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COCTAB NOJIMHEHACBILLEHHBIX Y)KUPHbIX KUCJ10T
MEMBPAH JIEAKOLIMTOB Y MNALUMEHTOB C XPOHUYECKOM

OBCTPYKTUBHOM BOJIE3HbIO JIEFTKUX
Henncenrxo I0.K., Hosropoanesna T.I1., Rusimosa B.B., Auronioxk M.B.

Hayuno-uccaedosamenvckuii uncmumym mMeOUYUHCKOU KAUMAMOAORUU U BOCCIAHOBUMENbHO20 NeUeHUs] —
Baaodusocmorxckuti gpusuans OIBHY «JlarvHesocmourbiil HayuHbLil yeHmp Qu3uos0euu U namoaoeuu ObIXaHUsL»,
2. Braousocmox, Poccus

Pesome. Llenp uccienoBaHus — aHaJIM3 cOCTaBa N-3 U N-6 MOJMHEHACBIIIEHHBIX JKUPHBIX KHUCJIOT
(ITH2XKK) uutoMeMOpaH JIEHKOLIUTOB KPOBU MPU XPOHUUECKON 0OCTPYKTUBHOI 0osie3HU jerkux (XOBJI)
JIETKOU U CpeHel CTEeNeH! TSKEeCTH; yCTaHOBJIeHUEe postn HapylneHust coctaBa [THKK B MemOpaHe kiteTok
UMMYHHOI cucteMmbl B nporpeccupoBaHnun XODBJI. B ucciengoBanuu npuHsiiv yyactue 110 maiMeHTOB C
nerkoii (60 desioBek) u cpeaHeii creneHblo Tskectu XOBJI (50 yenoBek) (cpenHuii Bo3pact 57,5+4,8 jer).
Hwarno3 XOBJI BeicTaBieH B COOTBETCTBUU € [J106anTbHON MHUIIMATUBOU MO XPOHUYECKON OOCTPYKTUBHOM
oosie3nu Jerkux (GOLD-2017). KoHTpoJIbHYIO TPYNITY COCTaBUIM 32 MPaAKTUYECKU 3M0POBBIX HEKYPSIIINX
JIOOPOBOJIBbIIA C HOPMATbHOM (hyHKIIMEH Jerkux (cpemHuii Bo3pact 42,0+3,4 net). UMMyHOJIOTMYECcKOe 1C-
cJiefoBaHMe BKII0YAJIO MPOTOYHO-IIMTOMETPUYECKOE OTIpeie/IeHrEe CyOnOIyIsIliuii UMMYHHBIX KJIETOK KpPO-
Bu (T-mumbormro (CD3"), T-xenmepHsix kiretok (CD4"), nmurorokcndeckux T-aumbonuroB (CD8Y) n
B-xnetok (CD19%) (Becton Dickinson, CIIIA). JlelikouuTsl niepudeprudeckoil KpOBU BbIIEISJIMCH Ha Tpa-
nueHTe pukosi-BeporpaduHa. JInnuasl 13 MeMOpaH JIEHKOIIMTOB 3KCTPAarupoBaIMCh CMEChIO XJ10pohopM—
