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Immunoglobulin E (IgE) responses to allergen in patients
with allergic disease may develop in ways beyond the classi-
cal T-cell-driven, IgG B-cell response arising in germinal cen-
tres [reviewed in (1)]. Typically, adaptive B-cell responses to
T-dependent protein antigens develop in germinal centres of
secondary lymphoid organs. This germinal centre pathway of

Abbreviations

BaGP, Bahia grass pollen; bio-Pas n 1, biotinylated Pas n 1; CFSE,
carboxyfluorescein succinimidyl ester; GPA, Grass pollen allergic;
IgE, immunoglobulin E; IgG, immunoglobulin G; NA, Non-pollen-
allergic; OVA, ovalbumin; PBMC, peripheral blood mononuclear

cell.
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Abstract

Background: Despite the critical role of immunoglobulin E (IgE) in allergy, circu-
lating IgE+ B cells are scarce. Here, we describe in patients with allergic rhinitis
B cells with a memory phenotype responding to a prototypic aeroallergen.
Methods: Fifteen allergic rhinitis patients with grass pollen allergy and 13 control
subjects were examined. Blood mononuclear cells stained with carboxyfluorescein
diacetate succinimidyl ester (CFSE) were cultured with Bahia grass pollen. Prolif-
eration and phenotype were assessed by multicolour flow cytometry.

Results: In blood of allergic rhinitis patients with high serum IgE to grass pollen,
most IgEM cells were CD123+ HLA-DR ™ basophils, with IgE for the major pol-
len allergen (Pas n 1). Both B and T cells from pollen-allergic donors showed
higher proliferation to grass pollen than nonallergic donors (P = 0.002, and
0.010, respectively), whereas responses to vaccine antigens and mitogen did not
differ between groups. Allergen-driven B cells that divided rapidly (CD19™¢
CD3~ CFSE") showed higher CD27 (P = 0.008) and lower CDI19 (P = 0.004)
and CD20 (P = 0.004) expression than B cells that were slow to respond to aller-
gen (CD19" CD3~ CFSE™Y). Moreover, rapidly dividing allergen-driven B cells
(CD19™4 CFSE'" CD27") showed higher expression of the plasmablast marker
CD38 compared with B cells (CD19" CFSE™¢ CD27") that were slow to divide.
Conclusion: Patients with pollen allergy but not control donors have a population
of circulating allergen-specific B cells with the phenotype and functional proper-
ties of adaptive memory B-cell responses. These cells could provide precursors for
allergen-specific IgE production upon allergen re-exposure.

activation and differentiation involves follicular T-cell help,
isotype switch (recombination of Ig heavy chain), somatic hy-
permutation of their immunoglobulin variable domains and
selection for high-affinity antibody by competition for anti-
gen presented by follicular dendritic cells. The prevailing
opinion since 2007 has been that IgE+ B cells spend little
time engaged in germinal centre activities (2—4). Two separate
recent IgE reporter mouse models with high sensitivity of
detection of IgE+ cells in vivo have recently shown that IgE+
B cells can be found in the germinal centre, but they prefer-
entially differentiate into plasma cells (5, 6). An inference
from the murine models is that persistence of memory IgE™"
B cells is uncommon and that IgE® B cells predominantly
exist as plasma cells.
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These findings now need to be confirmed in humans with
allergic disease, and in studies of the specific B-cell response to
clinically important allergens. However, circulating IgE+ B
cells are rare in human patients with allergic diseases (7-9). If
most IgE-producing cells are plasma cells rather than B cells
(8, 10), then memory allergen-specific B-cell precursors would
exist in patients with allergic disease that can then switch to
IgE upon subsequent allergen exposure. To provide functional
evidence for the presence of circulating allergen-specific mem-
ory B cells, we examined B-cell responses in allergic patients
using a prototypic pollen allergen source. Grass pollens are the
major outdoor aeroallergen globally and are recognized in 45—
67% of patients with atopic disorders (11, 12). As patients with
grass pollen allergy in our region show higher allergic sensitiv-
ity to subtropical grass pollens than temperate grass pollens
(13), we investigated allergen-driven responses to Bahia (Pasp-
alum notatum) grass pollen (BaGP). We examined (i) the pres-
ence of circulating allergen-specific IgE+ cells, (ii) cellular
proliferation in response to a prototypic aeroallergen and (iii)
the phenotypic qualities of B cells responding to allergen in
allergic rhinitis patients with grass pollen allergy.

