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Abstract

Background: One of key functions in the pathogenesis of anaphylaxis is held by platelet-activating factor (PAF).
However, no research on detection of transcriptional activity of PAF-acetylhydrolase gene (PLA2G7) in patients with
anaphylaxis has been held so far.

The aim of this study is to evaluate transcriptional activity (expression at mRNA level) of PLA2G7 gene (platelet-
activating factor acetylhydrolase) in patients with a history of anaphylaxis.

Methods: 97 children were enrolled in the study: 27 children with a history of food anaphylaxis (group 1); 35
children with atopic dermatitis (group 2); 35 children without allergic diseases (group 3). Group 3 children were
tested with Phadiatop and Phadiatop Infant (“Phadia 100”; “Phadia AB”, Sweden): 26 children were IgE-negative, 9
children were IgE-positive.

RNA was extracted from blood samples with Trizol RNA Prep kits (“Isogen”, Russia). cDNA production was
performed with MMLV RT kit (“Evrogen”, Russia). Real-time PCR was held with CFX-96 device (“Bio-Rad”, USA)
and qPCRmix-HS PCR mix (“Evrogen”, Russia). Oligonucleotide primers and probes were synthesized at “DNK-
Sintez” (Russia).

Results: In children with a history of food anaphylaxis statistically significant decrease in PLA2G7 gene
expression was detected (p<0.05) in compare with children free of allergic diseases.

Transcriptional activity of PLA2G7 was significantly lower in children with severe anaphylaxis and in children with
moderate anaphylaxis in compare with mild anaphylaxis children (p<0.05). In moderate/severe anaphylaxis children
PLA2G7 expression was more than three times decreased in compare with atopic dermatitis children (p<0.05).

In children with anaphylaxis characterized by clinical symptoms of cardiovascular manifestations the PLA2G7
expression level was significantly reduced in compare with anaphylaxis children free of cardiovascular symptoms
(p<0.05).

Conclusion: Reduction of blood cells PLA2G7 mRNA level in children with a history of food anaphylaxis may be
considered to be a biomarker of severe anaphylaxis.
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Introduction
Anaphylaxis is an acute life threatening allergic reaction that may

lead to death [1]. Mechanisms underlie anaphylaxis pathogenesis have
not been studied completely. Multiple research data give the evidence
that the range of immune cells and mediators involved in anaphylactic
reaction is more complex than originally supposed. One of the key
functions in anaphylaxis pathogenesis is held by platelet-activating
factor (PAF, 1-o-alkyl-2-acetyl-sn-glycero-3-phosphocholine) [2-4].

The latter is a pro-inflammatory phospholipid synthesized and
secreted by mast cells, monocytes and tissue macrophages [5]. PAF is
one of the main intercellular interactions regulators along with
prostaglandins, leukotriens, tumor necrosis factor, interleukins,
histamine, serotonin, etc. [6]. PAF receptor binding is resulted by
development of various diseases multiple symptoms, including allergic
reactions [7]. In animal models (rabbit, mouse) PAF is capable for
various manifestations of anaphylactic reactions (hypotension, edema,
bronchial constriction etc.) [7-9]. High levels of circulating PAF have
been found both in vitro [6] and in vivo in sensitized mice after
antigenic stimulation, as well as in patients with anaphylaxis [3,10-12].
Blood serum PAF and PAF-acetylhydrolase levels correlate with
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severity of anaphylactic reactions in patients [11,12]. Inhibition of PAF
receptors binding reduces the intensity of severe symptoms in
anaphylaxis [13,14].

Considering the evident role of PAF and PAF-acetylhydrolase in
anaphylaxis development, we suggest that PAF-acetylhydrolase
(PLA2G7) gene expression reduction may be active in patients with
anaphylaxis history and act as its biomarker.

Methods

Design of the study
The study was held at the Allergy and Clinical Immunology

Department of Clinical Research Institute of Pediatrics, within
2011-2013 years.