MmeTaHoJ, 1:2 (mo oo6beMy). MeTtunoBbie 3(DUPHI KUPHBIX KUCIOT MEMOpaH JIEWKOLIMTOB aHAIU3UPOBAIU
C TIOMOIIIBIO Ta30KUAKOCTHOU xpomatorpaduu “Shimadzu GC-2010" (Anonus). [1pu aHanuze npobuss
TMOJIMHEHACHIIIIEHHBIX KUPHBIX KUCJIOT JICHKOIUTApHBIX MeMOpaH y 0oiabHbIX XOBJI BhIsIBIeHa HU3Kas
KOHLIEHTpALMS 3CCEHLIMAIbHOM JIMHOJIEBOM KUCIOTHI (18:2n-6) HE3aBUCHUMO OT TsixkecTH 3abosieBaHust. Co-
JepXkaHue JMHHoLenodyeyHbix n-6 [THXKK, Takux kak 1uromMo-y-JMHOJeHOBO# KuciaoThl (20:3n-6), apa-
XUAOHOBOM KUCTOTHI (20:4n-6) 1 10KO3aTeTpaeHOBOW KUCJIOTHI (22:41n-6) OBIIM MOBBIIIECHBI y MALIMEHTOB C
XOBJI o cpaBHeHMIO ¢ KOHTpOAbHOM rpymmoii. KonneHTpanms onrcanHbIx Boeire n-6 ITHXKK B neiiko-
UTapHBIX MeMOpaHax Obu1a yBeanueHa y anueHToB ¢ XOBJI cpeaHeit cTereHu TSKECTH MO CPaBHEHUIO C
nanueHTamu c Jierkoit ¢opmoit XOBJI. BeisiBiieH 3HaUUTENbHbBINA AeDUIIUT (DU3UOJTOTMUECKUA BaXKHOU n-3
ITH2KK — siiko3aneHTaeHOBOM KUCIOTHI (20:5n-3) B JeiikonmTapHoii MemOpaHe y manueHToB ¢ XOBJI.
B cBo0 ouepenb HU3KKUI YPOBEHB TOKO3areKCaeHOBOM KUCIOTHI (22:6n-3) SBJISICTCST pe3yJIBTaTOM AeduiuTa
ero npeamecrBeHHUKa — 20:5n-3. Pe3yabraThl MCCeA0OBaHMS YKa3bIBAIOT HA U3MEHEHME cocTaBa n-3 u n-6
ITH2KK neitkomutapHBIX MeMOpaH KpoBH y narneHToB ¢ XOBJI. ITokazaHo, 4TO HapyIIeHUE COCTaBa I10-
JIMHEHACHIILIEHHBIX XKUPHBIX KMCJIOT MEMOpPaH JIEHKOLIMTOB BOBHUKAET YK€ Ha paHHEel cTaauu 3aboJieBaHUSI.
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CrenoBaresibHO, AUCOAIAHC B COCTABE XKMPHBIX KUCJIOT JIEMKOIIUTOB BHOCUT 3HAYMTEJIbHBIN BKJIa B pa3BU-
Ttue u nporpeccuponanue XOBJI.

