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B cell phenotype and function in infants with egg allergy

To the Editor,

IgE-mediated-feod allergy is a major public health burden, affecting up to 10% of i(ffants
B cells play a,crucial role in the development of food allergy, primarily thraligingen

specifict IgE (sIgE) production that mediate allergic immune responses. B cells also

modulate other immunological processes, including the production of inflammatory and

regulatory cytokines. Increasing evidence suggests a rol¢hése cytokines in human
disease, however, their role in the development or resolution efmkgkated food allergy
remains largelyunknown. In the present studywe aimed to phenotypend quantify
circulating B cell subsets in infants with food allergy amgestigatethe contribution of B
cell-derived cytokinesin the development of food allerggnd the acquisition of natural

tolerance in_childhood.

A subset 0f59 infants were selected frotmne HealthNuts cohoffor this study (n=382gg
allergic oneyearold infants andn=21 nonsensitised, nofood allergic oneyearold
infantg. Oral food challenges (OFC) were performed according to standardised m@ocol
Egg allergic infants (n=38) had a positive SPihm and an sIgE level of >0.35kUA/L to
egg and an unequivocal objective allergic reaction during eggd®&ge one year. Healthy

control infants (n=21)were nonrsensitised and neallergic by OFC. All infants with
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challengeconfirmed egg allergy at one year of age undertook repeat raw egg OFCn&PT a
sIgE tests taleterminetheir egg allergy status at age four years. Of the 38egyallergic
participants selected for this study? dcquired tolerance to eduy age four(designated
transient egg allergic) while6 remained egg allergic (persistent egg alletgse)pplementary
Table 1 describes the demographics of the selected cBhmwtl wascollectedat one year of
ageandcryopreservegeripheral blood mononuclear celBBMCg usedfor flow cytometry
aspreviously reported3, 4).B cell subpopulations (naive, switched memory,-soitched
memory and double negative) were quantified using the strategies outlined in Supgigment
Figure 1.For assessment of B cell cytokine productignurified CD3CD19" B cells (BD
Influx Cell'Sortef werestimulated for 72h at 37°@ith 300pug/ml & endotoxin cleanedgg
white extract(0.3EU/mI) or 1uMof CpG-2006. 8pernatants werthenharvested and frozen

at -80°C for later quantificatiomf cytokines by cytometric bead array (CBAJor detailed

methods, please see online supplement.

We reportsthat'egg allergimneyearold infantsshowlower numbers ofotal circulating B
cells relativestornorallergic infants(2.0x1C cells/ml vs 2.9x1®cells/ml, p=0.031)Figure
1A). We haveadditionally observed that the reduction in circulattgell number in egg
allergic infants'was evident in the naiize3x10 cells/ml vs 1.9x1dcells/ml, p=0.046), non
switched memory(0.5x10 cells/ml vs 1.3x1b cells/ml, p<0.0001)nd switchedmemory
(2.8x1d _cellsS/ml vs 6.0x16 cells/ml, p=0.0041) B celsubpopulations (Figures HE).
WhenB cell subsetsvere expressed aefjuencies of the total B cell pool, this reduction was
most prominentn the switched and noswitched memoryB cell subset{Supplementary
Figure 2AD):

A decreasein the frequency tftal B cells in children with eczemhas recently been
reported $). Howeverthe authors observet differences betwaethe majoB cell subsets

in children,with eczema relative to healthy contr@s/en that infants with egg allergy often
have concomitant eczema, we sought to determine whether the Bubsktdecreases
observed in_oufood allergic infantsvere also associated with the presence of eczema. We
found that thedecrease in the number of memory B cell subsets in egg allergic infants was
observedindependent of eczema statasmdwe report no significant differences in B cell
subset numbersetweeninfants with eczema alone (without egg allergy) relativadnegg

allergic, neeczema controls (Supplementary FigBye
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IL-10 producing B cells have been shown to have a protective effect in human allergic

diseases by supressing effector T cells and inducing regulatory Tespthnseg6). One
study of milk allergy found greater proliferation of 110" B cells following allergen
stimulation in norallergic patients when comparedttmse withmilk allergy (7). We found
greater production oB cellderivedIL-10 (13pg/ml vs 7.7pg/ml, p=0.04)L -6 (54pg/ml vs
30pg/ml, p=0.03and CCL3(759/ml vs14pg/ml, p=0.009) in nowmllergic infants relative to
egg allergic infant$ollowing nonspecific stimulation with the TL® ligand CpG(Figure
1F-H). Interestingly both eggand CpG stimulation increas@&lcell-derivedIL-8 production
from egg allergic infantselative to non allergic infants (1.6old and 3.#old increase,

respectivelyfFigure 1).

