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Microarray-Based Detection of Allergen-Reactive
IgE in Patients with Mastocytosis
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threatening IgE- sensitivities in high-risk patients.

What is already known about this topic? Patients with mastocytosis are at high risk to develop fatal anaphylaxis.
Therefore, early detection of immunoglobulin E (IgE) sensitization is of particular importance in these patients.

What does this article add to our knowledge? A broad screen by allergen-chip profiling was found to identify multiple,
potentially clinically relevant, IgE species in patients with mastocytosis in a single test.

How does this study impact current management guidelines? Allergen-chip profiling represents a useful tool to
screen for allergen-specific IgE species in patients with mastocytosis and may thus help in early detection of life-

BACKGROUND: Because of a high risk to develop fatal
anaphylaxis, early detection of immunoglobulin E (IgE)-
dependent allergy is of particular importance in patients with
mastocytosis.

OBJECTIVE: We examined whether microarray-based screening
for allergen-reactive IgE (allergen-chip) is a sensitive and robust
approach to detect specific IgE in patients with mastocytosis.
METHODS: Sera for 42 patients were analyzed, including 4
with cutaneous mastocytosis, 2 with mastocytosis in the skin,
and 36 with systemic mastocytosis. In addition, sera from an age-
and sex-matched control cohort (n = 42) were analyzed.
RESULTS: In 15 of 42 patients with mastocytosis (35.7%),
specific IgE was detected by allergen-chip profiling. Ves v 5 and
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Bet v 1 were the most frequently detected allergens (Ves v 5:
16.7% of patients; Bet v 1: 11.9% of patients). Allergen reactivity
was confirmed by demonstrating upregulation of CD203c on
blood basophils upon exposure to the respective allergen(s) in
these patients. Specific IgE was identified by chip studies in 11 of
26 patients with mastocytosis with mediator-related symptoms
(42.3%) and in 4 of 14 patients with mastocytosis without
symptoms (28.6%). In the cohort with known allergy, 9 of 9
patients (100%) had a positive allergen-chip result. In patients
with mastocytosis without a known allergy (n = 31), the chip
identified 6 positive cases (19.5%). The prevalence of chip-
positive patients was slightly lower in the mastocytosis group
(35.7%) compared with age- and sex-matched controls (40.5%).
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Abbreviations used
ASM- Aggressive systemic mastocytosis
CM- Cutaneous mastocytosis
IgE- Immunoglobulin E
ISM- Indolent systemic mastocytosis
ISU- ImmunoCAP Solid-phase Allergen-Chip standardized
units
mAb- Monoclonal antibody
MC- Mast cell
MFI- Mean fluorescence intensity
MIS- Mastocytosis in the skin
PE- Phycoerythrin
SM- Systemic mastocytosis
SM-AHN- Systemic mastocytosis with an associated hematologic
neoplasm
SSM- Smoldering systemic mastocytosis

CONCLUSIONS: Although specific IgE may not be detectable
in all sensitized patients with mastocytosis, allergy chip-profiling
is a reliable screening approach for the identification of patients
with mastocytosis suffering from IgE-dependent

allergies. © 2020 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2020;m:m-m)
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INTRODUCTION

The term mastocytosis denotes a heterogeneous group of mast
cell (MC) disorders defined by abnormal growth and patholog-
ical accumulation of clonal MCs in the skin and/or internal
organs.' ™ According to the classification of the World Health
Organization, patients can be divided into cutaneous mastocy-
tosis (CM) and systemic mastocytosis (SM). The group of SM
includes indolent SM (ISM), smoldering SM (SSM), aggressive
SM (ASM), MC leukemia, and SM with an associated hema-
tologic neoplasm (SM-AHN)."*” These disease variants differ
from each other regarding symptoms, clinical course, and prog-

Mediator-related symptoms are found in all variants of mas-
tocytosis.* Although the MC burden is higher in advanced SM,
the severity of mediator-related symptoms does not correlate with
the SM variant.""'* Examples for mediator-related symptoms are
skin rash, flushing, diarrhea, and hypotension."'"” In patients
with mastocytosis, allergic reactions can be severe or even life-
threatening, especially when an immunoglobulin E (IgE)-
dependent allergy is also present.'”'® These patients often
suffer from an MC activation syndrome.'”" A particularly high
risk for anaphylaxis is found in patients allergic to bee or wasp
venoms.'**

Based on the high risk to develop fatal anaphylaxis, early
detection of IgE sensitization is of particular importance in
patients with mastocytosis. However, in these patients, results of
conventional serologic tests measuring specific IgE are often
negative, which may have several explanations. For example,
parts or even most of the IgE may be fixed to MC surfaces via
IgE receptors. Even the skin test may show false-negative results
because of treatment with “antiallergic” drugs. Moreover, the
skin test has a certain risk for anaphylaxis and new sensitizations.
Nevertheless, it is important to detect patients with mastocytosis
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at risk for IgE-dependent reactions and there is a need for specific
diagnostic assays that cover most or all relevant allergens.

Chips containing microarrayed allergens are powerful tools for
detecting IgE-dependent sensitization.””*’ Using this approach,
IgE reactivity of patients’ sera with more than 100 allergens can
be assessed in a single test.” Allergen-chips have been validated
successfully in several trials and found to be a valuable approach
to screen for allergen-specific IgE in patients with allergy.”**°
However, so far, the allergen-chip technology has not been
tested in patients with mastocytosis.

We analyzed sera of 42 patients suffering from mastocytosis as
well as sera of 42 age- and sex-matched controls without a known
mastocytosis or another malignant disease using the Immuno
Solid-phase Allergen-Chip technology. Our results show that the
allergen-chip is a robust approach to detect IgE sensitivities in
patients with mastocytosis.

METHODS
Patients’ characteristics

A total of 42 patients with mastocytosis (median age, 45.5 years;
range, 21-73 years; female:male ratio, 1:0.7) and 42 age- and sex-
matched controls without mastocytosis were analyzed for specific
IgE in the allergen-chip. Patients with mastocytosis were classified
according to World Health Organization criteria.”” Baseline char-
acteristics of patients are summarized in Table I and in Table E1 in
this article’s Online Repository at www.jaci-inpractice.org. Patients
were seen at the Medical University of Vienna between 1998 and
2018. Various disease-related symptoms, including mediator-related
symptoms and bone pain (due to osteopenia/osteoporosis), were
recorded during follow-up. ISM was the most common disease
variant (23 patients, 54.8%). Five patients had SSM (11.9%), 5
SM-AHN (11.9%), 3 ASM (7.1%), and 4 CM (9.5%). In 2
patients, no bone marrow data were available; these patients were
diagnosed as mastocytosis in the skin (MIS) (4.8%). The median
serum tryptase level was 53.6 ng/mL (range, 6.1-1617 ng/mL).
Hypersensitivity reactions were reported in 9 patients (21%). Eight
of these patients had confirmed IgE-mediated allergies and suffered
from mediator-induced symptoms. In 1 patient, the case history
revealed a hypersensitivity reaction against tetracyclines. In 26 pa-
dents (61.9%), a history of mediator-related symptoms was docu-
mented. In all patients, the chip analysis was performed during
routine blood examinations. In 2 patients (no. 5, ISM, and no. 26,
SSM; see Table E1), the chip analysis was performed at 2 (no. 5) or
3 (no. 26) different time points.

