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Bronchial asthma (BA) complicated by obesity is a progressive disease phenotype that hardly responds
to standard therapy. In this regard, it is important to elucidate cellular and molecular mechanisms of development
of this comorbid pathology. In recent years, lipidomics has become an active research tool, opening new opportunities
not only for understanding cellular processes in health and disease, but also for providing a personalized approach
to medicine. The aim of this study was to characterize the lipidome phenotype based on the study of molecular
species of glycerophosphatidylethanolamines (GPEs) in blood plasma of patients with BA complicated by obesity.
Molecular species of GPEs were studied in blood samples of 11 patients. Identification and quantification of GPEs
was carried out using high resolution tandem mass spectrometry. For the first time in this pathology, a change
in the lipidome profile of molecular species of diacyl, alkyl-acyl and alkenyl-acyl GPEs of blood plasma was shown.
In BA complicated by obesity, acyl groups 18:2 and 20:4 were dominated in the sn2 position of the molecular
composition of diacylphosphoethanolamines. Simultaneously with the increase in the level of GPE diacyls with the fatty
acids (FA) 20:4, 22:4, and 18:2, there was a decrease in these FAs in alkyl and alkenyl molecular species of GPEs,
thus indicating their redistribution between subclasses. The eicosapentaenoic acid (20:5) deficiency at the sn2 position
of alkenyl GPEs in patients with BA complicated by obesity indicates a decrease in the substrate for the synthesis
of anti-inflammatory mediators. The resulting imbalance in the distribution of GPE subclasses, due to a pronounced
increase in the content of diacyl GPE under conditions of the deficiency of molecular species of ether forms,
can probably cause chronic inflammation and the development of oxidative stress. The recognized lipidome profile
characterized by the modification of the basic composition and the chemical structure of GPE molecular species
in BA complicated by obesity indicates their involvement in the pathogenetic mechanisms underlying BA development.
The elucidation of particular roles of individual subclasses of glycerophospholipids and their individual members
may contribute to the identification of new therapeutic targets and biomarkers of bronchopulmonary pathology.
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INTRODUCTION and genetic mechanisms for the development
of the obesity-associated BA phenotype remain unclear

The phenotype of bronchial asthma (BA) and are likely multifactorial.

complicated by obesity represents a global public
health problem. It is known that many metabolic
disorders, such as diabetes mellitus, cardiovascular
diseases, metabolic syndrome, are associated with
defects in lipid metabolism [1]. The phenotype of BA
complicated by obesity belongs not only
to the category of chronic inflammatory respiratory
diseases, but also to the broader concept of a general

Lipidomics, including the determination
of the molecular structure of complex and simple
lipids, becomes a more and more popular research tool
in deciphering the pathophysiological mechanisms
of various diseases [3]. Identification of individual
molecular types of lipids in BA can become a reliable
tool for elucidating the pathogenesis of this disease,
identification of biomarkers, and development

metabolic  disorder.  Excessive  accumulation of the personalized approach to thera
of lipids in adipose tissue and liver impairs p }?p py
the balance between synthesis, degradation, Currently, 8 main classes of lipids are known;

oxidation, and transesterification of lipid molecules;
this ultimately affects immune, antioxidant, and
hormonal processes [2]. The exact cellular, molecular
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among them glycerophospholipids (GPLs) perform
structural, energy, and signal functions [3].
Glycerophosphatidylethanolamine (GPE) is the second
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most abundant glycerophospholipid (after
glycerophosphatidylcholine) in biological membranes.
GPE is a multifunctional lipid required for many
essential processes in the cell. It plays an essential role
in autophagy, cell division, and protein folding.
In addition, GPE is an important intermediate
in the synthesis of other classes of glycerophospholipids
in the Kennedy cycle [4, 5]. It has a significant
impact on the membrane topology and promotes
the fusion of cell membranes and organelles, oxidative
phosphorylation, and mitochondrial biogenesis [6, 7].
Impaired GPE metabolism is associated with
the development of Alzheimer's disease, Parkinson's
disease, and non-alcoholic liver disease [8, 9].

In the human body, GPEs are characterized
by a wide diversity of their molecular species,
achieved by numerous combinations of fatty acid
species and ways of fatty acid chain linkage
to the glycerol backbone.

GPEs with an alkenyl bond are important
structural and signaling components of the cell
membrane and lung surfactant; they also have
anti-inflammatory and antioxidant properties.
It has been shown that alkenyl GPE containing
a 20:4 (arachidonic) FA residue in the sn2 position
reduces free radical processes, which protects the cell
membrane from the oxidative damage [8].

Despite the high importance of GPE in the cellular
processes of the body, there are no studies
on the characterization of the molecular composition
of GPE in BA complicated by obesity. The use
of modern methods of lipidomics to identify the features
of the composition and distribution of molecular
species of certain classes of glycerophospholipids
in BA complicated by obesity will help to decipher
the molecular mechanisms of the pathogenesis
of this disease.

