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NEUTROPHIL EXTRACELLULAR TRAPS IN THE BLOOD
OF PATIENTS WITH CHRONIC KIDNEY DISEASE
OF VARIOUS STAGES

SUMMARY

We studied the possibility of the formation of neutrophil extracellular traps in patients with chronic Kidney
disease different stages. The object of the study: whole blood of 83 patients with chronic kidney disease
distributed in five groups depending on the degree of destruction of renal parenchyma. Formation of net-ike
structures during NETosis of neutrophil, called neutrophil extracellular traps, having in its composition of DNA,
histones, defensins and enzymes {(elastase, myeloperoxidase, gelatinase, lactoferrin and lysozyme), was
triggered by interaction with lipopolysaccharide substances of exogenous (bacteria) and autologous origin
(products of oxidative metabolism), which act through the Fcy-receptors and activate NADPH-oxidase complex.
The results of our study revealed the following picture of the detection of neutrophil extracellular traps: neutrophil
extracellular traps were detected in 33 % of patients with chronic kidney disease 1 stage; amount was in the
range from 4 to 10 in 100 neutrophils, in the group with 2 stage — in 5% of patients; amount — 4 in 100
neutrophils, with 3 stage — in 25 % of patients; amount was in the range from 1 to 7 in 100 neutrophils, with
4 stage — in 33 % of patients in an amount from 2 to 12 in 100 neutrophils, in the group with 5 stage — in 35 %
of patients in an amount from 2 to 14 in 100 neutrophils. Thus, the highest frequency of detection and the
maximum amount of neutrophil extracellular traps was noted in the groups of patients with chronic kidney
disease 1, 4 and 5 stages. Some features in morphology of neutrophil extracellular traps different types have
been found. Distinctive feature of the first type of neutrophil extracellular traps was hypertrophy of core segments
with the concentration of the pellets inside the net-like DNA. Distinctive feature of the second type of neutrophil
extracellular traps was rupture of membrane structures of organelles and plasmolemma of neutrophils. The
appearance of neutrophil extracellular traps is an unfavorable factor that provokes the activation of procoagulant
mechanism of the hemostatic system.
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The aim of study: identify the possibility of the
formation of neutrophil extracellular traps in the
blood of patients with chronic kidney disease (CKD)
of various stages.

Materials and methods: Object of study is
whole blood of 63 patients with CKD. All patients
were divided into five groups according to the de-
gree of destruction of renal parenchyma. A group
of patients with CKD 1 consisted of 12 persons,

I ntroduction. Neutrophil granulocytes, after
contact with microorganisms and exogenous
cytotoxic agents autogenic origin, throw out into the
extracellular space net-like structures, which include
DNA, histones, defensins and enzymes such as
elastase, myeloperoxidase, gelatinase, lactoferrin and
lysozyme. These structures have been named as
«neutrophil extracellular traps» (NETs). Formation
of NETs — is an alternative neutrophil death, called
NETosis. Morphological differences of NETosis

compared with apoptosis and necrosis are the de-
cay of the nucleus membrane before disintegration
of the cytoplasmic membrane, mixing of nuclear and
cytoplasmic material, reorganization of cell cytosk-
eleton and disappearance of cytoplasmic or-
ganelles (2, 4, 7].

NETs formation 1s studied in various patholog-
ical conditions including acute renal lesions. There
are studies related to the assessment of the role of
extracellular histones and NETs in acute renal le-
sions [3]. Study of NETs in patients with CKD 1s
not conducted.
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with CKD 2 - 5 persons, with CKD 3 - 20 persons,
with CKD 4 — 12 persons, with CKD 5 — 14 per-
sons. The control group was represented by 13
healthy donors. Each of the examined gave informed
consent to participate in the study.

Detection of neutrophil extracellular traps
was performed by the method of Dolgushin et
al [1]. Staining of blood smears was performed
by the method of May-Grunwald. Chi-square test
and Fisher criterion were used for statistical anal-
ysis.
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Results and discussion. According to ob-
tained data, NETs were detected in 33 % of pa-
tients with CKD 1; amount of NETs was in the range
from 4 to10 in 100 neutrophils. In the group with
CKD 2 NETs were detected in 5 % of patients;
amount — 4 in 100 neutrophils. In the group with
CKD 3 NETs were detected in 25 % of patients;
amount was in the range from 1 to 7 in 100 neutro-
phils. In the group with CKD 4 NETs were detect-
ed in 33 % of patients in an amount from 2 to 12 in
100 neutrophils. Finally, in the group with CKD §
NETs were detected in 35 % of patients in an amount
from 2 to 14 in 100 neutrophils. In the control group,
NETs were not found.

Absence of significant differences in an
amount of NETs between the groups of patients
with CKD of various stages may be due to insuffi-
cient sample size and requires further research with

increasing the number of patients in these groups.

Analysis of morphological features of NETs,
detected in the blood of patients with CKD differ-
ent stages, showed the presence of 2 types of NETs
(Figure 1 and Figure 2).

