passively transported into the mucosa by FceRI-bearing cells (‘systemic’). Alternatively, IgE might be synthesized locally in the nasal
mucosa in rhinitis and sensitize neighbouring mast cells in the tissue (‘local’). (b) In allergic rhinitis, do IgM (IgG or IgA)-expressing memory B cells class-switch to IgE in
lymphoid tissue and then migrate to the nasal mucosa (‘systemic’), or do they migrate to the nasal mucosa and then switch to IgE (‘local’) in allergic rhinitis? Experiments

designed to distinguish between these possible scenarios are described in this review.

even 1% of IgE-immunoreactive B cells is extremely high,
compared with the 0.01% incidence of these cells in the
circulation [11]. Therefore, it is clear that IgE-expressing B
cells and plasma cells accumulate in the respiratory
mucosa in patients with allergic inflammation and, indeed,
even in healthy controls. Kleinjan and colleagues also
observed that similar proportions of dual-positive
IgE*CD138" and allergen*CD138" plasma cells bound
specifically to allergen, suggesting that the majority of
IgE" plasma cells in the mucosa of patients with allergic
inflammation are specific for allergens [6].

Do these IgE* plasma cells secrete IgE protein? To
answer this question, Smurthwaite et al. cultured nasal
biopsies from patients with seasonal allergic rhinitis (hay
fever) sensitized to grass pollen (GP) ex vivo, and detected
de novo IgE synthesis by ELISA and by radioactive amino
acid incorporation into IgE [12]. GP-specific IgE synthesis
was detectable in biopsies from GP-allergic subjects both in
and out of the GP season, suggesting the presence of long-
lived plasma cells in the tissue [12]. Thus, the respiratory
mucosa might represent a survival niche for IgE-secreting
plasma cells [2], or a site of continual replenishment from
a source of either local or (more conventionally) distal
progenitors [13].
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IgE has a short half-life and its persistence requires
ongoing synthesis. What contribution do mucosal plasma
cells make to this synthesis? When Smurthwaite and
colleagues determined the allergen-specific fraction of
the total IgE that was synthesized ex vivo from nasal
biopsies of GP- and house-dust-mite-allergic patients, this
was invariably higher than that measured in the serum
from the same patients (20-50% versus <10%), and in one
case was detectable in the absence of allergen-specific
serum IgE [12]. Allergen-specific IgG could not be detected
in any of the biopsy supernatants, suggesting extensive
switching of mucosal allergen-specific B cells to IgE (and/or
possibly IgA) synthesis and/or considerable expansion of
IgE-switched cells locally in the tissue.

A significant contribution of local IgE synthesis to the
total IgE required to maintain allergic sensitization is also
suggested by the rate of IgE synthesis in the nasal mucosa
of allergic rhinitis patients [12], which exceeds by more
than two orders of magnitude that required to keep local
mucosal mast cells permanently sensitized [1]. Overall, the
data are compatible with a scenario in which local allergen-
specific IgE synthesis sensitizes local mast cells, with the
excess ‘spilling over’ into the circulation at lower concen-
trations [7,12].
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Box 1. Skin-prick test and radioallergosorbent test

Skin-prick test (SPT) and radioallergosorbent test (RAST) are the two
most popular and reliable tests to identify allergen-specific IgE in
atopic individuals. SPT involves placing a drop of allergen extract on
a marked area on the skin (usually the forearm, upper arm or the
back). The drop on the skin is then pricked with a lancet. A positive
reaction to the SPT occurs when the skin around the needle prick
becomes itchy and red with the development of a small blister,
called a wheal. The wheal reaches its maximum size in ~15-20 min,
and the reaction fades within a few hours. It is caused by histamine
release from mast cells sensitized with allergen-specific IgE in the
skin. A positive control (histamine) and a negative control (saline)
are included in every test. Reaction to an allergen is assessed by the
size of the wheal. Up to 25 allergens can be tested simultaneously.
Skin tests are usually well tolerated, producing immediate, sensitive
and specific results.

