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Abstract
Background: Anaphylaxis is the most severe manifestation of allergic disorders. 
The poor knowledge of its molecular mechanisms often leads to under-diagnosis. 
MicroRNAs (miRNA) regulate physiologic and pathologic processes, and they have 
been postulated as promising diagnostic markers. The main objectives of this study 
were to characterize the human miRNA profile during anaphylaxis and to assess their 
capacity as diagnostic markers and determine their participation in the molecular 
mechanisms of this event.
Methods: The miRNA serum profiles from the acute and baseline phase of 5 oral food-
challenged anaphylactic children (<18  years old) were obtained by next-generation 
sequencing (NGS). From the panel of statistically significant miRNAs obtained, sev-
eral candidates were selected and analyzed in 19 anaphylactic children by qPCR. We 
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1  |  INTRODUC TION

Anaphylaxis, the most severe allergic manifestation, is rapid in 
onset and life-threatening. Food, drugs, and Hymenoptera venoms 
are the most frequent triggers. Over the last decades, the rate of 
anaphylaxis has increased in all age groups.1 Unlike other allergic 
diseases, it is a systemic reaction that can affect the skin and res-
piratory, gastrointestinal, neurologic, and cardiovascular systems. 
Mechanistically, sensitization occurs when an allergen stimulates 
the polarization of T helper lymphocytes (Th) to a Th2 response. 
Subsequently, plasma cells secrete specific IgE that binds to the 
FcεRI surface receptors on mast cells and basophils, the effector 
cells of the reaction. When further contacts with the allergen take 
part, cross-linking of the high-affinity FcεR occurs inducing effector 
cell degranulation and the release of various mediators producing 
pathologic symptoms. However, this mechanism alone cannot ex-
plain all the reactions.2,3

Anaphylaxis affects several systems being the circulatory one of 
the most important due to its key role in the development of the 
anaphylactic shock. Among its components, the endothelium, con-
formed by endothelial cells (ECs), is a dynamic structure, which regu-
lates plenty of physiologic processes.4 Vasoactive and inflammatory 
mediators released by effector cells during anaphylaxis destabilize 
this barrier giving rise to part of the diverse pathologic manifesta-
tions of this event.4,5

Anaphylaxis is often misdiagnosed, mainly because of the 
lack of universally accepted diagnostic criteria and biomarkers.3 
Generally, it is carried out according to the clinical symptoms, 
which are common to many other pathologies, so the confirmation 
through in vitro markers is usually mandatory.6,7 The availability of 

a sensible, specific, and easy detectable biomarker would support 
a more precise diagnostic marker.6 Currently, the level of serum 
tryptase is the most relevant in vitro marker used in the clinical 
practice.7,8 This molecule is released by mast cells and basophils, in-
creased during anaphylaxis.6-8 Unfortunately, it does not correlate 
with a large number of cases and clear-cut diagnosis thresholds 
have not been established.6,8

MicroRNAs (miRNAs) are small non-coding RNA molecules 
(~22 nucleotides) that regulate the translation of messenger RNAs 
(mRNAs). Their genes are mainly transcribed by RNA polymerase II 
and processed by Drosha and DICER, resulting in a mature duplex 
miRNA whose strands separate and generate the silencing complex 
induced by miRNA (RISC). This, through the "seed" sequence (nucle-
otides 2-8) of the 5' miRNA, will bind to the complementary region in 
the 3' UTR of its target mRNA degrading it or repressing its transla-
tion.9 Therefore, miRNAs participate in the regulation of several cel-
lular functions maintaining a physiologic balance. According to the 
databases miR2-Disease and human miR disease database (HMDD), 
both increased and decreased levels are implicated in a wide range 
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performed system biology analysis (SBA) on their target genes to identify main func-
tions and canonical pathways. A functional in vitro assay was carried out incubating 
endothelial cells (ECs) in anaphylactic conditions.
Results: The NGS identified 389 miRNAs among which 41 were significantly different 
between acute and baseline samples. The high levels of miR-21-3p (fold change = 2.28, 
P = .006) and miR-487b-3p (fold change = 1.04, P = .039) observed by NGS in acute 
serum samples were confirmed in a larger group of 19 patients. The SBA revealed 
molecular pathways related to the inflammation and immune system regulation. miR-
21-3p increased intracellularly and in acute phase serum after EC stimulation.
Conclusions: These findings provide, for the first time, some insights into the anaphy-
lactic miRNA serum profile in children and point to miR-21-3p and miR-487b-3p as 
candidate biomarkers. Furthermore, the SBA revealed a possible implication of these 
molecules in the underlying molecular mechanisms. Moreover, ECs increased miR-
21-3p intracellularly and released it to the environment in response to anaphylaxis.

