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Abstract

Background—L.ipid transfer protein (LTP), an abundant protein in fruits, vegetables and nuts, is
a common food allergen in Mediterranean areas causing diverse allergic reactions. Approximately
40% of food anaphylaxis induced by LTP require non-steroidal anti-inflammatory drugs
(NSAIDs) as a triggering cofactor.

Objective—To better understand the determinants of NSAID-dependent (NSAID-LTP-A) and
NSAID-independent LTP-anaphylaxis (LTP-A)

Methods—Selection of patients was based on a proven clinical history of NSAID-dependent or -
independent anaphylaxis to LTP, positive skin prick test to LTP and serum LTP-IgE. Whole
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transcriptome (RNA-Seq) analysis of blood cells from 14 individuals with NSAID-LTP-A, 7 with
LTP-A and 13 healthy controls was performed to identify distinct gene expression signatures.

Results—Expression of genes regulating gastrointestinal epithelium renewal was altered in both
patient sets, particularly in LTP-A, who also presented gene expression profiles characteristic of
an inflammatory syndrome. These included altered B cell pathways, increased neutrophil
activation markers and elevated levels of reactive oxygen species. Increased expression of the 1gG
receptor (CD64) in LTP-A patients was mirrored by the presence of LTP-specific IgG1 and 3.
Conversely, NSAID-LTP-A patients were characterized by reduced expression of IFN-y-regulated
genes and IFN-v levels as well as up-regulated adenosine receptor 3 (ADORA3) expression and
genes related to adenosine metabolism.

Conclusions—Gene ontology analysis suggests disturbances in gut epithelium homeostasis in
both LTP-related anaphylaxis groups with potential integrity breaches in LTP-A that may explain
their distinct inflammatory signature. Differential regulation in LTP-A and NSAID-LTP-A of the
IFN-vy pathway, 1gG receptors and ADORA3 may provide the pathogenic basis of their distinct
responses.
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anaphylaxis; food allergy; lipid transfer protein syndrome; non-steroidal anti-inflammatory drugs;
transcriptome analysis

Introduction

Anaphylaxis is a systemic allergic reaction that is rapid in onset and may cause death.! Food
allergens are the major triggers for anaphylaxis, accounting for 33-56% of all cases and up
to 81% of anaphylaxis in children.2# Lipid transfer protein (LTP) is a relevant plant
panallergen described as the most frequent cause of food-induced anaphylaxis in the
Mediterranean Basin.> ¢ LTP-allergic patients are most frequently characterized by the
presence of specific IgE to peach LTP (Pru p 3) but commonly show sensitization and
reactions to multiple plant foods containing LTP.% 79 Often, an anaphylactic episode to LTP
occurs under the influence of a cofactor, such as physical exercise, alcohol and/or a
medication, especially a non-steroidal anti-inflammatory drug (NSAID).8: 9-11 |n an Italian
cohort, 78% of patients with food-dependent exercise-induced anaphylaxis were sensitized
to LTP10 and in a Spanish cohort with NSAID- and exercise-related food allergy, LTP
sensitization was demonstrated in 92% of patients.1 Further, in another study almost half of
LTP-induced anaphylaxis cases were related to cofactors, being NSAIDs involved in 36% of
reactions.® The enhancing effect of NSAIDs in food anaphylaxis is well documented,12: 13
and it extends beyond LTP to other common allergens such as shellfish,14 sunflower
seeds, gliadin1® 17 and peanut.18

Some reports have associated anaphylaxis with expression of genes that regulate the innate
and adaptive immune system.2 19 However, the transcriptional profiles associated with
either cofactor dependent or independent anaphylaxis to the same food allergen have not
been examined. Here, we used next generation sequencing to characterize the gene
expression landscape, under unchallenged conditions, of patients with LTP-related
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anaphylaxis that differ in their dependency on NSAID for the manifestation of anaphylaxis,
to gain insights into the mechanisms influencing their distinct responses. The analysis
reveals important differences in the type of immunity controlling the in vivo environment in
these patient subsets and suggests that FcyRI receptors and LTP-specific 1gG may play a
contributory role in anaphylaxis to LTP, while adenosine receptor type 3 (ADORA3) may
relate to reactions involving NSAIDs.

Further details on the methods can be found in the Online Repository.