The aim of this study was to investigate molecular
types of plasma glycerophosphatidylethanolamines
in patients with BA and with BA complicated
by obesity, and to identify the molecular features
of the lipidome of the BA phenotype complicated
by obesity.

MATERIALS AND METHODS

The study was conducted on the basis
of the Vladivostok branch of the Far Eastern Scientific
Center for Physiology and Pathology of Respiration
(FESC PPR), the Research Institute of Medical
Climatology and Rehabilitation Treatment.

Blood plasma samples were obtained from
11 BA patients and 5 healthy volumeters. Among
11 patients with mild BA of controlled and partially
controlled course (mean age 52.6+9.8 years), 5 patients
had alimentary-constitutional obesity of I-II degree.
Five volunteers (mean age 37.6+5.9 years) were
conditionally healthy. BA was diagnosed in accordance

with the criteria of the Global Strategy
for the Treatment and Prevention of Bronchial Asthma
(GINA, 2019) and ICD-10. Alimentary-constitutional
obesity was diagnosed according to the WHO
recommendations (2004). BA patients received drug
inhalation therapy (budesonide/formoterol 160/4.5 ng,
2 doses per day). The criteria for inclusion in the control
group of volunteers that fitted the definition
of “conditionally healthy” were: the absence
of respiratory pathology, chronic infectious, and
non-infectious pathologies, decompensated conditions,
a negative allergological anamnesis and heredity
not complicated by BA and other allergic diseases.

During general clinical examination, patients'
complaints, anamnesis of the disease and life,
the results of a survey in order to identify risk factors
for the development of respiratory pathology, and
physical examination data were analyzed. We took
into account the BA duration, the history and duration
of obesity, the presence or absence of signs of atopy,
triggers that cause deterioration of the condition,
the fact and experience of smoking, and exposure
to industrial pollutants.

The following anthropometric parameters were
measured: height, weight, waist circumference (WC)
and hip circumference (HC). The Quetelet index (QI)
was calculated using the formula: QI (kg/m*) = body
weight (kg)/height (m?). Normal body weight (NBM)
corresponded to QI from 18.9 kg/m’ to 24.9 kg/m’,
overweight — QI from 25 kg/m* to 29.9 kg/m’,
class I obesity — QI from 30 kg/m? to 34.9 kg/m?,
class II obesity — QI from 35 kg/m?* to 39.9 kg/m>.

National clinical guidelines and GINA 2019
were used to assess the current clinical control of BA.
The Asthma Control Questionnaire (ACQ-5) was used
to quantify the level of BA control. Values up to 0.75
corresponded to controlled and partially controlled
course of BA, the values from 0.75 to 1.5 corresponded
to the risk of exacerbations, and the values more than 1.5
corresponded to uncontrolled BA.

The molecular species of GPLs were analyzed after
their preliminary extraction by the classical method
of Bligh and Dyer [11] with modifications [12, 13].
Mass determination accuracy for lipid identification
ranged from 2 ppm to 7 ppm. For extraction,
0.5 ml of a blood plasma sample was taken.
The systems of chemically pure solvents chloroform-
methanol 1:2 (v/v), then 1:1 (v/v) were used; the phases
were separated by 0.9% sodium chloride solution.
Separation of the lipid extract was carried out
on a Shim-Pack UC-X Diol column (2.1x150 mm,
particle size 3 um) (Shimadzu, Japan) in a gradient
elution system. The system A contained:
n-hexane/2-propanol/H,O0/HCOOH/NH,OH/Et;N
(72:28:1.5:0.1:0.05:0.02; v/v); the system B
contained:  2-propanol/H,O/HCOOH/NH,OH/Et;N
(100:1.5:0.1:0.05:0.02; v/v). The following elution
program was used: 0% B (8 min), 0% to 20% B (7 min),
20% to 100% B (5 min), 100% B (15 min),
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100% to 0% B (0.1 min), 0% B (10 min).
The flow rate was 0.2 ml/min. Samples were
injected in a volume of 2 pl. The GPE elution time
of phosphatidylethanolamines was 4—6 min.

The GPE molecular species were analyzed
on a high-resolution LCMS-IT-TOF tandem mass
spectrometer (Shimadzu, Japan). Registration of ions
was carried out in the range of 200-1500 m/z
in the electrospray ionization mode with simultaneous
registration of positive and negative ions.
The temperature of the ion source was 200°C,
the pressure of the drying gas (nitrogen) was 140 kPa,
and the flow of the spray gas (nitrogen) was 1.5 1/min.
Fragmentation in tandem mass spectrometry
was carried out in automatic mode with a precursor ion
isolation window of 400-1000 m/z. Argon was used
as the collision gas at 0.003 Pa (50% of volume).
Characteristic  ions  for  molecular  species
of the phosphatidylethanolamine classes were given
by Imbs et al. [14]. The identification of molecular

{x0,000,000)

species was carried out on the basis of the mass spectra
obtained during the fragmentation of phospholipid
molecules. The chromatogram of total lipids and GPE
mass spectra are shown in Figure 1.