K E Y W O R D S
anaphylaxis, biomarker, endothelial cells, microRNA, next-generation sequencing, systems 
biology analysis

Key message

miR-21-3p and miR-487b-3p are candidate biomarkers in 
serum from anaphylactic children. Systems biology analy-
sis reveals a possible implication of these molecules in dif-
ferent molecular mechanisms, and specifically, endothelial 
cells (ECs​) increased miR-21-3p intracellularly and released 
it to the environment in response to anaphylaxis.
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of pathologies.10 Currently, the role of these molecules has been de-
scribed taking part in the molecular mechanisms in diverse allergic 
diseases. Furthermore, miRNAs have been proposed as non-invasive 
biomarkers in several of them due to their stability in serum and easy 
obtaining.11 However, no miRNAs have been described in human 
anaphylaxis and their molecular relevance is unknown.

The aim of this study was, for the first time, to assess the serum 
miRNA profile of anaphylaxis in children, and to evaluate the possi-
ble implication of these molecules in the underlying molecular bases 
of the reaction and their capacity as biomarkers.

2  |  METHODS

An expanded Methods section is available in the Supplementary 
material.

2.1  |  Patient's selection

Children undergoing open oral food challenges who were admit-
ted at the Hospital Niño Jesus, Madrid, due to anaphylaxis were 
invited to participate before the challenge started. Anaphylaxis 
and severity were described according to the previously published 
references.12-14 Serum from 19 children (<18  years old) was col-
lected within the first 30 minutes from the start of the reaction 
(acute phase) and baseline determinations were performed 14 days 
later (basal phase). Considering the heterogeneity of the reactions, 
the baseline was used as a control of each acute sample. Serum 
tryptase levels were measured using UniCAP (Thermo Fisher 
Scientific).

2.2  |  Circulating serum miRNA profile by next-
generation sequencing

In order to determine the circulating serum miRNA profile of ana-
phylaxis, acute and baseline samples from the 5 children with the 
most severe clinical presentation were analyzed in the same batch 
by next-generation sequencing (NGS) at Qiagen Genomic Services.

2.3  |  miRNA quantitation by qPCR

miRNAs were isolated from serum by the miRNeasy Serum/
Plasma Advanced Kit and from ECs by MasterPure™ Complete 
DNA & RNA Purification Kit (Lucigen), retrotranscribed using the 
miRCURY LNA RT Kit, and quantified by qPCR with the miRCURY 
LNA SYBR Green PCR Kit (all from Qiagen) as their protocols in-
dicate. Specific primers (Qiagen) were used to measure miRNAs 
of interest, and the 2-ΔΔCT method was applied to quantitate the 
different data15 obtained in the LightCycler 96 Real-Time PCR 
System (Roche Life Science).

2.4  |  Systems biology analysis

In silico SBA was performed using the Ingenuity Pathway Analysis software 
(Qiagen). The program provided different functional categories among 
which top disease and functions and canonical pathways were considered.

2.5  |  In vitro serum/EC system

Human dermal microvascular ECs (HMVEC-D) were acquired from 
Lonza CC-2543 and maintained in EGM™-2MV BulletKit™ as previously 
described.16,17 EC monolayers were incubated for 2 hours with: EGM-2 
medium (negative control), a cocktail of anaphylaxis mediators, or serum 
samples (acute and basal) from 5 patients. Mediators included in the 
cocktail were histamine, platelet-activating factor (PAF), and thrombin 
(all from Sigma). miRNA determinations were performed in serum sam-
ples before and after EC contact and intracellularly at the end-point.