Distinctive features of the first type of NETs:
the conservation the nuclear apparatus of the cell
with hypertrophy of its segments, neutrophil gran-
ules are concentrated inside of the formed trap.
Distinctive features of the second type of NETs:
rupture of membrane structures of neutrophil or-
ganelles with formation of retiform DNA.

Conclusion. According to obtained data, NETs
were detected in all groups of patients with CKD,
but not at all patients in each group, the amount of
NETs also was varied. No significant correlation
between the amount of NETs and stages of CKD
was observed.

neutrophil extracellular
—

neutrophil

Figure 1 Blood smear of patient with CKD with image
of formation the first type of NETs (magnification x 1400,

painting with hematoxylin-eosin)

neutrophil extracellular
trap

neutrophil

Figure 2 Blood smear of patient with CKD with image
of formation the second type of NETs (magnification x 1400,
painting with hematoxylin-eosin)
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The appearance of NETs in the blood of pa-
tients, in our opinion, is an unfavorable factor. First
of all, the formation of NETS in the blood may also
render the procoagulant action. As mentioned be-
fore, the formation of extracellular net-like struc-
tures consisting of DNA and histones takes place
during formation of NETs [4, 5]. Extracellular his-
tones can cause endothelial damage also participate
in the inflammatory response and provoke the throm-
bin formation [7, 8], that can undoubtedly aggra-

Conclusions:

— The highest frequency of detection of NETs
was observed in the groups of patients with CKD
1, 4 and 5 stages (from 33 - 35%).

— The largest number of NETs in the blood
was also observed in the groups of patients with
CKD 1, 4 and 5 stages (from 10 — to 14 pieces).

— NETs with different morphological charac-
teristics can be found in the blood smear of one
patient.

vate CKD.
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AHHOTALMUA

MN3yuyeHa BO3MOXHOCTb OGPA30BaHUA HEMTPOMUIBHBIX BHEKMETOUHBLIX NOBYLWEK ¥ GONMbHBLIX C XPOHWYECKON
DonesHblo NoYeKk pasnuyHoOn cTagun. O6LEeKTOM UCCNEfoBaHUA chykuna uenbHaa kKpoBb 63 NayUEeHTOB ¢
XpOHUYeCKOM GonesHblo noudek, pacnpefeneHHblX B Srpynn B 3aBUCUMOCTU OT CTENEHW MOPaXeHUs MoveuHOH
napeHxuMbl. OBpasoBaHne ceTenogobHbIX CTPYKTYP B Mpouecce HEeTosa HelTpoduna, HasbBaeMbIX HEWTHO-
(PUNBHEIMU BHEKIETOUHBIMUA JIOBYLUKAMWU, UMeLUMMU B cBoeM cocTaee AHK, ructoHbl, aedeH3nHbl U hepMeHThI
rpadyn (snactasa, muenonepokcupasa, xenaThHasa, nakTodeppnH v Nusounm), Belno cnNpoBoUMPOBaHO B3au-
MOAENCTBUEM C NUNONONUCaXapUAHbBIMW BELECTBAMU 3K3OMEHHOTO (MMKPOOPraHM3Mbl) U AayTOreHHOro npouc-
XOxAEHMA {NPOAYKTHI OKUCAMTENBHOrO MeTabonusma), AeVCTBYIOWUMK Yepes Fey-peuenTtopsl W akTUBHPYOWHMK
NADPH-okcnaasHbein koMnnekc. PesynbraTel UCCNEefOBaHWUsI ONpeaenvunu cnegyowyilo KapTuHy obHapyxeHus
HEWTPOMUNBHLIX BHEKNETOYHLIX MOBYWEK: Y GOMbHBIX ¢ XpoHuyeckon BonesHbio novyek 1 ctagun — 33 %, konu-
4eCTBO NOByLIEK Bapbuporano oT 4 ao 10 Ha 100 HewTpodunos, 2 ctagum — 5 %, KONUUECTBO NOBYLUEK COCTa-
BUno 4 Ha 100 Hewmtpodunos, 3 ctagun — 25 %, KONUYECTBO NOBYLWIEK Bapbuposano oT 1 — o 7 Ha 100 Hen-
Tpocdunos, 4 ctagun — 33 %, KONUYECTBO NOBYLIEK BapbupoBano oT 2 — go 12 Ha 100 HelTpodunoe, 5 ctagun
— 35 %, KonuyecTteo Nosyuwek Bapbupoano ot 2 — Ao 14 Ha 100 Hentpodunos. TakuMm obpasom, Bbina oTmeyeHa
HauBonbwasa yJacToTa o6HAPYXEHUs1 U MAKCMMAarbHOE KONMUYECTBO HeMTPOMOUNBHBLIX BHEKIETOUHLIX NOBYLUEK B
rpynnax 6onbHbIX ¢ XpoHU4eckon BonesHbio noyek 1, 4 n 5 ctagun. Beunn obHapyXeHbl HEKOTOPbLIE OCOBEHHOCTU
B MOPMONOMKM HENTPOMUINBHBIX BHEKNETOUHBLIX NOBYLWEK pPasHblX TUNOB. OTNUYMTENBHON OCOBGEHHOCTLIO HEerT-
pPothUNbHLIX MOBYLWEK NEPBOro TMna Gblna rmNepTpodua CErmMeHToB Apa C COCPEAOTOMEHWEM MPaHyn BHYTPU
cetenogobHoi fAHK. OTnuuMTenbHbIM NPU3HAKOM HeUTPOGUNbHLIX NOBYWWEK BTOporo Tuna 6bin paspbiB BCEX
MeMBpaHHbLIX CTPYKTYP opraHenn u nnasmonemmbl HewTpoduna. MossneHne HemTpoUNbHBIX BHEKNETOYHBIX
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noByLleK ABMAETCA HebnaronpuaTHbIX (HhakTOPOM, MPOBOLMPYIOWMUM aKTUBALMIO MPOKOAryfAaHTHOrO MexaHuama
cUcTeMbl remocTasa.