Collection of serum samples

Serum samples were collected from patients with mastocytosis
and from age- and sex-matched controls without mastocytosis
(Austrian individuals). The study was approved by the Ethics
Committee of the Medical University of Vienna (nos. 1549/2012
and 1787/2017) and conducted in accordance with the Declaration
of Helsinki.

Monoclonal antibodies and other reagents

The anti-IgE monoclonal antibody (mAb) E124.2.8 and the
phycoerythrin (PE)-conjugated mAb 97A6 (CD203c) were pur-
chased from Immunotech (Marseille, France). The recombinant (r)
allergens rBet v 1, rPhl p 1, and rPhl p 5 were obtained from Biomay

(Vienna, Austria). Recombi_nant Der p 2 and rVes v 5 were expressed
and purified as described.””*®
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TABLE I. Characteristics of the patients with mastocytosis analyzed on the chip (mechanisms for development of allergies)

Mastocytosis:

Eosinophils (cells/

Platelets (cells/

Variants and Age (y), median Tryptase (ng/mL) WBC (cells/pL), pL), Median pL), Median History of Mediator
subvariants n (%) F/IM (min-max) median, (min-max) median (min-max) (min-max) (min-max) allergies, n (%) symptoms, n (%)
Nonadvanced
mastocytosis
CM 4(9.5) 3/1 37 (33-45) 13.05 (6-17) 7,210 (5,720-10,000) 164.4 (57.6-259.8) 266,500 (158,000- 2 (50.0) 2 (50.0)
378,000)
MIS 2 (4.8) 2/0 33 (31-35) 13.5 (14-14) 7,800 (7,800-7,800) 0 (0-0) 305,000 (305,000- 0 (0.0) 1 (50.0)
305,000)
ISM 23 (54.8) 14/9 45 (26-73) 46.5 (15-938) 6,620 (3,750-10,880) 102.2 (0-488) 265,000 (204,000- 6 (26.1) 14 (60.9)
341,000)
SSM 5(11.9) 4/1 48 (35-55) 352.5 (175-1,090) 4,860 (3,820-6,800) 0 (0-0) 212,000 (193,000- 1 (20.0) 4 (80.0)
280,000)
Advanced
mastocytosis
ASM 3(7.1) 0/3 59 (21-72) 285 (54-1,617) 5,030 (4,370-6,760) 349.6 (100.6-1,487.2) 115,000 (25,000- 0 (0.0) 2 (66.7)
269,000)
SM-AHN 5(11.9) 2/3 53 (47-72) 379 (78-615) 17,600 (2,950- 797.5 (59-2,515.5) 93,500 (54,000- 0 (0.0) 3 (60.0)
35,490) 287,000)
All patients 42 25/17 45.5 (21-73) 53.6 (6-1,617) 6,535 (2,950-35,490) 100 (0-2,515.5) 253,500 (274- 9 (21.0) 26 (65.0)
378,000)

F, Female; M, male; WBC, white blood cell.
Mediator symptoms include flush, vascular instability, headache, bone pain, and diarrhea.
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TABLE Il. Allergens that were most frequently detectable by chip technology in the patient group with mastocytosis and in individuals of

the control cohort

Allergen Mastocytosis (n = 42) Nonadvanced mastocytosis (n = 34) Advanced mastocytosis (n = 8) Controls (n = 42)
Ves v 5 16.7 17.6 12.5 16.7
Betv 1 11.9 14.7 0 9.5
Aln g 1 9.5 11.8 0 7.1
Cor a 1.0401 7.1 8.8 0 7.1
Phlp 1 9.5 11.8 0 14.3
Phlp 5 7.1 8.8 0 14.3
Olee 1 7.1 8.8 0 7.1

Values represent % of patients. Sera obtained from 42 patients with mastocytosis and 42 controls without mastocytosis were analyzed for specific IgE by the chip. Results for the
chip-positive cases are shown as a percentage of all patients in each group. Allergen designation: Aln g 1, pathogenesis-related protein (PR-10) from alder; Bet v 1, PR-10, pollen
from birch; Cor a 1.0401, PR-10 from hazelnut; Ole e 1, common olive group 1 (olive); Phl p 1, beta-expansin, pollen from timothy grass; Phl p 5, pollen from timothy grass;

Ves v 5, antigen 5, venom from yellow jacket.

Analysis of serum samples using microarrayed
allergens

Sera were analyzed for the presence of IgE directed against
microarrayed allergens using ImmunoCAP Solid-phase Allergen-
Chip technology capable of analyzing specific IgE for more than 100
allergens (Thermo Fisher/Phadia AB, Uppsala, Sweden) essentially as
described.” A list of allergens spotted on the chip is presented in
Table E2 in this article’s Online Repository at www.jaci-inpractice.
org. After microarrays had been washed, aliquots of undiluted,
centrifuged sera (35 L per sample) were applied and incubated in a
humid chamber for 2 hours.>® Thereafter, arrays were again washed
and dried. Then, 35 UL of detection antibody was applied for 30
minutes in a humid chamber. After rinsing, washing, and drying,
arrays were scanned in a confocal laser-scanner (LuxScan-10 K
microarray scanner, CapitalBio, Beijing, People’s Republic of China)
and evaluated by Microarray Image Analyzer v3.1.2 software
(Thermo Fisher/Phadia AB). Each of the allergen molecules was
spotted in triplicates on the chip. Fluorescent signal intensities of the
dots were coded, with red dots representing high levels of allergen-
specific IgE and blue dots corresponding to low IgE levels,
measured by a confocal laser-scanner (see Figure E1 in this article’s
Online Repository at www.jaci-inpractice.org). Levels of specific IgE
were semi-quantified by Microarray Image Analyzer v3.1.2 software
and expressed by ImmunoCAP Solid-phase Allergen-Chip stan-
dardized units (ISU). A positive result was defined by a minimal
cutoff level of 0.3 ISU. Grading by ISU was as follows: <0.3 ISU,
below cutoff; >0.3 to <1 ISU, low; >1 to <10 ISU, moderate to
high; >10 ISU, very high.