2.6  |  Statistical analysis

Data obtained from NGS were analyzed with the statistical software R 
3.5.3 (R Core Team, 2019). Normalization and relative quantitation were 
performed with the Prostar Pack (http://live.prost​ar-prote​omics.org/) 
distributed by Bioconductor and implemented in R. The volcano plot was 
carried out also with the software R 3.5.3. However, the principal compo-
nent analysis (PCA) and the heat map were realized in the website ClustVis 
(https://biit.cs.ut.ee/clust​vis/).18 Graphical representation and qPCR sta-
tistical evaluation were performed by using the software GraphPad Prism 
6. Differences were considered significant at level of P < .05.

3  |  RESULTS

3.1  |  Patients’ characteristics

The studied population includes samples from 19 anaphylactic patients 
from 4 to 17 years old (mean 11.3 ± 0.92), being 58% of them females. 
All reactions were triggered by food; specifically, 37% were induced by 
milk, 26% by egg, and 37% by other allergens. Referring to the sever-
ity and clinical classification, the anaphylactic reactions were classified 
as severe in 10% of the cases and moderate in 90%. However, none 
of them exceeded the reference threshold values of serum tryptase 
established by the manufacturer for the diagnosis of anaphylaxis.7,19 
A fulfilled description of the patients and their clinical characteristic is 
shown in Table 1.

3.2  |  Characterization of circulating serum miRNA 
profile in anaphylactic patients

Anaphylaxis is a major health problem in the pediatric population, 
as both incidence and hospitalizations increase every year.20 

http://live.prostar-proteomics.org/
https://biit.cs.ut.ee/clustvis/
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Therefore, to characterize the circulating serum miRNA profile 
in anaphylactic patients, a pilot-scale study was performed with 
5 children. Levels of serum miRNAs were determined by NGS, 
and a total of 389 were identified (Supplementary Table 1). A 
detailed description of the NGS quality controls is shown in 
Supplementary Figure 1. The PCA revealed similarity between 
samples belonging to biologic replicas and a separation between 
acute and basal groups (Figure  1A). Moreover, the dispersion 
of all identified miRNAs is shown in Figure  1B. After statisti-
cal analysis, data evidenced significant differences in the abun-
dance of 41 miRNAs between both conditions (Supplementary 
Table 2; Figure  1C). Among these, 21 were enriched in the 
acute phase while 20 were decreased (Figure  1D). Through a 
comprehensive search in PubMed, it was observed that 37% 
of these miRNAs were previously described in the allergy field 
(Supplementary Table 3), but they have never been related to 
anaphylaxis.

3.3  |  Serum miR-21-3p and miR-487b-3p are 
increased during the acute phase of anaphylaxis

Among the statistically significant miRNAs identified by NGS, sev-
eral of them were chosen to further validate our results. Therefore, 
we extended the isolation, reverse transcription, and quantitation 
to 14 additional children's samples that were not previously texted 
in the NGS study. In total, 19 patients including 38 samples in both 
basal and acute conditions were analyzed. The results obtained 
showed that none of them exceeded the reference threshold val-
ues of hemolysis (≥7 cycles), presenting adequate conditions for 
further research (Supplementary Figure 2A). In addition, UniSp2, 
UniSp4, and UniSp5 were detected to be stepped between 5 
and 7 cycles confirming the correct extraction of serum miRNAs 
(Supplementary Figure 2B). UniSp6 was amplified around cycle 18, 
demonstrating that the reverse transcription was also appropriately 
carried out (Supplementary Figure 2C). After confirming the quality 

F I G U R E  1  NGS-miRNAs profiling in anaphylaxis. A, The PCA exhibits similarity between samples belonging to the biologic replicas 
and a separation among acute (A) and basal conditions (B). B, Volcano plot shows the dispersion of total miRNAs identified by NGS with 
the statistically significant difference (P < .05) indicated in blue. C, The heatmap represents graphically the sampling and the statistically 
significant miRNAs identified by NGS. Units represent transformed (log2) and normalized (cyclic Loess method) abundance data obtained by 
NGS. D, The graphic shows the distribution by fold change (FC) of the 21 increased and the 20 decreased miRNAs. Red indicates an increase 
in miRNAs in the acute phase, and blue indicates a decrease in miRNAs in the acute phase
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of the samples and techniques, miR-21-3p and miR-487b-3p levels 
revealed a significant increase in the acute phase compared with 
the baseline (Figure 2A,B). These data agree with the NGS results, 
which revealed a clear increase of their levels in acute anaphylaxis 
samples when compared to their baseline (Figure 2C).