Study population

Patients were recruited based on a clinical history of anaphylaxis (defined as in 1) elicited by
LTP-containing plant foods, positive skin prick test (SPT) to LTP and/or the presence of
LTP (Pru p3)-specific serum IgE (Table 1). LTP-sensitized patients were divided into two
groups: 1) patients with a clinical history of anaphylaxis caused by a food source containing
LTP (LTP-induced anaphylaxis, [LTP-A]); and 2) patients with a clinical history of
anaphylaxis to LTP that is only observed when the culprit food was consumed in proximity
to the ingestion of an NSAID (up to 2 hours before the reaction onset) (NSAID-related LTP-
induced anaphylaxis [NSAID-LTP-A]). NSAID-LTP-A patients had no anaphylaxis when
separately ingesting a food source containing LTP or an NSAID. Six of these patients (43%)
also reported anaphylaxis to LTP after exercise (Table E1 in the Online Repository).
Patients with a clinical history of NSAID-induced asthma or urticaria were excluded from
the study. Oral or nasal challenge with aspirin or NSAID?? to confirm tolerance to NSAID
was performed in some patients with non-conclusive clinical history. None of these patients
were suffering from LTP-related reactions or consumed NSAIDs at the time samples were
collected.

Healthy volunteers (HV) had no clinical history of food allergy or drug reactions and had
negative SPTs to LTP-containing plant foods and other common food allergens. Informed
consent was obtained from all participating subjects. The study was approved by the Local
Ethics Committee of the Hospital Clinic (Barcelona, Spain).

Transcriptome sequencing and analysis

Whole blood samples were used as a non-invasive source for RNA as it has been
demonstrated that whole blood cell RNA is an adequate genomic tool to investigate organ
biomarkers2! and disease pathogenesis?2. Blood was collected in PAXgene Blood RNA or
DNA tubes and processed as described in Methods in the Online Repository. Poly-A RNA
was reverse-transcribed into cDNA and approximately 200 bp fragments ligated to
sequencing adapters using the TruSeqg™ RNA (Illumina Inc., San Diego, CA, USA) system
followed by 15 cycles of PCR amplification as per manufacturer's specifications. The cDNA
libraries were sequenced using the Genome Analyzer HiSeq 2000 (Illumina Inc. San Diego,
CA, USA) using 50 bp read length. The RNA-Seq data were aligned to the hg18 reference
genome with Tophat software, using options (-no-coverage-search and —G) to specify
RefSeq gene model. FastQC was used to evaluate sequence quality. Transcript expression
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levels were estimated using Partek GS to determine the reads per kilobase of exon per
million mapped reads (RPKM). A gene was considered expressed if the RPKM value was >
0.1. Ingenuity Pathway Analysis (IPA) (Mountain View, CA, USA) was used for pathway
analysis. This study utilized the high-performance computational capabilities of the Biowulf
Linux cluster at the National Institutes of Health, Bethesda, Md. (http://biowulf.nih.gov).

Statistical analysis

Results

Sequencing results were analyzed using Partek GS 6.6 software and expressed in RPKM.
RPKMs were log2 transformed with an offset by 0.001 and then ANOVA was performed to
determine differential gene expression comparing patient groups vs. HV (Partek GS 6.6).
Statistical analyses in all other measurements were performed with GraphPad Prism (La
Jolla, CA, USA). All measurements other than RNA-Seq were done in duplicates or
triplicates. Comparison between groups was performed using a non-parametric test (Mann-
Whitney test) unless otherwise indicated. P values < .05 were considered statistically
significant.

Study population

A total of 21 patients and 13 healthy individuals with ages ranging from 28 to 45 were
recruited (Table I). All patients showed positive SPT to peach LTP (Pru p3) and presented
LTP (Pru p3)-specific IgE in serum as measured by ImmunoCAP™ (Table | and Table E1
in the Online Repository).

