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Abstract

Background: Anaphylaxis is the most severe manifestation of allergic disorders. Diagnostic and understanding of molecular

mechanisms need to improve. Extracellular vesicles (EVs) play a key role in cellular communication offering new possibilities

to unravel patient-based particularities. The aim of this study is to analyze the protein profile of anaphylaxis-derived EVs

providing a resource of potential markers for anaphylactic reactions, and to characterize their molecular mechanisms. Methods:

EVs were isolated from 86 plasma samples (collected from 43 patients) during the acute phase of anaphylaxis (AnEVs) and at

their baseline (BEVs). For comparison, EVs were characterized and their protein patterns were analyzed by mass spectrometry-

based quantitative proteomics (LC-MS/MS). System Biology Analysis (SBA) was applied to identify main canonical pathways

and molecules involved. In addition, in vitro permeability assays based on EVs-endothelial cells (ECs) were performed. Results:

Differential proteomic analysis performed in 10 EVs paired patients’ samples identified 1206 proteins of which 99 were modulated

in the AnEVs signature. CDC42, Ficolin-2 and S100A9 enrichment was confirmed in a larger cohort of patients. SBA revealed

diverse group of immune proteins as the main canonical pathways altered in AnEVs. Thus, leukocyte extravasation and

granulocyte adhesion-diapedesis processes stand out. In addition, marked-EVs from anaphylactic patients were captured by

ECs decreasing the resistance of human endothelial monolayers. Conclusion: Our findings identify for the first time a differential

EVs pattern signature in anaphylaxis revealing a source of potential biomarkers. Furthermore, these vesicles could participate

in altered immune molecular mechanisms and present a role increasing vascular permeability.
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SHORT TITLE: Extracellular vesicle profile in anaphylaxis

ABSTRACT

Background : Anaphylaxis is the most severe manifestation of allergic disorders. Diagnostic and under-
standing of molecular mechanisms need to improve. Extracellular vesicles (EVs) play a key role in cellular
communication offering new possibilities to unravel patient-based particularities. The aim of this study
is to analyze the protein profile of anaphylaxis-derived EVs providing a resource of potential markers for
anaphylactic reactions, and to characterize their molecular mechanisms.

Methods: EVs were isolated from 86 plasma samples (collected from 43 patients) during the acute phase
of anaphylaxis (AnEVs) and at their baseline (BEVs). For comparison, EVs were characterized and their
protein patterns were analyzed by mass spectrometry-based quantitative proteomics (LC-MS/MS). System
Biology Analysis (SBA) was applied to identify main canonical pathways and molecules involved. In addi-
tion,in vitro permeability assays based on EVs-endothelial cells (ECs) were performed.

Results: Differential proteomic analysis performed in 10 EVs paired patients’ samples identified 1206 pro-
teins of which 99 were modulated in the AnEVs signature. CDC42, Ficolin-2 and S100A9 enrichment was
confirmed in a larger cohort of patients. SBA revealed diverse group of immune proteins as the main
canonical pathways altered in AnEVs. Thus, leukocyte extravasation and granulocyte adhesion-diapedesis
processes stand out. In addition, marked-EVs from anaphylactic patients were captured by ECs decreasing
the resistance of human endothelial monolayers.

Conclusion : Our findings identify for the first time a differential EVs pattern signature in anaphylaxis
revealing a source of potential biomarkers. Furthermore, these vesicles could participate in altered immune
molecular mechanisms and present a role increasing vascular permeability.

KEYWORDS

Anaphylaxis,
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. Endothelial cell,

Extracellular vesicles,

Immune mechanisms,

Protein profile,

Proteomics,

System biology analysis,

Vascular permeability.