Upregulation of CD203c¢ on basophils

Peripheral blood was obtained in 7 patients with mastocytosis,
namely 4 with specific IgE (3 with documented allergy, 1 sensitized
patient) and 3 in whom no specific IgE was detected by chip anal-
ysis. In the basophil CD203c activation test, 45 L of heparinized
peripheral blood was incubated with 5 [IL of recombinant allergens
(tBetv 1, rDer p 2, rPhl p 1, rPhl p 5, rVes v 5; each 1 ig/mL), anti-
IgE antibody E124.2.8 (1 pg/mL) as positive control or control
buffer, and 2.5 PL of PE-conjugated mAb 97A6 (CD203c) at 37°C
for 15 minutes.””?” Then, samples were subjected to erythrocyte-
lysis using 1 mL FACS Lysing Solution (BD Biosciences, San
Jose, Calif). Thereafter, cells were washed and analyzed by muld-
color flow cytometry on a FACS Calibur (BD Biosciences). Baso-
phils were detected by their forward side-scatter characteristics and
expression of CD203c (see Figure E2 in this article’s Online

Repository at www.jaci-inpractice.org). Antibody reactivity was
measured using FlowJo-Software (BD Biosciences).””*° Allergen-
induced upregulation of CD203¢ was calculated from mean fluo-
rescence intensities (MFIs) obtained with stimulated (MFl ) and
unstimulated (MFI oni0) cells and expressed as stimulation index
(MFI/MFLo00) as described.””?  Antibody reactivity was
controlled by isotype-matched PE-labeled mouse IgGlk mAb
MOPC-21 (BD Biosciences).

RESULTS
Chip-based detection of specific IgE in patients with
mastocytosis

Of the 42 patients with mastocytosis tested, 15 (35.7%)
showed IgE reactivity in the allergen-chip. Most of these patients
(8 of 15 [53.3%]) were found to be polysensitized against
multiple allergens. The most frequently detected allergen sensi-
tivities in our mastocytosis patients were Ves v 5 (16.7%) and
Bet v 1 (11.9%), followed by Aln g 1 (9.5%), Phl p 1 (9.5%),
Cora 1.0401 (7.1%), Phl p 5 (7.1%), and Ole e 1 (7.1%)
(Table II; see Figure E3 in this article’s Online Repository at
www.jaci-inpractice.org). Detailed results for all patients are
presented in Table E3 in this article’s Online Repository at www.
jaci-inpractice.org,.

Comparison with an age- and sex-matched control
population

In our control cohort, specific IgE was detected in 17 of 42
individuals (40.5%) by chip-profiling. In most of these cases
(64.7% [11 of 17]), reactivity against several different allergens
was detected. The prevalence of chip-positive cases was slightly
higher in healthy controls compared with patients with masto-
cytosis, where 35.7% of the cases displayed specific IgE by chip-
profiling (P > .05). Indeed, for most allergens tested, the
numbers of IgE reactivities in the chip (number of allergens
detected) was higher in controls compared with our patients with
mastocytosis (Table II). In both groups, most chip-positive cases
were found to be polysensitized against various allergens (mas-
tocytosis, 53.3%; controls, 64.7%). As shown in Figure E3 (and
Table E4) in this article’s Online Repository at www.jaci-
inpractice.org, some of the allergens, such as Phl p 6, Der p 2,
or Bet v 2, were recognized only in controls but not in patients
with mastocytosis.
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FIGURE 1. Confirmation of specific IgE reactivity detected in the
chip by basophil CD203c activation test. Heparinized blood
from patient number 40 was incubated with recombinant Bet v 1
(1 pg/mL), anti-IgE (1 pg/mL) or control buffer and PE-conjugated
antibody 97A6 (CD203c) for 15 minutes (37°C). Basophils
were detected by side-scatter characteristics and expression of
CD203c. Allergen-induced upregulation of CD203c was
calculated from MFIs obtained with stimulated (MFlg;,) and
unstimulated (MFloniro)) cells and expressed as stimulation index
(MFlstim/MFlcontrol)-

Correlation between chip results, type of
mastocytosis, and disease burden

The prevalence of “chip-positive” cases was 50.0% in CM (2
of 4), 50.0% in MIS (1 of 2), 47.8% in ISM (10 of 23), 20% in
SSM (1 of 5), 0% in ASM (0 of 3), and 20% in SM-AHN (1 of
5). Two patients, 1 with SSM and 1 with ISM, were also
analyzed during follow-up and became chip-positive after several
years of observation. Overall, the percentage of chip-positive
cases was substantially higher in nonadvanced mastocytosis
(CM/MIS/ISM/SSM:  41.2%) compared with advanced SM
(ASM/SM-AHN: 12.5%). We also examined correlations be-
tween chip-positivity and serum tryptase levels, a marker of the
total burden of MC. Median serum tryptase levels were higher in
the cohort without specific IgE (n = 27; median, 69.7 ng/mL;
range, 6.1-1617 ng/mL) compared with those with specific IgE
against at least 1 allergen (n = 15; median, 40 ng/mL, range,
13.7-1090 ng/mL). Overall, a moderate inverse correlation be-
tween total IgE and tryptase levels was found (Pearson correla-
tion coefficient: » = 0.41; P < .05; see Figure E4 in this article’s
Online Repository at www.jaci-inpractice.org). However, no
correlation between specific IgE detected by microarray and total
IgE levels was found in our patients (» = 0.24).
Allergen-induced of CD203c on
basophils

To confirm the functional relevance of IgE reactivities
detected by chip-profiling, we performed basophil activation

upregulation
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experiments. In these experiments, recombinant allergens (rVes v
5, tBetv 1, rPhl p 1, rPhl p 5, rDer p 2) were applied to examine
their ability to upregulate CD203c on basophils derived from
patients with mastocytosis. In all chip-positive patients tested,
the recombinant allergen(s) increased the expression of CD203c
on basophils (see Figure 1 and Figure E5, A4, in this article’s
Online Repository at www.jaci-inpractice.org). For example, in
patient number 8, specific IgE against Bet v 1, Phl p 1, Phl p 5,
and Ves v 5 was detected in the chip, and all these allergens were
all found to induce upregulation of CD203c on basophils (see
Figure E5, A). Patient number 38 showed low IgE reactivity
against Phl p 5 (0.56 ISU) in the chip, but rPhl p 5 was still able
to promote CD203c expression. Interestingly, in this patient,
tPhl p 1 and rBet v 1 also augmented CD203c expression on
basophils although the chip did not detect Phl p 1— or Bet v
1—specific IgE (see Figure E5, A). We also tested 3 other patients
with mastocytosis in whom no IgE reactivity was detected by
chip-profiling. In these patients, no allergen-induced upregula-
tion of CD203c on basophils was found (see Figure E5, B).

Correlation of clinical data with results from the
allergen-chip

In patients with mastocytosis presenting with MC
mediator—induced symptoms, 11 of 26 cases (42.3%) showed
IgE reactivity in the chip. In those without mediator-related
symptoms, the percentage of patients with specific IgE was
lower (4 of 14 [28.6%)]) although the difference was not sig-
nificant (P > .05). In 1 of the 4 patients with specific IgE
without mediator-related symptoms, a hypersensitivity reaction
to tetracycline was reported in the case history, and in 2 patients
no information on mediator-related symptoms was available
(Figure E6, A, in this article’s Online Repository at www.jaci-
inpractice.org).