Whole-transcriptome analysis

Alignment of sample reads to the human genome database using Tophat showed that
75-92% of reads from each sample were properly mapped to the human genome.
Sequencing resulted in an average 40,821,991 reads mapped per subject that corresponded
to a total of 20,650 expressed genes. Transcritptome comparison between the different
groups indicated broader expression changes in LTP-A than in NSAID-LTP-A. Further
details on these comparisons can be found in the Online Repository. Of note, transcript
abundance in blood may reflect differences in transcriptional regulation or in blood cell
composition, both however valuable predictors of underlying pathology.22 23 The numbers
of blood cell subtypes in both patient cohorts were in the normal range and no differences
were found between LTP-A and NSAID-LTP-A (Table E2 in the Online Repository).

Differentially expressed genes in both patient subsets are associated with gastrointestinal
diseases and epithelial alterations

Cancer and Gastrointestinal Diseases were identified as the main Diseases/Disorders
associated with differentially expressed genes in both NSAID-LTP-A- (Table Il) and LTP-
A- specific transcripts (Table 111), although the degree of confidence (p<10-12) and the
number of molecules involved (>654) were higher in the LTP-A group. In both, this disease
category included Disease/Function Annotations mostly related to adenocarcinomas and
epithelial neoplasias (Table Il and I11). However, this is unlikely to reflect gastrointestinal
neoplasias since the analysis predicted that Disease/Function Annotations such as tumor cell
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invasion, migration, proliferation and colony formation, were inhibited (not shown).
Instead, the association with Cancer/Gastrointestinal Diseases may suggest changes in the
regulation of cell growth/death in gastrointestinal epithelium as the site of the alterations in
these patients.

In keeping with this interpretation, the top canonical pathways in NSAID-LTP-A included
those related to survival and proliferation processes (Table 11, first, fourth and fifth canonical
pathways) and the regulation of epithelial cell differentiation/proliferation and epithelial-
mesenchymal transitions (Table Il, second and third pathways), all important processes for
Organ/Cell Development and Morphology (see Top Networks of gene connections in Table
I1). Furthermore, among the most changed transcripts in NSAID-LTP-A there were
modulators of growth in normal or malignant epithelial cells (AREG, mir-50), stem cell
proliferation and renewal (MICU1, NR2C1) and the epithelial-mesenchymal transition
(S'VAL) (Table E3 in the Online Repository).

In LTP-A, the association of differentially expressed genes with cell growth/survival and
gastrointestinal tract was not only reflected in the top Diseases and the main Canonical
Pathways (Molecular Mechanisms of Cancer) and Networks (Cancer, Tumor Morphology,
Gastrointestinal Disease) (Table I11), but also in the most affected individual gene
transcripts related to cell cycle and cell death (Table E3 in the Online Repository) as
described for NSAID-LTP-A. Overall the analysis suggests disturbances in the dynamic
renewal and turnover of the intestinal epithelium in both sets of patients.

Changes in intestinal epithelium turnover can associate with altered permeability. Consistent
with this concept, a protein involved in the regulation of tight junctions that has been
described as a marker of intestinal permeability in patients with celiac disease and diabetes
mellitus type 1,24 was significantly increased in both groups of patients compared to HV
(Figure E1 in the Online Repository)

Associations with inflammatory conditions exclusively in LTP-A

A distinct aspect of the transcriptome in LTP-A patients was its association with
Inflammatory Disease Networks and Canonical Pathways related to immune regulation (B
Cdll Receptor Sgnaling and PI3K Signaling in B Lymphocytes) (Table 111 and Table E4 in
the Online Repository). Another Canonical Pathway exclusively affected in LTP-A was
Sphingosine-1-phosphate signaling, important for immunity,2° sensitization to food
allergens, 26 recovery from anaphylactic shock?” and cell cycle regulation?8 (Table I11).