ABBREVIATIONS

EVs : Extracellular vesicles

AnEVs : Acute anaphylaxis derived extracellular vesicles

BEVs : Baseline derived extracellular vesicles

SBA : System Biology Analysis

IPA : Ingenuity pathway analysis

NTA : Nanoparticle tracking analysis

RT : Room temperature

UCM : Universidad Complutense of Madrid

GAR : Goat anti-rabbit

RAM : Rabbit anti-mouse

RP-LC-ESI-MS/MS : Liquid chromatography and mass spectrometry in tandem

PL : Proline 2.0 software

HMVEC-L : Human microvascular endothelial cell-lung

EBM : EGT-2MV BulletKit Medium

TW : Transwell

TEER : Trans-endothelial-electrical-resistance

EC : Endothelial cell

SEM : Standard error of the mean

SC : Spectral Counting

PCA : Principal component analysis

MW : Molecular Weight

FC : Fold change

INTRODUCTION

Anaphylaxis is the most severe manifestation of allergic disorders being a systemic hypersensitivity life-
threatening reaction that usually evolves rapidly [1;2]. Currently, 50-112 cases per 100.000 habitants are
registered per year, but this incidence seems to be underestimated [3]. The plethora of features associated
to anaphylaxis confers difficulties to its diagnosis, thus impairing the ability to treat adequately these severe
reactions. The only marker currently used in clinical practice is the serum tryptase, however levels of this

3
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. molecule are not altered in all cases [4;5]. High-throughput and systems biology analysis (SBA) implemen-
tation allow gaining knowledge on novel clues of action, aimed to improve patients’ management towards a
personalized medicine for allergy treatment [6]. Different phenotypes and underlying anaphylactic endotypes
have been described based on a few diagnostic biomarkers [7;8]. The current criteria to define anaphylaxis
is clinical, however considering the pleiotropic features of the reactions, the approach to precision medicine
evolves towards a larger knowledge of the etiopathogenesis. Mechanistically, anaphylactic reactions are es-
tablished, but it is necessary to set up cellular and molecular processes beyond IgE, mast cells and tryptase
[4;9;10]. Among the affected systems, cutaneous symptoms are the most frequent, but the respiratory and
circulatory ones are relevant in the onset of severe anaphylactic reactions. The vessels stand out due to
the increased vascular permeability and vasodilation that occurs during this pathological response, which
promotes the development of anaphylactic shock [11]. The systemic nature of the anaphylactic reaction
demands new approaches to improve diagnosis and molecular characterization.

Extracellular vesicles (EVs) is the generic term for a heterogeneous group of particles naturally released by
most cell types, delimited by a lipid bilayer and that cannot replicate [12;13]. A growing body of evidence
points to EVs as an efficient system to transfer targeted information to recipient cells playing an active role
in cell-to-cell communication [14]. They carry molecular determinants from their origin including nucleic
acids, proteins, lipids and others [15]. EVs biological functions are wide and include antigen presentation,
angiogenesis, inflammation and coagulation. Importantly for the allergy field, recent findings identify exo-
somes as important in the progression of asthma [16;17]. Exosomes are the most known sub-family of EVs
and have been deeply studied in immunity and cancer [18;19]. Mast cells, basophils and other members
of the immune system secrete EVs creating a dynamic network that could be crucial for the anaphylactic
response [20]. The soluble nature of EVs, their presence in all the biological fluids and their early detection
in many different pathologies propose them as an economic and promising tool for diagnosis [21;22]. Even
more, proteomic analysis of EVs has been recently proposed as a bona fide diagnosis method for some cancers
[23]. EVs profiling and their role in human anaphylaxis has not been reported.

In this study, we have performed a quantitative proteomic signature of plasma circulating anaphylaxis-
derived EVs and point to clarify their biological and functional properties. In addition, an in vitroevaluation
of the endothelial barrier function has been carried out in response to these particles.

METHODS

An expanded Materials and Methods Section is available in the Online Repository Material.

Patients’ selection

The studied population included 86 paired peripheral blood samples (plasma) from 43 patients presenting
anaphylaxis and recruited at Fundacion Jimenez Diaz and Hospital Central de la Cruz Roja, Madrid, Spain.
From every subject, EVs were purified from plasma collected in the acute phase of the episode (AnEVs)
and at baseline (BEVs) at least 14 days after reaction Patients who fulfilled the definition of anaphylaxis
according to the 2006 National Institute of Allergy and Infectious Disease/Food Allergy and Anaphylaxis
Network criteria were included [2]. The protocol was approved by the Ethics Committee (PIC38/2016 FJD
and PIC142/2016 FJD).