All 9 patients with mastocytosis with a history of allergies had
a positive chip result (see Figure E6, B). An example (patient no.
2, ISM) with specific IgE against Aln g 1, Api g 1, Bet v 1, Cor a
1.040, Mal d 1, and Pru p 1 is shown in Figure 2. In another
patient with a reported reaction to tetracyclins (presumably IgE-
independent), specific IgE against Api m 1 was detected. In the
mastocytosis cohort without allergies in their case history
(n = 31), the percentage of positive cases in the chip was 19.3%
(6 of 31). In this cohort, 3 patients (62.5%) reported suffering
from MC mediator—induced symptoms. We also compared the
predictive value of the allergen-chip (frequency of positive cases
with allergies) in mastocytosis with published data published in
individuals with allergy or healthy controls. As presented in
Table E5 in this article’s Online Repository at www.jaci-
inpractice.org, the frequency of positive cases was similar in the
control cohorts compared to patients with mastocytosis.

Use of the allergen-chip in the follow-up studies of
patients with mastocytosis

Next, we asked whether the microarray results are reproduc-
ible in individual patients and are able to detect specific IgE after
sensitization. To address this point, sera from 2 patients (no. 5
and no. 26) were examined at different time points. Patient
number 5 was stung by a wasp 3 years after diagnosis, and
samples were taken at diagnosis and 3.5 years later. In this pa-
tient, Ves v 5 was detected by chip-profiling in 2005 but not in
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Allergen ISU-IgE
Alngl 7.28
Apigl 0.48
Betv 1 16.48
Cor a 1.040 5.2
Mald 1 1.73
Prup1 0.44

FIGURE 2. Results from the chip approach in a patient with confirmed history of allergies. Sera from patient number 2 (ISM) with known
allergy against birch pollen, hazelnut, and wasp was analyzed by chip-profiling (triplicates). IgE reactivity was quantified by Microarray
Image Analyzer v3.1.2 software and expressed by ISU. ISU values are listed in the right panel. ISU score: <0.3 ISU, below cutoff; >0.3
to <1 ISU, low; >1 to <10 ISU, moderate to high; >10 ISU, very high. For more details, see Table E3.
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FIGURE 3. Follow-up in a case of SSM with a history of recurrent episodes of life-threatening anaphylactic reactions. (A) Serum tryptase
levels (-@=) and IgE (-e-) in patient number 26 (SSM) suffering from recurrent life-threatening anaphylaxis (€ ). Following 2 series of 2CdA-
cycles (¥), a temporary control of symptoms was achieved. After recurrence of severe anaphylactic episodes, omalizumab-therapy ()
was initiated, followed by marked improvement. (B) Allergen-chip was performed 6 years after diagnosis, before 2CdA, 12 years after
diagnosis, and 26 years after diagnosis. 2CdA, 2-Chlorodeoxyadenosine (=cladribine).

2001. No other IgE reactivities were detected in this patient by
chip-profiling. Thirteen years after diagnosis the patient was
stung again by a wasp and developed anaphylaxis. Patient
number 26 was suffering from SSM with a high MC burden and
recurrent anaphylaxis, requiring resuscitation and hospitalization
(at least 3 times a year) (Figure 3, A).>" The first chip-reactivity
patterns were obtained 6 and 12 years after diagnosis and showed
a negative result (Figure 3, B). Because of the severity of the
symptoms, the high MC burden, and suspected progression to
ASM, cytoreductive therapy with 2-chlorodeoxyadenosine
(=cladribine) was initiated (Figure 3, A). Treatment resulted in
a substantial decrease in the MC burden and in the basal serum
tryptase level (Figure 3, A). During and shortly after therapy, no
severe symptoms were observed. However, 12 months after the
last cycle of cladribine, severe reactions (MC activation syn-
drome) were again recorded. Later, a second series of cladribine
cycles was given, followed again by a symptom-free period. In
addition, serum tryptase levels further decreased. Three years
later, when symptoms were again severe and life-threatening,
treatment with omalizumab was initiated and resulted in a

substantial improvement (see Figure 3, A, and Table EG in this
article’s Online Repository at www.jaci-inpractice.org). Twenty-
six years after diagnosis, chip analysis was repeated and revealed
specific IgE against Ole e 1, Ves v 5, and Art v 1 (Figure 3, B). At
that time, total IgE levels were also markedly higher compared
with those found in samples taken 6 and 12 years after diagnosis.
A detailed description of the case report is provided in this ar-
ticle’s Online Repository at Www.jaci-inpractice.org.ﬂ’”

DISCUSSION

Patients with mastocytosis suffering from a concomitant hy-
menoptera venom allergy, other allergies, or drug hypersensitivity
reactions have an increased risk for severe anaphylaxis.'*'® Early
detection of such concomitant allergies is therefore of particular
importance. In the current study, the presence of specific IgE was
analyzed in the sera of patients with mastocytosis by chip testing.
The prevalence of chip-positive cases was higher in patients with
mastocytosis with mediator-related symptoms compared with
those without symptoms. Moreover, all patients with
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mastocytosis with a known IgE-dependent allergy were positive
in the allergen-chip.

The prevalence of IgE-dependent allergies in the Western
world is increasing, which may be due to several factors,
including changes in our lifestyle, industrialization, pollution,
and climate changes. Today, the prevalence of IgE-dependent
allergies in Europe is considered to range between 20% and
30%. A similar prevalence has been reported for the Austrian
population (25%-27%).”" Tt has also been described that IgE
reactivity alone may not necessarily lead to an overt allergic
disease.” In our study, 40.5% of the age- and sex-matched
Austrian controls had a positive chip result, and in most of
these cases, the chip detected 2 or more IgE-reactive allergens.
The criterion to select cases for the control cohort was the
absence of mastocytosis and the absence of other neoplastic
disorders. Otherwise, these controls were randomly collected
without asking for allergies in the case history. These results
suggest that the chip technology is a sensitive test detecting low
quantities of IgE, including clinically “silent” IgE sensitivities,
which is supported by results from birth cohorts where clinically
silent sensitization often preceded “acroallergen” symptomatic
allergy. 23337

So far, little is known about the overall IgE-reactivity status
of patients with mastocytosis. In our study, 42 patients with
confirmed mastocytosis were examined by the chip technology.
Compared with other methods to detect IgE, a large panel of
allergens (>100) can be tested with a small amount of patient-
derived serum in this allergen-chip. Probably the most
important result obtained in our study was that the prevalence
of chip-positive cases was lower in our patients with masto-
cytosis compared with our age- and sex-matched controls
(35.7% compared with 40.5%). The lower percentage of
affected patients with mastocytosis (compared with controls)
was found in most subgroups defined by specific allergens.
One explanation for this phenomenon would be that in
patients with mastocytosis, most of the IgE is fixed to the high-
affinity IgE receptor expressed on neoplastic MCs. IgE mea-
surements in our patient receiving cytoreductive therapy
(cladribine) confirmed this hypothesis. An alternative expla-
nation would be that in symptomatic patients with a high MC
burden, IgE is often (or even permanently) internalized
together with IgE receptors and is then degraded. Finally, it
cannot be excluded that in patients with mastocytosis, treat-
ment with glucocorticosteroids or cytoreductive drugs sup-
presses growth and function of plasma cells producing IgE.
However, even in patients receiving cytoreductive drugs such
as cladribine, the allergen-chip still disclosed positive results.