3.4  |  SBA of miR-21-3p and miR-487b-3p and their 
role in anaphylaxis

Once an increase in miR-21-3p and miR-487b-3p was confirmed in 
the larger cohort, we performed in silico analysis, predicting 595 and 
31 different target genes, respectively. SBA was performed to further 
characterize their inferred role in the molecular mechanisms of the 
anaphylactic reaction. The miR-21-3p analysis revealed several biologic 
processes related to the pathophysiology of anaphylaxis specifying in-
flammatory response, nervous system development, and cell death and 
survival as the main diseases and functions. Different signaling path-
ways (Rac, TNFR1/2, April, and CD27) described in the canonical path-
way category are part of the miR-21-3p regulatory network (Table 2).

On the other hand, the top diseases and functions standing out 
in the miR-487b-3p analysis were dermatologic diseases, cellular 
assembly, and nervous system function. These mechanisms could 
be related to anaphylaxis supporting a plausible role of this miRNA 
in the reaction. As in the previous case, the study of the canoni-
cal pathways revealed processes associated with them as histamine 
degradation, IL-9 signaling, and role of JAK2 in hormone-like cyto-
kine signaling (Table 3).

3.5  |  miR-21-3p increases after the incubation of 
ECs with anaphylaxis conditions

Among the variety of endotypes and phenotypes implicated in ana-
phylaxis, we established an in vitro serum-EC system to evaluate 
the functional role of miR-21-3p and miR-487b-3p in this patho-
logic event. Firstly, these molecules were intracellularly measured 

after 2 hours of incubation with anaphylactic stimuli. The determi-
nation of the UniSp6 confirmed their correct reverse transcription 
(Supplementary Figure 3A). Results obtained revealed that only the 
miR-21-3p exhibited a significant intracellular increase after the ad-
dition of a cocktail of mediators (histamine, PAF, and thrombin) or 
serum from the acute phase of anaphylaxis. No significant differ-
ences were found after the stimulation with serum from the basal 
phase (Figure  3A). Otherwise, miR-487b-3p determinations did 
not reveal variation in their intracellular levels after incubations 
(Figure 3B).

On the other hand, miR-21-3p and miR-487b-3p serum levels 
were measured before and after EC contact. UniSp2/4/5/6 determi-
nations confirmed their correct extraction and reverse transcription 
(Supplementary Figure 3B,C). Data obtained revealed a significant 
increase in serum miR-21-3p serum levels from the acute phase of 
anaphylaxis at the end-point. Again, no significant differences were 
observed in basal phases, although a clear upward trend was ob-
served (Figure  3C). As occurs in the intracellular stage, no differ-
ences were found in miR-487b-3p serum levels (Figure 3D).

4  |  DISCUSSION

The aim of our study was to improve the diagnosis and enhance 
the knowledge about the underlying molecular mechanisms of the 
anaphylactic reaction. Currently, miRNAs have been investigated as 
biomarkers and pointed out as modulators of important altered pro-
cesses in allergic diseases.21 However, there are no data showing a 
clear involvement of miRNAs in human anaphylaxis. Therefore, this 
is the first study to report evidence about the role of serum miRNAs 
in this pathologic situation.