EVs purification

EVs purification was carried out from plasma samples by centrifugation at 12,000g for 20 minutes at 10degC.
Supernatants were transferred to ultracentrifuge tubes (Beckman, Coulter), supplemented with PBS and
ultracentrifuged (XL-80, rotor 70Ti; Beckman, Coulter) twice at 100,000g for 1 hour and 10 minutes at
10oC. The pellet obtained was resuspended in PBS and stored at 4oC until its use in electron microscopy, in
vitro vascular permeability assays and proteomic analysis or -20oC for nanoparticle tracking analysis (NTA)
and Western blot determination.

Electron microscopy

4
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. Electron microscopy was carried out from 2μg of EVs that were fixed in PBS-formaldehyde 2% (v/v) for 16
hours at 4°C and shaking. Particles were adsorbed on copper-carbon grids (copper-formwar/carbon-coated
grids 200 mesh, Fedelco) for 3 minutes, at room temperature (RT), and were contrasted with uranyl acetate
at 1% (v/v) for 30 seconds. Samples were observed in a JEOL 1010 transmission electron microscope (JEOL),
using a working voltage of 80kV. The analysis was carried out at the Electron Microscopy Center in the
Universidad Complutense of Madrid (UCM), using the Soft Imaging Viewer program.

Nanoparticle Tracking Analysis

NTA was carried out with nanoparticle analyzer ZetaView from Particle Metrix (Germany) and Solmeglas
Biotechnology Company (Spain).

Western blot analysis

Total protein concentration of EVs was determined with the Bradford Protein Assay Kit (ThermoFisher)
[24]. Samples were lysed in reducing conditions with β-mercaptoethanol and 30μl of EVs were loaded per lane.
EVs were analyzed by Western Blot with primary antibodys anti-CD9 (Invitrogen), anti-CD63 (Invitrogen),
anti-Syntenin-1 (Novus Biologicals), anti-TSG101 (Abcam), anti-S100A9 (Cell signaling technology), anti-
CDC42 (Cell signaling technology) and anti-Ficolin-2 (Abcam). Goat anti-rabbit (GAR) or rabbit anti-mouse
(RAM) HRP-conjugated secondary antibodies were used (Jackson Laboratory, Bar Harbor, Me).

Proteins digestion and peptides fractionation

For proteins identification and relative quantification by label free approach, 10 paired samples of human
EVs (AnEVs versus BEVs) were used, each constituted by pools of 2 individual samples. The same amount
of total protein from each pool was tryptic digested and the resulting peptides were pre-fractionated in 7
fractions by High pH Reversed-Phase Peptide Fractionation Kit (Thermo Fisher Scientific).

Protein quantification by liquid chromatography and mass spectrometry in tandem

Peptides fractions were analyzed by reversed phase liquid chromatography and mass spectrometry in tandem
(RP-LC-MS/MS) in an EASY-nLC 1000 System coupled to a Q-Exactive HF mass spectrometer through a
Nano-Easy spray source (Thermo Scientific, Bremen, Germany). All data were acquired in data-dependent
acquisition (DDA) mode with Xcalibur 4.0 software. Peptide identification was carried out using Mascot v.
2.6.1 search engine through Protein Discoverer 2.3 Software (Thermo Scientific). Protein quantitation was
performed by spectral counting with Proline 2.0 software (PL).

System biology Analysis

We used Ingenuity pathway analysis (IPA) software (Qiagen) to interpret the differentially expressed data
including biological processes, canonical pathways and gene networks. Gene list contained in the main
canonical pathways observed by IPA were analyzed in STRING (https://string-db.org/) and functional
protein associated networks were visualized. The principal component analysis (PCA) and the heat map
were realized in the website ClustVis (https://biit.cs.ut.ee/clustvis/).

Cellular culture and in vitro vascular permeability assays

Human Microvascular Endothelial Cells-Lung (HMVEC-L) were acquired from Lonza CC-2527 and main-
tained in EGM-2MV BulletKit. The effect of EVs in the endothelial barrier integrity was evaluated using
Transwell 24-well cell culture inserts (TWs), as previously described [24]. HMVEC-L in vitro TW systems
were incubated with 100μg/ml of AnEVs or BEVs in EBM-2 medium (EBM)+PBS or mediators of interest.
The trans-endothelial-electrical-resistance (TEER) value of the monolayer was measured at different times
(10 minutes, 1, 2 and 5 hours) through an EndOhm chamber (WPI) in individual cups.

