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ABSTRACT

Background: The role of basophils in anaphylaxis is unclear.

Objective: To investigate whether basophils have an importaatin human anaphylaxis.
Methods: In an emergency department study, we recruited patients with acute
anaphylaxis, predominantly thymenoptera venom. We measured expression of basophil
activation markers (CD63, CD203c), the absolute memof circulating basophils, whole-
blood FceRI, CPA3 andHDC gene expression, and serum markers (CCL2, CCL3,1CC
IL-3, TSLP) at three time points (during the andpbijc episode, and in convalescent
samples 7 and 30 days later). We recruited Hy8denoptera-allergic and 76 healthy controls
for comparison. We then investigated whether th@engks observed during venom-related
anaphylaxis also occur during allergic reactionsfdod in 22 peanut-allergic individuals
undergoing double-blind placebo-controlled foodligmaye to peanut (DBPCFC).

Results: The number of circulating basophils was signifita lower during anaphylaxis
(median 3.5 cells/ul) than 7 and 30 days later¥1and 24.7 cells/ul, P<0.0001), and
compared to venom-allergic and healthy controls 28l 23.4 cells/ul, P<0.0001ceRI
expression during anaphylaxis was also signifigafdglver than in convalescent samples
(P<0.002) and venome-allergic controls (P<0.0001). CQh2 not other serum markers) was
significantly higher during anaphylaxis (median 68&ml) than in convalescent samples
(314 and 311 pg/ml, 7 and 30 days, P<0.001). Peaduted allergic reactions resulted in a
significant decrease in circulating basophils coragdo pre-challenge samples (P=0.016), a
decrease ifrceRIl expression (P=0.007), and an increase in CCL2 (1B30).

Conclusions: Our findings imply an important and specific rofer basophils in the

pathophysiology of human anaphylaxis.

Keywords: anaphylaxis, basophils, CD63 activatiéiezRIl expression, CCL2, serum tryptase
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Key M essages
 Human anaphylaxis involves a substantial reductiogirculating basophils, which
inversely correlates with serum CCL2, a major bagdaghemotactic factor
e This decrease was confirmed by reduced whole blm&l, CPA3 andHDC gene
expression
* These data imply an important and specific roleldasophils in the pathophysiology

of human anaphylaxis

Capsule summary

We demonstrate a substantial reduction in ciraugabiasophils and whole blooddRi gene
expression during acute anaphylaxis. There waa@ease in the major basophil chemotactic

factor CCL2, which correlated with a decrease isolpails.

Abbreviations:

CCL2: chemokine ligand 2
CCL5: chemokine ligand 5
CCL11: chemokine ligand 11
CCR2: chemokine receptor 2
CCR3: chemokine receptor 3
CPAS: carboxypeptidase A3
DBPCFC: Double-blind, placebo-controlled food cbatie
ED: Emergency department
FceRI: high-affinity IgE receptor
HDC: L-histidine decarboxylase

TSLP: thymic stromal lymphopoietin
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INTRODUCTION

Anaphylaxis is a potentially life-threatening, rdigtprogressing systemic allergic reaction
that may lead to death due to airway obstructiomascular collapse following exposure to
allergens (including insect venom, foods and meitiox* Mast cell activation is postulated
to have a pivotal role in anaphylaXiand an increase in serum mast cell tryptase cafireo
the diagnosis. However, in individuals experiencing anaphylasisis not unusual to find
normal serum tryptase in the context of increaskdnpa histaming&,®> suggesting that
anaphylaxis may also involve basophil activatiomwdver, there is little published data

demonstrating a direct contribution of basophilggte-mediated anaphylaxis in humans.

Mast cells enter tissues as immature progenitongrevthey undergo the final stages of their
development and remain residentsitu for weeks/months. In contrast, basophils typically
mature in hematopoietic tissues and subsequenttylate in the blood, with a half-life of
less than one weékLocal allergen challenge studies in humans haveodstrated an influx
of basophils to inflammatory sites within severalts of allergen exposure, demonstrating
the existence of mechanisms for basophil recruitnfiemm the circulation to the site of
allergen exposur&? Both mast cells and basophils may rapidly sedris@mine and similar
(but not necessarily identical) mediators and dyte& following IgE cross-linking. In
murine studies, basophils contribute to IgG-mediagmaphylaxis® In contrast, human
basophils cannot be activated through IgG receptord their function is inhibited by IgG-
mediated triggeringia FcyRIIb receptors; moreover, they lack protease-atgtvaeceptors

and antigen-presenting functiots:?

We hypothesized that basophils play an importaetirohuman anaphylaxis, and specifically
that: (1) basophils are activated during human laylagis; (2) there is a basophil migration
during anaphylaxis; and (3) basophil-related bidme may be useful to confirm
anaphylaxis. We addressed our hypotheses in assefitmter-linked studies. First, in an
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emergency department (ED) study we investigatedipheegulation of CD63 expression (the
most commonly used basophil activation marferduring and after anaphylaxis
(predominantly caused bymenoptera venom allergy). We monitored the absolute numbers
of circulating basophils, the corresponding wholbold gene expression oFceRI,
carboxypeptidase AICPA3) and L-histidine decarboxylasellDC), and serum levels of the
major basophil chemotactic factors, including tfeR2 ligand CCL2, and the CCR3 ligands
CCL11 and CCL5**We also measured T cell-derived IL-3 (an importaagophil priming
and growth factor), and epithelial cell-derived rthg stromal lymphopoietin (TSLP) which
promotes IL-3-independent basophil developmentaaiivation®®*"We then proceeded to
assess whether the changes seen during venondralaehylaxis also occur during allergic
reactions to food under the controlled setting afoable-blind placebo-controlled oral food

challenge (DBPCFC) in peanut-allergic individuals.
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METHODS
Study participants

Emergency Department (ED) study: We prospectively recruited 31 patients (13 femalge
18-79 years) presenting with an acute episode aplaylaxis to the ED of the University
Hospital Golnik, Slovenia (June-August 2011; Julgviember 2013). Severity of reactions
was graded according to Mueller critetfave collected blood samples during the reaction (at
presentation to the ED) and in convalescent sampi&en and/or 30 days after the

anaphylactic episode (Table E1).