Methods
Patient recruitment

Patients diagnosed with a clinical history of allergic rhinitis
and control subjects were recruited from the Respiratory and
Immunology Clinics at the Princess Alexandra Hospital,
Queensland, with informed consent as approved by the
Metro South Human Research Ethics Committee. Allergy
status was assessed by positive skin prick test wheal diameter
>3 mm with a panel of ten common aeroallergens including
BaGP extract (1/10 weight/volume; Hollister Stier, Spokane,
WA, USA) by standard techniques as described (13). Periph-
eral blood mononuclear cells (PBMCs) were isolated from
blood samples by density gradient using LymphoPrep (Vital
Diagnostics, Braeside, Vic, Australia) and cryopreserved.
Plasma samples were stored at —20°C.

IgE and IgG ELISA

BaGP-specific IgE levels were measured in plasma samples
(14). Briefly, 96-well plates were coated with 50 pl/well of
5 pg/ml BaGP extract (Greer, Lenoire, NC, USA) or with
coating buffer only. Wells were washed 5 times in phosphate-
buffered saline (PBS) with 0.05% Tween-20 and blocked with
200 pl/well of 1% skim milk powder in PBS with 0.05%
Tween-20. Plasma (diluted 1/40) or culture supernatants were
incubated in duplicate wells at room temperature with shaking
for 90 min. IgE binding was detected with polyclonal rabbit
anti-human IgE (Dako, Glostrup, Denmark) diluted 1/2000
and then anti-rabbit IgG conjugated to horseradish peroxidase
(Promega, Madison, WI, USA) at 1/500. IgG binding was
detected in plasma, diluted 1/40, with sheep anti-human IgG
conjugated to horseradish peroxidase (Millipore, Billerica,
MA, USA) at 1/2000. IgE and IgG reactivity in supernatant or
plasma measured at 490 nm was determined after background
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levels in wells with no antigen were subtracted from the optical
density levels of wells with BaGP.

Whole-blood staining

Red cells from fresh heparinized whole blood were depleted
with lysis solution (BD Biosciences, San Jose, CA, USA).
Leucocytes were stained with anti-IgE-PE (Abcam, Cam-
bridge, UK), anti-CDI19-APC-eF780 (eBiosciences, San
Diego, CA, USA), anti-CD123-FITC (Biolegend, San Diego,
CA, USA) and HLA-DR-APC (BD Biosciences). Cells were
also stained in a separate tube with the purified major aller-
gen of Bahia grass pollen, Pas n 1 (15) labelled with biotin
(bio-Pas n 1,4 pg/ml) in the presence of affinity-purified nor-
mal goat IgG (Sigma-Aldrich, St Louis, MO, USA) and PBS
1% foetal calf serum (FCS; Bovogen Biological, Melbourne,
Vic, Australia) as a primary staining cocktail. To confirm
binding specificity, excess unlabelled Pas n 1 (84 pg/ml) and
an irrelevant antigen ovalbumin (OVA; 84 pg/ml) were added
to the primary cocktail. After incubation and washing with
PBS 1% FCS, a secondary staining cocktail of streptavidin
(SA)-APC, anti-IgE-PE, anti-CD4-PerCP-Cy5.5 and anti-
CD19-APC-eF780 was added. In additional assays, cells were
also stained with CDIc-PE-Cy7 (Biolegend), CD303-FITC
(Miltenyi, Bergisch Gladbach, Germany), CD38 eFluor
650NC (eBiosciences) and CD138-PE Cy7 (eBiosciences).