PKH67 EVs staining and Immunofluorescence

AnEVs were stained with the green fluorescent membrane dye PKH67 accordingly to manufacture instruc-
tions (Sigma). To evaluate the interaction between EVs from anaphylactic patients and endothelial cells (EC)

5
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. in vitro confocal microscopy was performed. HMVEC-L were seeded in P8 chambers (IBIDI) and incubated
with PKH67-EVs during 5h. Next, cells were fixed and stained with Texas Red-X phalloidin and DAPI.
Images were acquired in an inverted confocal microscope (LSM700; Carl Zeiss, Oberkochen, Germany).

Statistical Analysis

Statistical analysis was carried out with the Graph Pad Prism 8 program (La Jolla, CA, USA) using Student’s
t analysis to determine the significant differences between the 2 groups and the analysis of variances 2-way
ANOVA and Bonferroni’s multiple comparisons test when compared more than 2. All values are represented
with their mean ± standard error of the mean (SEM) and the differences were considered significant at a
level of p value <0.05.

RESULTS

Characteristics of the cohort

The studied population included a sum of 86 plasma samples from 43 anaphylactic patients ranged in age
from 20-76 years old (45.2±2.3) and 65% were female. Triggers suspected to provoke reactions were drugs
(67%), food (19%) and others (14%). The details of each individual case (criteria of severity) were applied
based on clinical symptoms and according to the grading system established in Brown classification [25]. The
mild group was grade 1 (12% of the population), moderate was grade 2 (56%), and severe was grade 3 (32%).
This last classifies severe anaphylaxis with cardiovascular involvement and hypotension. The percentage of
administered drugs was: epinephrine (53%), β2-adrenergic agonist (14%), histamine receptor antagonist type
1 (65%) and 2 (21%) and steroids (67%). In addition, 39% of patients presented elevated tryptase (>11.4μg/l)
[26] in the acute phase with a medium value of 11.8±1.8μg/l in our group. A fulfilled clinical description
and demographic characteristics of the anaphylactic population are showed in Table 1.

Characterization of EVs from anaphylactic patients

AnEVs and BEVs were both isolated and characterized using different techniques. Electron microscopy
showed 100-250nm particles consistent with EVs reported size range [27] (Figure 1A ). These results were
confirmed by NTA, revealing heterogeneous particle populations (Figure 1B ). The analysis showed a
200nm peak, confirming EVs enrichment in our preparation. Furthermore, no differences were observed in
particle number or concentration between BEVs and AnEVs (Figure 1C-D ). In addition, we confirmed
EV purification by immunodetection of TSG101, CD9, CD63 and Syntenin-1, all of them considered bona
fide EVs protein markers (Figure 1E ).

Proteomic profiling of AnEVs and BEVs

To investigate the protein pattern profile of plasma EVs in anaphylaxis, 10 acute and baseline paired samples
were analyzed by RP-LC-MS/MS and the PL relative quantification method identified 1206 proteins. When
comparing brute values of AnEVs and BEVs, we found 526 proteins exclusively detected in EVs released
during the acute phase of the reaction (Figure 2A ). Volcano plot depicts the whole amount of proteins
identified, in which we observed different abundance of some markers of interest (Figure 2B ). Principal
component analysis (PCA) revealed grouping of biological replicates and separation of BEV and AnEVs
groups by PC1 (Figure 2C ). Statistical analysis revealed 99 differentially expressed EVs proteins. 83 were
enriched in the acute phase, and 16 were more abundant in basal conditions (Supplemental Table 1 ).
The profile of these proteins shows how different AnEv samples cluster together and clearly differentiated
from BEVs (Figure 2D ).

CDC42, S100A9 and Ficolin-2 are increased in AnEVs

Three proteins (CDC42, S100A9 and Ficolin-2) were selected in order to mainly confirmation of the massive
previous identification. By differential proteomic analysis, we observed that the abundance of CDC42,
S100A9 and Ficolin-2 was increased in AnEVs. Therefore, we extended the isolation of plasma circulating
EVs to a larger cohort of samples obtained in basal conditions and during the acute phase of the anaphylactic

6



P
os

te
d

on
A

u
th

or
ea

30
M

ar
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

86
41

36
.6

58
65

60
9/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. reaction. The specific analysis for CDC42, S100A9 and Ficolin-2 demonstrated an increase of these proteins
in AnEVs, which agreed with previous observed data (Figure 3A-B ).