Statistical processing of the results was carried out
using Statistica 6.1. Quantitative values are shown
as a median (Me) and an interquartile range
(Q1 and Q3), where Q1 is the 25th percentile and
Q3 is the 75th percentile. Data were evaluated using
the Kruskal-Wallis test. Differences were considered
as statistically significant at p<0.05. In the case
of statistically significant differences, pairwise
comparisons were made to identify new critical
levels of significance. For a posteriori comparison,
the Mann-Whitney test was used. In the case
of comparing more than two groups, the Bonferroni
correction was used, where the significance
level was p/k (k is the number of comparisons).
The critical significance level for comparison of three
groups was p=0.017.
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Figure 1. The chromatogram of total lipids and GPE mass spectra. (A) Total plasma lipids (analyzed using normal
phase liquid chromatography-high resolution tandem mass spectrometry in electric field spray ionization mode.
(B) Mass spectra for lipids eluted between 4.2-6.0 min. (C) The MS/MS spectrum of the 750.53 m/z precursor and

the scheme of GPE P-18:0 20:4 fragmentation.
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RESULTS

Forty five molecular species GPEs were identified
for the first time by chromatography-mass spectrometry
in the blood plasma of patients with BA complicated
by obesity (Figure 2). Molecular formulas and
the number of double bonds in the GPE molecules
were determined on the basis of the determination
of the m/z ratio of deprotonated ions with the accuracy
from 2 ppm to 7 ppm.

The lipidomic profile of diacyl forms
of phosphatidylethanolamines and their percentage
in the blood plasma of the studied groups
is shown in Table 1. Fifteen molecular species
of 1,2-diacyl-sn-glycero-3-phosphoethanolamines have
been identified. In BA patients, the following molecular
species of diacyl GPE were increased regardless
of the body weight: 16:0 18:1, 16:0 _20:4, 18:0_18:2,
18:0 20:3, 18:0_20:4, 18:0 _22:4. In patients with BA,
the level of 18:0 20:4 diacyl GPE (Figure 2)
was higher by 49% as compared with the control group;
in patients with BA complicated by obesity; this GPE
species was higher by 74%. Other GPE species were
also increase 18:0 18:2 diacyl GPE by 71% and 90%
(in BA and BA complicated by obesity, respectively);
16:0 20:4 diacyl GPE by 40% and 43%; 16:0 18:1
diacyl GPE by 66% and 76%;
18:0 20:3 diacyl GPE by 30% and 40%;
18:0 22:4 diacyl GPE by 43% and 66%, respectively.
In the group of patients with BA complicated
by obesity, the content of 16:0 22:6 diacyl GPE
increased by 35%, 18:1 18:2 diacyl GPE by 65%,

A

18:0 22:4 diacyl GPE by 92% as compared with
the group of BA patients with normal body weight.

The analysis showed that the blood plasma
of patients with BA contained an increased level
of the molecular species diacyl GPE containing
20:4 in the sn2 position. The total composition
of these diacyl GPEs was higher by 49% and 60%,
respectively, in patients with BA and BA complicated
by obesity, as compared with the control group,
while no significant differences were found
between the BA phenotypes. The results obtained
indicate the predominance of molecular species
of phospholipids rich in arachidonic acid (20:4)
in the blood plasma of patients with BA. The total
parameter of molecular species of diacyl GPE esterified
with the 18:2 acyl fragment at position sn2 also exceeded
the values of the control group: by 69% in the group
of patients with BA and by 92% in the group of patients
with BA complicated by obesity.

Analysis of the chemical structure and the content
of molecular species of 1-O-alkyl-2-acyl-sn-glycero-3-
phosphoethanolamines (O-GPE, Plasmanyl GPE or
alkyl GPE) in blood plasma sample of the studied
groups revealed a decrease in the level of 18:1 20:5
and 18:2 20:5 alkyl GPE in BA, regardless of the body
weight (Table 2). The blood plasma samples
of all patients with BA contained a reduced
level of molecular species carrying a fragment
of eicosapentaenoic acid (20:5) in the sn2 position.
The set of presented molecular species of alkyl
phosphatidylethanolamines was significantly lower
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Figure 2. Molecular species of the diacyl, alkyl-acyl, and alkenyl-acyl subclasses using 18:0 20:4 GPE
as an example. (A) l-octadecanoyl-2-(5Z,8Z,11Z,14Z-eicosatetranoyl)-glycero-3-phosphoethanolamine or GPE
(18:0_20:4(5Z,87,11Z,147Z)). (B) l-octadecyl-2-(5Z,8Z,11Z,14Z-¢icosatetranoyl)-sn-glycero-3-phosphoethanolamine
or GPE (0-18:0 20:4(5Z,82,11Z,14Z)). (C) 1-(1Z-octadecenyl)-2-(5Z,8Z,11Z,14Z-eicosatetranoyl)-sn-glycero-3-
phosphoethanolamine or GPE (P-18:0 20:4(5Z,8Z,11Z,147)).
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Table 1. The profile of molecular species of diacyl phosphatidylethanolamines in blood plasma of patients with