Hymenoptera venom allergic controls and healthy subjects. We recruited two groups of

control participants for comparisons: (1) 134 pase(49 females, age 23-67 years) with
confirmed venom anaphylaxis from whom blood samplese obtained at least two months
after the last sting reaction, and prior to inibat of venom immunotherapy; and (2) 76

healthy controls (47 females, age 17-79 years).

To assess for possible confounding by treatmenh wirticosteroids and its effect on
basophil activation, absolute cell couRteRI expression and soluble markers, 17 healthy
subjects received a single dose of 64 mg of ordhyh@rednisolone and were monitored for

up to 24 hours after the treatment (Table E2).

Peanut allergy study: We recruited 22 peanut-allergic individuals (TaB®) in whom peanut
allergy was confirmed by the DBPCFC (details in @eline supplement). Blood samples
were collected prior to challenge, at cessatiorcludllenge due to the onset of objective

symptom$® (but prior to administration of any treatment)gd@h4 hours post-challenge.

Ethical approval was obtained from the Sloveniatidtal Medical Ethics Committee (ED
study and control participants), and the Londonta¢iResearch Ethics Committee (peanut

allergy study). All subjects provided written infoed consent.
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Basophil activation, absolute cell count, gene expression and serum markers

Detailed methodology is described in the Onlinepseiment. Briefly, expression of CD63 and
CD203c (markers of basophil activation), and thaneeration of basophils (CD123+HLA-
DR- cells), lymphocytes and polymorphonuclear lexykes (PMNs) were determined by
flow cytometry as previously describ&d? In samples from peanut-allergic patients, we
determined the absolute basophil count using daimmethodology, with basophils identified

as CRTh2+CD303-CD123+ cefld.

FceRI (FCER1A), CPA3 and HDC gene expression was analyzed in whole blood sample

(PAXgene, PreAnalytiX, Hombrechtikon, Switzerlard) previously described.

We measured serum concentrations of CCL2, CCL5, ACIL-3 and TSLP using ELISA
according to the manufacturers’ instructions (Qikam¢ R&D Systems, Minneapolis, MN,
USA and Abcam, Cambridge, UK). For IL-3 measuremmemie also performed spiking
experiments (Online Supplement). We measured setatal tryptase o+B) using
ImmunoCAP 100 (ThermoFisher, Uppsala, Sweden);tdsg concentrations that exceeded

11.4 pg/L were considered increased.
Statistical analysis

The distribution of data was assessed using thegBsfino and Pearson test. We used
appropriate non-parametic and parametric tests clmmparisons between the groups,
including Wilcoxon’s signed-rank test, Mann-Whitnegytest, t-test with a Welch correction

and Pearson correlation. Data are expressed asndagan unless otherwise stated. We
compared the performance of basophil-related bikerarin discriminating between patients
with anaphylactic reactions and those without usegiver operating characteristic (ROC)
curve analysis. Analyses were performed using GraghPrism (GraphPad Software, La

Jolla, CA, USA).
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RESULTS
Study participants

ED study and controls: Table E1 and Figure E1show detailed informationdemographic

characteristics, clinical and emergency treatment sampling data of 31 ED patients. The
reaction was caused by an insect sting in 28 patiéihe median time from the onset of
symptoms to sample collection was 105 minutes @a2@ minutes to 5 hours, Figure E1).
Convalescent samples were collected from 28 patiesaten days after the anaphylactic
episode, and from 23 patients after 30 days (T&llg two patients provided samples 24

hours after the acute episode.

We measured basophil activation and counts in Bl gatients and controls, and serum
tryptase in all ED patients and venom-allergic ocolst (Table E4). We ascertained gene
expression in 15, chemokines and IL-3 in 17, andPr$ 14 ED patients, and analyzed

FceRI expression in 37 venom-allergic controls, and C@L21 healthy controls (Table E4).

Peanut allergy study: Basophil counts were determined in 22 peanutgtigratients prior to,
and during both active and placebo arms of the DBPGCCL2 levels (n=22) anBceRI

expression (n=12) were ascertained during the aetimn of the DBPCFC.
Basophil markersin ED study and controls

Basophil activation: The percentage of CD63-activated basophils in EDepts during

anaphylactic episodes was low (median 3.8%). Theslees were marginally higher
compared to seven (median 2.9%; P=0.01) and 30ldegrs(median 2.9%, Fig. 1A; P=0.05).
Only four patients had >5% activated basophils, anty one exhibited an activation of
>10%. This was mirrored by a small, but signifidartigher percentage of CD63-activated

basophils during anaphylaxis compared to venomgadlecontrols (median 3.1%, P=0.01), or
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healthy controls (median 2.4%, P=0.001, Fig. 2Axpiession of the activation marker

CD203c correlated highly with that of CD63 (Fig.)E2

Circulating basophils. The absolute number of circulating basophils wgsicantly lower
during reactions (median 3.5 cells/pl) comparedhwsigven and 30 days later (17.5 and 24.7
cells/ul respectively, P<0.0001, Fig 1B). This nemtkdecrease (median 83%, range 53%-
99%) was evident in 30/31 patients. Basophil numbar ED patients during the acute
reaction were significantly lower compared to verallergic controls and healthy subjects

(median 21 and 23.4 cells/ul respectively, P<0.06W. 2B).