Canonical pathways altered by the EVs signature

The coordinated function displayed by the proteins contained in the anaphylactic panel would support
information about the molecular bases of the reaction, especially of those exclusively found in the acute
condition. Therefore, it was performed two comprehensive analyses: a “manual” based in the Uniprot
database and an in silicoapproach through IPA. The first revealed a major group of immune proteins and
those participating of the cellular structure, supporting a role of EVs in anaphylaxis. A summary of the major
cell location as well as the main biological processes of identified EV markers is illustrated in Figures 4A-B
. In agreement, the in silico IPA revealed different canonical pathways, candidates to underlie signaling
in anaphylaxis. A list including those with higher significance is showed in Figure 4C . This analysis
showed that these proteins altered involve mainly immunological processes such as degranulation of cells
(mainly neutrophils) and adhesion-binding of leukocytes (Sup Table 2 ). A major interest was aroused
by the appearance/repetition of same molecules participating in the different top canonical pathways; like
CDC42. Therefore, to better visualize associations between the key proteins and their multiple participation
in the functional networks described previously, a graphical representation based on STRING analysis was
performed. As expected, this demonstrated that some AnEVs proteins are grouped in a unique cluster,
such is the case of the keratinocytes include in the glucocorticoid receptor signaling pathway. In addition,
Clathrin-mediated endocytosis, a process related with the own biology of EVs, was also observed.

AnEVs induce vascular permeability

Vascular permeability is one of the processes tightly associated to the anaphylactic reactions [28]. To analyze
a plausible role of AnEVs in endothelial permeability, in vitro assays combined with immunofluorescence
staining were carried. Images showed that an interaction between the PKH67-stained EVs and ECs exists.
A clear perinuclear EVs localization revealed that HMVEC-Ls engulf and internalize these particles (Figure
5A-B ). Once confirmed that AnEVs and HMVEC-Ls interact with each other, the purpose was to evaluate
the functional effect of these vesicles on the endothelial barrier. Vascular permeability assays showed that
the incubation of EVs extracted from anaphylactic patients produced a decrease in the resistance of the
endothelial monolayer (Figure 5C-D ). Importantly, this analysis including 16 patients demonstrated that
AnEVs induced a greater increase of the cellular permeability compared to the BEVs (Figure 5D ). As
control of the cellular system created, vasoactive agents were also evaluated showing the effect of thrombin
and platelet-activating factor (PAF) as destabilizers of the monolayer and the AMPc as an endothelial
stabilizer. In all cases the expected effect was observed (Supplemental Figure 1 ).

DISCUSSION

Anaphylaxis includes a variety of hypersensitivity reactions mainly classified accordingly to the clinical
features. However, their underlying cellular and molecular mechanisms required to be fully deciphered. The
fact why some reactions spread from local to systemic might be based on the importance of intercellular
communication taking place in anaphylactic microenvironments and established between different cellular
compartments. Therefore, circulating EVs might participate in the development of these pathophysiological
processes [29]. Our studies show a different composition of plasma derived EVs in patients undergoing an
anaphylactic reaction. This unique material has allowed us to identify a signature protein panel, which to
our knowledge has not been previously characterized. Furthermore, our research reveals a close enrichment
of immune canonical pathways related to leukocyte extravasation, agranulocytes adhesion and diapedesis.
In addition, our data support a role of EVs from anaphylactic patients in vascular permeability.

The EVs proteome is increasingly considered as a rich source of biomarkers for various disease states [23].
We have identified 1206 plasma EVs-associated proteins using mass spectrometry-based quantification. A
total of 83 proteins were exclusively detected in the acute phase, favoring their potential role as diagnostic
markers and proposing them as candidates’ biomarkers. However, future studies are necessary to determine
their possible diagnostic utility since only a few proteins found in this panel have been previously related
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. with human anaphylaxis. In addition, 2% of the proteins contained in the panel were not already included
in comprehensive EVs resources (Vesiclepedia).