Our results show a differential miRNA profile when acute phase 
of anaphylaxis is compared to baseline values. In order to character-
ize it, a pilot-scale study was carried out with sera from 5 children, 
including those who revealed more severe anaphylactic features. 
Samples were analyzed by NGS, a transcriptomic tool to evaluate 
gene expression profiles and biomarker discovery.22,23 Among the 

F I G U R E  2  qPCR analysis of serum 
miR-21-3p and miR-487b-3p levels from 
38 anaphylactic samples of 19 patients. 
Serum miR-21-3p (*P: .0251) (A) and miR-
487b-3p (* P: .0155) (B) are increased in 
the acute phase of anaphylaxis compared 
with basal. Patients included in the NGS 
are indicated in blue. C, miR-21-3p and 
miR-487-3p determination by NGS. FC: 
fold change

(B)(A)

eulav-PCFecneuqeSRim
hsa-miR-21-3p CAACACCAGUCGAUGGGCUGU 2.277 0.006
hsa-miR-487b-3p AAUCGUACAGGGUCAUCCACUU 1.042 0.039

(C)
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chosen panel of 41 statistically significant miRNAs detected, miR-
21-3p and 487b-3p levels were validated, as increased, in the acute 
phase of a large population of samples from anaphylactic reactions. 
miR-21 has been proposed as a biomarker for children with asthma 
due to its increased serum levels in patients without corticosteroid 
therapy.20,23 Furthermore, it targets IL-12 promoting the Th2 po-
larization during the allergic airway inflammation.24 Moreover, this 
miRNA is increased in human and mouse skin with allergic contact 
dermatitis.25 The other miRNA of interest, miR-487b, targets IL-33, 
a pro-inflammatory cytokine that mediates airway inflammation mit-
igating the response in allergic rhinitis.26,27 Furthermore, the analy-
sis of fibrotic lungs revealed that miR-487b is elevated in patients 
compared with healthy controls.28 In our studies, after evaluating 
the quality of the samples and the techniques used, the results con-
firmed a rise in serum levels of these miRNAs during the acute phase 
of anaphylaxis.

Anaphylaxis is a global health problem, and in children the main 
trigger is food.29 An improved anaphylaxis diagnosis could determine 
its correct management and a better outcome for patients. Currently, 
the most widely accepted biomarker of anaphylaxis, serum tryptase, 

misdiagnoses more than one-third of cases, being even less accurate 
in those triggered by food.8 It is the case in our cohort that none of 
the patients showed data above the cutoff values of tryptase re-
ported.7,19 This gap between tryptase values and clinical diagnosis 
of anaphylaxis would probably have been even larger if we had used 
the recent definition of anaphylaxis released by the World Allergy 
Organization, where bronchial symptoms alone and exposure to a 
known allergen are sufficient to meet the diagnosis.14 Therefore, it is 
necessary to count on a more reliable laboratory molecular marker. 
Our results provide a promising source of candidates to investigate 
in future studies. However, as a limitation, the scope of our study 
is far from validating all of them and we postulate miR-21-3p and 
miR-487b-3p as possible candidates for biomarkers of anaphylaxis.

Mechanistically, very relevant questions are still not resolved 
in anaphylaxis. Molecular processes determining why some local 
allergic reactions end up becoming systemic remain unknown. 
Furthermore, the main molecular mechanism described in anaphy-
laxis points to specific IgE pathways. However, the low or null detec-
tion of specific IgE in some patients fails to explain it as the unique 
molecular pathway underlying reaction.2 Indeed, other non-IgE- or 

TA B L E  2  miR-21-3p SBA

Top diseases and functions Score

Cancer, inflammatory response, organismal injury and abnormalities 43

Nervous system development and function, organ morphology, organismal development 31

Cell death and survival, organismal injury and abnormalities, renal necrosis/cell death 29

Ingenuity canonical pathways −log(P-value)

Molecular mechanisms of cancer 2.95

Rac signaling 2.82

TNFR2 signaling 2.77

April mediated signaling 2.55

B Cell–Activated factor signaling 2.5

Glutamate-dependent acid resistance 2.39

TNFR1 signaling 2.34

CD27 signaling in lymphocytes 2.29

EGF signaling 2.25

Cell cycle control of chromosomal replication 2.24

RAR activation 2.15

Pyridoxal 5'-phosphate salvage pathway 2.11

Glutamate degradation III (via 4-aminobutyrate) 2

Toll-like receptor signaling 1.98

LPS/IL-1–mediated inhibition of RXR function 1.98

BMP signaling pathway 1.89

PDGF signaling 1.88

Ceramide signaling 1.86

RANK signaling in osteoclasts 1.86

Regulation of IL-2 expression in activated and Anergic T lymphocytes 1.85

Note: Top diseases and functions and the most statistically significant canonical pathways from the Ingenuity Pathway Analysis for the miR-21-3p 
target genes. Activation of z-score biologic function has significantly more “increased” predictions than “decreased” predictions (z > 0) or vice versa 
(z < 0). P-value is calculated using the right-tailed Fisher exact test.
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IgG-mediated mechanisms have been reported indicating that alter-
native molecular mechanisms (guided by miRNAs) might exist.