PBMC culture and CFSE labelling

Peripheral blood mononuclear cells were labelled with 1 pM of
the cytoplasmic dye; carboxyfluorescein diacetate succinimidyl
ester [CFSE, (16)]-stained PBMCs (2 x 10° cells/ml) were cul-
tured in Roswell Park Memorial Institute (RPMI) 1640 media
(Invitrogen, Carlsbad, CA, USA) with penicillin (100 U/ml)-
streptomycin (100 pg/ml)—glutamine (292 pg/ml; Invitrogen)
and supplemented with 5% autologous plasma. Antigen titra-
tion studies and cultures incubated for 5 and 7 days were per-
formed to optimize culture conditions. Cells were distributed to
quadruplicate wells of a 96-well round-bottom plate at 2 x 10°
per ml and cultured in the presence of 32 pg/ml of filter-steril-
ized and dialysed extract of BaGP, 0.45 pg/ml trivalent influ-
enza vaccine (2011, Commonwealth Serum Laboratories,
Melbourne, Vic, Australia), 1 pg/ml phytohaemagglutinin
(PHA; Sigma-Aldrich) or without antigenic stimulation.

Flow cytometry

After 5-day culture, cells were analysed by flow cytometry
using CFSE, CD3-PE (eBiosciences) or CD4-PerCP-Cy5.5
(BD Biosciences), CD19-APC-eF780 (eBiosciences), CD20-
PerCP-Cy5.5 (Biolegend), CD27-PE-Cy7 (BD Biosciences)
and a fixable viability dye e660 (eBioscience). In subsequent
experiments, CD38-PE (eBiosciences), a plasmablast marker,
was assessed and CD20-PerCP-Cy5.5 was omitted.

Dead cells were excluded, and live B-cell (CD19+CD3-) or
T-cell (CD19-CD3+) populations were identified. Actively
proliferating cells were distinguished by excluding cells with
high CFSE. Lymphocyte proliferation responses were
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calculated as a stimulation delta value (percentage of stimu-
lated CFSE" cells minus CFSE" cells without stimulation).

Statistical analysis

Data were tested for normal distribution by the Kolmogo-
rov-Smirnov test. Differences in median responses between
groups were assessed by Mann—Whitney U-test, and differ-
ences between paired samples were assessed using a Wilcoxon
signed rank test. The difference in frequencies of traits
between BaGP-allergic and nonallergic individuals was exam-
ined by Fisher’s exact test. Statistical significance was consid-
ered as P < 0.05.

Results
Grass pollen allergy status of participants

A total of 28 subjects were recruited, 15 pollen-allergic
patients with allergic rhinitis and 13 non-pollen-allergic con-
trols (Table 1). BaGP SPT and the sum of four grass pollen
SPT diameters (Bahia, Johnson, Bermuda and Ryegrass)
were significantly increased in pollen-allergic patients com-
pared to the non-pollen-allergic control group.

BaGP-allergic patients show elevated plasma IgE and IgG levels

Consistent with their clinical status, pollen-allergic patients
showed higher levels of serum IgE specific for BaGP than
nonallergic control subjects (Fig. 1A). BaGP-specific 1gG lev-
els were also elevated in the plasma of pollen-allergic com-
pared to non-pollen-allergic individuals (Fig. 1B). There was
a trend towards a positive correlation between the allergen-
specific IgG and IgE (r = 0.546, P = 0.088), but this was not
significant (data not shown).

Circulating IgE+ cells of pollen-allergic patients specifically
bound the major grass pollen allergen, Pas n 1

IgE+ cells were readily detected in blood of pollen-allergic
patients and healthy controls, but very few IgE+ cells co-
expressed the B-cell marker CD19 (Fig. 2A). The majority of

Table 1 Demographics of study population

Wong et al.

A P <0.0001
- Prmemmemmemmem e |
R 1.5 PR
B
= —V’—
2 1.0 7 —"—00—"—
a
g —“—
m
2005 7 ¢
~ *
Q
=3
B ——
0.0 -
T T
NA GPA
B pPzo00 . .
15 7
_ o0
= *
E
& 10
E ’ *
c *4
5 A
= 0.5 A
m * *
T T
NA GPA

Figure 1 Plasma IgE and IgG reactivity with grass pollen is ele-
vated in grass pollen-allergic donors. (A) Plasma IgE and (B) plasma
1gG reactivity with BaGP in 14 grass pollen-allergic (GPA; black dia-
mond) and 13 non-pollen-allergic donors (NA; grey triangle) were
analysed by ELISA. Individual values, median and IQR marked. Dif-
ference between groups determined by Mann-Whitney U-test.