97 children were enrolled in the study: 27 children (16 boys and 11
girls) aged from 8 months to 15 years (Me=6 years [Q1=3; Q3=11])
with a history of food anaphylaxis (group 1); 35 children (23 boys and
12 girls) aged from 5 months to 17 years (Me=5 years [Q1=4; Q3=9])
with atopic dermatitis (group 2); 35 children ( 18 boys and 17girls)
aged from 2 to 17 years (Me= 5 years [Q1=4; Q3=7]) without allergic
diseases (group 3). Group 3 children were tested with Phadiatop® or
ImmunoCap 100 (Phadia AB, Sweden) to evaluate blood serum
specific IgE concentrations; 26 children were IgE-negative, 9 children
were IgE-positive.

Anaphylaxis was diagnosed retrospectively with clinical diagnostic
criteria of European Academy of Allergy and Clinical Immunology
consensus document [15]. Anaphylaxis was considered mild,
moderate or severe in accordance with standard severity criteria [15].
Atopic dermatitis severity was evaluated with SCORAD scale [16].

The study was approved by Local Ethics Board at Moscow Research
Institute of Pediatrics and Child Surgery by Russia Ministry of Health
and Social Welfare (protocol #42/13) and meets The Helsinki Accords
principles. Informed consent had been obtained from all patients or
their parents/guardians.

Detection of PLA2G7 gene expression
Transcriptional activity (mRNA level) of PLA2G7 gene was

evaluated in patients’ whole blood samples. Anaphylaxis children
blood samples were obtained outside the anaphylactic reaction. RNA
extraction from blood samples was carried out with Trizol RNA Prep
kits (“Isogen”, Russia). cDNA production was performed with MMLV
RT kit (“Evrogen”, Russia). Oligonucleotide primers and PLA2G7
gene cDNA probe were designed for the study and synthesized by
“DNK-Sintez” (Russia): F: GGACAAGTCTTGGCTCTACCTTA; R:
TGCTCTTTGCCGTACCTGC; probe: FAM-
ACCCTGAAACAAGAGGAGGAGACACAT-BHQ1. A housekeeping
gene GAPDH was used as a reference; primers and probes designed
and synthesized by “DNK-Sintez” (Russia). Standards for real-time
PCR were prepared by amplification of PCR products in pal-TA
plasmid (“Evrogen”, Russia). Extracted and purified plasmid was
diluted 100, 1000, and 10000 times. Real-time PCR was carried out
with CFX-96 thermal cycler (“Bio-Rad”, USA) and real-time PCR kit
qPCRmix-HS (“Evrogen”, Russia). Both genes PCR conditions were:
94oC (3 min), 45 cycles: 94oC (20 sec), 60oC (15 sec), 72oC (30 sec).
The real-time PCR was three replicates for each cDNA sample. The
calculations used the mean value CT.

Statistical analysis of the data
The mean values CT difference in the triplicate samples against the

reference gene was calculated with Excel (Microsoft Office 2010) to get
the ΔCT. The relative quantitative value was then expressed as 2–ΔCT
using the comparative CT method. Statistical analysis for 2–ΔCT data
was carried out with median, upper quartile and lower quartile
calculation. Fisher test and Mann Whitney U-test were used to
evaluate non-parametric variables. STATISTICA 8.0 software package
was used for data analysis. The level of statistical significance was set at
p<0.05.

Results

Analysis of PLA2G7 transcriptional activity
PLA2G7 gene mRNA level was assessed in blood cell samples of all

children recruited in the study.

The significant decrease of PLA2G7 gene expression was found in
anaphylaxis children (Me=0.045 [Q1=0.001; Q3=0.193]) in compare
with Ig-E-negative children (Me=0.127 [Q1=0.033; Q3=1.71]) and in
compare with Ig-E-positive children (Me=6.9 [Q1=0.6; Q3=17])
(p<0.05).

In atopic dermatitis children PLA2G7 gene expression decrease was
observed (Me=0.018 [Q1=0.004; Q3=0.116]) in compare with children
without allergic diseases (p<0.05).