To determine the possible participation of miR-21-3p and miR-
487b-3p in this event, an in silico analysis of their target genes was 
carried out. The software revealed that the main function of miR-21 
was inflammation. This process is closely related to anaphylaxis be-
cause the reaction is produced by the release of inflammatory medi-
ators.2 Furthermore, the implication of this miRNA in inflammation 
and immune regulation has been already described in many other 
diseases.30 The analysis of its canonical pathways showed several of 
them involved in these processes, among which we highlight those 
related to TNF receptors (CD27, April, and TNFR1/2 signaling) and 
Rac signaling. TNFRs participate in several processes during ana-
phylaxis playing a key role in enhancing endothelial permeability, 
thus promoting the anaphylactic shock.31 Rac is required to stimu-
late the remodeling and degranulation of mast cells, the main reason 
why the anaphylactic reaction takes place.2,32 On the other hand, 
the results obtained from miR-487b-3p revealed that the main func-
tion was dermatologic disease. The skin is the predominant organ 
affected during anaphylaxis, causing urticaria and/or angioedema 

in 85%-90% of the patients.33 Previously, miR-487b-3p has been 
linked to skin lesions, although never in the allergy context.34 
Therefore, it could play a role in the inflammation and damage oc-
curring during the reaction. Canonical pathway analysis revealed 
several mechanisms related to inflammation and the immune sys-
tem. Different studies previously associated miR-487b-3p with 
these processes.26,27 Among them, we remark the JAK2 signaling 
because it is required for the transduction initiated by several cyto-
kines implicated in the pathogenesis of inflammatory skin diseases 
such as psoriasis and atopic dermatitis.35 We also highlight the IL-9 
signaling pathway. This molecule is a pro-inflammatory cytokine re-
leased by mast cells leading to inflammation and epithelial remod-
eling.36 Our analysis shows that miR-487b-3p modulates metabolic 
processes and specifically histamine degradation. Histamine is one 
of the main allergic mediators released by mast cells and induces cu-
taneous flushing, airway obstruction, tachycardia, and headaches.2 
Therefore, it seems that both miR-21-3p and miR-487b-3p could 
participate in the molecular mechanisms of the reaction. However, 
future studies are necessary to confirm the specific role of these 
miRNAs in anaphylaxis.

TA B L E  3  miR-487b-3p SBA

Top diseases and functions Score

Cancer, dermatological diseases and conditions, organismal injury and abnormalities 31

Cellular assembly and organization, developmental disorder, DNA replication, recombination, and repair 20

Nervous system development and function, organ morphology, tissue morphology 17

Ingenuity canonical pathways −log(P-value)