bronchial asthma

snl sn2 Control. % Patients with BA Pgtients with BA
= i and normal body weight , % complicated by obesity , %
16:0_18:1 0.81 (0.79-0.81) *1.14 (1.05-1.17) *1.09 (1.06-1.15)
16:0_18:2 0.97 (0.75-0.99) 1.24 (0.98-1.40) *1.54 (1.28-1.69)
16:0 _20:4 1.41 (1.28-1.42) *2.34 (2.22-2.88) *2.49 (2.22-2.71)
16:0_22:6 1.79 (1.74-1.80) 1.80 (1.71-1.84) *2.43 (2.36-2.45)
18:0_18:1 0.90 (0.84-0.91) 1.00 (0.87-1.27) 0.98 (0.92-1.02)
18:0_18:2 3.71 (3.45-3.99) *6.35 (5.62-7.18) *7.04 (6.92-7.27)
18:0_20:3 0.29 (0.28-0.31) *0.42 (0.36-0.48) *0.48 (0.45-0.48)
18:0 20:4 5.06 (5.04-5.64) *7.52 (7.09-8.24) *8.82 (7.58-8.98)
18:0_20:5 0.31 (0.29-0.31) 0.23 (0.21-0.28) 0.29 (0.28-0.30)
18:0_22:4 0.10 (0.09-0.11) *0.13 (0.12-0.15) *0.25 (0.21-0.26)*
18:0_22:5 0.16 (0.15-0.17) 0.19 (0.18-0.21) *0.21 (0.20-0.21)
18:0_22:6 1.05 (1.05-1.19) *1.49 (1.41-1.59) 1.26 (1.14-1.29)
18:1_18:2 0.67 (0.65-0.68) 0.62 (0.58-0.67) *1.02 (0.92-1.05)*
18:1_20:4 0.69 (0.68-0.71) 0.77 (0.71-0.85) *0.98 (0.92-1.01)
18:1_22:6 0.15(0.14-0.15) *0.19 (0.18-0.24) *0.17 (0.16-0.17)
sum sn2_20:4 7.16 (6.87-7.63) *10.67 (10.01-12.49) *11.42 (10.90-12.37)
sum sn2_18:2 5.07 (4.85-5.63) *8.58 (7.79-8.78) *9.73 (9.18-9.85)
sum diacyl GPE 18.09 (17.93-19.02) *26.49 (25.46-27.50) *28.95 (28.35-29.18)*

Quantitative values are shown as a median (Me) and an interquartile range (Q25-Q75). The relative content
of each molecular species is given in % of the sum of all molecular species of phosphatidylethanolamines;
snl is an acyl substituent in the first position, sn2 is an acyl substituent in the second position. Asterisks on the right
indicate statistically significant differences between the phenotypes of bronchial asthma, on asterisks the left indicate
statistically significant differences versus control. (*) — p<0.017.

by 16% and 21%, respectively, in the groups of patients
with BA and BA complicated by obesity, as compared
with the control group. A decrease in the level of GPE,
carrying 20:5 in the position sn2, and a general increase
in esterification with arachidonic acid (20:4) suggests
redistribution of fatty acids towards a decrease
in anti-inflammatory mediators and an increase
in pro-inflammatory ones.

In both groups of patients with BA, molecular
species of alkyl GPE containing acyl fragments 20:4
(16:1 20:4,18:0 20:4,18:1 20:4,18:2 20:4,20:1 20:4)
and 22:6 in position sn2 (16:1 22:6, 18:1 22:6,
18:2 22:6) prevailed over other types of acyl residues.
The total value of the relative content of the acyl
residue 20:4 in the molecular species of alkyl GPE
was 18.83% in the control group, 17.58% in the group
of patients with BA and normal body weight, and
16.95% in the group of patients with BA complicated
by obesity. The sum of molecular species
of 1-O-alkyl-2-acyl-sn-glycero-3-phosphoethanolamines
containing the 22:6 fragment in the sn2 position
was 7.11%, 7.00%, and 6.68% in the studied
groups, respectively.