We next sought tdetermine if the altered B cell responses were associatedhaitiatural
history of egg.allergyn earlychildhood. To do this, we stratified egg allergic infants by their
subsequent.egg allergy status at follow up emhparedmmune responses at one year of
age in infants*with persistent or transient egg aller@pth persistent and transierigg
allergic infants'shoed reducechumbers of noiswitched memory B cellat age oneelative

to nonallefgic controls(0.3x1dcells/mlvs 1.2x10cells/ml, p=0.0002, and 0.5x%@Ils/ml

vs 1.2x10célls/ml, p=0.01 respectively)however only infants with persistent egg allergy
outcomes™demonstrated a decrease in the swittlemdory subset (2.6x1®ells/ml vs
6x10cellsiml, p=0.012)(Figure 2A-D). Whether the observed suppression of circulating
memory Bcell numbes in food allergic infantss due to an innate deficit in these subsets or
is due toT celkinduced immune suppression is unclear. However, the observatiotihehat
deficit is primarily observed irthe memory subsetdyoth of which have been shown to
demonstrate__characteristics of antigen selectimay suggestthe latter. Future work
investigatingthe phenotype and functiortlodseB cells in prior to allergy onset (within the

first 6 monthsof-life) will help answer these questions.

Purified B_cells, from infants with transient egg allergy produced les§ #nd IL-10
following CpG stimulationrelative toinfants with persistent egg allergy healthy controls
(Figure 2EG,all' p<0.05. This suggestthat reduced early life B cell capacity following toll
like receptor,engagement may be associated with the development of ®lerahddhood.
Future investigation of the role oégulatory B cell subsets in thiesponse will provide
further insight In all stimulation condition®B cell IL-8 production was significantly elevated
in infants with persistent egg allergy relativeritants with transient egg allerdiigure 2H

all p<0.05. We have previously showthat monocytes from infants with persistent egg
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allergy produce more inflammatory cytokines -(I, TNFo and IL-8) at baseline and
following in vitro endotoxin exposure when compared to infants with transient egg allergy
(3). We now extend these findings to report that egg allergy in the first year of life is also
associated with elevated productionirdfammatorylL -8 from activated B cells, and that this

effect was meost significant in infants with persistent egg allergy. Whilst we are the first to
report these findings in the context of food allergy, a positive correlatiorebetB cell 11-8
production and disease severity has been observed in other diseases of the gut, including

Crohn’s disease and ulcerative colitis (8, 9).

In summary we haveshownthateggallergic infants have reduced numbers of circulaBng
cells thatproducealtered cytokine responsasbaseline antbllowing TLR stimulation.Our
results pravide new insights into the underlying biology that drive the clinical phpasotf
egg allergys=highlighting # possibility thaincreasednflammaory activation of B cellsn

the first year,of life may contribute tthe persistence of allergic immune responses in
childhoodand that reduced B cell capacity followinghate stimulatiormay be associated

with the induetion of natural tolerance.
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Figure 1, Egg.allergic infants swareduced numbers of circulating B cells and altered B cell
derived cytokine profiles at one year of ag®-E) Total B cells, naive, switched memory,
nonswitched=-memory and double negative B cells expressed as cell number per ml in egg
allergic (n=38) and norgg allergic (n=21) one year old infantB:1j FACSsorted B cells

from egg allergic (n=10) and neallergic (n=10) infants were cultured for 72h in the
presence (of media alone, egg allergen or CpG. Following culture, supernatants were
harvested andsproduction of-g, CCL3, IL-8, IL-10 and -8 was assessed by cytometric
bead array;*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

B C D
Naive B.cells NSM B cells SM B cells DN B cells
¥k K

1.0x10¢ 1.0:10% — 1.0x10¢ % 1.0<10¢
E _B T
g [ 10-10¢ %l 1.0x10° I o 1.0x10¢ :
2 104100 o B . Lo | ] =]
E .1, “ [2%ee ] ' -
2 1.0x10° 1010 - 1010+
3
Q

1.0x10¢ 1.0x102 ! ! ! 1.0x10° . . 1.0x10° , . .

Persistent  Transient Non Allergic Persistent  Transient Non Allergic Persistent Transient Non Allergic Persistent  Transient Non Allergic
E F G H
IL-6 MIP-1a / CCL3 IL-10 IL-8

L I *% = Persistent
1000 LIL] 1000 T 100 1000 * % == Transient

—x - % = [ Non Allergic
* . *

*
* 3k
* %

100

“opg I a—?_@ Iﬂf; Ylage epg Q_ﬂ%g EEE% %é @é

1

pg/mi

- , \ — e 1 1 : , ‘
Media Eggallergen  CpG Media  Eggallergen  CpG Media Eggallergen  CpG Media  Eggallergen  CpG

Figure 2. Distinct B cell profiles at one year of age in persistent and transient egg éhergy

D). Naive B cells, switched memory B cells, romitched memory and double negative B
cells expessed as cell number per ml in egg allergic one year old infants, stratified by their
persistent «(h=15) or transient (n=23) outcome at follow up compared witfalleogic
control infants.(n=21)(E-H) FACSsorted B cells from infants with persistent (n=&)
transient (n=5) allergy and natlergic healthy infants (n=10) were cultured for 72h in the
presence of media alone, egg allergen or CpG. Following culture, supernatants were
harvested and production of-B, CCL3, IL-8, IL-10 and -8 was assessed loytometric

bead array, *p<0.05, **p<0.01, ***p<0.001.
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