KnioyeBbie cnoBa: HEWTPOUNbHbIE TPaHYNOUNTbI, HEUTPOMUIBbHBIE BHEKNETOYHbIE MOBYLUKM, XPOHMYecKas
6onesHb No4ek.

TYAIH

OpTypni caTblgafbl co3binManbl GyMpek aypybliHa WwangblkkaH Haykactapga HelTpodunbAi xacywagaH TbiC
TYTKbIWTaApAbIH nainga 6ony MyMKIHWINIKTEPIH OKbITY. 3epTTey HbiCaHbl peTiHAe AdpexeciHe kapan 5 Tonea
BeniHreH GyMpek ynnacbiHblH 3akbiMAaHybl, co3binManbl Gyiipek aypybl 6ap 63 HayeacTblH TyTac KaHbl bl*nan
eTTi. NADPH-okenaTi, Fcy-peuentopnapbl apkbifibl KONMAaHbICTafbl 3K30reHAi (MUKPOOPraHn3Maep) XXeHe LUbIFy
Teri ayToreHfi KongaHbicTarbl (TOTbIKTBIPFbIL 3aT anmacy eHimaepi) nunononucaxapvaTi 3aTTapMeH e3apa ape-
KeTTecyiHe akenreH, AedeH3nHAep MeH rpaHyna dgepmeHTTepiMeH (anacrtas, mMuenonepokcuaas, xenatuHas,
nakToeppuH XaHe NuU3ouuM), rMcToHaap, coHpan-ak e3iHiH kypambiHaa [OHK 6ap, HelTpodun HeTpo3 npoue-
ciHAae xenire ykcac KypbinbIMHbIH KypbInyblH HENTPOUNAI XacylaaaH ThiC KaknaH Aen artafaH. 3epTrey Kopbi-
ThIHABICBIMEH HEWTPOMUNAI XKacylaaaH ThiC TYTKbilbl 6ap kenecigen kepiHic aHbikTanabl: 1 catbiga cosblManbl
Oyipek aypybiMeH ayblpaTbliH Haykacta p — 33 %, 100 HewTpodunbre TyTKbIW caHbl 4-TeH 10 aeniHai Kypangbl,
2 catblga — 5 %, 100 HelUTpodhunbre TYTKbIW caHbl 4 — Ti Kypanabl, 3 catbiga — 25 %, 100 HenTpodunbre TYTKbIL
caHbl 1-geH 7-re gewiHai kypanabl, 4 catbiaa — 33 %, 100 HenTpodunbre TyTKbIW caHbl 2-AeH 12-re geniHai
kypanabl, 5 catbiga — 35 %, 100 HenTpodunbre TyTKbIW caHbl 2-AeH 14-ke geininai kypavabl. Ocbinauiia,
cosbinmansl Gyipek aypybiHa LWwangblkkaH Haykactap ToOblHaH xuiniri 1, 4 xoHe 5 caTbinapbiHaa HeWTpodhunbai
XKacywafnaH TbiC TYTKbIW CaHAapbliHbIH €H Ken Meniiepi MeH Xuiniri antapnbiktai atan etingi. Mopdonorusaa
XKacywagaH TbiC TYTKbIWTapAblH 9p Typni TunTeri Kenbip epekweniktepi aHblkTangbl.

Hentpodunbai TyTkbIWTLIH GipiHWi TUNiHiH aipbikwa epekweniri JHK iwiHgeri xyie icnettec rpaHyn TonTta-
MacbiIMEH S4PO CErMeHTTEpiHiH runepTpodusacekl 6onapl. HenTpounbai TYTKbIWTLIH EKiHWI TUMIHIH anpbikwa
epekwieniri HenTpogun nnasmonemMmanapbl MeH opraHenna KypbibiMblHbIH 6apnblk MembpaHanblk aniiasTbifbl
6onabl. KaH TokTaTy XyMeciHge npokoarynaHT TeTiriH 6encengipy yuwiH HeWTpodunbai xacywanaH ThiC TYTKbILW-
TapablH nanga Gonybl Konaicblid catop 6onbin Tabbinagwbl.

Tyninai cesmep: HeWTpoduUbAi rpaHynoumnTTeEpP, HEMTPOMUNbAI XKacylwanaH ThiC TYTKbILITap, CO3blMansbl
Gyinpek aypybl.
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