The use of tandem mass spectrometry made
it possible to identify 11 molecular species of
1-O-alkenyl-2-acyl-sn-glycero-3-phosphoethanolamines
(P-GPE, alkenyl GPE, plasmenyl GPE) in the blood
plasma of the studied groups (Table 3). Alkenyl
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phosphatidylethanolamines in the snl position
were represented by 18:0, 16:0, and 18:1 fragments.
The relative content of molecular species of the alkenyl
form of phosphatidylethanolamines containing
18:0 in the snl position (18:0 20:4, 18:0 18:2,
18:0 22:6, 18:0_18:1, 18:0 _20:5) prevailed over other
molecular species and was characterized by a wide
diversity of plasmenyl GPEs. This pattern was observed
both in the control group and among BA patients.

In both groups of patients with BA,
molecular species of alkenyl GPE containing
acyl groups 20:4 (16:0_20:4, 18:1 20:4, 18:0 20:4)
and 18:2 in the position sn2 (18:0 18:2, 16:0 18:2,
18:1 _18:2), prevailed over other types of acyl residues.
The total value of the relative content of molecular
species of alkenyl ethanolamines with the acyl
residue of 20:4 was 27.31% in the control group,
23.40% in the group of patients with BA and normal
body weight, and 20.95% in the group of patients
with BA complicated by obesity. The sum of this
molecular species was lower by 14% and 23%,
respectively, in the group of patients with BA and
BA complicated by obesity, as compared with the control
group. The sum of molecular species of alkenyl GPE
containing the 18:2 fragment in the sn2 position
was 8.22%, 6.86% and 6.86% in the control
group, patients with BA and BA complicated
by obesity, respectively.
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Table 2. Profile of molecular species of alkyl-acyl phosphatidylethanolamines in blood plasma of patients with

bronchial asthma

Patients with BA and Patients with BA
snl_sn2 Control, % normal body weight , % complicated by obesity, %
O-16:1_18:1 0.68 (0.67-0.72) 0.64 (0.62-0.78) 0.85 (0.85-0.89)
O-16:1 18:2 1.49 (1.36-1.60) 1.54 (1.41-1.75) 1.54 (1.40-1.61)
O-16:1 20:4 5.22 (4.65-5.79) 4.65 (4.52-5.05) 4.36 (4.01-4.57)
O-16:1_20:5 0.30 (0.25-0.35) 0.26 (0.24-0.29) 0.31 (0.26-0.31)
O-16:1_22:6 2.52(2.32-2.87) 2.68 (1.96-2.94) 2.51 (2.50-2.73)
0-18:0_20:4 0.55 (0.49-0.56) 0.42 (0.39-0.46) 0.69 (0.64-0.75)*
O-18:1_18:1 0.74 (0.74-0.79) 0.80 (0.70-0.81) 0.72 (0.65-0.81)
O-18:1 18:2 3.13 (3.03-3.93) 3.15(2.48-3.43) 2.99 (2.95-3.47)
O-18:1 20:3 1.01 (0.99-1.25) 1.03 (0.95-1.19) 1.04 (1.01-1.15)
O-18:1 20:4 6.53 (6.50-7.04) 6.13 (5.92-6.88) 5.40 (5.24-5.99)
O-18:1_20:5 0.78 (0.63-0.80) *0.56 (0.46-0.62) *0.52 (0.49-0.53)
O-18:1_22:5 1.39 (1.27-1.43) 1.29 (1.25-1.33) 1.37 (1.18-1.40)
O-18:1_22:6 2.12 (2.07-2.34) 2.19 (1.94-2.64) 2.14 (2.01-2.36)
O-18:2 18:2 2.00 (1.80-2.05) 1.80 (1.46-1.85) 1.62 (1.61-1.64)
0O-18:2 20:4 5.94 (5.87-6.30) 5.58 (5.23-5.62) 5.65 (5.13-5.78)
O-18:2 20:5 0.80 (0.78-0.81) *0.64 (0.62-0.67) *0.62 (0.60-0.63)
0-18:2 22:6 2.38 (2.36-2.39) 2.04 (1.56-2.60) 1.85 (1.72-2.54)
0-20:1_18:2 0.28 (0.25-0.31) 0.32 (0.30-0.32) 0.30 (0.30-0.31)
0-20:1_20:4 0.30 (0.29-0.31) 0.26 (0.25-0.29) 0.27 (0.26-0.35)
sum alkyl GPE 38.92 (36.97-39.35) 36.46 (34.34-38.61) *35.46 (34.72-36.36)
sum sn2 20:4 18.83 (15.86-20.13) 17.58 (16.27-18.46) 16.95 (15.35-16.96)
sum sn2_20:5 1.77 (1.51-2.05) *1.48 (1.39-1.52) *1.40 (1.34-1.61)
sum sn2_22:6 7.11 (6.58-7.70) 7.00 (5.26-8.25) 6.68 (6.40-7.72)

Quantitative values are shown as a median (Me) and an interquartile range (Q25-Q75). The relative content
of each molecular species is given in % of the sum of all molecular species of phosphatidylethanolamines;
snl is an alkyl substituent in the first position, sn2 is an acyl substituent in the second position. Asterisks on the right
indicate statistically significant differences between the phenotypes of bronchial asthma, on asterisks the left indicate
statistically significant differences versus control. (*) — p<0.017.