Approximately 24% of all significantly affected Canonical Pathways in LTP-A were linked
to immune cell function (Table E4 in the Online Repository), while the remaining 76%
related mostly to cell cycle regulation, survival, stress response and cancer (not shown). The
main Diseases/Disorders associated with all the up-regulated genes were Infectious Diseases
(p=2x109-102; 38 molecules) and Immunological and Inflammatory Diseases
(p=1.4x108-10"2; 48 molecules). Of interest, the annotations linked with those categories
included Bacterial Infections, Autoimmunity, Reactive Oxygen Species Production as well as
Immune Cell Migration (Table E5 in the Online Repository). When considering all the
upregulated genes, IPA predicted an activated state of IFNG (activation z-score: 3.39;
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p=6.5x10°) and IFNA2 (activation z-score: 2.41; p=2.4x10-4), which are important for the
activation of multiple immune cells and immunity to infectious agents. Furthermore, 18% of
the increased transcripts in LTP-A compared to HV were markers of neutrophil subsets or
genes related to neutrophil function (Table 1V). The increase in the abundance of neutrophil
markers is unlikely to represent an increase in total neutrophil numbers since these
transcripts were not significantly changed in NSAID-LTP-A, which had similar neutrophil
counts than LTP-A (Table E2 in the Online Repository). Instead it suggests that LTP-A may
be enriched in a distinct neutrophil subset with possible functional consequences. Indeed,
the levels of reactive oxygen species (ROS), a measurement of neutrophil oxidative
outburst, were significantly elevated in the serum of LTP-A compared to those in HV and
NSAID-LTP-A (Fig 1, A). Thus, LTP-A but not NSAID-LTP-A patients show a steady-state
inflammatory condition with neutrophilic involvement and extensive control of the adaptive
immune response.

Alterations in adenosine metabolism exclusively in NSAID-LTP-A

We compared the transcriptomes of NSAID-LTP-A vs. LTP-A seeking unique
transcriptional differences that may explain their differential susceptibility to LTP or the
need for NSAID in NSAID-LTP-A patients. Fig 1,B represents the main Network Functions
associated with this and shows several genes regulated by IFN-y (IFI6, EIF2AK2, MX1,
CD274, TNFSF10, KLRC4-KLRKI/KLRK1, FASand FCGR1) and genes related to mast cell
function/differentiation and allergic disease, airway hypersensitivity and Th2-type responses
(including GATA2, KIT, ADORA3, MAPKS8, FCGRI, IL1RL1 and NCR1). Among these,
ADORA3 was of interest because a polymorphism in the promoter of ADORA3 at -1050G/T
and a higher frequency in the high-transcript haplotype htl (T_1050C.564), have been
previously associated with aspirin-induced urticaria.2? Although we confirmed a higher
expression of ADORA3 in the NSAID-LTP-A group by gRT-PCR (Figure E2,A in the
Online Repository), we could not demonstrate an association with the polymorphism at
-1050G/T or the haplotype htl (T_1050C.564) in these patients (Figure E2,B in the Online
Repository). Genes involved in the metabolism and function of adenosine, including
ENTPD2 and ADK (encoding, respectively, for an ectonucleotidase that degrades ATP into
AMP and a kinase that phosphorylates adenosine to AMP) (Fig 3 and those shown in Figure
E2,C in the Online Repository) were also expressed at higher levels in NSAID-LTP-A
relative to LTP-A. The data is suggestive of an altered nucleotide/nucleoside turnover with a
favored expression of ADORA3 in NSAID-LTP-A patients, and observation that may be of
interest since NSAID causes an increase in ATP metabolism.30: 31

IFN-vy is repressed in NSAID-LTP-A compared to LTP-A

The network shown in Fig 1,B hinted at differences between NSAID-LTP-A and LTP-A in
Th1- and Th2-regulated genes. Indeed, IPA predicted an inhibited state of IFNG (activation
z-score: -1.77; p= 2.4x1073) and STAT1 (p=7.94x10%) as top Upstream Regulators in
NSAID-LTP-A (as compared to LTP-A) (Fig 2,A). Examination of all differentially
expressed genes in NSAID-LTP-A vs. LTP-A confirmed the notion that gene transcripts
directly or indirectly linked to Th2- responses or Th2-effector cells (including cytokine
receptors, chemokines and genes that regulate eosinophil, mast cell and basophil function/
differentiation), were more represented in NSAID-LTP-A than in LTP-A (shown in grey in
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Fig 3). In contrast, gene transcripts controlled by IFN-vy, including FAS, ARG1, IFI6, MX1,
FcGR1, CASP7 and TNFSF10 were under-represented in NSAID-LTP-A compared to LTP-
A (shown in blue in Fig 3 and Fig 2,A).