No significant difference in transcriptional activity was observed
between children with anaphylaxis and children with atopic dermatitis
(p>0.05).

PLA2G7 high expression in Ig-E-positive children in compare with
Ig-E-negative children (p<0.05) was in focus.

Transcriptional activity of PLA2G7 was significantly lower in
children with severe anaphylaxis (n=8) (Me=0.001 [Q1=0.0002;
Q3=0.004]) and in children with moderate anaphylaxis (N=10)
(Me=0.03 [Q1=0.005; Q3=0.08]) in compare with mild anaphylaxis
children (N=9) (Me=0.19 [Q1=0.16; Q3=0.38]) (P<0.05). (Figure 1) It
should be noted that asthma in moderate/severe anaphylaxis children
was diagnosed more often in compare with mild anaphylaxis children
(67% vs. 13% respectively, p<0.05). In atopic dermatitis children
asthma was diagnosed in 40% of patients and allergic rhinitis was
diagnosed in 63% of children.

In atopic dermatitis children no correlation between the severity of
atopic dermatitis (according to SCORAD scale) and the level of
PLA2G7 gene transcriptional activity was found. PLA2G7 gene
expression level in patients with severe anaphylaxis was significantly
reduced in compare with mild atopic dermatitis children (n=6)
(Me=0.54 [Q1=0.03; Q3=19.7]) and moderate/severe atopic dermatitis
children (n=29) (Me=0.02 [Q1=0.004; Q3=0.08]) (p<0.05).

The correlation between PLA2G7 gene transcriptional activity and
clinical manifestations of anaphylaxis was evaluated. In children (n=6)
with cardiovascular (hypotension, tachycardia/brachycardia)
manifestations mentioned in anaphylaxis episode the level of PLA2G7
gene expression was significantly reduced (Me=0.001 [Q1=0.000001;
Q3=0.005]) in compare with children free of cardiovascular
manifestations (n=21) (Me=0.01 [Q1=0.006; Q3=0.3]) (p<0.05).
(Figure 2).
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Figure 1: PLA2G7 gene expression in children with a history of
mild, moderate and severe food anaphylaxis.

In children with moderate and severe anaphylaxis (n=18), the
transcriptional activity of PLA2G7 gene was more than three times
reduced (Me=0.005 [Q1=0.0005; Q3=0.06]) in compare with atopic
dermatitis children (p<0.05).

Figure 2: PLA2G7 gene expression in children with cardiovascular
manifestations mentioned in anaphylaxis episode.

Discussion
There are a number of studies devoted to PAF and PAF-

acetylhydrolase role in anaphylaxis [3,10-12]. Vadas et al. [11]
demonstrate blood serum PAF high level and PAF-acetylhydrolase low
level correlation with the anaphylaxis severity in patients within the
acute phase. Similar results were demonstrated by Pravettoni et al.
with the base level of PAF-acetylhydrolase in patients with a history of
insect poison anaphylaxis [12]. Inhibition of platelet-activating factor
receptor binding was shown to relieve severe symptoms of anaphylaxis
in a mouse model [13] and almost completely suppresses anaphylaxis
in combination with antihistamines [13]. Enzyme inactivation of PAF
in acute phase of anaphylaxis reduced the risk of fatal anaphylaxis in
mice due to increase of PAF-acetylhydrolase [14]. PAF-
acetylhydrolase deficiency increased the risk of severe or fatal
anaphylaxis [3].

Since PAF-acetylhydrolase activity is dependent on transcriptional
activity of PLA2G7 gene, we assumed PAF-acetylhydrolase low level in
the acute phase of anaphylaxis to be determined by decrease of
PLA2G7 gene expression. The study was designed to evaluate PLA2G7
mRNA level in patients with a history of anaphylaxis. Significant
reduce of PLA2G7 transcriptional activity was demonstrated in
children with a history of food anaphylaxis as well as in children with
atopic dermatitis in compare with children free of allergy
manifestations. These results correspond to some of the previous
studies [3,11,12] with certain new points specified in particular to
PLA2G7 gene transcriptional activity high level in Ig-E-positive
children free of allergy manifestations. We speculate that the increase
of PLA2G7 gene expression prevents somehow the development of
clinical manifestations related to atopy in these children.