When correlating chip results with clinical parameters, we
found that only 21.4% of our patients reported having an allergy
in their case history had a positive chip result, whereas 35.7% of
all patients with mastocytosis tested positive in the chip. These
data might argue for a high sensitivity of the chip regarding
detection of allergen-specific IgE. Because early detection of
patients at risk for allergic reactions is of importance, especially in
patients with mastocytosis, the high sensitivity might represent a
major advantage of the chip. Indeed, recently published data
have shown that in patients suffering from hymenoptera venom
allergy, severe reactions may be observed already when Ves v
5—specific IgE levels are below 1 ISU.** In our study, the most
prevalent allergen in the mastocytosis group was Ves v 5 (16.7%;
median, 1.7 ISU). In this regard, it is noteworthy that 1 of our
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patients was tested positive for Ves v 5 9 years before a life-
threatening anaphylactic reaction to a wasp sting.

There are several limitations of currently used chip-based as-
says to detect IgE in patients with SM. One is that the assays may
not cover all relevant hymenoptera venom species. For example,
the chip assay applied did not detect Ves v 2, Ves v 3, Api m 3,
Api m 5, or Api m 10. In addition, the chip did not detect drugs
known to cause hypersensitivity reactions, such as penicillin.”®
However, severe drug reactions are rare in these patients and
may have different etiologies, including non—IgE-dependent
mechanisms.””*" Another disadvantage is that in patients with
SM who have a very high MC burden, a negative result by chip
testing does not exclude the presence of an IgE-mediated allergy,
because most of the IgE is fixed to the MC surface and is
therefore not detectable by a serologic test, especially when the
levels of produced IgE are low and the burden of MCs is high.
However, as exemplified in 1 patient with SSM in this study,
specific IgE may become detectable when the burden of
neoplastic MCs decreased substantially after cytoreductive ther-
apy. Indeed, in patient number 26, an increase in total IgE was
already observed after cladribine before the administration of
omalizumab, which typically increases serum IgE levels. To
confirm the clinical value of the chip, we performed functional
experiments with basophils in 7 patients. In these analyses, the
recombinant allergens were found to promote CD203c
expression on basophils in all patients carrying specific IgE
detected by chip-profiling. On the other hand, however, the
chip was not able to detect all allergen reactivities that were
documented in the CD203c assay. For example, in patient
number 38 (ISM), moderate IgE reactivity for Phl p 5 was found
in the chip and was confirmed by allergen-induced CD203c
upregulation on basophils. However, in the same patient, re-
combinant Phl p 1 and Bet v 1 also induced CD203c upregu-
lation on basophils although the chip did not detect IgE against
Phl p 1 or Bet v 1. Another interesting observation was that the
chip was positive in 6 of 31 patients with mastocytosis (3
symptomatic and 3 non-symptomatic) in whom no previous
allergy had been documented. Unfortunately, we were not able
to apply skin tests or the CD203c assay in these cases.

Together, the allergen-chip approach represents a novel,
simple, and easily applicable tool for detection of specific IgE in
patients with mastocytosis. This assay is able to early detect pa-
tients with mastocytosis with IgE-dependent sensitization to a
large panel of different allergens, including venom allergens,
which are the most relevant allergens in mastocytosis, in a single
test. Whether this approach is able to predict allergies in all
patients with mastocytosis remains to be determined in future
studies.
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CASE REPORT

We report on a 48-year-old female patient suffering from
smoldering systemic mastocytosis with a history of multiple
(n = 64) episodes of life-threatening anaphylactic reactions. In
1998, therapy with H1- and H2-receptor blockers (deslor-
atadine and ranitidine) was initiated. Since 2001, she also
received levocetirizine (see Table EG). Despite this therapy,
recurrent life-threatening anaphylactic reactions were recorded.
The severity and frequency of these anaphylactic reactions as
well as the high MC burden present in this patient (as assessed
by bone marrow histology and serum tryptase levels) prompted
us to initiate cytoreductive therapy with 2-chlorodeox-
yadenosine (cladribine) (2CdA). Between December 2003 and
October 2004, 6 subsequent cycles of 2CdA (0.13 mg/kg/d,
days 1-5) were given. Treatment resulted in a marked decrease
in the serum tryptase level (Figure 3, A) and a decrease in the
MC burden confirmed by a bone marrow biopsy. In the next

SMILJKOVIC ETAL 8.e1

11 months, no further severe symptoms were observed.
However, 12 months after the last cycle of 2CdA she again
started suffering from recurrent severe anaphylactic reactions.
In May 2007, 30 months after the end of the first series of
2CdA cycles, a second series of 3 cycles of therapy with 2CdA
(0.13 mg/kg/d; days 1-5) was initiated followed by a period
without severe symptoms. In addition, a further decrease in
serum tryptase level was observed (Figure 3, A). Similar to the
first series, recurrence of severe events was observed 20 months
after the completion of this series of 2CdA cycles. In 2014,
treatment with omalizumab (300 mg subcutaneous every 3-4
weeks) was initiated and resulted in a marked improvement
(see Table E6). No life-threatening events were recorded
during the last 4 years when the patient received omalizumab.
Serial measurements of total serum immunoglobulin (IgE)
showed a clear increase following cytoreduction induced by
2CdA (Figure 3, A). Serum tryptase remained at relatively low
levels for more than 6 years after cytoreductive therapy with
2CdA (despite recurrence of anaphylaxis).