The decrease in the total content of alkyl GPE and
alkenyl GPE in the groups of patients with BA and
BA complicated by obesity, found under conditions
of the increased level of diacyl GPE, suggests
redistribution of fatty acids between GPE subclasses
and a deficiency of ether forms of GPL.

The results obtained in this study are presented
in Figure 3, which reflects the heatmap
of the distribution of all identified molecular types
of GPE in healthy individuals and patients with BA.
The phenotype of BA complicated by obesity
is characterized by redistribution of fatty acids
between diacyl and ether subclasses of GPE.

DISCUSSION

The  presented study shows  changes
in the lipidomic profile of the GPA molecular
species in the phenotype of BA complicated
by obesity. In BA complicated by obesity, the level

of the following molecular types of diacyl forms
of GPE significantly increased: 16:0 20:4, 18:0 18:2,
18:0 20:4, 18:1 20:4, 18:0 22:4. The molecular
composition of diacylphosphoethanolamines
is characterized by the predominance of acyl
groups 20:4 and 18:2 in the sn2 position.
The prevalence of esterification of arachidonic
acid (20:4) and its precursors suggests an increase
in the synthesis of pro-inflammatory eicosanoids
(e.g. leukotrienes). It involves lipoxygenase (LOX)
and leads to worsening of symptoms. The increased
content of linoleic acid (18:2), a substrate
for 12/15-lipoxygenase (12/15LOX), contributes
to the active synthesis of 13-S-hydroxyoctadecadienoic
acid (HODE), a powerful pro-inflammatory
mediator that causes mitochondrial dysfunction,
neutrophilic inflammation, provoking severe airway
obstruction [15]. It is known that an increased
formation of HODE contributes to an increase
in the severity of BA due to a decrease in sensitivity
to glucocorticoids [14].
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Table 3. Profile of molecular species of alkenyl-acyl phosphatidylethanolamines in blood plasma of patients with

bronchial asthma

snl sn2 Control. % Patients with BA Pz}tients with BA
= i and normal body weight, % complicated by obesity, %
P-16:0 18:1 0.99 (0.97-1.02) 0.97 (0.95-1.00) 0.85 (0.76-0.85)
P-16:0 18:2 2.65(2.12-2.72) 1.68 (1.60-2.01) 2.16 (2.09-2.55)
P-16:0 20:4 8.32 (8.11-9.06) 8.19 (8.02-8.65) 7.99 (7.20-8.15)
P-16:0 _22:6 3.21 (3.21-3.95) 3.02 (2.99-3.22) 3.26 (3.25-3.69)
P-18:0_18:1 0.71 (0.65-0.73) 0.68 (0.60—0.80) 0.67 (0.65-0.69)
P-18:0_18:2 3.26 (2.98-3.96) 3.00 (2.85-3.15) 2.68 (2.67-3.18)
P-18:0 20:4 8.27 (7.81-8.78) *7.15 (6.35-7.21) *6.21 (5.95-6.58)
P-18:0_20:5 0.65 (0.59-0.74) 0.62 (0.58-0.65) *0.53 (0.49-0.53)*
P-18:0 22:6 2.35(2.34-2.89) 232 (2.17-2.55) 2.23 (2.09-2.85)
P-18:1_18:2 2.34 (2.05-2.69) 2.14 (1.96-2.54) 1.96 (1.95-2.06)
P-18:1_20:4 9.98 (9.54-10.42) *8.11 (7.59-8.26) *6.85 (6.36-6.91)
sum alkenyl GPE 42.56 (42.08-45.12) *38.14 (37.43-38.25) *35.35 (34.93-35.99)
sum sn2_18:2 8.22 (8.05-8.76) 6.86 (6.59-7.73) 6.86 (6.72-7.55)
sum sn2_20:4 27.31 (26.04-27.44) *23.40 (22.29-23.73) *20.95 (19.70-21.78)
sum sn2_22:6 5.97 (5.56-6.45) 5.34 (5.18-5.54) 6.08 (5.34-6.27)

Quantitative values are shown as a median (Me) and an interquartile range (Q25-Q75). The relative content
of each molecular species is given in % of the sum of all molecular species of phosphatidylethanolamines;
snl is an alkenyl substituent in the first position, sn2 is an acyl substituent in the second position. Asterisks on the right
indicate statistically significant differences between the phenotypes of bronchial asthma, on asterisks the left indicate
statistically significant differences versus control. (*) — p<0.017.