Severe or fatal anaphylaxis in children is known to be associated
with asthma [17]. PAF-acetylhydrolase gene Val279Phe mutation
through the decrease of corresponding enzyme activity is associated
with severe asthma [18,19]. PAF-acetylhydrolase gene polymorphism
(Ile198Thr; Ala379Val) increases the risk of severe bronchial asthma in
Europeans [20]. We demonstrate that asthma was revealed more often
in children with severe to moderate anaphylaxis in their history as
well. Moderate to severe anaphylaxis children had significantly
reduced PLA2G7 gene expression in compare with mild anaphylaxis
children, as well as atopic dermatitis children or those free of allergic
manifestations. A negative association of anaphylaxis severity and
PLA2G7 gene expression level was revealed in our study: gene
expression reduced with severity of anaphylaxis. We suggest that low
level of PLA2G7 gene transcriptional activity may be considered a
biomarker of anaphylaxis severity in children with a history of
anaphylaxis.

PAF effects are well-known in anaphylaxis cardiovascular system
changes: coronary blood flow reduction, vascular permeability
increase, myocardial dysfunction, neutrophils and eosinophils
activation and migration within the cardiac tissue [8,21]. PAF is
supposed to participate in allergic heart attacks and allergic myocardial
angina known as Kounis syndrome [22]. Mutations in PAF-
acetylhydrolase gene are associated with brain stroke, atherosclerosis
and myocardial infarction in patients [23,24]. PAF is the main factor
of disseminated intravascular coagulation (DIC) that may be observed
in a fatal anaphylaxis [25]. Our study has revealed the significant
reduction in the transcriptional activity of PLA2G7 gene in children
with anaphylaxis characterized by clinical symptoms of cardiovascular
manifestations in compare with anaphylaxis children free of
cardiovascular symptoms.

Alterations of PLA2G7 signal pathways members may influence its
transcriptional activity as well. PLA2G7 gene transcriptional activity
may be reduced by interferon gamma [26]. This specifies new lines for
the PLA2G7 expression reduction research in anaphylaxis.

PLA2G7 gene expression is depended of TLR4, PTAFR and
CSF2RA receptors signaling pathways during monocyte to
macrophages maturation process [27] (Figure 3). Very-low-density-
lipoprotein receptor (VLDLR) also may be involved in the PLA2G7
expression regulation in macrophages [28]. Moreover IFNG decreases
PLA2G7 promoter activity by 35% in macrophages [26]. Alterations in
any part of regulation signaling pathways may influence PLA2G7
transcriptional activity. Facts from PLA2G7 gene regulation cascades
point out new research prospects for the PLA2G7 level reduction in
anaphylaxis. (Figure 3).
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Figure 3: A schematic representation of the PAF acetylhydrolase
(PLA2G7) expression regulation. For the reconstruction of the
signaling pathway Pathway Studio® 10.0 software and ResNet® 11
database (Elsevier) were used.

Bacterial lipopolysaccharide (LPS) up-regulates PLA2G7 expression
via TLR4 signaling pathway in resident tissue macrophages [29].
Myeloid-specific transcription factors SPI1 and SP1 are involved in
PLA2G7 expression in MAPK1–depended manner [30]. PAF may
stimulate the expression of its own inactivating enzyme PLA2G7 [29].
Granulocyte macrophage colony-stimulating factor (CSF2) enhances
PLA2G7 production by human blood-derived macrophages. [31].
Probably via STAT–related pathway [32]. PLA2G7 gene
transcriptional activity is reduced by interferon gamma (IFNG) [30].
Oxygen radicals inactivate PLA2G7 protein activity [33].

Taken together, our study results demonstrate that blood cells
PLA2G7 gene mRNA reduction in patients with a history of
anaphylaxis could be a biomarker of anaphylaxis severity and define
the perspective of PAF blockers efficiency research in this group of
patients.
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