TABLE E1. Characteristics of patients with mastocytosis

Patient Diagnosis Tryptase WBC Hemoglobin Platelets Total IgE History of allergic Type of Severity of
no. Age (y) Sex (WHO) (ng/mL) (cells/pL) (g/dL) (cells/pL) (kU/L) reactions allergen(s) symptoms
1 35 F SSM 202 6,800 13.8 216,000 12.10 No — —
2 46 F ISM 938 6,450 13.6 279,000 NA Yes* Birch, nuts, food, Anaphylaxis
wasps
3 47 F ISM 479 7,300 14.5 237,000 10.20 No — —
4 55 F SSM 3525 4,860 13.1 280,000 <2.00 NK — —
5 34 F ISM 45.6 5,910 12.3 288,000 22.40 Yes* Wasps Anaphylaxis
6 35 F MIS NA NA NA NA 8.44 No — —
7 36 M ISM 34.4 8,400 15.6 341,000 47.80 Yes* Wasps, bees Not reported
8 36 F ISM 23.3 10,880 13.9 329,000 473 Yes Birch, timothy Anaphylaxis
grass, nuts
9 45 M ISM 90.6 7,250 12.5 242,000 6.80 No — —
10 26 F ISM 68 3,750 13.3 204,000 10.40 No — —
11 37 F ISM 69.7 7,400 12.7 272,000 33.90 No — —
12 37 M ISM 33.5 7,280 14.8 307,000 336 No — —
13 53 M SM-AHN 204.0 35,490 16.4 287,000 5.54 No — —
14 33 F ISM 15.5 9,220 15 251,000 5.55 No — —
15 38 F CM 13.7 8,660 13.6 378,000 177 No — —
16 59 M ASM 285 6,760 9.6 115,000 15.6 No — —
17 33 M CM 12.4 10,000 15.8 158,000 90.6 No — —
18 37 F ISM 46.5 5,190 13.9 221,000 12.4 No — —
19 31 F ISM 17.9 6,620 13.5 256,000 9.95 No — —
20 53 F ISM 53.7 5,110 12.4 205,000 70.2 No — —
21 36 F CM 17.1 5,760 13.6 264,000 39.1 Yes Birch, mugwort Rhinitis, conjunctivitis
22 31 F MIS 13.5 7,800 14.1 305,000 87.5 NK — —
23 58 M ISM 108 6,100 14.2 307,000 11.3 No — —
24 42 M ISM 14.5 5,450 14.3 265,000 5.52 No — —
25 56 M ISM 34.8 7,960 13.5 320,000 17.5 No — —
26 48 F SSM 1090 5,250 11.2 212,000 17.0 Yes Timothy grass, Anaphylaxis
mugwort, food
27 64 M ISM 164 10,480 16.1 206,000 NA No — —
28 72 M SM-AHN 77.7 2,950 12.2 101,000 16.3 No — —
29 21 M ASM 53.6 5,030 12.9 269,000 29.2 No — —
30 62 F ISM 25.6 5,410 14.8 257,000 46.7 No — —
31 47 F SM-AHN NA NA NA NA <2.00 No — —
32 50 F SSM 175 3,820 12.8 193,000 18.3 No — —
33 72 M ASM 1,617 4,370 9.1 25,000 12.6 No — —
34 40 M SSM 937 3,980 12.8 201,000 5.91 No — —
35 52 F SM-AHN 379 7,250 10.2 86,000 16.9 No — —
36 56 M ISM 650 10,480 14.4 329,000 NA No — —
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37
38
39
40
41
42

53
73
53
48
45
33

mm o2 EE

SM-AHN
ISM
ISM
ISM
CM
ISM

615
49.9
17.1
78.5
6.1
45.5

27,950
5,130
4,360
4,690
5,720
8,960

8.8
14.2
15.1
13.6
13.2
12.1

54,000

265,000
215,000
237,000
269,000
274,000

41.9
60.1
8.63
6.65
124
4.90

Timothy grass

Birch

Not reported

Not reported

ASM, Aggressive systemic mastocytosis, CM, cutaneous mastocytosis; f, female; ISM, indolent systemic mastocytosis; m, male; MIS, mastocytosis in the skin; NA, not available; NK, not known; SM-AHN, systemic mastocytosis with an
associated hematologic neoplasms; SSM, smoldering systemic mastocytosis; WBC, white blood cell count; WHO, World Health Organization.
*In these patients, hypersensitivity reactions against bee or wasp were recorded. In patient number 5, a previous sting did not result in anaphylaxis but the second exposure resulted in a severe hypersensitivity reaction. In the other 2 patients,
no history about previous stings was available.
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TABLE E2. List of allergens spotted on the chip used in this study TABLE E2. (Continued)
Allergen source Allergen Allergen source Allergen
Kiwi fruit Actd 1 Fungus of plants Clah8
Kiwi fruit Actd 2 Hazelnut Cor a 1.0401
Kiwi fruit Actd 5 Hazelnut Corag
Kiwi fruit Actd 8 Hazelnut Cora9
Alder Aln g1 Sugi Cryjl
Alternaria plant rot fungus Altal Bermuda grass Cynd 1
Alternaria plant rot fungus Alta 6 Cypress Cupal
Ragweed Amb a1 American house-dust mite Der f 1
Cashew Anao 1 American house-dust mite Der f 2
Cashew Anao 2 European house-dust mite Derp 1
Cashew Anao3 European house-dust mite Der p 2
Herring worm Ani s 1 European house-dust mite Der p 4
Herring worm Anis 3 European house-dust mite Derp 5
Celery Apigl European house-dust mite Derp 7
Honeybee Apim 1 European house-dust mite Der p 10
Honeybee Apim 2 European house-dust mite Der p 11
Honeybee Api m 4 European house-dust mite Der p 14
Peanut Arah 1 European house-dust mite Der p 15
Peanut Arah 2 European house-dust mite Der p 18
Peanut Arah 3 European house-dust mite Der p 21
Peanut Arah 6 European house-dust mite Der p 23
Peanut Arah 8 Domestic horse Equcl
Peanut Arah 9 Domestic horse Equc 3
Mugwort Artv 1 Common buckwheat Fag e 2
Mugwort Artv 3 Cat Fel d 1
Common mold Aspf1 Cat Fel d 2
Common mold Asp f3 Cat Fel d 4
Common mold Asp £ 6 Baltic cod Gadc 1
Brazil nut Bere 1 Chicken Gald 1
European white birch Betv 1 Chicken Gald?2
European white birch Betv 2 Chicken Gal d 3
European white birch Bet v 4 Chicken Gald 5
German cockroach Blag1 Soybean Gly m 4
German cockroach Blag2 Soybean Glym5
German cockroach Blags Soybean Gly m 6
German cockroach Blag7 Latex Hevb 1
Storage mite Blot5 Latex Hev b 3
Domestic cattle Bos d 4 Latex Hevb5
Domestic cattle Bosd 5 Latex Hev b 6.01
Domestic cattle Bosd 6 Latex Hevb 8
Domestic cattle Bos d 8 English walnut Jugr1
Domestic cattle BSA English walnut Jugr2
Milk aS1-casein English walnut Jugr3
Milk aS2-casein Storage mite Lepd2
Milk b-casein Apple Mal d 1
Milk K-casein Annual mercury Mer a 1
Milk Lactoferrin Mouse Mus m 1
Dog Canf1 Bromelain MUXF3
Dog Can f 2 Olive Ole e 1
Dog Canf3 Olive Olee 5
Dog Can f 4 Olive Ole e 6
Dog Canf5 Olive Ole e 7
Dog Can f 6 Olive Ole e 8
Goosefoot Che a 1 Olive Ole e 9

(continued) (continued)
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TABLE E2. (Continued)