IgE™ CD19™¢ cells showed a phenotype consistent with ba-
sophils based on positive 1L-3 receptor (CD123) and negative
HLA-DR staining (Fig. 2A). These IgE" cells from patients
but not control donors bound the biotin-labelled group 1
allergen of BaGP, Pas n 1, as detected by streptavidin stain-
ing (Fig. 2B). To confirm that Pas n 1 binding was allergen
specific, excess unlabelled Pas n 1 was shown to block bio-
Pas n 1 binding, whereas the addition of an equal amount of
the irrelevant antigen, OVA, did not diminish bio-Pas n 1
staining (Fig. 2C,D). Any Pas n 1 binding detected on the
surface of CD19™ B cells could not be blocked by unlabelled

Parameters Grass pollen-allergic Non-pollen-allergic P-value
Subjects (n) 15 13

Age, median (IQR) 36.0 (24.0-48.0) 34.73 (26.6-51.2) ns*
Gender: female (n) 9 11 nst

Total SPT, median (IQR) 54.5 (43.5-68.0) 7 (4-11) <0.0001*
BaGP SPT, median (IQR) 10 (6.5-12.5) 0 (0-0) <0.0001*
Combined grass SPT, median (IQR) 30.0 (23.0-64.5) 3.5 (0-5.5) 0.0001*
Allergy symptoms in previous 12 monthsi 13 5 0.0163+
Doctor-diagnosed asthma 7 4 nst

n, number; IQR, interquartile range.

*Mann-Whitney U-test for difference in median values between groups (P < 0.05 cut-off).
tFisher's exact test for difference in frequency between groups (P < 0.05 cut-off).
+Some non-pollen-allergic subjects had allergic sensitivity to house dust mite or cat dander allergens.
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Figure 2 Circulating allergen-specific IgE+ cells in patients with
allergic rhinitis. (A) CD19 and IgE staining of lymphocytes of a
grass pollen-allergic (GPA) donor (exemplary data from five
patients). CD19- IgE™ cells showed staining with CD123 and HLA-
DR consistent with basophils. (B) IgE™ cells in whole blood stained
with (light grey) and without (dark grey) biotinylated (bio)-Pas n 1
and detected by streptavidin (SA)-APC in exemplary non-pollen-

allergen and was deemed to be nonspecific (data not shown).
Whole-blood staining of four allergic donors showed that the
IgE™, CDI19~ population were mostly (median 93%, range
88-97%) HLA-DR ™ cells, of which a median of 36% (range
26-48%) were CDIc”, CD303™~ myeloid dendritic cells and a
median of 18% (range 13-26%) were CDIc™, CD303 " plas-
macytoid dendritic cells (data not shown). Circulating CD3",
CD27", CD38" (plasmablasts) or CDI138" (plasma cells)
were not found in either the IgE™ or IgE™ populations (Fig.
S1).

Allergic donors showed increased allergen-driven B-cell
proliferation

To ascertain the presence of allergen-specific B cells in blood,
PBMCs were stained with CFSE and assessed for their
capacity to proliferate in response to BaGP allergen. Exem-
plary data for an allergic donor show response of both B
(CDI9" CD37)- and T (CDI19~ CD3")-cell populations in
cultures stimulated with BaGP or the T-cell mitogen PHA
(Fig. 3A). PBMC from pollen-allergic donors showed higher
B- and T-cell proliferation to BaGP than nonallergic individ-
uals (Fig. 3C), whereas responses to PHA (Fig. 3B) and

Allergy 70 (2015) 420-428 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

allergic (NA) and GPA donors. (C) Blocking of bio-Pas n 1 binding to
IgEM cells in five GPA donors by excess unlabelled Pas n 1 but not
ovalbumin (OVA). (D) Intensity of bio-Pas n 1 staining blocked with
Pas n 1 or OVA. Individual values, median and IQR marked and
difference assessed by Wilcoxon sign ranked test for paired data.
Two GPA donors were used to show IgE+ cells were CD123+
HLA-DR- basophils.

influenza vaccine antigen (Fig 3D) did not differ between
pollen-allergic donors and nonallergic donors. Heat inactiva-
tion of BaGP-specific IgE in autologous plasma in culture
media did not reduce B-cell proliferation in response to
BaGP (Fig. S2).