Knrouesvie crosa: scuphole KUCA0Mbl, NOAUHCHACHIUEHHbIE JICUPHBLE KUCA0MDbL, ACHKOUUMDbL, KACMOYHASL MEMOPAHA, XPOHUHECKOe
socnanenue, XObJI

POLYUNSATURATED FATTY ACID STATUS OF LEUKOCYTE
MEMBRANES IN COPD PATIENTS
Denisenko Yu.K, Novgorodtseva T.P., Knyshova V.V, Antonyuk M.V.

Institute of Medical Climatology and Rehabilitative Treatment, Viadivostok Branch of Far Eastern Scientific Center of
Physiology and Pathology of Respiration, Viadivostok, Russian Federation

Abstract. The aim of the study was to analyze n-3 and n-6 polyunsaturated fatty acid (PUFA) profile of
blood leukocyte cytomembranes in mild and moderate COPD), and to establish possible role of these fatty acids
in COPD progression. The study involved 110 patients with mild disease (n = 60) and moderate COPD (50 pa-
tients), at average age of 57.514.8 years old. The control group consisted of 32 practically healthy non-smoking
people with normal pulmonary function (average age 42.0+3.4 years). The immunological study included flow
cytometric determination of blood immune cell subpopulations, i.e., T lymphocytes (CD3"), T helper cells
(CD4%), cytotoxic T lymphocytes (CD8*), and B cells (CD19%) using Becton Dickinson machine (USA).
Fatty acid methyl esters redissolved in hexane were analyzed using “Shimadzu GC-2010" gas-liquid chromato-
graphic system (Japan). Analysis of the polyunsaturated fatty acid profile of leukocyte membranes in COPD
patients revealed a reduced concentration of essential linoleic acid (18:2n-6) regardless of the disease severity.
The leukocyte membrane levels of the long-chain n-6 PUFAs, such as dihomo-y-linolenic acid (20:3n-6), ara-
chidonic acid (20:4n-6), and docosatetraenoic acid (22:4n-6), were elevated in patients with COPD compared
with the control group. However, the concentration of the described above n-6 PUFAs in leukocyte membranes
was increased in patients with moderate COPD compared to the patients with mild COPD. The significant
deficiency of a physiologically important n-3 PUFA, eicosapentaenoic acid (20:5n-3), in leukocyte mem-
branes in the COPD patients was revealed. In turn, the low level of 20:5n-3 could result from the deficiency of
its precursor, docosahexaenoic acid (22:6n-3). The results of the study indicate the modification in the PUFA
composition of blood leukocyte membranes in the patients with COPD. It was shown that altered composition
of long-chain fatty acid of leukocyte membranes emerges already at the early stage of the disease. Therefore,
the imbalance in fatty acids composition of leukocytes makes a significant contribution to the development and
the progression of COPD.

Keywords: fatty acids, polyunsaturated fatty acids, leukocytes, cell membrane, chronic inflammation, COPD

Chronic obstructive pulmonary disease (COPD)
is a steadily progressive disease characterized by in-
flammation of the lower respiratory tract and bron-
chial obstruction (edema). COPD refers to a common
respiratory pathology that causes a disability [7]. The
chronic airway inflammatory process maintained by
systemic inflammation underlies COPD pathoge-
nesis [3]. The cellular and molecular mechanisms of
chronic systemic inflammation in COPD involve all
aspects of structural and functional state of immune
cells [3, 4].

According to modern studies, n-3 and n-6 poly-
unsaturated fatty acids (n-3 PUFAs and n-6 PUFAs)
play an important role in the functioning of immune
cells [5, 13]. It has been shown that PUFAs impact
on each type of immune cells in various ways, modu-

late all known macrophage-mediated defense mecha-
nisms, such as phagocytosis, respiratory burst, and cy-
tokine production [1, 12, 13]. Moreover, PUFAs has
been established to influence on the immune response
by several independent mechanisms. Firstly, fatty ac-
ids are essential components of membrane phospho-
lipids [11]. As a result, changes in the PUFA composi-
tion of cell membranes modulate the physicochemical
properties of them membranes (fluidity) and individ-
ual membrane domains (lipid rafts), which leads to
the modification of cell signal pathways and gene ex-
pression [12, 14]. Secondly, fatty acids serve as ligands
for receptors of immune cells, including peroxisome
proliferator-activated receptor gamma (PPARy) and
G-protein coupled receptor 120 (GPR120), thereby
directly affecting the activation and protein synthe-
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sis of the cells [8]. Thirdly, the oxidized derivatives of
n-3 and n-6 PUFAs (prostaglandins, prostacyclins,
thromboxanes, leukotrienes, lipoxins, resolvins, pro-
tectins, and marensins) are powerful immunoregula-
tors that have diverse effects on immune cells [9].

Despite the importance of PUFAs in the devel-
opment of many pathological conditions, the role of
modifying lipid composition of immune cell mem-
branes in COPD pathogenesis still remains to be in-
vestigated. We suggest that one of the mechanisms
of chronic inflammation in COPD is a violation of
PUFA composition of immune cell membranes.

The aim of the study was to analyze n-3 and n-6
PUFA composition of blood leukocyte cytomem-
branes in mild and moderate COPD and to establish
the role of these fatty acids in COPD progression.