CDC42, Ficolin-2 and S100A9 were selected in our study to confirm the AnEVs profile in a bigger cohort of
sample patients, supporting a robust anaphylactic EV-protein signature identified. CDC42 is one of the most
enriched proteins in AnEVs. It belongs to small GTPases Rho family, and it is one of the main endothelial
barrier-stabilizer proteins [30], playing a crucial role in vascular injury recovery [31]. The cytoskeletal
reorganization is essential for the secretion of EVs and CDC42 has been previously involved in this process
[32]. Alterations of this molecule have been reported in chronic asthma in mice [33]. Ficolin-2 is a protein
involved in the activation of the lectin complement pathway and it is closely related to immune processes.
It induces opsonization by stimulating M1 polarization through the TLR4/MyD88/MAPK/NF-κβ signaling
pathway in macrophages and the consequent release of several inflammatory mediators such as IFNγ, IL-6,
TNFα and nitric oxide [34;35]. Interestingly, some of these molecules have been remarked as biomarkers
in anaphylaxis [24;36]. Moreover, Ficolin-2 deficiency associates with allergic disorders in children [37].
Phagocytic S100 family proteins are activated under cell stress situations and participate in the regulation
of inflammatory processes. From the proteomic studies performed here, it has been found S100A7, S100A8
and S100A9 increased in AnEVs. S100A8 and S100A9 form a heterodimer named calprotectin, modulating
different functions such as leukocyte traffic, rearrangement of the cytoskeleton and neutrophil activation.
Surprisingly, these are the main biological processes significantly altered in AnEVs, pointing to a calprotectin
role in anaphylaxis. Even more, alarmins participate in endothelium activation increasing permeability and
facilitating immune cell recruitment [38;39]. Specifically, the S100A8/A9 heterodimer complexes bind to
human ECs [40]. In the allergy field, controversial roles have been pointed for calprotectin in asthma [41],
however, it is not here the first time that increased levels of S100A9 in human anaphylaxis has been observed
as well as the consequent activation of neutrophils [42;43]. These facts point to a possible role for alarmins
in AnEVs.

The signaling pathways involved in anaphylaxis are multiple and thepicture including phenotypes, endotypes
and mediators (potential biomarkers for diagnosis) is enormous [8]. Granulocytes and phagocytic cells
(mainly mast cells and basophils) have been described as the key cell players, which release multiple mediators
to the extracellular space during the acute phase of the anaphylactic reactions [44;45]. However, increasing
evidences point to a role for other immune cells like macrophages and neutrophils [46-48]. Accordingly, our
results show that around 25% of the AnEVs protein signature participates in leukocyte trans-endothelial
migration and neutrophil degranulation. Some of these proteins (Anexin-1, CD14, S100A7/8/9 and Platelet
Factor-4) are not only dysregulated, but they are also considered part of canonical pathways supporting the
activation of monocytes and neutrophils. In addition, we have detected an important group of keratinocytes-
derived proteins, which are addressed as related with glucocorticoid receptor pathway representing around
of 12% of the AnVEs profile. The multisystem nature of anaphylaxis and in particular its relationship
with epithelial and skin damage points to an interesting role for keratinocytes, considered contaminants in
extracellular proteomics for a long time but supported as a systemically source of interleukins even in the
allergy field [49].

Our knowledge regarding circulating EVs has increased exponentially in the last decade, and we know they
can modify cellular functions due to the action of molecules they contain [50]. EVs participate in the
destabilization of the endothelial barrier in inflammatory diseases such as sepsis or cancer [23]. This is
related to a key pathophysiological characteristic of anaphylactic reactions, such as the increase in vascular
permeability, which give rise to breakdown of the endothelial monolayer [51]. Our data show how ECs uptake
AnEVs that are preferentially located in the perinuclear area. These results are consistent with previous
publications [52], supporting a potential role in altering intracellular trafficking or even gene expression of the
recipient cell, in this case the endothelial niche. In addition, AnEVs induce a greater leakage than BEVs by
measuring the resistance values of the endothelial monolayer through an EndOhm device. However, further
research needs to be conducted in order to clarify EVs role in endothelial damage and the differential effect
of AnEVs.
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. We show here a challenging study of samples from human anaphylactic patients classified by allergology’s
experts in the field. The EVs usage as disease biomarker is a matter of intense research [23] that could improve
our knowledge and management of anaphylaxis. We have identified for the first time an anaphylactic EVs
signature, and we performed pilot studies on the validity of some of these proteins as potential biomarkers.
Nevertheless, based on the results of our work, analysis of EV-associated proteins in larger patient cohorts
is well-warranted. Even more, our study supports a functional role for the AnEV signature in key processes
related with the disease onset and progression. The functional involvement of EVs in activation of neutrophils
and endothelial cells needs further clarification, but our results suggest a relevant underlying mechanism
connecting these cell types with the bases of the anaphylactic reactions. Even considering our findings
exploratory in nature, their potential diagnostic and prognostic value might be crucial for new therapeutic
directions and the proteomic profiling of these plasma derived AnEV is a great resource for the allergy
community.
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FIGURE LEGENDS