B cells from allergic donors that rapidly respond to allergen
display a memory phenotype

Within the proliferating allergen-driven B cells, a distinct
population (CD19™¢ CFSE") underwent more divisions in
response to pollen allergen than B cells that retained high
CDI19 surface expression (CD19" CFSE™Y) (Fig. 4A). The
precursor frequency of rapidly dividing B cells (CD19™¢
CFSE™) had undergone between five and seven divisions and
arose from up to 3 per 10* precursor B cells. After 5 days, B
cells that entered division early showed significantly lower
expression of CD19 and CD20 and higher expression of the
memory marker CD27 (Fig. 4B) than B cells that were
slower to respond to allergen. This was similar to a popula-
tion of rapidly dividing B cells with high CD27 and low
CD20 and CDI19 expression that was observed in B cells
responding to influenza antigen (Fig 4C).
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Figure 3 Allergen-driven B- and T-cell proliferation to grass pollen
is increased in grass pollen-allergic donors. (A) Forward and side
scatter plot, viability stain and live CD19+ CD3- B-cell and CD3+
CD19- T-cell gating are shown on left. Right panels show CFSE
dilution in B and T cells of PBMC cultured with PHA, BaGP or no
stimulus (none). Individual T-cell responses of non-pollen-allergic
(NA) and grass pollen-allergic (GPA) to PHA (B). Individual B- and

In ten of the pollen-allergic donors, PBMC showed strong
proliferative responses to BaGP in Fig. 4, allowing investiga-
tion of the expression of CD38, a plasmablast marker of late
germinal centre stage B cells (Fig. 5). B cells rapidly dividing
in response to BaGP that were CD19™¢ CD27" expressed
significantly higher CD38 than B cells that entered into divi-
sion more slowly.

Discussion

A seasonal increase in serum IgE levels boosted by recurrent
allergen exposure (17) exemplifies the IgE memory response.
Such a boost to serum IgE could arise from re-activation of

424

T-cell responses to BaGP (C) and influenza antigen (D). Data are
expressed as the percentage CFSE' cells with stimulation minus
the percentage CFSE'™ cells without stimulation with the median
and IQR marked. Significant P-values determined by Mann-Whit-
ney U-test. (T cells of two NA and two GPA donors were identified
with CD4 instead of CD3 staining).

resident bone marrow allergen-specific IgE+ plasma cells.
Alternatively, serum IgE could be increased by re-activation
of allergen-specific memory B cells. The existence of circulat-
ing memory IgE+ B cells appears to be unlikely in humans
despite their recent discovery in murine models (5, 6). Our
study demonstrates that strong ex vivo allergen-driven B-cell
responses can be detected in PBMC of patients with grass
pollen allergy, but not non-pollen-allergic control donors.
Furthermore, the allergen-driven B cells of untreated grass
pollen-allergic patients showed characteristics typical of
adaptive memory B-cell responses, namely rapid in vitro
expansion and upregulated maturation and plasmablast dif-
ferentiation markers.

Allergy 70 (2015) 420-428 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Figure 4 B cells of grass pollen-allergic subjects rapidly dividing in
response to grass pollen acquire a memory B-cell phenotype. (A)
Exemplary data showing B cells early-to-divide (CD19™¢ CFSE",
grey trace) in response to BaGP compared with late-to-divide B
cells (CD19" CFSE™9, black trace). Mean fluorescence intensity

Previously, studies in asthma showed a significant relation-
ship between serum IgG and IgE specific to ryegrass pollen
and its major allergen, Lol p 1 (18). It might have been rea-
sonable to expect in our study that nonallergic individuals
would show some B-cell response to allergen, as exposure to
pollen is likely to be similar for all subjects. Instead, the non-
allergic group in our study appeared to be ‘ignorant of the
allergen’ and failed to mount significant allergen-specific anti-
body or B-cell response (19). That IgG and IgE to BaGP
were elevated in the allergic donors and not in the control
group is consistent with the observation that only the sensi-
tized group showed B-cell proliferation to allergen.