Materials and methods

The study involved 110 patients with mild (60 peo-
ple) and moderate COPD (50 people) (average age
57.5%+4.8 years). The disease was diagnosed in ac-
cordance with the Global Initiative for Chronic Ob-
structive Pulmonary Disease (GOLD-2017) [7]. The
patients with acute infectious diseases, exacerbations
of chronic diseases, decompensated heart failure were
excluded from the examination. The control group
consisted of 32 practically healthy non-smoking
people with normal pulmonary function (average age
42.0£3.4 years). The study was approved by the local
Ethics Committee, all participants gave written in-
formed consent.

Spirometry, assessing dyspnea using Modified
British Medical Research Council (mMRC) scale,
assessing quality of life using COPD Assessment Test
(CAT), blood sampling for the isolation of leukocytes
and the determination of immunological status were
performed in patients with COPD in one visit.

The maximum expiratory volume was measured
three times by spirography (FUK.UDA, Japan)
with recording the highest value of forced expiratory
volume in 1 second (FEVI1) and forced vital capac-
ity (FVC). The examination was repeated 20 minutes
after inhaling 200 pg of salbutamol through a spacer
device.

Blood samples were collected in EDTA tubes (BD
Biosciences, USA) to the analysis of immune cell sub-
populations by flow cytometery (BD FACS Canto 11,
BD Biosciences, USA) and the isolation of leukocytes
to the subsequent assessment of fatty acid composi-
tion. The immunological study included the flow cy-
tometric determination of subpopulations of the blood
immune cells (T lymphocytes (CD3*), T helper cells
(CD4%), cytotoxic T lymphocytes (CD8*), and B cells
(CD19%) (Becton Dickinson, USA). Data processing
was carried out using the FCAP Array 3.0 software
(BD Biosciences, USA). The immunoregulatory in-
dex (CD4*/CD8%) was calculated.

Peripheral blood leukocytes were isolated by
the ficoll-verographin double density-gradient cen-
trifugation method. Lipids were extracted from leu-
kocyte membranes with chloroform/methanol (1:2 by
volume) solution. Methyl ethers were extracted with
hexane and purified by thin-layer chromatography in
benzene. Fatty acid methyl esters redissolved in hex-
ane were analyzed using gas-liquid chromatograph
“Shimadzu GC-2010” (Japan) equipped with a flame
ionization detector, a capillary column “Supelco-
wax 10” (0.25 mm 30 m) with a bonded phase. The
column temperature was 210 °C; the detector tem-
perature was 250 °C; the carrier gas was helium. Fatty
acids were identified by relative retention times and
calculated equivalent chain lengths. The data were ex-
pressed as a percentage of total fatty acids.

Statistical analysis was performed by Statistica 6.1
software (1203C series for Windows). Differences in
the studied parameters were evaluated using Mann—
Whitney and Kolmogorov—Smirnov tests and consid-
ered significant when p < 0.05.

Results

The obtained results are presented in the table 1.
The immune system status in the patients with COPD
was characterized by a decrease in the absolute num-
ber of lymphocytes, CD3* cells, CD4* cells, as well
as CD8" cells (only in patients with mild COPD).
Impaired differentiation of immune cells appears to
reduce an adequate response to the pathogen and lead
to the development of chronic inflammation.

The analysis of the polyunsaturated fatty acid
profile of leukocyte membranes in COPD patients
was found the low concentration of essential linoleic
acid (18:2n-6) regardless of the disease severity. The
leukocyte membrane levels of the long-chain n-6
PUFAs, such as dihomo-y-linolenic acid (20:3n-6),
arachidonic acid (20:4n-6), and docosatetraenoic acid
(22:4n-6), were elevated in patients with COPD com-
pared with the control group. However, the concen-
tration of the described above n-6 PUFAs in leukocyte
membranes were increased in patients with moderate
COPD compared with patients with mild COPD. The
significant deficiency of a physiologically important
n-3 PUFA, eicosapentaenoic acid (20:5n-3), in leu-
kocyte membrane in the COPD patients was revealed.
In turn, the low level of 20:5n-3 was resulted from
the deficiency of its precursor, docosahexaenoic acid
(22:6n-3).