In agreement, the serum levels of IFN-y in NSAID-LTP-A were significantly reduced
compared to LTP-A and HV (Fig 2,B). The circulating levels of IFN-y in LTP-A were not
significantly higher than those in HV, although a higher percentage of LTP-A samples had
detectable IFN-v levels (71%) than in HV (55%). Other than an apparent repression of Th-1
immunity in NSAID-LTP-A (Fig 2,A and B), no major systemic cytokine profile alterations
were found in these patients (see Results in the Online repository). The overall analysis
suggests prominent differences between NSAID-LTP-A and LTP-A in the transcripts that
regulate their type of immunity.

LTP-A patients show increased FCGR1 transcripts and LTP-specific IgG1/IgG3 levels

FCGRI1 expression, which is regulated by IFN-v, 3132 was increased but FCER1 decreased
in LTP-A compared to NSAID-LTP-A (Fig 3). In addition, the ratio of expression of
FCGR1 to FCER1 was almost 4 fold higher in LTP-A compared to NSAID-LTP-A, a result
that was confirmed by qRT-PCR (not shown).

If FcyRI had any role in LTP-induced anaphylaxis as shown in animal models,32 then LTP
(Pru p 3)-specific 1gG1/3, which bind FcyRI and can be crosslinked by LTP, should be
present in the serum of these individuals. LTP-specific 1IgG1 and especially 1gG3 were
found in LTP-A and to a much lesser extent in NSAID-LTP-A (Fig 2,C). LTP-specific 1gG2
was very low and indistinguishable among the groups (data not shown). Thus, another
fundamental difference in LTP-A is the higher ratio of expression of FcyRI to FceRI
messages concomitant with elevated levels of LTP-specific 1gG1 and 1gG3 isotypes that can
engage these receptors.

Discussion

Although individuals sensitized to LTP suffer from varied allergic manifestations after
ingestion of LTP-containing food, anaphylactic episodes are restricted to a small percentage
of patients unless a cofactor -such as NSAID intake- precipitates this event. This poses the
conundrum of what are the mechanisms leading to the provocation of anaphylaxis to LTP.
Our characterization of the transcriptome by RNA-Seq in NSAID-dependent or -
independent LTP-related anaphylaxis indicates that distinct transcriptional profiles define
these patients even before anaphylaxis is manifested. The data presented herein contributes
to a better understanding of the similarities and differences between two groups of patients
with dramatically distinct responses to LTP but indistinguishable sensitization profiles and
provides a first step in the elucidation of mechanisms of cofactors in food allergy.

Transcriptome analysis of both NSAID-LTP-A and particularly LTP-A identified an
association with gastrointestinal diseases and multiple genes and pathways involved in cell
growth/differentiation/death of the gut epithelium, suggesting defects in the gut epithelia
turnover. Changes in the normal turnover of the intestinal epithelium may breach the
epithelial continuity and barrier function, which can be a critical factor predisposing patients
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to food allergies and intestinal inflammation.32: 33 Although increased intestinal
permeability is apparent during food allergic reactions, it is unclear whether these changes in
permeability are constitutive.33 Our findings of increased serum zonulin, a marker for
intestinal permeability,2* support the notion of constitutive permeability dysfunction in these
patients. However, it is unclear whether this defect precedes the sensitization to the food
allergen or it represents a defense mechanism to the inevitable constant exposure to food
antigens.24 34

LTP-A patients showed significant increases in the expression of markers of neutrophil
activation and trafficking that are characteristic of inflammatory and infectious diseases. No
blood neutrophilia was found in these patients but enhanced neutrophilic activity was
suggested by their elevated ROS/RNS, a measure of oxidative outburst. A possible
interpretation is that a prominent breach in epithelial barrier continuity and exposure to gut
microbiota in LTP-A causes the activation and trafficking of neutrophils into the
gastrointestinal tract, which may partly explain their enhanced sensitivity to LTP.
Confirmation of a chronic gastrointestinal inflammatory condition in LTP-A may be of
importance for disease management options.