FIGURE 1. Anaphylactic patients EVs characterization. Seven different EV preparations from each
experimental condition were analyzed by NTA. (A ) Transmission Electron Microscopy characterization of
circulating EVs. Scale bar: 200 nm. Image depicts three representatives AnEVs. (B ) Representative NTA
showed an average size particle of 200 nm, (C ) without significant differences between BEVs and AnEVs.
(D ) The particle number per ml of AnEVs is slightly increased compared with BEVs. (E ) AnEVs were
characterized by Western Blot. Panels show immunoblots from three representative patients. Bona fide EVs
markers, such as CD63, TSG101, Syntenin-1 and CD9, were detected.

FIGURE 2. Proteomic profiling and differential analysis of AnEVs and BEVs . (A ) Venn dia-
gram of brute data obtained by MS/MS representing the intersection between detected proteins in BEVs
and AnEVs. (B ) Volcano plot showing all proteins identified. In blue color are showed these statistically
significant (p>0.05) in the AnEVs (right side) and in the BEVs (left side). Access number (UniProt) for pro-
teins of interest (CDC42, Ficolin-2, S100A9) are shown. Principal component analysis (C ) and unsupervised
hierarchical clustering (D ) of plasma derived EVs.

FIGURE 3. CDC42, S100A9 and Ficolin-2 are increased in AnEVs.(A ) Upper panels repre-
sent the abundance protein levels expressed as the quantified ratio (AnEVs/BEVs and BEVs/BEVs) of
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. a larger group of anaphylactic plasma paired samples. CDC42 (*p=0.0137, n=15, MW=21KDa), S100A9
(**p=0.0017, n=20, MW=14KDa), Ficolin-2 (**p=0.0092, n=26, MW=34KDa). (B ) Bottom panels show
three representative immunoblots from patients for each protein of interest. MW: Molecular weight

FIGURE 4. Functional protein association networks in AnEVs.Classification of the main cellular
localization (A ) and function (B ) of the protein panel based on the UniProt database. (C ) Top Canonical
Pathways obtained by IPA and symbols of the molecules. (D ) Panel illustrate the network established
between the dataset of proteins contained in the Ingenuity Canonical pathways. Each color indicates a
different canonical pathway. Variations in thickness of the connective lines show the evidence of interactions
among proteins.

FIGURE 5. Plasma derived EVs from anaphylactic patients induce loss of the endothelial
monolayer resistance. HMVEC-Ls were incubated with 100μg/ml of purified EVs from anaphylactic
patients. (A ) Images show a green PKH67 labeling of AnEVs after 5 hours of cell incubation (magnification
20X). (B ) Orthogonal image reveals PKH67-EVs around the nuclei. (C ) Graphic shows the change in
TEER measurements after addition of BEVs and AnEVs (n=16 patients). 2 way ANOVA followed by the
Bonferroni test was performed: **p= 0.0033, ****p[?] 0.0001 vs Vehicle (EBM + PBS); #p= 0.0285 vs
BEVs). (D ) Individual representation of change in TEER measurements at 5 hours; Unpaired t test; #p=
0.0302 vs BEVs
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TABLES

Table 1. Clinical features of anaphylactic reactions included in this study. Gender: M (Male), F
(Female). ICU: Intensive care unit. Symptoms: Sk (Skin), Mu (Mucous), Di (Digestive), Re (Respiratory),
Cv (Cardiovascular), Ne (Neurological). Signs: SBP (Systolic Blood Pressure), DBP (Diastolic Blood Pres-
sure), Hr (Hearth rate), SatO2 (Oxygen Saturation). Treatments: Ep (Epinephrine), β2A (β2-adrenergic
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. agonist), H1AR (Histamine receptor type 1 antagonist), H2AR (Histamine receptor type 2 antagonist), St
(Steroids).