The detected disorders of the composition of long-
chain n-3 and n-6 PUFAs in the COPD patients seem
to be associated with changed synthesis of eicosanoids,
main PUFA metabolites involving in the regulation of
inflammation and smooth muscle contraction.

The alteration in the composition of physiologi-
cally important FA causes the enhancement in the
ratio of 20:4n6,/20:5n3 in all studied groups of COPD
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TABLE 1. CLINICAL, IMMUNOLOGICAL AND BIOCHEMICAL CHARACTERISTICS OF PATIENTS WITH COPD

Parameters Control group Mild COPD Moderate COPD
FEV1, % predicted 101.88+3.23 90.13+1.99 73.9+2.56
;r:;hgz(; apnea scale, 0 1 2
CAT, scores 0 4-6 7-9

Parameters of the immune system

Leukocytes, x 10° cells/I 5.51+0.91 5.69+0.21 5.91£0.11
Lymphocytes, % 34.9+0.9 27.34+0.81 29.24+1.02
Lymphocytes, cells/ul 1804.8+75.9 1532.70+52.25 *1696.531+47.21
CD3*, % 72.55+2.04 67.70+1.34* 70.41+0.82
CD3*, cells/ul 1252.87+86.12 1033.27+45.87*** **1185.17+27.91
CD4*, % 47.14+1.91 44.80+1.07 45.21+1.00
CD4*, cells/ul 818.22+67.97 684.77+29.50** *750.95+16.19*
CD8*, % 22.91+£1.95 20.1940.78* ***23.81+0.49
CD8*, cells/ul 391.19+38.6 304.59+16.78*** ***411.66+19.46
CD4*/CD8* 2.24+0.23 2.38+0.10 ***1.9740.07
CD19*, % 11.74+1.04 11.14+0,88 10.54+0.44
CD19*, cells/ul 201.02+20.86 163.48+11.69 178.6218.14

Blood leukocyte membrane PUFAs (% of total FAs)

18:2n-6 12.96+2.44 8.97+0.96™** 9.59+1.19***
20:3n-6 0.41+0.39 1.34£0.21*** 1.37£0.27***
20:4n-6 5.52+3.29 13.87+1.57** *14.03+1.4***
20:5n-3 0.86+0.3 0.47+0.05*** 0.49x0.12***
22:4n-6 0.41+0.25 1.46+0.15*** **1.59+0.17**
22:5n-3 0.53+0.2 1.14£0.08*** 1.07£0.27***
22:6n-3 1.24+0.44 0.35+0.12** 0.51+0.15**
20:4n6/20:5n3 6.41+0.21 29.5+£1.09"** 28.6+1.5™*

Note. Statistical significance in comparison with the control group (right) and the group of patients with mild COPD

(left): *, p < 0.05; **, p < 0.005; ***, p < 0.001.

patients. The identification of levels of 20:4n6 and
20:5n3 is indicative of eicosanoid cycle impairment
and, respectively, the risk for the development of in-
flammatory process. It is known that n-6 FAs are the
key substrate for the biosynthesis of pro-inflamma-
tory eicosanoids (leukotrienes, tromboxanes, pros-
taglandines) that initiate cascade of reactions result-
ing in the activation of immune and smooth muscles
cells [11]. The marked increase in n-6 PUFA level in
membranes of leukocytes indicates the ability of the
cells to product of lipid pro-inflammatory mediators.
While, anti-inflammatory (prostaglandines) and pro-

resolving (maresins, resolvins, protectins) oxylipins
are formed from eicosapentaenoic acid (20:5n-3) [9].
The imbalance between n-6 and n-3 PUFAs can be a
prognostically unfavorable sign of chronic inflamma-
tion and impaired resolution of inflammatory process.