Allergen source Allergen
Olive Ole e 10
Timothy grass pollen Phlp 1
Timothy grass pollen Phlp 2
Timothy grass pollen Phlp 4
Timothy grass pollen Phlp 5
Timothy grass pollen Phlp 6
Timothy grass pollen Phlp 7
Timothy grass pollen Phlp 11
Timothy grass pollen Phl p 12
Pellitory-of-the-Wall Par j 2
Black tiger shrimp Pen m 1
Black tiger shrimp Pen m 2
Black tiger shrimp Pen m 4
Pistachio Pisv 3
London plane tree Plaal
London plane tree Plaa2
London plane tree Plaa3
London plane tree Plal1
Mediterranean paper wasp Pol d 5
Peach Prup 1
Peach Prup3
Almond Pru du 3
Almond Pru du 4
Almond Pru du 6
Almond Pru du 6.01
Almond Pru du 6.02
Sesame Sesil
Wheat Tria 14
Wheat Tri a 19.0101
Wheat Tri a 36
Yellow jacket Ves v 1
Yellow jacket Ves v 5

1UIS, International Union of Immunological Societies.
The sources and names of the allergens according to IUIS are shown.
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TABLE E3. Heat map of IgE reactivities detected in patients with mastocytosis as assessed by allergy chip-profiling (only those allergens

for which at least 1 patient showed a positive result are shown). A detailed description of allergens is presented in Table E4.

Actd 1 Alng 1 Amb a 1 Apig1 Apim 1 Apim 4 Arah 1 Arah 8 Artv 1 Betv 1

Patient no.
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TABLE E3. (Continued)

Lepd 2 Mal d 1

Gald 1

Cupai Der f 2 Der p 2 Feld 2

Cynd 1

Cor a 1.0401

Can f 3

Patient no.

11
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14
15
16
17
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0.2
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41
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Olee 1 Phlp 1 Phlp 4 Phlp 5 Pold 5 Prup 1 Pru du 3 Vesv 5
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(continued)
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TABLE E3. (Continued)

Patient no. Ole e 1 Phlp 1 Phlp 4 Phlp 5 Pol d 5 Prup 1 Pru du 3 Vesv 5
22 0 0 0 0 0.1
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Sera obtained from 42 patients with mastocytosis were analyzed using microarrayed allergens. Levels of specific IgE were semi-quantified by Microarray Image Analyzer v3.1.2
software and expressed by ISU. For positivity, a cutoff of 0.3 ISU was used. Chip scoring system: <0.3 ISU below cutoff. A detailed description of allergens is presented in the
Table E4.

*Class 1: >0.3 to <1, ISU low.

FClass 2: >1 to <10 ISU, moderate to high.

1Class 3: >10 ISU, very high.

§In this patient, allergen-chip detected sensitization against various allergens after treatment-induced reduction of the MC burden.



J ALLERGY CLIN IMMUNOL PRACT

VOLUME M, NUMBER B

TABLE E4. Description of allergens shown in Figure E3

SMILJKOVIC ETAL 8.e9

No. Allergen source Name/function of the protein Allergen
1 Kiwi fruit Thaumatin-like protein Actd 2
2 Alder PR-10, Bet v 1 family member Aln g 1
3 Alternaria plant rot fungus Acidic glycoprotein Altal
4 Ragweed Pectate lyase Amb a 1
5 Celery PR-10, Bet v 1 family member Api g1
6 Honeybee Phospholipase A2 Apim 1
7 Honeybee Hyaluronidase Api m 4
8 Peanut PR-10, Bet v 1 family member Arah 8
9 Mugwort Defensin-like protein Artv 1
10 European white birch PR-10, Bet v 1 family member Betv 1
11 European white birch Profilin Betv 2
12 European white birch Polcalcin Betv 4
13 Dog Lipocalin Can f 1
14 Goosefoot Ole e 1—related protein (trypsin inhibitor) Che a 1
15 Hazelnut PR-10, Bet v 1 family member Cor a 1.0401
16 Japanese cedar Pectate lyase Cryj1
17 Cypress Cypress Cup a 1
18 Bermuda grass Beta-expansin Cynd 1
19 American house-dust mite NPC2 family Der f 2
20 European house-dust mite NPC2 family Der p 2
21 Cat Uteroglobin Feld 1
22 Latex Profilin Hevb 8
23 English walnut Vicilin seed storage protein Jugr?2
24 Storage mite NPC2 family Lepd?2
25 Apple PR-10, Bet v 1 family member Mal d 1
26 Annual mercury Profilin Mer a 1
27 Olive Ole e 1—related protein (trypsin inhibitor) Olee 1
28 Timothy grass pollen Beta-expansin Phlp 1
29 Timothy grass pollen Grass group 2/3 Phl p 2
30 Timothy grass pollen Grass group 4 (Berberine bridge enzyme) Phl p 4
31 Timothy grass pollen Grass group 5 Phlp 5
32 Timothy grass pollen Grass group 5/6 Phlp 6
33 Timothy grass pollen Polcalcin Phlp 7
34 Timothy grass pollen Ole e 1—related protein (trypsin inhibitor) Phlp 11
35 Timothy grass pollen Profilin Phl p 12
36 London plane tree Polygalacturonase Plaa?2
37 English plantain Ole e 1—related protein (Pectate lyase) Plal1
38 Mediterranean paper wasp Antigen 5 Pold 5
39 Peach PR-10, Bet v 1 family member Prup 1
40 Almond Profilin Pru du 4
41 Yellow jacket Antigen 5 Ves v 5

IUIS, International Union of Immunological Societies; PR-10, pathogenesis-related protein 10.

The sources and names of the allergens according to IUIS are shown.
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TABLE E5. Evaluation of allergen-microarray in various cohorts
Positive IgE reactivity Mediator-induced symptoms
Study Allergic individuals by allergen-microarray of patients with allergies (previous studies)
population among all patients, n (%) testing in patients, n (%) or mastocytosis (this study) Reference
BAMSE 546/786 (69.5%)* 409/786 (52%)* Asthma, rhinitis, asthma and/or rhinitis Wickman et al”’
BAMSE 122/686 (17.8%)* 173/686 (25.2%)* Rhinitis Westman et al™”
EGEA 197/340 (57.9%)+ 166/340 (48.8%) Asthma, rhinitis Siroux et al™?
ECA 83/132 (62.9%)* 132/265 (49.8%)* Asthma Skrindo et al™*
109/132 (83.1%)* 132/265 (49.8%)* Rhinitis
Mastocytosis 9/42 21%): 15/42 (35.7%) Mediator-related symptoms§ Smiljkovic et al (this study)

BAMSE, Barn/Children, Allergy, Milieu, Stockholm, Epidemiological study; ECA, environment and childhood asthma; EGEA, asthma, bronchial hyperresponsiveness and
atopy.

*Samples tested at age 16 y and allergic status confirmed with asthma, rhinitis, asthma, and/or rhinitis at age 16 y.

fAllergic sensitization determined on the basis of >1 positive skin prick test result among the 11 allergen sources.

iBased on reported allergy in patient history.