RAST is an allergy test that is done on a sample of blood to
quantify the amount of serum IgE directed against specific
allergens. RAST methodology was invented and marketed in 1974
by Pharmacia Diagnostics AB, Uppsala, Sweden. RAST involves
immobilizing an allergen on a solid-phase support such as a
microtitre well. Patient serum is incubated with the solid-phase
allergen, allowing specific IgE in the serum to bind to the allergen.
The allergen-IgE complex is detected with a labelled anti-IgE
antibody. The test can be calibrated with reference sera, and is
becoming increasingly sensitive, specific and quantitative.

RAST is commonly performed when a patient has extensive skin
disease such as eczema, is on medication (anti-histamines or anti-
depressants), which antagonizes the effect of histamine, or if a
dangerously severe reaction is suspected. Both tests are highly
specific, although a skin test is generally more sensitive, less
expensive and produces immediate results.

Site of class-switch recombination

Alternative scenarios for the source of IgE-expressing
plasma cells in the nasal mucosa are illustrated in
Figure 1b. Do B-cells switch to IgE in lymphoid tissue
and then migrate into the mucosa, or do they migrate into
the mucosa and then switch to IgE (Figure 1b)?

The mechanism of heavy-chain switching to IgE is also
illustrated (Figure 2). CD40 ligand expression and the
secretion of interleukin (IL)-4 and/or IL-13 by antigen-
activated cognate Th2 cells together stimulate class
switching to IgE. Dual immunohistochemistry—in situ
hybridization on respiratory mucosal biopsies from
patients with allergic rhinitis [14] and asthma [15,16]
demonstrated elevated expression of IL-4 and IL-13 in
the tissues, creating a suitable environment in the mucosa
for class switching to IgE in situ.

To investigate this further, dual immunohistochemis-
try—in situ hybridization was first used to look for ¢
germline gene transcripts (éGLTs) and e-chain mRNA in
mucosal B cells. Local allergen provocation of patients with
allergic rhinitis resulted in the appearance of §GLTs and -
chain mRNA expression 24 h later [14]. eGLT expression
correlated with that of IL-4 mRNA [17]. eGLT and &-chain
mRNA were also observed in the bronchial mucosa of
asthmatics, interestingly regardless of whether or not they
had detectable, allergen-specific IgE in the circulation [18].
GLT expression demonstrates the potential of the B cells to
undergo class switching, whereas g-chain mRNA demon-
strates that switching has indeed taken place, but neither
of these markers provides definitive evidence that class-
switch recombination (CSR) has actually occurred locally
within the mucosa.
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The enzyme activation-induced cytidine deaminase
(AID) catalyzes the initial step of CSR, in addition to
somatic hypermutation (SHM) in the variable regions of
immunoglobulin heavy- and light-chain (Vg and Vi,
respectively) genes [19]. Normally, AID is expressed
only in germinal-centre B cells [20]. Other enzymes
involved in CSR seem to be constitutively expressed in
non-lymphoid tissue cells because transfecting the gene
encoding AID into fibroblasts induces recombination in
these non-lymphoid cells [21]. Thus, like ¢ GLT, AID
expression constitutes an additional marker for the
potential of B cells to undergo local class switching in
tissues.

Switch circles (SCs) are the by-products of CSR
(Figure 2). A single SC is generated from genomic
DNA following each switch recombination event in a B
cell. Because the circle DNA is not replicated at cell
division, it is diluted out in the proliferating B-cell
population. However, SC DNA is transiently transcribed
in multiple copies, facilitating its detection in the B-cell
population [22]. Transcription is initiated from the
deleted I-exon promoter, now linked to the previously
expressed Cy gene. Thus, either SCs or the cDNA
sequences complementary to the circle transcripts
(CTs) can be used as markers of ongoing (or recent)
CSR in the B cells, the particular sequences allowing
identification of the switch events that have occurred
(Figure 2).

CTs revealing class switching from IgM, IgG1, IgG3
and IgG4 to IgE were observed in nasal biopsies
from GP-sensitive patients with hay fever during, but
not out, of the pollen season [23]. They were absent from
biopsies taken from normal controls [23]. These data
suggest that allergen drives class switching to IgE in
the respiratory mucosa in allergic rhinitis. To exclude
the possibility that B cells switched elsewhere and
migrated to the nasal mucosa with their CTs
(Figure 1b, left) and to confirm the local stimulation of
class switching to IgE by allergen (Figure 1b, right),
Takhar and co-workers incubated bisected nasal
biopsies taken out-of-season from GP-sensitive patients
ex vivo with allergen or control medium for 24 h. eGLTs
and ¢CTs appeared predominantly in the samples incu-
bated with allergen, signifying in situ B-cell class switch-
ing from IgM and IgG to IgE [23]. DNA SCs were
also detected in nasal biopsies from ragweed-sensitive
patients 24 h after ragweed challenge ex vivo, demonst-
rating local B-cell class switching from IgM and IgG to
IgE independently using different techniques and a dif-
ferent allergen [24].