Discussion

The results of the study indicate the modification
in the PUFA composition of blood leukocyte mem-
branes in patients with COPD. It was shown that the
violation of long-chain fatty acid composition of leu-
kocyte membranes emerges already at the early stage
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of the disease. The disorders of FA metabolism and
plasma membrane architectonics detected in patients
with mild COPD are aggravated as the disease pro-
gresses. The pathogenetic importance of the identi-
fied modification is due to the functional and struc-
tural role of lipids in immune cell function. The ratio
between n-6 and n-3 fatty acids esterified into phos-
pholipids determines the basic physical properties of
the cytomembrane, including fluidity, permeability,
viscosity, and elasticity [12, 13]. These properties are
essential to the ability of immune cells to phagocy-
tose and express receptors. /n vivo and in vitro stud-
ies relating to the effect of fatty acids on macrophage
phagocytosis have shown that an elevated unsaturated
fatty acid content in cytomembrane correlates with
an increased phagocytosis rate [1]. It is reasonable to
assume that the enhancement of membrane fluidity,
which is caused by fatty acid-mediated cytoskeleton
remodeling, improves the phagocytic function of the
cell. Another important aspect combining the im-
mune properties of the cell and the composition of its
cytomembrane is the formation of specialized mem-
brane microdomains called lipid rafts [10]. Various
membrane receptors of immune cells can be expressed
only in lipid rafts [12]. Thus, lipid rafts are primarily
considered as platforms for the accumulation of acti-
vated receptors.

Finally, the role of fatty acids is associated with
the fact that PUFAs are precursors for the synthesis
of biologically active substances, such as eicosanoids
and pro-resolving lipid mediators [2]. Metabolites of
FAs locally regulate the functions of the endothelium
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UCCAe008amMeNbCKUL UHCMUMY M MeOUUUHCKOT
KAUMAmono2uu U 80CCMAHOBUMENbHOCO NeHEHUST —
Braodusocmoxckuii puruar PI'BHY «/larvneeocmounuiii
HAY4HbLI YeHmp u3uoa02UU U NAMOA02UU ObIXAHUS» ,

2. Bradusocmox, Poccus, e. Bradusocmok, Poccus

Hoezopooueea T.11. — 0.6.H., npogheccop, enasHbLil HAYUHbLI

compyOHuK nabopamopuu 6UOMeOUUUHCKUX UCCAe08AHU,
3amecmument OUpeKmopa no Hay4Hoi pabome,
Hayuno-uccaedosamenvckuii uncmumym meOuyuUHCKoLl
KAUMAmono2uu u 60CCMaHO08UMENbHOLO NeHeHUs —
Bradusocmoxckuii puruar PIBHY «/larvneeocmounuiii
HAay4Hblil yeHmp u3uoio0euu U Namonoeuu ObIXaHus»,

2. Baadusocmok, Poccus, e. Baadusocmok, Poccus

Knuvtwosa B.B. — k.m.H., yuenslil cekpemaps, Hayuno-
ucc1e008amenbCKuil UHCMumym mMeouyuHcKoll
KAumMamono2uu U 60CCMAHOBUMENbHO0 NeHeHUS —
Braousocmokckuii puruar PI'bHY «/larvneeocmounuiii
HAY4Hblll YeHmp Gu3uoa02UU U NAmMoa02UU ObIXAHUS»,

2. Bradusocmox, Poccus, e. Bradusocmok, Poccus

Anmonrox M.B. — 0.m.H., npogheccop, 3aeedyrouias
snabopamopueil 60CCMAHOBUMENbHO20 NCUEHUS,
Hayuno-uccaedosamenvckuii uncmumym meOuyuHcKoLl
KAUMAmono2uu U 80CCMAHOBUMENbHORO NeHEHUS —
Baaousocmoxkckuii puauan DIBHY «/larvrhesocmounuiil
HayuHblll yeHmp Gu3uoa0cUU U NAmMoa02UU ObIXAHUS»,

2. Baadusocmok, Poccus, e. Baadusocmok, Poccus
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