The data herein also raise a provocative link between anaphylaxis to LTP in LTP-A and a
non-classical pathway for anaphylaxis whereby an increased presence of 1gG1/3 and the
increased expression of the three genes coding for FcyRI (CD64) may contribute
substantially to the response. The high affinity receptor for IgG, FcyRlI, has been involved in
systemic anaphylaxis in rodents. Even though these receptors are normally occupied by
serum monomeric 1gG32 36, this does not prevent their activation by 1gG immunocomplexes
since these have higher binding affinity and can rapidly displace monomeric IgG, 3° 36
triggering hypersensitivity responses. 37- 38 The displacement of IgG by immunocomplexes
is particularly favored in the presence of cytokines, such as IFN-y, which seem to regulate
not only the levels of FcyRI but its ligand binding characteristics.36 Recently, it was
demonstrated that human FcyRI expressed in neutrophils induces systemic anaphylaxis in
immunized mice.37 There is little information about the involvement of allergen specific
IgG on human anaphylaxis, although some observations may link IgG to anaphylaxis. For
instance, 1gG1 anti-a-gal, a carbohydrate epitope responsible for anaphylaxis to red meat,
was found elevated together with a-gal-IgE in sensitized individuals in higher proportion
than a-gal-19G2 (normally found in all humans);3? mediators of IgG-induced anaphylaxis*?
are better markers of human anaphylaxis than classical IgE mediators*!; furthermore,
analysis of gene networks during anaphylaxis in humans showed evidence of neutrophil
activation, consistent with an IgG-mediated response.1® With those considerations, our
findings suggest a contributory role for FcyRI pathway, in addition to the classical IgE/
FceRlI, to LTP-induced anaphylaxis, a hypothesis that deserves further investigation.

Unique features of the transcriptome in NSAID-LTP-A included a repression in IFN-y
production and IFN-y-regulated genes as well as increased expression of ADORA3. IFN-vy is
a cytokine usually regarded as a marker of Th1 immunity that antagonizes Th-2 type of
responses as those to food allergens. It is thus unexpected that patients with allergic
responses to LTP requiring a cofactor show repressed IFN-y transcriptional activity
compared to LTP-A. A role for IFN-y in allergic inflammation, however, is not
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unprecedented since IFN-y and its receptors have been reported to contribute to some
aspects of tissue inflammation, including recruitment of neutrophils and eosinophils, and
tissue pathology in models of chronic airway inflammation.#2 43 [FN-y has also been shown
to promote secretion of ROS upon FceRI activation, expression of FcyRI, and neutrophil and
mast cell activation.** 4> Thus, the repression of IFN-y in NSAID-LTP-A may represent a
mechanism to prevent recruitment and responsiveness of immune cells to an altered gut
epithelium. The mechanism regulating IFN-y levels in these patients is unclear, but it might
be linked to ADORAS3 overexpression. ADORAZ3 agonists have shown anti-inflammatory
effects in several mouse models of inflammation8: 47 due to inhibition of pro-inflammatory
cytokines such as IFN-y and immune cell activation.*8

Despite the anti-inflammatory effects of ADORAS3, activation of this receptor can also
potentiate FceRI-induced degranulation in human mast cells and thus contribute to allergic
inflammation.49-51 A link between NSAIDs and ADORAZ3 to allergic inflammation was
suggested by the findings that NSAIDs inhibit oxidative phosphorylation and promotes ATP
hydrolysis with release of adenosine3%: 31 52 and that NSAID-dependent urticaria associates
with a high transcript variant of ADORA3. We found a higher transcription of ADORA3 and
enzymes involved in adenosine metabolism in NSAID-LTP-A, but not the ADORA3 variant
described in NSAID-induced urticaria, which is consistent with the sensitivity to NSAID
alone. Although further studies are needed, one possible explanation is that increased
expression of ADORA3 and enzymes involved in nucleotide metabolism in NSAID-LTP-A
may normally support an anti-inflammatory environment by repressing IFN-y production;
following NSAID and LTP intake, adenosine production may be favored due to the
increased expression of ATP exonucleotidases, and robust activation of ADORA3 may
synergize with LTP-engaged IgE receptors, promoting anaphylaxis.

In summary, despite the limitation of the sample size, this study underlines for the first time
the similarities as well as fundamental differences in the transcriptional profile of NSAID-
LTP-A and LTP-A and it provides important clues for the understanding of the pathogenic
mechanisms underlying LTP-related anaphylaxis, which might be applicable to other
allergen-induced food anaphylaxis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Messages

Gene expression patterns define patients with LTP-induced anaphylaxis
associated or not to NSAIDs prior to allergen provocation, suggesting
predisposing influences into the triggering of anaphylaxis.