Consistent with these observations, AID mRNA
was also detectable in the nasal mucosa of patients
with seasonal allergic rhinitis but not normal controls
[23]. However, unlike ¢GLT and &CT, AID mRNA
was detectable irrespective of current GP exposure
[23]. This might reflect a fundamental abnormality
in the nasal mucosa in allergic rhinitis. The
results reviewed in this section demonstrate, unequivo-
cally, that switching to IgE can occur in the respiratory
mucosa in the absence of cellular traffic from remote
sites.
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Figure 2. Mechanism of class-switch recombination to IgE, and IgE synthesis. Inmunoglobulin heavy-chain constant-region genes (here C,, C,, C; and C,), which
determine antibody class, are arranged in tandem in the germline configuration downstream of the expressed variable regions (Vy or VDJ) and upstream of the 3'-enhancer
(E) in the human Ig heavy-chain locus on chromosome 14. Each heavy-chain germline gene comprises an intervening (I) exon (narrow rectangles) with its Iy promoter, a GC-
rich tandem repeat, called a switch (S) region (ovals), containing potential DNA breakpoints, and the constant-region exons (broad rectangles). IL-4 and IL-13 stimulate ¢
germline gene transcription. Transcription of the £ germline gene leads, through splicing, to &€ germline gene transcripts (GLTs). GLTs contain stop codons in all three
reading frames, precluding translation into protein; however, the GLTs are needed for CSR. CSR occurs by deletional rearrangement with break points in the two
participating S regions (zig-zag arrows). During recombination, for example from IgM to IgE, the broken ends of Sy. and Se join to form a hybrid S junction to express e-chain
mRNA and protein. A by-product of this reaction is the looped-out and deleted intervening sequence, the ends of which are joined to form a reciprocal hybrid S junction.
The extrachromosomal circular DNA molecule, known as a switch circle (SC), is not replicated during cell division, and can be lost following B-cell proliferation. SCs contain
the le promoter upstream of the targeted Se region, the Se-Sp. hybrid junction and Cp, allowing the expression of multiple switch circle transcripts (CTs). Owing to the rapid
decay of CTs in the B-cell population, they are convenient markers for ongoing or recent CSR from IgM to IgE. The presence of CTs is an irrefutable sign of the irreversible

process of CSR.

Local somatic hypermutation and clonal expansion of
IgE-expressing B cells
SHM results from the stepwise accumulation of single-
nucleotide substitutions in the V-region of immunoglobulin
genes, generally in the complementarity-determining
regions (CDRs) (Box 2). This enables the genealogy of a
B cell to be traced, relying on the unique clonal signature
generated by V(D)J recombination in the progenitor cell.
These mutations generate the substrates for the affinity
maturation and clonal expansion of antigen-specific B cells
before their differentiation into memory B cells and anti-
body-secreting plasma cells in germinal centres [25]. The
mechanism of SHM entails DNA cleavage and re-ligation
and, as in CSR, the activity of AID [19].

The first evidence for local SHM in allergic disease was
reported in relation to asthma. Snow ef al. noted the
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presence of Ve sequences containing multiple nucleotide
substitutions, organized into clonal families, in a bronchial
biopsy taken from an asthma patient [26]. However, the
same authors observed similar Ve clonal families in the
peripheral blood [27,28] and splenic [29] B cells of asth-
matics, detracting from the possibility of local clonal
expansion of B cells.