It should be noted that a significant increase
in the level of diacyl GPE from 20:4, 22:4, and 18:2 FA,
is accompanied by a decrease of these FAs in alkyl and
alkenyl molecular types of GPE. In BA patients, there
is also a deficiency of 18:0 20:5, 18:1_20:5, 18:2_20:5
GPE ethers. GPLs with the alkenyl bond (plasmalogens)
are important cellular components that act as the primary
scavenger of free radicals, thereby preventing oxidation
of the membrane bilayer and subsequent triggering
of free radical and inflammatory reactions [16, 17].
The recognized deficiency of 1-O-alkenyl-2-acyl-sn-
glycero-3-phosphoethanolamines can provoke chronic
inflammation and the development of oxidative stress
in this comorbid phenotype.

Transetherification of fatty acids between diacyl,
alkyl-acyl, and alkenyl-acyl GPE in BA promotes
the formation of a new pool of molecular species
of phospholipids and changes in the main balance
of fatty acids. Under physiological conditions,
GPLs are constantly remodeled in the Kennedy and
Lands cycles [18, 19]. The reactions of the Kennedy
cycle regulate the balance between polar and neutral
lipids, between the GPL subclasses, while the successive
reactions of the Lands cycle result in transetherification
of fatty acids between phospholipids and the formation
of new molecular types of GPLs [20].

The molecular structure of GPEs plays
a decisive role in cell signaling and mitochondrial
functioning, as well as the regulation of mitochondrial
dynamics in general and protein biogenesis
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in the outer mitochondrial membrane [21, 22].
GPE is a precursor for the synthesis
of N-acylphosphatidylethanolamine with further
formation of anandamide (N-arachidonoylethanolamine).
It is a donor of ethanolamine phosphate
in the synthesis of glycosylphosphatidylinositol
anchors, which attach many signaling proteins
to the plasma membrane surface [23, 24]. In addition,
GPE is an important substrate for the liver
enzyme phosphatidylethanolamine-N-methyltransferase,
responsible for the formation of about a third
of liver phosphatidylcholine. The transformation
of the main composition of GPL molecular
species found in our study may be the result
of a rearrangement or disturbance of the enzymatic
reactions of GPL metabolism in the main synthesis
cycles mentioned above thus provoking changes
in the blood plasma lipidome.

Thus, modification of the basic composition and
chemical structure of GPE molecular species
can be considered as one of the mechanisms of lipid
metabolism disorders, oxidation processes, and
regulation of immune responses in BA. Further study
of the molecular types of GPE on larger groups
of patients, as well as the study of the activity of the main
enzymes of synthesis and remodeling of phospholipids,
will reveal the particular role of individual
subclasses of phospholipids and their molecular species
in the pathogenetic mechanisms of the development
of the BA phenotype complicated by obesity.
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Figure 3. The heatmap of molecular species of glycerophosphatidylethanolamines in blood plasma of patients with BA
and BA complicated by obesity. The heatmap shows the plasma levels of diacyl, alkyl-acyl and alkenyl-acyl
glycerophosphatidylethanolamines in 5 healthy volunteers, 6 BA patients with and normal weight, 5 BA patients with
obesity. The color intensity indicates the percentage of a particular molecular species in an examined person.
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JIMIAJIOMHBIN AHAJIW3 MOJEKYJISIPHBIX BUIOB INTMIEPO®OCPATUINIITAHOJIAMUHOB
Y HAIIMEHTOB C BPOHXHUAJBHOM ACTMOM, OTATOIEHHOMW OJKUPEHUEM
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'BiraguBocTokcKui Guiman J[anbHeBOCTOYHOTO HAYYHOTO LEHTpa (PU3HOJIOTUH U TTATOIOTHHU JBIXaHUSI —
Hayuno-uccnenoBarenbCKuit HHCTUTYT MEJUIIMHCKON KIMMATOJIOTHH U BOCCTAHOBUTEIHHOTO JICUCHHUS,
690105, BaguBocTok, yi. Pycckas, 73r; *3m. moura: omatova.um@inbox.ru
*HanmoHanbHbIH HayYHBIH HEeHTp Mopckol 6nonoruu uM. A.B. JXKupmyHckoro JlansHeBocTounoro otnenenus PAH,
690041, BiaguBocTok, yi. ITansueBckoro 17