Gene expression: We observed significantly lower expression FafzRI, CPA3 and HDC
during the acute reaction compared with the expesseven and 30 days late<(P002, Fig
1C-E); median decrease [range]: 89% [54%-100%], §P980-98%)] and 86% [57%-98%)],
FceRI, CPA3 and HDC expression respectively)ceRl expression in ED patients during
reactions was significantly lower compared to veradlargic controls (P<0.0001, Fig. 2C).
Gene expression correlated highly with the absatutaber of circulating basophils (r=0.75,
r=0.64 and r=0.62, P<0.000E¢ceRI, CPA3 andHDC respectively, Fig. 3A-C). Of note, we
observed lower basophil counts &Rl expression in ED patients across different reaction

severities (Mueller grade I-Il and IlI-IV, Fig. E3B)

Serum markers. CCL2 concentrations in ED patients during reactimgdian 658 pg/ml)
were significantly higher than that measured inved@scent samples taken seven and 30 days
later (median 314 and 311 pg/ml respectively, P&IR) Fig. 4A), and compared to 71
healthy controls (median 201 pg/ml, P<0.0001, RiQ). CCL2 increased during the acute
reaction (median increase 113%, range 50%-477%)l ib7 patients (Mueller grade I-1l and
llI-1V, Fig. E3D). There was a significant negatieerrelation between serum CCL2 and the

absolute number of circulating basophils (r=-0.$8;0.0001, Fig. 3D). There were no
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differences between the three time points in CC1&9q, 49.5 and 46.7 ng/ml), CCL11 (109,

108 and 96 pg/ml), IL-3 (23, 17 and 23 pg/ml) ar®LP (54, 60 and 58 pg/ml) (Fig. 4B-E).

The median concentration of serum tryptase in Efep&s was significantly higher during
the acute reaction (17.5 pg/L) than seven and $8 tder (5.2 and 5.6 pg/L respectively,
P<0.0001, Fig. 1F), and compared to venom-allezgittrols (3.8 pug/L, P<0.0001, Fig. 2E).
Using a binary cut-off of 11.4 pg/L, tryptase wasreased during the acute episode in 22/31
(71%) patients (4/7 with Mueller I-lIl, and 18/24twiMueller grade IlI-IV reactions; Fig.

E3C).

Other blood cells. There were no differences in the PMNs and lymptea&jpsolute count

during the acute reaction compared to seven artth@® later (PMNs: median 3292, 2618 and
2738 cells/ul respectively, Fig. 1G; lymphocyte431, 1724 and 1547 cells/ul, Fig. 1H). Of
note, in some patients, an increase in PMN to >Dgells/pl, and a decrease in lymphocytes

to <500 cells/pl were observed (Fig. 1G-H).

Inter-assay variability and potential confounding by treatment: Detailed results of these
experiments are presented in the Online supplelffegs. E4-E7). Briefly, there was a fast
and substantial (>two-fold) increase in the absoluimber of PMNs 2.5-3 hours after the
administration of methylprednisolone, and a slodexrease in the absolute number of blood
basophils and ifrceRI expressions (Fig. E4B-D). There were no chang€163 activation,

CCL2, CCL5, CCL11 and IL-3 levels (Fig. E4A; E5A-D)
Changesin basophil markersduring acute aller gic reactions to peanut

Circulating basophils: There was a significant decrease in the absolutgbeu of circulating
basophils during the active arm of the DBPCFC caegbado the matched pre-challenge
sample (P=0.016); no such difference was observedgithe placebo arm of the challenge

(Fig. 5A). The decrease in circulating basophilss vagnificantly greater in the active
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compared to the placebo arm of the DBPCFC (medemmedse [range], -23% [-57%-33%)]

vs. -4.5% [-36%-141%)], actives. placebo, P<0.05).

FceRIl expression: During the active arm of the DBPCFC, there wasgaificant decrease
from baseline irFceRI expression, both at the time of objective symptdma prior to any

treatment being administered, P=0.007), and 2hltouts post reaction (P=0.002), Fig. 5B.

Serum CCL2 levels: CCL2 increased significantly at the time of objeetsymptoms during
the active arm of the DBPCFC compared to basekwel$ (P=0.003, Figure 6A). CCL2
levels returned to baseline within two hours of timset of symptoms (Fig. 6B); the rate of
increase in CCL2 was significantly greater in tioiv@ compared to the placebo arm of the

DBPCFC (P=0.008; Fig. 6B).
Predictors of anaphylaxis

As indicated by the estimated area under the RO®ec(AUROC), CCL2 andrceRI
expressions were the most accurate readouts irrindisating between patients with
anaphylactic reactions from those without, followsdbasophil counts and tryptase levels:
AUROC (95% CI), CCL2 0.99 (0.98-1ccRI expression 0.98 (0.94-1); basophil count 0.93
(0.88-0.97); tryptase level 0.88 (0.81-0.95); aaddphil activation 0.73 (0.63-0.83); Fig. E8
(for further details, see Online supplement). Wattcut-off of >334 pg/uL, the estimated
sensitivity and specificity of CCL measurementsev@4% and 96% respectively, compared
with 93% and 92% foFceRI expression (cut-off<0.2) and 87% and 81% for bas@aunts

(cut-off>12 cells/pL).
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DISCUSSION