Definitive results were obtained in a study of nasal
biopsies from six patients with allergic rhinitis [30]. All
of the biopsies contained highly mutated Ve sequences in
multiple copies. Two out of six of these biopsies also con-
tained three IgE* B-cell clonal families [30]. One biopsy
featured a Ve3 and a V&b clonal family. The second biopsy
also contained a V&5 clonal family, plus related IgA2
clones, providing further evidence of local CSR. No IgE
sequences were seen in the nasal mucosa of a non-allergic
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Box 2. Somatic hypermutation

Somatic hypermutation (SHM) is the incorporation of point
mutations within the immunoglobulin V-region genes, which serve
as the basis for affinity maturation and effective immune responses.
The process is initiated by antigen stimulation, occurs in the dark
zone of germinal centres, and requires functional AID [49]. AID
preferentially deaminates cytidine within the sequence motif WRC,
which explains the tendency for ‘hotspots’ of SHM to occur at both
WRC and its reverse complement GYW in the V gene [50]. The
higher concentration of these motifs within the CDRs compared with
the framework regions (FWRs) of germline V segments contributes
to the greater mutability of the CDRs and suggests that intrinsic
SHM evolved (i) towards increasing variability in antigen binding
sites, and (ii) to avoid disrupting antibody structure by the mutation
of framework residues.

Within the germinal centres of classical lymphoid tissues, B cells
expressing hypermutated antibodies are subjected to selection
through antigen presentation by follicular dendritic cells, where
cells with decreased affinity, due to unfavourable mutation, undergo
apoptosis. Those with improved antigen affinity might differentiate
into memory B cells or plasma cells, or return to the germinal centre
to undergo further rounds of cell division and SHM, resulting in
clonal B-cell families with similar and diverse V-gene mutations, as
observed in the nasal mucosa [30].

individual who had high levels of circulating IgE [30],
excluding the possibility that IgE-expressing B cells auto-
matically home to the nasal mucosa.

The accumulation of clonal B-cell families at mucosal
surfaces supports the conclusion that somatic mutation
occurs in the periphery because it is highly unlikely that
B cells undergoing multiple rounds of somatic mutation and
clonal expansion in lymphoid tissues will produce progeny
which migrate back to one small region of tissue, as would be
contained in a biopsy. This argument was substantiated by
the examination of two adjacent biopsies from a patient with
allergic rhinitis [31]. One biopsy contained 11/11 unrelated
Veb sequences, whereas the adjacent biopsy contained 0/4
Veb sequences [31]. Vab sequences were also enriched in the
same biopsy containing the Veb sequences, but absent in the
adjacent biopsy [31]. None of the Va sequences were related
to the others, or to any of the Ve sequences. This geogra-
phical isolation of B-cell clones expressing the same Vy
germline gene family in the nasal mucosa is reminiscent
of the oligoclonal B-cell clusters in germinal centres micro-
dissected from lymphoid tissue [32,33].

The observations of two out of three Ve5 clonal families
in the survey of six allergic rhinitis patients [30], and the
clustering of V5 clones [31], are of interest. Vg5 is one of
the smallest of the seven Vg families, comprising only one
or two of the 50 functional germline Vy genes in the
human Vg germline gene repertoire, and represented
proportionately in normal blood B cells [34]. When the
frequency of Ve5 clones (counting each single clone and
each clonal family only once) was determined, a tenfold
over-representation of Ve5 was observed in the nasal
mucosa, compared with the normal blood B-cell reper-
toire. There was no significant elevation of Ve5 expres-
sion in the blood B cells of the six allergic rhinitis
patients, underlining the local nature of the bias in the
target organ [31]. A similar bias towards the mucosal
expression of Veb was also found in asthma [26,27,29]
and atopic dermatitis [35].
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B-cell superantigens have been associated with the
selection of different Vi families, leading to massive
B-cell proliferation, regardless of antigen specificity [36].
To date, B-cell superantigens binding to members of the
Vu3, Va4, V6 and Vk families have been discovered [36].
Staphylococcus aureus, a notorious source of enterotoxins
(SAEs) that function as superantigens, permanently colo-
nizes the nasal mucosa of a fifth of the population [37]. S.
aureus enterotoxin A (SEA) and D (SED) select for Vi3 and
Vu4, respectively. SAEs have been identified as a causal
factor in atopic dermatitis [38,39] and allergic rhinitis [40].
IgE antibodies against S. aureus enterotoxin B (SEB) in
serum have been correlated with the severity of asthma
[41]. Thus, superantigens might be one stimulus for B-cell
clonal expansion at the mucosal surfaces of the skin and
respiratory tract. Cell proliferation could, in turn, account
for local CSR, ultimately to IgE [42].