Transcriptome profiling suggests disturbances in gut epithelium homeostasis in
both groups, likely with intestinal barrier compromise in patients with LTP-
induced anaphylaxis, which might be a factor in allergic sensitization and/or the
anaphylaxis prone phenotype of these patients.

While NSAID-LTP-A patients were defined by a baseline repression of IFN-vy-
regulated genes and IFN-y levels, LTP-A patients showed an inflammatory-like
syndrome with apparent neutrophilic involvement and increased expression of
FcyRI. LTP-specific IgG1 and 1gG3, ligands for FcyRI, were also elevated in
LTP-A, which might be considered as a potential diagnostic tool.
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o) Complex
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Effect not predicted
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Fig 1. Increased reactive oxygen species and Top scored gene network in the comparison

NSAID-LTP-Avs. LTP-A

A) Serum levels of free radicals (reactive oxygen species, ROS, and reactive nitrogen
species, RNS) in the indicated groups. Data are expressed as mean+SEM. **p<.01, ***p<,
001 compared to HV. B) Functional relationships of differentially expressed genes in
NSAID-LTP-A vs. LTP-A in the top scored network “Cell death and Survival,
Inflammatory response, Cancer”. The intensity of the node color indicates the degree of up-
regulation (red) or down-regulation (green). Genes in uncolored nodes were of relevance for
this network and integrated into the computationally generated networks on the basis of the
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evidence stored in the IPA knowledge memory, but they were not identified as differentially
expressed. Lines indicate molecular interactions.
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Fig 2. LTP-specific IgG1/1gG3 in LTP-A serums and repressed IFN-y and IFN-y regulated genes
in NSAID-LTP-A

A) Representation of IFNG as an upstream regulator of differentially regulated genes in
NSAID-LTP-A compared to LTP-A, as identified by IPA. The arrows connect genes whose
expression is altered and may be regulated by IFNG. The style of the lines defines the
direction of change. The color of the node indicates the direction of the gene regulation.
Grey: down-regulated; blank: up-regulated. B) Serum levels of IFN-y and C) IgG1 and 1gG3
anti-Pru p 3 in the indicated groups. Data are expressed as mean+SEM. *p<.05, **p<.01,
***p<.001 compared to HV unless otherwise indicated.
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Gene

Protein Name

NSAID-LTP-A vs
LTP-A

NSAID-LTP-A vs
HV

LTP-A vs HV

A- Genes related to adenosine and nucleotides metabolism and function

ectonucleoside triphosphate

ADK adenosine kinase 2.34 NS -2.26

ADORA3 adenosine A3 receptor 2.28 17 NS

B-Genes related to immune responses

ILIRLI (ST2) interleukin 1 receptor-like 1(IL-33 receptor) NS -6.14

CD8A CD8a molecule NS

GATA2 GATA binding protein 2 NS

INCR1 natural cytotoxicity triggering receptor 1 NS

HRH4 histamine receptor H4 3.37 -2.08

IL5SRA interleukin 5 receptor, alpha 32 -NS

IL4R interleukin 4 receptor 2.96 -2.68

HDC histidine decarboxylase 21 NS

CPA3 carboxypeptidase A3 25 NS

SIGLECS sialic acid binding Ig-like lectin 8 2.34 NS

IL28RA interleukin 28 receptor, alpha 290 -1.6

KLRC4-KLRK1 |KLRC4-KLRKI read-through 2,012 NS

KIT v?kit Hardy-Zuckerman 4 feline sarcoma 216 NS 217
viral oncogene homolog (SCF receptor)

FCERIA Fc fragment of IgE? high affinity I, receptor 214 NS 19
for; alpha polypeptide

CXCR3 chemokine (C-X-C motif) receptor 3 2,12 NS -1.78

PTGDR2 prostaglandin D2 receptor 2 2201 NS il

CXCR4 chemokine (C-X-C motif) receptor 4 2 NS -2.62

FAS Fas (TNF receptor superfamily, member 6) -2.04 NS NS

ARG ] arginase, liver -2.11 NS 2.06

IFI6 interferon, alpha-inducible protein 6 -2.12 NS 2.07
myxovirus (influenza virus) resistance 1

— inz]erferon-i;ducible protein) p78 ’ o Nb ek

CXCLI10 chemokine (C-X-C motif) ligand 10 -2.31 NS 2.05

FCGRIC Fc fragment of IgG, high affinity Ic, (CD64) -2.32 NS 2.04

FCGRIA Fc fragment of IgG, high affinity Ia, (CD64) -2.35 NS 175

TNESFI0 tumor necrosis factor (ligand) superfamily, 241 NS 234
member10
Fc fragment of IgG, high affinity Ib,

FCGRIB (Do BGE manl =327 NS 2.44

CD177 CD177 molecule

Fig 3.