Patients Patients Patients Signs and symptoms Signs and symptoms Signs and symptoms Signs and symptoms Signs and symptoms Signs and symptoms Signs and symptoms Signs and symptoms Signs and symptoms Signs and symptoms Tryptase Tryptase Treatments Treatments Treatments Treatments Treatments
Gender Age Etiology Sk Mu Di Re Cv/Ne SBP DBP Hr SatO2 Severity Acute Basal Ep β2Α H1 AR H2 AR Cs
F 44 Drug x x x - - - - 2 4.2 6.07 x x
M 56 Drug x x x x 160 90 93 93% 3 8.47 4.07
M 42 Food x x x x - - - - 3 14.2 4.85
F 31 Drug x 109 - 94 98% 1 2.74 3.85 x x x
F 81 Drug x x 150 69 68 98% 1 6.65 7.94 x x
F 65 Drug x x x x 123 72 68 95% 2 6.94 5,37
F 51 Drug x x 120 80 90 95% 2 24.9 9.33 x x
F 38 Drug x 120 70 80 98% 1 12.5 13.3
M 44 Drug x x 161 127 102 98% 2 12.8 4.87
F 31 Drug x x x 93 71 72 88% 2 3.92 5.43 x x x
F 40 Drug x x 120 60 70 99% 1 5.56 5.51
F 49 Drug x x x x 130 80 70 94% 2 5.32 5.82 x x
F 46 Drug x x x - - - - 3 27.2 3.45 x x x x
F 20 Food x x x 110 45 105 66 3 17.6 6.18 x
M 57 Others x x x 136 100 100 95% 2 15.6 8.18
F 57 Drug x x x - - - - 2 5.67 3.26 x x x
F 29 Drug x x x 96 69 70 99% 3 3.06 3.36
M 47 Drug x x x x 75 55 112 98% 3 6.19 5.99 x x x
M 50 Drug x x x x x 90 60 90 92% 3 12 8.63 x x x
F 25 Drug x x 110 60 85 - 2 3.6 4.74 x x x
M 47 Drug x x 170 80 78 89% 3 9.8 6.77 x x x
M 42 Others x x x 129 68 70 97% 2 8.12 5.94 x x x x
F 51 Food x x x x 132 80 70 97% 2 7.98 4.07 x x x
F 56 Drug x x x 190 100 130 70% 3 7.6 6.16 x x x x
F 49 Drug x x 145 95 103 98% 2 3.12 3.69 x x x
M 51 Drug x x x 110 80 - 98% 2 4.25 391 x x x
M 73 Others x x x ICU - - - 3 13 4.38 x x x
M 22 Others x x x 127 73 71 98% 2 28.6 4.94 x x x
F 25 Others x x x x 136 75 110 - 3 18 3.74 x x x x
F 39 Food x x - - - - 2 8.64 7.41
F 22 Drug x x x x 120 75 130 91% 2 5.56 4.49 x x
F 33 Food x x x 123 78 93 98% 2 12.6 7.2 x x x x
M 62 Drug x x x 165 82 98 96% 2 7.36 6.01 x x x x
F 47 Drug x x x x 3 15.2 8.48
F 76 Drug x x x x 91 49 76 93% 3 48 7.83 x x x
M 45 Food x x x x 131 94 84 98% 2 18.4 6.87 x x x x
F 36 Food x x x x x 108 75 100 98% 2 4.34 3.75 x
F 25 Food x x x - - 132 96% 2 6.56 3.98 x x
M 33 Drug x x 125 106 128 95% 2 5.34 4.38 x x x x
F 37 Drug x x x x 150 90 100 94% 2 10.8 7.35 x
F 49 Others x x x x x 97 60 - 98% 2 14.8 3.28 x x x
M 69 Drug x x x x 50 40 120 80% 3 45.5 4.68 x x x x
F 70 Drug x 158 78 93 97% 1 3.75 4.33 x x
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