Local formation of germinal-centre-like structures in
allergic inflammation

The evidence presented in this review supports the
possibility of germinal-centre-like reactions in allergic
disease. Germinal-centre-like structures develop slowly
during the progression of autoimmune disease [4].
However, even the most highly developed structures lack
the typical encapsulation of cell clusters and channels for
the orderly trafficking of cells and molecules seen in the
classical germinal-centre reactions in lymphoid tissue [4].
The absence of these features in autoimmune disease
might be of functional significance: the cells and molecules
involved in local germinal-centre reactions are probably all
available in one place. Corralling and traffic control in
these areas should be superfluous and could actually be
inhibitory [4]. In fact, there are preliminary indications
that similar structures might develop in the nasal mucosa
in rhinitis [23] and nasal polyposis [43].

Beyond the respiratory tract

Extrapolating from autoimmune disease, Aloisi and
Pujol-Borrell have predicted that germinal-centre reac-
tions might be a general phenomenon associated with
chronic inflammation [4]. The data described here relating
to allergic inflammation in the respiratory tract and skin
are analogous to those cited for germinal-centre reactions
in autoimmune disease, and provide support for this gen-
eralization. In earlier work using a mouse model of asthma,
Chvatchko et al. demonstrated the development of germ-
inal centres in the lung following sensitization, then multi-
ple intra-tracheal challenge of mice with ovalbumin [44].
They observed the development of pathophysiological
changes characteristic of asthma and airway hyper-
responsiveness. Autoimmune disease is associated with
Th1l, and allergic disease with Th2 responses, involving
class switching to IgGin Th1 and IgE in Th2. Nevertheless,
local class switching and antibody production are not
restricted to these two isotypes, because class switching
to IgA occurs in the murine gastrointestinal tract, a loca-
tion under constant antigenic challenge [45]. Furthermore,
¢GLT and IL-4 mRNA expression has been detected in the
human intestinal mucosa, to a greater degree in patients
with food allergy [46]. Skin, the target organ of atopic

I Please cite this article as: Hannah J. Gould et al., Germinal-centre reactions in allergic inflammation, TRENDS in Immunology (2006), doi:10.1016/;.1t.2006.08.007 J



http://dx.doi.org/10.1016/j.it.2006.08.007

TREIMM-472; No of Pages 7

6 TRENDS in Immunology Vol.xxx No.x

dermatitis, with a combined Th1l and Th2 aetiology and
characterized by enhanced IgE antibody production direc-
ted against aero-allergens and food allergens, is uncharted
territory.

Little is known about the mechanisms that initiate and
maintain germinal-centre reactions in the target organs of
autoimmune and allergic diseases. It should be interesting
to explore the similarities and differences between these
mechanisms in the two types of disease. It might be
particularly illuminating to compare and contrast the
control mechanisms influencing immmunoglobulin switch-
ing in the respiratory and gastrointestinal tracts, because
oral tolerance is a well-recognized phenomenon typified by
the recent therapeutic success of sublingual allergen
immunotherapy [47,48]. A scenario whereby mucosal
IgE production contributes significantly to total IgE pro-
duction underlines the value of topical treatment, for
example, with corticosteroids, for allergic diseases. With
novel therapies, such as anti-IgE antibody, it is pertinent
to recognize that local IgE production might not always be
reflected in circulating allergen-specific IgE
concentrations.

Concluding remarks

We have reviewed the evidence that B-cell somatic
hypermutation, clonal expansion, class switching to IgE
and plasma-cell IgE synthesis occur in the nasal mucosa in
allergic rhinitis. We have also presented evidence that
these sites could be major contributors to ongoing IgE
synthesis, particularly after allergen exposure. Interest-
ingly, it would seem that these diseases are marked by the
abnormal expression of AID, persistent IgE-antibody
synthesis and the preservation of FceRI expression on,
and sensitization of, mast cells and dendritic cells in the
tissue. Mechanistic differences between normal immune
responses in lymphoid tissues and allergic responses in the
periphery have yet to be investigated. It might be possible
to design topical inhibitors that select for processes that
occur in the target organs.
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