Flow cytometric staining for IgE in whole blood of aller-
gic and nonallergic individuals did not show significant IgE
on CDI19+ B cells above isotype control (data not shown),
in keeping with prior studies (8, 10). We identified that most
of the IgE™ CDI19- cells stained positively for HLA-DR as
well as the myeloid dendritic cell marker (CDIc) or the
plasmacytoid DC marker (CD303c). The majority of aller-
gen-specific cells observed in blood of allergic rhinitis
patients with grass pollen allergy and not nonallergic con-
trols were IgE™, CD19~, CD123" and HLA-DR™ cells con-
sistent with basophils. That specific Pas n 1 staining on
CDI19+ B cells was not clearly detected is consistent with
observations of Irsch and colleagues (7) who showed in bee
venom-allergic donors that only a low frequency of the

Allergy 70 (2015) 420-428 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

(MFI) for CD19, CD20 and CD27 with individual values, median and
IQR marked for grass pollen-allergic patient PBMC responses to
BaGP (B). Individual responses of non-allergic and pollen-allergic
donor PBMC to influenza antigen (C) (Wilcoxon signed rank test for
paired data).

phospholipase A, allergen-specific cells in blood was B cells,
whereas the majority of phospholipase A, allergen-specific
cells were basophils.

Despite the lack of detectible allergen-specific IgE+ B cells,
we have provided functional evidence of a population of B
cells in allergic donors at a low precursor frequency consis-
tent with cognate antigen recognition capable of responding
to allergen. The rapid proliferation of allergen-activated B
cells in PBMC from BaGP-allergic donors is consistent with
early expansion of adaptive memory B-cell response (20).
Moreover, elevated expression of the CD27 and CD38 mark-
ers on rapidly dividing B cells responding to allergen is a
hallmark of highly activated memory B cells (21, 22). These
cellular characteristics indicate the presence of a population
of circulating, pre-existing allergen-specific memory B cells in
allergic patients that were not detected in nonallergic control
subjects. Future studies will focus on properties of these
early-to-divide allergen-specific B cells, as only this popula-
tion appears to have characteristics of memory B cells,
whereas the late-to-divide B cells may depend on T-cell help
for activation. That most of the IgE+ cells circulating in
blood were basophils or dendritic cells rather than those of
the B-cell lineage (e.g. B cells or plasmablasts) suggests that
the CFSElo, CDI19lo, CD27hi B cells rapidly responding to
allergen have acquired the plasmablast phenotype of the
CD27hi, CD38+ in vitro.
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Figure 5 B cells of pollen-allergic subjects rapidly dividing in
response to BaGP show a plasmablast phenotype. (A) Exemplary
data from a pollen-allergic individual showing CD19 and CD27 stain-
ing of CFSE'® CD19+ BaGP-driven B cells. (B) Expression of CD38
for CD19" CD27 (black) and CD19"° CD27" (grey) B-cell popula-
tions dividing in response to BaGP. (C) Individual values, median
and QR for CD38 expression of BaGP-driven B cells from ten pol-
len-allergic donors (Wilcoxon signed rank test for paired data).

Murine studies show that IgE-switched B cells have a
predilection to rapidly differentiate into IgE-secreting
plasma cells (2-6). Earlier studies in humans showed that
the majority of circulating IgE™ cells constituting a median
of 0.29% of lymphocytes appeared to be CD38+ plasma-
blasts and not CDI19+ B cells (8). That IgE mRNA tran-
scripts can be amplified from blood of allergic donors and
individuals from parasite endemic regions (23, 24) is consis-
tent with circulation of IgE+ plasmablast. Data from IgE
reporter mice indicate that IgE+ plasma cells were largely
short-lived tissue-resident plasma cells (5, 6). Whilst the per-
sistence and location of plasma cells in humans is not read-
ily investigated, nasal challenge with pollen allergen
molecules boosted IgE and IgA responses in pollen-allergic
patients (25). This observation may in part reflect the
contribution of local mucosal IgE isotype switching and
secretion (26, 27).