§Mediator-related symptoms: flush, vascular instability, anaphylaxis, rhinitis, headache, diarrhea.

TABLE E6. Therapy of the patient during follow-up

Month of Therapy
follow-up
73

''''''' IV
------- 139 [2cdA, 03 mgked |
”””” 140 | 2cdA, 0.3 mgkgd |
"""" 14177 7| 2¢cdA, 0.13 mgkgrd |
“““““““ 1447777| 2€dA, 0.13 mg/kgrd [T T
"""" 146" 7| 2CdA, 0.13 mg/kg/d [T T
"""" 149 777) 2CdA, 0.13 mg/kg/d | T e
777777 v Prednisolone
_______ 179 T 12.5mg/d po
''''''' 180  [2cdA, 0.3 mgked |
""""" 1827 | 2¢cdA, 013 mgkgrd |
””” 186 | 2CdA,0.13mgkeid | T T
"""" 24 |
"""""""""""""""""""""""""""""""""""""""""""""""""""""" 2], |z
------- 2 70 Omalizumab 300 mg § § é ;_:)
_______ sie in 3-4-wk intervals SC % i 'g g
(last visit) 2|2 [ |=

po, Per os (by mouth).
2CdA was given intravenously 0.13 mg/kg/d for 5 d per cycle. Orally administered medication was ranitidine 300 mg twice daily, desloratadine 5 mg once
daily, montelukast 10 mg once daily, and levozetirizine 5 mg once daily. Omalizumab 300 mg was given subcutaneously (SC) in 3-4-wk intervals.
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Negative control Calibration curve

In(FI)=6.19 + 1*In(ISU-E) R?=0.94
o Included calibration points: 12
X Excluded calibration points: 2

T T

10000.0 +

Calibrator serum (positive control)

. oo

1000.0 +

Observed fluorescence intensity

110 10:0
Expected IgE concentration (ISU-E)

FIGURE E1. Calibration curve plus positive and negative controls for microarray analyses. Fluorescence signal intensities of the dots are
encoded, with red dots representing high levels of allergen-specific IgE and blue color corresponding to low IgE levels as measured by a
confocal laser-scanner. Levels of specific IgE were semi-quantified by Microarray Image Analyzer v3.1.2 software and expressed by
ImmunoCAP Solid-phase Allergen-Chip standardized units for IgE. F/, fluorescence.



J ALLERGY CLIN IMMUNOL PRACT
MONTH 2020

8.e12 SMILJKOVIC ET AL

unstimulated BA
10001 1000
8001 8001
g 6007 v 6001
wn /5]
wn wn
400 400+
200 200
0 T ”T‘"Y\‘ﬁ’ T T :..I: I. T 0 T T T
10° 10! 10> 10° 10* 0 200 400 600 800 1000
CD203c¢ FCS
stimulation with 1pg-ml algE
Py i lnm o .
800 800
O 6007 o 600
wn . o 5]
@ ,0‘.42/0 > % 400 .
2004 ._71-7%
T |K T 0 : 4‘| ' T T T T
10> 10® 10 0 200 400 600 800 1000
CD203¢ FSC

FIGURE E2. Gating strategy for basophils in the basophil CD203c activation test. Allergen-induced upregulation of CD203c was
determined by multicolor flow cytometry on a FACS Calibur. For these experiments, cells were stained with the phycoerythrin -labeled
CD203c antibody 97A6. Basophils were detected on the basis of their SSC and FSC characteristics and expression of CD203c (purple
line). BA, Basophils; FSC, forward scatter; SSC, side scatter.
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Mastocytosis Controls
Plall | Plal1l
Plaa2 | Plaa?2
Phlp 11 | Phlp 11
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Cupal | Cupal
Cryj1] Cryj1
Cheal | Cheal
Betv4 | Betv4
Apim 4 |mmm Apim 4
Altal | Altal
Actd2 | Actd2
Prudu4 | Prudu 4
Phlp 12 | Phlp 12
Phlp6 | Phip6
Meral | Meral
Jugr2 | Jugr2
Hevb 8 | Hevb 8
Feld 1 Feld 1
Derp2 | uClass 1 Der p 2 mClass 1
g Derf2 | uClass 2 g Der 2 = Class 2
] Canfl | uClass 3 s Canf1l = Class 3
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Artv1 | Artv1
Apim1 | Apim 1
Apigl Apigl
Ambal Ambal
Prup1 Prup1
Pold 5 Pold 5
Phlp 2 Phlp2
Arah8 Arah8
Mald1 Mald1
Oleel Oleel
Phlp 4 Phlp 4
Cor a 1.0401 Cor a 1.0401
Alngl Alngl
Cynd1 Cynd1
Phlp 5 Phlp 5
Phip1 Phip1
Betv1 Betv 1
Vesv5"“IIII’ Ves"s.......‘.
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Percentage of all patients Percentage of all patients

FIGURE E3. Profiling of specific IgE reactivities for allergens detected in the sera of patients with mastocytosis compared with age-
matched controls. Sera obtained from 42 patients with mastocytosis and 42 age- and sex-matched controls without mastocytosis
were analyzed by chip-profiling. Results are expressed as a percentage of patients with mastocytosis or percentage of controls testing
positive in the chip assay. Levels of specific IgE are shown as: class 1: >0.3-<1 ISU, class 2: >1-<10 ISU, and class 3: >10 ISU. A
detailed description of allergens is presented in Table E4.
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FIGURE E4. Correlation between serum tryptase levels and total
IgE in patients with mastocytosis. Serum tryptase levels and total
serum IgE levels were measured in 37 patients with mastocytosis
in whom both markers were determined. Results are expressed in
natural log units. A significant negative correlation between serum
tryptase levels and total IgE levels was found (Pearson correlation
coefficient: r = 0.41; P <.05).
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FIGURE E5. Basophil CD203c activation test with some of the most frequent allergens performed in our patients with mastocytosis.
Patients with mastocytosis with (A) or without (B) specific IgE by allergen-chip-profiling were analyzed: patient number 8 had IgE against
Betv 1, Phlp 1, Phlp 5, and Ves v 5, number 38 IgE against Phl p 5, and number 39 IgE against Phl p 1. Blood cells were incubated with
allergens (1 pg/mL), anti-IgE (1 pg/mL), or control buffer for 15 minutes (37°C). Allergen-induced upregulation of CD203c was deter-
mined as described in the text.
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Patients with mastocytosis
n=42

Patients without information on
allergy in case history
n=2

Patients with information on
allergy in case history
n=40

Patients without
reported allergy

Patients with
reported allergy

) n=9 n=31
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symptoms
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FIGURE E6. Flowchart diagram of patients included in the study. Forty-two patients with mastocytosis were included. In 2 patients no
information about mediator-related symptoms (A) and no information on allergies in the case history (B) were available. Positive results in
the allergen-chip were found in 15 patients, whereas in 25 patients the allergen-chip showed negative results.
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