Differentially expressed genes in NSAID-related LTP-induced anaphylaxis (NSAID-LTP-
A) patients compared to LTP-anaphylaxis (LTP-A) patients. Genes in grey boxes indicate
their association with Th2-type of immunity while genes in blue boxes indicate association
with Thl-type of immunity. Differences between groups were statistically significant
(p<0.05) unless otherwise indicated. NS: not significant. Columns 3-5 were color-coded in
accordance with the fold change
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Population characteristics and criteria for inclusion in the study

Table |

NSAID-LTP-A LTP-A HV
Number of subjects 14 7 13
Age (median (range)) 32(28-36) 32 (28-36) 41 (38-45)
Females (%) 61 57 84
Positive SPT for Pru p 3 (%) 100 100 0
IgE anti-Pru p 3 (kUA/I median+SEM) 3.3+1.9 7.4+1.8 Negative
Total IgE (kU/I; median+SEM) 124+55° 81.5+128 25+24
Reaction with LTP No reaction/ mild urticaria | Anaphylaxis | No reaction
Reaction with NSAIDs No reaction No reaction | No reaction
Reaction with LTP+NSAIDs Anaphylaxis Anaphylaxis | No reaction

No statistical differences between groups were observed in age, gender distribution, skin prick test and IgE anti-LTP (Pru p 3).

*
p<.05 compared to HV.

NSAIDs: non-steroidal anti-inflammatory drugs; Pru p 3: peach lipid transfer protein (LTP); NSAID-LTP-A: NSAID-related LTP-induced
anaphylaxis, LTP-A: LTP-induced anaphylaxis (without NSAIDs involvement); HV: healthy volunteers; SPT: skin prick test.
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Table IV
Increased expression of neutrophil-related genes in LTP-anaphylaxis (LTP-A) patients. Genes are sorted by
fold change
Gene Protein name p-value | Fold Change
CD177 CD177 molecule 0.0289 4.69
LTF Lactotransferrin 0.0037 | 4.309
PRTN3 Proteinase 3 0.0303 4.191
SCO2 SCO2 cytochrome c oxidase assembly protein 0.0047 4.144
OLFM4 Olfactomedin 4 0.0308 4.089
LCN2 Lipocalin 2 0.0073 3.928
DEFA4 Defensin, alpha 4, corticostatin 0.0125 3.920
DEFA1l Defensin, alpha 1 0.0196 3.627
IFI6 Interferon, alpha-inducible protein 6 0.0039 3.531
MMP8 Matrix metallopeptidase 8 (neutrophil collagenase) 0.0247 3.447
ELANE Elastase, neutrophil expressed 0.0149 3.033
CAMP Cathelicidin antimicrobial peptide 0.0014 2.847
AZU1 Azurocidin 1 0.0180 2.768
RETN Resistin 0.0054 | 2.570
FCGR1 Fc fragment of 1gG, high affinity 1B or C), receptor (CD64) 0.0164 2.442
MX1 myxovirus (influenza virus) resistance 1, interferon-inducible protein p78 (mouse) 0.0037 2.345
CEACAMS8 Carcinoembryonic antigen-related cell adhesion molecule 8 0.0311 2.270
CEACAM6 Carcinoembryonic antigen-related cell adhesion molecule 6 (non-specific cross reacting 0.0442 2.192
antigen)

TYROBP (DP12) | TYRO protein tyrosine kinase binding protein 0.0005 2.182
GSR Glutathione reductase 0.0048 2.124
VNN2 Vanin 2 0.0004 2.083
ARG1 Arginase 0.0229 2.064

Note: Ingenuity Pathway Analysis using the genes shown above indicated that the top Network association representing their functional connection
was Infectious Disease, Cellular Movement and Immune Cell Trafficking.
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