This research described herein increases our understanding
of the phenotypic characteristics of circulating allergen-driven
B cells, which have not been previously described in human
subjects with a prototypic aeroallergen. Whilst T-cell prolifer-
ation to peanut allergen has been demonstrated previously
using CFSE, the B-cell response to allergen has primarily
been considered in the context of B-cell presentation of anti-
gen to T cells, an important mechanism for perpetuating

Wong et al.

allergic disease (28). It is reasonable to speculate that both
the memory and the maturation status of allergen-driven B
cells will affect IgE-facilitated allergen presentation to T cells
(29). However, B-cell response to BaGP was not decreased
by heat inactivation of plasma in which allergen-specific IgE
and IgG were reduced. An improved understanding of aller-
gen-driven B cells in patients with allergic disease is also
likely to be relevant in the context of induction of IgG-block-
ing antibodies, a mechanism thought to mediate the effective-
ness of allergen-specific immunotherapy (30). The existence
of a memory population of allergen-specific B cells has impli-
cations for our understanding of the pathways mediating IgE
switching. Allergen-specific memory B cells of an IgG sub-
class, possibly 1gG4 (31) or even IgGl (32), could engage in
germinal centre activities of somatic hypermutation and affin-
ity maturation in this pre-IgE stage, whereas IgE+ B cells
appear to bypass germinal centre activities. Somatic hyper-
mutation and affinity maturation of allergen-specific Ig prior
to switching to IgE could allow for generation of high-affin-
ity allergen-specific IgE as previously indicated in some stud-
ies (23, 33). However, examination of IgE transcripts in other
studies indicated a low accumulation of somatic mutations in
some situations (24, 34).

Herein, we have provided evidence that a population of
grass pollen allergen-specific, circulating memory B cells is
present in patients with allergic rhinitis, despite the absence
of detectable IgE+ B cells. Although we did not detect IgE+
memory B cells ex vivo, consistent with earlier findings of
other laboratories (7-9), it remains possible that a very rare
IgE+ memory population exists. However, our findings are
consistent with the hypothesis that IgE memory is main-
tained by an allergen-specific, non-IgE-expressing precursor
memory B-cell population.
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Supplementary Figure L egends

Supplementary figure 1. Identification of IgE intermediate cellsin whole blood.
Exemplary data from one of four atopic donors. The lymphocytes and granulocytes (based
on SSC and FSC) of whole blood were selected and CD3+ cells were excluded (not shown).
CD19 and IgE staining (right top). HLA-DR and CD123 staining of CD3-, CD19-, IgE Int
(top middle) and CD3-, CD19-, IgE Hi populations (top right). CD1c and CD303 staining
(bottom right) of the HLA-DRA4+, IgE Int population (bottom left).

Supplementary figure 2. Heat inactivation of plasma IgE does not deminish
proliferation to BaGP allergen. A. Plasmawas heat inactivated for 56°C for 30 and 60
minutes. After thirty minutes, BaGP-specific IgE was reduced by a median of 72 % (IQR
63.63-80.8%) and 1gG was reduced by 30% (23-33%). BaGP-specific IgE and 1gG were not
significantly further decreased by incubation for an additional 30 minutes. B. CFSE- labelled
PBMC of five grass pollen-allergic donors were cultured as described in media supplemented
with either 2% untreated (normal conditions) or 2% plasma heat inactivated for 30 minutes
with none, BaGP, Flu or PHA stimuli. Exemplary data from one of five grass-pollen adlergic
donors shows B cell response to BaGP for PBMC cultures with untreated (U) plasma (B) and
heat inactivated (HI) plasma. D. No significant difference in response to stimuli was observed
for the five donors.
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