Bponxmanpaas actma  (BA), oTaroméHHas ~ OXHpEHHEM, MpPEACTAaBIsIET Cco00W  (eHOTHI
MIPOTPECCUPYIOIIETO 3a00JI€BaHNs, KOTOPBIN TPYIHO MOAAAETCs CTaHAAPTHOM Tepanuu. B cBA3M ¢ 3TUM JAeTamu3ariis
KJIETOYHO-MOJICKYJIIPHBIX MEXaHHW3MOB pa3BUTHS JaHHOH KOMOPOWIHOW IaTOJOTHM SIBISETCS aKTyalbHBIM
HaNpaBJICHUEM COBPEMEHHBIX MCCIEAOBaHMNA. B mocneaHue rofbl akTUBHBIM HCCIEIOBATENIBCKUM HHCTPYMEHTOM
CTajia JIMMHAAOMUKA, OTKPBIBAIOMIAst PSi BOSMOMKHOCTEH HE TOJBKO ISl IOHUMAHUS KJIETOYHBIX MPOIIECCOB B HOPME H
MaTOJIOTHH, HO W I O0ecledeHHs IMepCOHAIM3MPOBAHHOIO IOAX0Ja B MenumuHe. llenp mccinenoBaHms —
OXapaKTepu30BaTh OCOOCHHOCTH JWMUAOMa (eHoTurna BA, oTATOmEHHON OXuUpeHHeM, Ha OCHOBE HCCIIEIOBAHUS
MOJICKYJSIDHBIX BHI0B riunepodocharuammTanonamuios (['@D) mmasmbl KpOBHM y MANMEHTOB C JaHHOM
KOMOpOuAHON maronorueii. B o0Opasmax kpoBu 11 ManMEHTOB HCCIENOBaHBI MOJICKYJspHBbIE BUIbl [ DD.
WUpentndukannio W KoIMYEeCTBEHHOEe ompenesneHue [DD mnpoBogwin ¢ HUCHOIb30BAHMEM TaHIEMHOM
Macc-CIEKTPOMETPHH BBICOKOTO pa3pelieHus. BriepBble pyu AaHHOM NMaToNoruy MOoKa3aHO W3MEHEHHE JIMIHIOMHOTO
npoduas MOJIEKYISIPHBIX BHAOB IHAIMIBHBIX, AJKWI-AIMIBHBIX W aIKCHWI-aluIbHBIX ['PD mmazmbl KpoBH.
ITpu BA, oTsroménnoi oxxupeHneM, B MOJIEKYIISIPHOM COCTaBe TUanmiochorTaHOIaMHHOB IPEOOIaatoT aliiIbHEIC
rpynnsl 18:2 n 20:4 B mo3uruu sn2. OJHOBpEMEHHO C TIOBBIIIIEHHEM YPOBHS auanuioB ['®3 ¢ 20:4, 22:4 u 18:2 KK
MIPOMCXOAUT yMeHbIeHue JaHHbIX JKK B aJKMIBHBIX U alKCHUIBHBIX MOJIEKYIIIPHBIX Buaax ['PD, uTo CBUAETENBCTBYET
00 WX mepepacnpenelcHd MexIy cyOkmaccamu. JleguuuT siiko3aneHTacHOBOW KUCIOTHI (20:5) B TONOKEHHU Sn2
ankeannn ['®D npu BA, orAroméHHONl OXUpEHHEM, yKasblBaeT Ha CHW)XKEHHE cyOcTpara sl CHHTE3a
MIPOTHBOBOCTIAIUTENEHBIX MeIuaTropoB. WMTOTroBBIN aucOamaHC B MPOLEHTHOM pacrpeneneHnn cyOkimaccoB ['DD,
00yCIIOBIIEHHBIH BBIPaKCHHBIM YBEIMYEHHEM copaepxanust auanmn ['dD Ha GoHe neduuura MOIEKYISIPHBIX BHIOB
3TEepHBIX (OPM, BEPOSTHO, MOXET BBI3BIBATH XPOHHU3ALMIO BOCIAJICHUS W Ppa3BUTHE OKHCIMTEIBHOIO CTpecca.
YCTaHOBJICHHBIN JIMOUJOMHBIA MPOQHUIb B BUAE MOAW(GHKALMH OCHOBHOIO COCTaBa M XUMHYECKOW CTPYKTYpBI
MOJEKYISIpHBIX BHJOB ['®D mpu BA, oTAromEéHHON OXUpEHHEM, CBHICTEILCTBYET 00 MX Ba)KHOM YYaCTHH
B MAaTOTCHETHYECKHX MeXaHW3Max pa3BUTHS bBA. PackpbiTue KOHKPETHOW pOJM OTHCNIBHBIX CyOKIIaccoB
runepodocGoIunuIOoB U WX WHAWBUAYAIBHBIX MPEACTaBUTEICH MOXET CIOCOOCTBOBATh BBISBICHHUIO HOBBIX
TEPaneBTUICCKIX MUILIEHEH 1 OFOMapKepoB OPOHXOIETOYHON MATOIOTHH.

Tonuwiti mexcm cmamuvu Ha PyCCKOM A3bIKe 0OCmyneH Ha caume xcypuana (http://pbmc.ibmc.msk.ru).
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