Our study demonstrated a substantial (~80%) reolucin circulating basophils during
anaphylactic reactions taymenoptera venom. Decreased gene expressior@RI, CPA3
andHDC confirmed the flow cytometry data. We also obsdraa increase in CCL2, which
correlated with a decrease in circulating basophife replicated these findings in peanut-
allergic individuals experiencing allergic reactoduring DBPCFC to peanut. Compared to
the reactions in the emergency department, whiate \generally more severe, we observed
more modest (but nonetheless significant) changéseaime of objective symptoms during
the peanut challenges. Taken together, these datgst that anaphylaxis induces a rapid and
considerable basophil migration. The mechanismnaiphylaxis-related basophil migration
appears to be selective, because no significamgesawere seen for lymphocytes, PMNSs, or
chemotactic factors which may affect other effecielis such as eosinophils (e.g. CCL5 and

CCL11).
Limitations

The nature of the management of anaphylaxis (imetudadministration of high-dose
corticosteroids) makes it difficult to exclude tghetential confounding by treatment and draw
an unequivocal interpretation of the decrease sophils in the ED setting. In our ED study,
94% of patients received methylprednisolone, anb £pinephrine. Corticosteroids have a
well-described effect on blood leucocytes, inclgdam increase in circulating neutrophils and
decrease in lymphocytes and basoptifs The kinetics of the response of various leukocytes
to corticosteroid administration varies, with neptnilia and lymphopenia preceding the onset
of basopeni&>which was confirmed in our study. Compared to tatontrols who received
oral corticosteroids, the reduction in blood basigpfbut not lymphocytes or PMNs) was
much greater and occurred at an earlier time irep&t with acute anaphylaxis, suggesting
that the changes in basophils were not relatedeatrhent. Moreover, we replicated the
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observed changes in basophil markers in the cédetraletting of peanut-allergic individuals
undergoing DBPCFC, where the study design allonadblood sampling both prior to

challenge and before any treatment. This avoidssthee of confounding by treatment (both
with corticosteroids and epinephrine), and allovesnparison with pre-reaction samples
(something not possible in the ED setting). We agkedge that two previous reports failed
to detect a change in absolute basophil counteviilg food challengé®?’ However, these

studies involved fewer patients experiencing onlidrallergic symptoms, and used methods

for basophil detection less sensitive and spettifan that employed in our study.

Several cytokines and chemokines are involved sophil migration, with the CCR2 ligand
CCL2 and the CCR3 ligand CCL11 eliciting the mastemt migratory responsésHowever,
there is a difference in the cellular specificity these chemokines. CCR2 is virtually
undetectable on human eosinopfijland thus CCL2 fails to induce eosinophil migmatio
which is not the case for the CCR3 ligands CCL5 @@l112° Therefore, CCL2-mediated
migration may represent a unique mechanism fosséhective migration of human basophils
in allergic reactions. However, in the present gtwk could not determine the cellular

sources of CCL2 during acute reactions.

We could not answer the question of whether anapisg/lis associated with extensive
activation and degranulation of circulating bastgpH?atients with anaphylaxis present to ED
up to hours after onset of symptoms, and it takkektianal time to obtain informed consent
and perform venipuncture. In our study, the mediizne between the onset of symptoms and
sample collection was 105 minutes, which is complareo previous ED studiés?* Plasma
histamine levels, which correlate with anaphylasgimptoms’? typically peak within 5-10
minutes after the onset of anaphylaxis and subsgigugecrease to baseline within one hour
as a result of rapid catabolism. Consequently, redatively modest increase in CD63

expression on basophils (a marker of basophil cedgiion) may represent an underestimate
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of the peak basophil activation during acute reasti In a recent open food challenge study
of delayed responses to meat in patients sensitipedyalactose-alpha-1,3-galactose,
expression of CD63 on was reported for >15% of ph#® in 9/12 patients at the onset of
symptoms™ This is consistent with our data, which also sufspmore extensive basophil
activation (typically up to 20% of basophils exmieg CD63 and CD203c) during peanut-
allergic reactiong® In our ED study, only one of 31 predominantly venallergic patients
had >15% CD63-activated basophils, despite the tfet the majority (24/31) experienced
anaphylactic reactions of Mueller grade IlI-IV seiye (with bronchospasm, airway
obstruction, hypoxemia or hypotension, and collapgénether this difference is due to the
unavoidable delay in sampling following onset ofmgyoms in the ED compared to the
challenge setting, or a difference in the extenbadophil activation for venowersus food-
induced allergic reaction, is unknown. It is makely that we detected only those basophils
that remained in the circulation following the azutaction (approximately 20% of the

normal level of basophils), and not the basophid had migrated out of the circulation.
Interpretation

Recent reports have implicated a specific effectme for basophils in acute allergic
response&-*®~® Studies which used oral food or nasal allergenllehge responses in
omalizumab-treated adults with peatiudr cat allergie¥ have suggested that acute reactions
may be basophil, rather than mast cell, dependeatreases in the basophil allergen
responses following venom immunotherapy reflect thduction of tolerance to sting
challenges® A recent study in peanut allergic children sugegshat arin vitro basophil
activation test at baseline may correlate with tieacseverity at subsequent food challefiye.
However, thesan vitro studies could not confirm whether basophil actoratactually
contributes to the acute allergic reactions, @ sirrogate marker of mast cell or overall IgE

responsiveness. Thus, studies investigating huraaaphils during allergic reactions vivo
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are required. However, such studies in a contratleallenge setting are difficult due to the
general consensus that patients who may expersna@e anaphylactic reactions should be
excluded. Moreover, reaction severity at challemgayenerally limited by the controlled
nature of the challenge (where allergen exposustoigped at onset of objective symptoms).
We therefore combined an ED-based study in vendenggl which focused on basophil
migration and/or activation during more severe aghxis, with a study of peanut-allergic
reactions during DBPCFC in which patients tendedxperience less severe reactions. Data

from this latter study in peanut-allergic subjemtsroborated the findings from the ED study.