Thyronamine and iodothyronamine metabolism 2.39

Anandamide degradation 2.39

Thyroid hormone metabolism I (via deiodination) 2.39

Acetyl-CoA biosynthesis I (Pyruvate dehydrogenase complex) 2.02

Molecular mechanisms of cancer 1.8

Dermatan sulfate degradation (Metazoa) 1.64

Histamine degradation 1.64

Oxidative ethanol degradation III 1.59

Fatty acid α-oxidation 1.57

Putrescine degradation III 1.55

Ethanol degradation IV 1.51

Tryptophan degradation X (Mammalian, via Tryptamine) 1.47

Apelin liver signaling pathway 1.46

Dopamine degradation 1.4

Ethanol degradation II 1.37

IL-9 signaling 1.36

Role of JAK2 in hormone-like cytokine signaling 1.34

Retinoate biosynthesis I 1.34

Norepinephrine and epinephrine degradation 1.33

Thyroid hormone metabolism II (via conjugation and/or degradation) 1.3

Note: Top diseases and function and the most statistically significant canonical pathways from the Ingenuity Pathway Analysis for the miR-487b-3p 
target genes. Activation of z-score biologic function has significantly more “increased” predictions than “decreased” predictions (z > 0) or 
vice versa (z < 0). P-value is calculated using the right-tailed Fisher exact test.
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Due to a recent study from our group that demonstrated an 
active participation of extracellular vesicles interacting with ECs 
in anaphylaxis,16 an in vitro serum-EC system was carried out to 
evaluate the functional role of miR-21-3p and miR-487b-3p in this 
event. In order to do so, intracellular levels of both miRNAs were 
measured after incubation with anaphylactic conditions: cocktail 
of mediators and serum from patients (acute and basal phases). On 
the one hand, miR-487b-3p did not show any differences in its in-
tracellular values after stimuli. On the other hand, we observed an 
increase in miR-21-3p levels after incubation with anaphylactic con-
ditions. In agreement, other studies support miR-21-3p induction by 
pro-inflammatory agents, such as TNF-α or IL-1, in ECs.5 Moreover, 
miR-21 regulates eNOS expression and it seems related to the en-
dothelial dysfunction associated with impaired NO/cGMP molecu-
lar signaling, which is also relevant in anaphylaxis.4,37,38 Otherwise, 
acute phase sera of anaphylactic patients exhibit increased abun-
dance of miR-21-3p, but not miR-487b-3p, at the end-point of our 
in vitro functional system. This could be due to the release of miR-
21-enriched extracellular vesicles by ECs as previously described in 
other cell types.39 However, our results are far from the complete 
elucidation of the molecular mechanisms addressed by miR-21-3p in 

anaphylaxis, and therefore, further studies are still needed to clarify 
its relevance.

5  |  CONCLUSION

In conclusion, this study has demonstrated for the first time a dif-
ferential serum miRNA profile in anaphylactic children samples com-
pared with baseline. Higher levels of miR-21-3p and miR-487b-3p 
during the acute phase of the reaction have been confirmed in a 
larger group of anaphylactic patients. In addition, in silico studies 
show their possible implication in inflammation and the immune 
regulation. Moreover, our data point to ECs as an important cellular 
type participating in the anaphylactic reaction increasing miR-21-3p 
intracellularly and contributing to its release to the extracellular 
environment. The data obtained intend to increase the knowledge 
of the molecular mechanisms of the anaphylactic reaction and to 
propose alternative biomarkers. However, due to the limited num-
ber of patients analyzed and sample scarcity, further research and 
larger study cohort are needed to determine the miRNA sensitiv-
ity and specificity. Therefore, our pioneer study facilitates a better 

F I G U R E  3  miR-21-3p and miR-487b-3p determinations in an in vitro anaphylactic serum-EC system. HMVEC-D were incubated with sera 
from 5 paired anaphylactic samples (acute and basal phases), a cocktail of mediators (histamine 1 µM, PAF 10 µM, and thrombin 0.5 µM), 
and EGM-2 medium (negative control) for 2 h. (A) miR-21-3p and (B) miR-487b-3p levels were intracellularly measured after incubation with 
stimuli. The cocktail of anaphylactic mediators and acute sera increased miR-21-3p values vs untreated HMVEC-D (negative control) (*P: 
.0436 and *P: .02, respectively) and between the acute phase vs baseline (#P: .0393). (C) miR-21-3p and (D) miR-487b-3p serum abundance 
was determined after EC contact. miR-21-3p serum levels increased in acute phase after a 2-h incubation with HMVEC-D vs start value (*P: 
.0241). Graphics represent the mean ± SEM. Control: medium. Mediators: histamine, PAF, and thrombin. Acute: serum from acute phase of 
anaphylaxis. Basal: serum from basal phase of anaphylaxis. 0: start. 2 h: 2 hours (end-point)
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understanding and interpretation of the anaphylactic reaction im-
proving the clinical approach to it and opening new directions to the 
participation of the miRNAs in anaphylaxis.
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