One interesting question which remains unansweseghien and where basophil activation
occurs. Anti-IgE, anti-FeRI or allergen stimulation of basophils also proentteir migration
and adherence to endothelial céft8’ However, these stimuli may enhance basophil
adherence to the vascular endothelium and migraiaoncentrations which are lower than
the threshold required for basophil degranulatind histamine releasé*® Therefore, IgE-
mediated basophil migration may be induced withmagophil degranulation. This suggests
that basophils may be activated after migration,partly in circulation and partly after
migration, or may even migrate without activatidme different clinical severities and end-
organ patterns of anaphylakfsand the finding that serum mast cell tryptasefisnowithin
normal limit$* suggest that local rather than generalized ma#t ae/or basophil
degranulation may predominate in some individu@éldditional studies are required to

confirm these speculations.

The short time frame within which the reductioncinculating basophils occurred, coupled
with previous findings that basophils are the glacytes most resistant to apopto¥is,
suggest that anaphylaxis induces a prompt basopigitation rather than elimination by
apoptosis. We did not observe a change in seru® dt-TSLP. This suggests that it is

unlikely that basophil migration during anaphylaxs related to changes in basophil
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development or homeostasis, a process which isdlieked for basophils that operate in an
IgE-dependent manner, or TSLP-elicited for basaptiiat operate in a non-IgE-dependent
mannerf Our results are consistent with a recent studyckviiemonstrated no changes in

CCL11 or IL-3 during anaphylaxib.

Risk assessment of individuals with anaphylaxisasipered by limitations in laboratory tests
to confirm the diagnosis, and predict its sevefit}’ Currently, the only readily available
laboratory test to confirm the diagnosis of anapki is the measurement of total tryptase in
serum/plasméa? However, even when blood sampling is optimallyetintryptase levels are
often within the normal limits, particularly for déd-induced reaction® In our study of
predominantly venom-induced reactions, a diagnasticease in the total tryptase was seen
in 71% of the individuals with anaphylaxis, which domparable to other repoffswWhile
other mediators have been proposed as potentialaskers>’ 3 **“®hese have not exhibited
sufficient diagnostic utility or technical reprodbidity to be routinely used? Our results
indicate that CCL2,FceRI expression and basophil counts may potentially befull
biomarkers of anaphylaxis. However, a substantibitgader assessment is required to

validate these methods and replicate the findings.
Conclusions

Our data suggest a substantial migration of citowgabasophils during anaphylaxis, which
correlates with a significant increase in serum ceotration of the major basophil
chemotactic factor CCL2. These findings suggestrgrortant and specific role for basophils

in the pathophysiology of human anaphylaxis.
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LEGEND FOR FIGURES

Figure 1. Basophil CD63 activatiofA), absolute basophil cou(®), whole blood FeR1 (C),
CPA3(D) and HDC(E) gene expression, serum tryptés® PMNs(G) and lymphocyte$H)
absolute counts in emergency department patientagdthe acute anaphylactic reactions to
hymenoptera venom, and 7 and 30 days after the anaphylacisoée. Horizontal lines
represent median values with IQR.

Figure 2. Comparison of basophil CD63 activatiph), absolute basophil coufB), whole
blood FceRI gene expressiofC), CCL2 serum concentratiqi®) and serum tryptase levels
(E) between patients with acute anaphylactic reactionBymenoptera venom upon ED
presentation, and venom-allergic or healthy coatrdbrizontal lines represent median values
with IQR.

Figure 3. Correlation between absolute basophil counts andlevbloodFceRI (A), CPA3
(B), HDC (C) gene expression, and serum CCL2 concentrdfijnin patients with acute
anaphylactic reactions presenting to the ED.

Figure 4. Serum CCL2(A), CCL5 (B), CCL11 (C), IL-3 (D) and TSLP(E) levels in
emergency department patients during the acute hgtaagic reactions tchymenoptera
venom, and 7 and 30 days after the anaphylactsodpi Horizontal lines represent median
values with IQR.

Figure 5. Absolute basophil courfd) and whole bloodFceRI gene expressiofB) in peanut
allergic patients undergoing DBPCFC to peanut. torial lines represent median values
with inter-quartile ranges (IQR).

Figure 6. Serum CCL2 levels in allergic patients undergaingtrolled DBPCFC to peanut:
(A) absolute CCL2 levelgB) % change in CCL2 from baseline. Horizontal linepresent

median values with inter-quartile ranges (IQR).
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METHODS
DBPCFC to peanut

DBPCFC were conducted according international awsise criteria (PRACTALL) In brief,
subjects underwent double blind placebo controlpe@nut challenge (DBPCPC) over two
separate days, at least 7 days apart. On eachsdbjgcts received increasing doses, every 30
minutes, of peanut protein (or placebo) at theofeihg doses: 3mg, 10mg, 30mg, 100mg,
300mg, 1000mg and 3000mg until stopping criteriaewmet (as per PRACTALL consendus
Blood samples were collected from a venous cansitéa prior to challenge, and immediately

snap-frozen or transferred without delay for floytoenetry.
Basophil activation and absolute cell count

A precise volume of whole heparinized blood (100 was incubated with FITC-conjugated
anti-CD63 mAb, PE-conjugated anti-CD123 mAb, andCfeconjugated anti-HLA-DR mADb
(BD Biosciences, San Jose, CA, USA) and there#tftesamples were lysed, washed, fixed, and
analyzed within 2 hours on a FACSCalibur flow cy&ier (BD Biosciences). In a proportion of
samples, we also added APC-conjugated CD203c (MiltBiotec, Auborn, CA, USA) for an
additional activation analysis. The basophils wdemntified as low side-scatter, CD123-positive,
and HLA-DR-negative cells. The quantitative pereget determination of activated basophils
(CD63-positive) was measured in FL1. To evaluatspenific staining, FITC mouse IgG1

isotype control (BD Biosciences) was also tested.

For the absolute basophil count (CD123+ HLA-DR-)el50 pL of AccuCount Fluorescent
microbeads (7.7 um, 51,011 particles per 50 pLeBghch, Lake Forest, IL, USA) were added
to the fixed samples prior to flow cytometric arsady The lymphocytes and polymorphonuclear

2
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48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

leukocytes (PMNs) were gated according to lysedlavtidood FSC/SSC characteristics. The
absolute numbers of basophils, lymphocytes and Pp#sL of whole blood were calculated

using the following equation: (number of cells /nther of events per microbead region) x
(number of microbeads used in test / volume of whmle blood sample). In samples from
peanut-allergic donors undergoing DBPCFC, absdbatgophil count was determined using a
similar methodology using 50 pL of CountBright naibeads (7 pm, 0.45 - 0.55 x>Heads/50

uL; ThermoFisher Scientific Inc, USA), with basoghidentified as CRTh2+CD303-CD123+
cells? In a selection of samples, basophil counts weterngned using both microbeads, in order

to confirm equivalency.

Gene expression

We analyzed gene expressions of theubunit of the high-affinity IgE receptoFCERLA,
Hs00175232_m1, presented aBceRl in  manuscript) carboxypeptidase A3 CPA3,
Hs00157019 _m1) and histidine decarboxyladB, Hs00157914 ml¥-ceRI is expressed on
mast cells and basophils as tetrametfyd) and on antigen presenting cells, although at
substantially lower levels, as trimersyf).> CPA3 is expressed in mast cells and basophils and
may be expressed in populations of T-cell progesitand thymic T cells and in some
hematopoietic progenitor cefldDC catalyzes the formation of histamine from L-hist& and

in hematopoietic cell lineages, the gene is exprkssly in mast cells and basophils.

Total RNA was isolated from whole blood samplesngsthe PAXgene Blood miRNA Kit
(PreAnalytiX GmbH, Switzerland) and quantified byulf® fluorometer (Thermo Fisher
Scientific, Waltham, MA USA). Following reverse miscription, cDNA was quantified by real-
time PCR (ABI PRISM 7500 Real-Time PCR System) tandard conditions using TagMan

Universal PCR Master Mix (Thermo Fisher Scientifi@xpression levels were normalized
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69

70

71

72

73

74

75

76

77

78

79

against ribosomal 18s RNA Endogenous Control (TleFmsher Scientific). All measurements
were performed in triplicate for each sample amdetipoint and relative expressions were

analyzed using th&ACt method.

IL-3 spiking experiments

For IL-3 measurements we performed spiking expertmevith E. coli-derived recombinant
human IL-3 protein (from R&D Systems) in which aokm amount of recombinant protein was
spiked into a sera sample with undetectable intriis3 concentration (thus bellow 17 pg/mL
according to our detection limit) and run in thel&A. We successfully recovered samples
spiked with 250, 125, 62.5 or 32.5 pg/mL of recamait human IL-3 protein, but not samples
spiked with known concentrations of 15.6, 7.8 @& Bg/mL recombinant human IL-3 protein.
This sensitivity is within the range of the minimutatectable concentration of IL-3 (from 3.46-
57.4 pg/mL) evaluated by the commercial kit mantufeer (R&D Systems; Human IL-13

Quantikine ELISA Kit).



Table E1. Demographic and clinical data of subjects withte@naphylactic reactions recruited from the lHaspmergency department (ED)

No.

Sex Age
M 41
F 39
M 63
F 54
F 54
M 49
M 32
M 49
F 40

Culprit
Honeybee

Honeybee

Vespula

Vespula
Vespula
Vespula

Unknown

Hym.
Vespula

Vespula

Mueller
grade
4

4

Emergency
treatment

aH2Mmgiv), ST 80 mgiv)

Ep0.6 mgim), aH1 @ mgiv, 1tbl), ST 64 mg po,

250 mg iv)

Epi .5mgim), ST 32 mg po, 80 mgiv)

Epi 0.5mg sc), aH1 @ mgiv), ST @125 mg iv)

aHl emgiv), ST (125 mgiv)

aHl emgiv, 1thl), ST (32 mgpo, 125 mg iv)

aH1 @mgiv), ST 250 mgiv)

aH1l e@mgiv, 2thl), ST 64 mg po, 300 mgiv)

aHl emgiv), ST €50 mgiv)

Time from onset of
reaction to blood

collection

2h,7d,30d

4h,7d

2h,7d,30d

2h30min, 7d,30d

1h30min, 7d,30d

2h.7d,30d

5h,7d

1 h15min, 7d,30d

3h,7d,30d

Previous anaphylaxis or
venom immunother apy
(VIT)

No

1y honeybee VIT in 2005

5 Vespula VIT finished in
1999

No
No
No

No

Vespula VIT from 2009

201Uespula — grade 1



10

11

12

13

14

15

16

17

18

19

20

21

74

51

28

18

42

61

20

70

71

57

33

50

Honeybee

Eu. Hornet
Vespula 3
Honeybee

Unknown 2

Hym.

Unknown 3

Hym.
Eu. Hornet

Unknown 3

Hym.

Vespula 3

Eu. Hornet

Eu. Hornet

Vespula 4

EpD(L mgiv), aH1 @ mgiv), ST (125 mg iv)
aH12(mgiv), ST (165 mg iv)
aH1 @ mgiv), ST 64 mg po, 40 mg iv)
aH¥(mg iv), ST 80 My iv)

aHl emgiv), ST 80 mgiv)

aH1l egmgiv, 1thl), ST 82 mg po, 125 mgiv)

aH{bl, 2mg iv) ST 64mg po, 125 mg iv)

aH1 @mgiv), ST 600 mgiv)

aH12(mgiv), ST (125 mgiv)
aH2(mgiv), ST @0 mgiv)

No drugs administered

Epi 0.3 mgim), aH1 @thl, 2 mgiv), ST 64 mg po,

125 mg iv), bronchodilator (fenoterd,5mg,
ipratropium bromidé®,2mg)

1h,7d30d

2h,7d

1h30min, 7d

1h45min, 7d

1 h30min, 24 h, 7 d,

30d

1 h30min, 24 h, 7 d,

30d

30 min, 7d, 30d

2h25 min, 30d

2 h 30 min, 7d, 30 d

2 h 45 min, 30 d

4 h, Od 3

1h20min, 7d,30d

No
No
No
No

No

No

201%espula — grade 1

No

No
No

Vespula — multiple times as
child — grade 3

Vespula — 4x since 2002 -
grade 4
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26

27

28

29

30

31

Epi = epinephrine, aH1 = clemastine, ST = methylpigolone, min = minutes, d = days, HymtHymenoptera

48

47

62

56

56

79

66

56

55

68

Honeybee

Vespula

Eu. Hornet

Unknown

Vespula
Eu. Hornet
Iv analgesic

Honeybee
VIT

Honeybee

Eu. Hornet

EpDE-0.5mgim), aH1  mgiv), ST(>40 mgiv)

aH1l emgiv), ST 80 mgiv)

Epi05 mgim), aH1 g mgiv), ST 25 mgiv)

Epi@.3-0.5mg), aH1 @mgiv), ST (125 mg iv)

Epi 2x0.5mgim), aH1  mgiv), ST (125 mgiv)
aH12(mgiv), ST B0 mgiv)
Epi (0.3 mg im), aHAnig iv), ST 80 mgiv)

Epi 0.3mgim), aH1 @ mgiv)

Epd@B mgiv), aH1 @tbl, 2 mgiv), ST 64 mg po,
500 mg iv)

Epi0i3mgim), aH1 g mgiv), ST 25 mgiv)

1h20min, 7d,30d

2h,7d,30d

55 min, 30 d

<1h,7d,30d

2h,7d,30d

1h,7d,30d

20min, 7d,30d

55 min, 7d

3h 10 min, 7d

1h30min, 7d

Honeybee — 2009, 2011 —
grade 2

No
Since 2007 VITVespula, since
2009 VIT honeybee
2 previous anaphylaxis -
unknown trigger — grade 4
2010 Vespula — grade 1
No

No

2012 - Unknowdym. 4 grade

Honeybee VIT started in 2008,

but stopped the same year

No



Table E2. Demographic data and sampling of healthy subjeftsr a single dose of oral

methylprednisolone

ST: 64 mg of oral methylprednisolone

Singledoseoral

No. Sex Age methylprednisolone Time of blood collection
1 F 41 64 m¢ just before ST, after 3
2 M 29 64 m¢ just before ST, after 3
3 F 28 64 m¢ just before ST, after 3
4 M 42 64 m¢ just before ST, after &
5 F 32 64 m¢ just before ST, after 3
6 F 44 64 m¢ just before ST, after 2.&
7 F 37 64 m¢ justbefore ST, after 2.5
8 F 24 64 m¢ just before ST, after 2.5, 5 and 2
9 M 28 64 m¢ just before ST, after 2.5, 5 and 2
10 M 30 64 m¢ just before ST, after 2.5, 5 and 2
11 F 24 64 m¢ just before ST, after 2.5, 5and 2
12 F 24 64 m¢ justbefore ST, after 2.5, 5 and 2
13 F 35 64 m¢ just before ST, after 2.5, 5 and 2
14 F 39 64 m¢ just before ST, after 2.5, 5 and 2
15 F 35 64 m¢ just before ST, after 2.5, 5and 2
16 M 30 64 m¢ just before ST, after 2.5, 5 and 2
17 F 28 64 mg just before ST, after 2.5, 5and 2



Table E3: Demographic and clinical data relating to peaailgrgic subjects undergoing double-

blind, placebo-controlled food challenge (DBPCF&péeanut

Overall cohort Epinephrine administered at
DBPCFC*

n 22 5
Age (years) median [range] 14.8 [8-36] 21.5 [12-26]
% male 64% 40%
SPT to peanut (mm) median [range] 9 [5-16] 11 [p-11
sIgE to peanut (kUA/L) median [range] 18.1 [3.11.08] 27.6 [13.5-61.4]
sIgE to r Ara h2 (KkUA/L) median [range] 12.2 [0.23100] 13.1[12.2-52.9]
Grade of reaction at DBPCFC:

Mueller I/11 16 0

Mueller Il 6 5

SPT = skin prick test; sIgE = specific IgE.

*IM epinephrine was given for any lower respirataryd/or cardiovascular symptoms



Table E4. Detailed information on the number of participantsvhom we assessed basophil activation, absokiteount, gene

expression and soluble markers

Basophil | Basophil | Basophil | FceRl | CPA3 | HDC | CCL2 | CCL5 | CCL11 | IL-3 | TSLP | Serum | PMN& Ly
absolute | activation | activation tryptase | gpsolute
count (CD63) | (CD 203c) count
ED patients 31 31 9 15 15 15 17 17 17 17 14 31 31
(n=31)
Venom-allergic 134 134 * 37 * * * * * * * 134 *
controls (n=134)
Healthy controls 22 22 * * * * 71 * * * * *
(n=76)
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RESULTS

I nter-assay coefficient of variation

We estimated an inter-assay coefficient of varratb 6.7% for the absolute basophil count and

4.8% for basophil CD63 activation by repeated mesmants in five healthy control subjects.

Theeffect of oral corticosteroid on basophil markersand other blood cells

We followed 17 healthy subjects up to 24 hours ratiesingle dose of 64 mg of oral

methylprednisolone (Table E2).

Basophil activation: There was no significant effect of the treatmerthvairal corticosteroids on

basophil (CD63) activation (Figure E4A).

Circulating basophils: We identified a small, but statistically signifitadecrease in the absolute
number of blood basophils (from a median of 23.4187 cells/pL; median decrease 19%,
P=0.006). However, a major decrease (to 8 cellsimkdian decrease 67%, P=0.004) was
observed 5 hours aftemethylprednisolone administration (Fig. E4B). Bdstgp numbers

returned to normal values after 24 hours (to 2B/4l).

Gene expression: We observed a small and non-significant decrdas®l expression 2.5-3
hours after methylprednisolone intake, followed d&gubstantial decrease after 5 hours which
corresponded to a major decrease in basophils émeldicrease 63%, P=0.006, Fig. E4&}RI

expression did not differ between the baselinelland 24 hours after methylprednisolone.

Other blood cells: There was a significant increase in the absoluteber of blood PMNs 2.5-3

hours after the methylprednisolone intake (>twatfoicrease, median 2070 to 4585 cells/uL,

11



P=0.0005, Fig. E4D). This increase was also séen@&hours (4853 cells/uL, P=0.001) and 24

hours (4422 cells/pL, P=0.002, Fig. E4D).

After 2.5-3 hours, there was a small, but statiiigcsignificant decrease in the number of blood
lymphocytes (median 960 to 768 cells/uL, P=0.004. BE). There was no difference in

lymphocyte counts 5 and 24 hours after methylpissmlane compared to baseline (Fig. E4E).

Serum markers: There was no significant effect of the treatmeithveral corticosteroids on

CCL2, CCL5, CCL11 or IL-3 (Fig. E5A-D).

ED patients: In two ED patients (No. 14 and 15, Table E1) irowhwe collected samples during
the acute anaphylactic episode and 24 hours labter,who received emergency treatment with
systemic corticosteroids, during the acute allergiaction we observed changes in basophils,
CCL2 and tryptase, but not in PMNs and lymphocytég E6). The increase in the PMNs and
the decrease in the lymphocytes became evidentainilge 24-hour sampling point (Fig. E6).
The decrease in basophil count &Rl expression, as well as the increase in tryptase an
CCL2 level were also observed in two ED patients. (2D and 29, Table E1) who did not receive

treatment with corticosteroids (Fig. E7).

Predictors of anaphylactic reactions

We compared the performance of basophil countgpbaisactivation, tryptase levels, as well as
CCL2 and FeRI expressions in discriminating between patients awnaphylactic reactions and
those without using a ROC curve analysis. For thetrol groups, we used the patients with
confirmed venom allergy from whom samples were iokth at least two months after the last

sting reaction, and before venom immunotherapy iniiated (134 controls for basophil counts,

12



basophil activation and tryptase level, and 37 radsitfor FceRI expression) or healthy controls

(54 controls for CCL2).

When we compared values at the time of the reaettin those one month later, the estimated
areas under the ROC curve (95% CI) were 0.92 (0)88-93 (0.84-1) and 0.92 (0.86-0.99) for

CCL2,FceRI expression and basophil counts, respectively.

13
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LEGEND FOR FIGURES

Figure E1. Time between the onset of symptoms to the collaaticblood sample in ED patients

with acute anaphylactic reactions.

Figure E2. Correlation between basophil CD63 and CD203c atitm in ED patients with acute

anaphylactic reactions.

Figure E3. Absolute basophil courff), whole bloodFceRI gene expressiofB), serum tryptase
(C) and CCL2 serum concentratigD) in ED patients divided according to severity ofitec
allergic reactions (Mueller grade | and 1l vs. gedtl and 1V) and then 7 and 30 days after the
episode. The threshold for diagnostically positisgtase measurement was set at 11.2 pg/L.

Data are presented as a person-to-person scaiter pl

Figure E4. Basophil CD63 activatiofA), basophil absolute cou(B), whole bloodFceRI gene
expressionC), lymphocytegD) and PMNS(E) absolute count in healthy control subjects 2.5-3
hours, 5 hours and 24 hours after the single dbseabmethylprednisolone (64 mg). Horizontal

lines represent median values with IQR.

Figure E5. Serum concentrations of CCI(2), CCL5(B), CCL11(C) and IL-3(D) in healthy
control subjects 2.5-3 hours, 5 hours and 24 hoafter the single dose of oral

methylprednisolone (64 mg). Horizontal lines représmedian values with IQR.

Figure E6. Basophil CD63 activation, absolute basophil cosatum tryptase levels, PMNs and
lymphocytes absolute counts, aB@L2 serum concentratidn two ED patients (No. 14 and 15;
Table E1) sampled 1.5 hours, 24 hours, 7 days amorith after the onset of symptoms. Both

patients were treated with methylprednisolone. Ragapresented as a before-after scatter plot.

15



Figure E7. Basophil absolute count, whole blo&d:RI gene expression, serum tryptase and
CCL2 serum concentratiaturing the acute anaphylactic reactions to hymesraptenom, and 7

and 30 days after the anaphylactic episode in Bi2mta divided according methylprednisolone
treatment (patients No. 20 and 29 were not treaidd methylprednisolone; Table E1). Data are

presented as a person-to-person scatter plot.

Figure E8. Receiver operating characteristic (ROC) curveymisilof basophil CD63 activation,
absolute basophil count, whole bloBctRI gene expression, CCL2 concentration and serum
tryptase levels between patients with acute anagtiglreactions to insect venoms upon ED

presentation, and venom-allergic or healthy coatr@lUC: area under the curve.
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Fig. E2
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