
ЦИТОЛОГИЯ  том 61  № 4  2019

СТЕАРИЛАМИН ВЫЗЫВАЕТ ОБРАЗОВАНИЕ НЕЙТРОФИЛЬНЫХ 317

De Buhr, von Köckritz-Blickwede N., von Köckritz-Blickwede M.
2016. How neutrophil extracellular traps become visible. J.
Immunol. Res. 2016(3) : 1–13.

Díaz-Godínez C., Fonseca Z., Néquiz M., Laclette J.P., Rosales C.,
Carrero J.C. 2018. Entamoeba histolytica Trophozoites in-
duce a rapid non-classical NETosis. Mechanism inde-
pendent of NOX2-derived reactive oxygen species and
PAD4 activity. Front. Cell. Infect. Microbiol. 8 : 184.
doi 10.3389/fcimb.2018.00184

Fuchs T.A., Abed U., Goosmann C., Hurwitz R., Schulze I.,
Wahn V., Weinrauch Y., Brinkmann V., Zychlinsky A. 2007.
Novel cell death program leads to neutrophil extracellular
traps. J. Cell Biol. 176 : 231–241.

Goldmann O., Medina E. 2013. The expanding world of extra-
cellular traps: not only neutrophils but much more. Front.
Immunol. 3: 420. doi 10.3389/fimmu.2012.00420

Hu Z., Murakami T., Tamura H., Reich J., Kuwahara-Arai K.,
Iba T., Tabe Y., Nagaoka I. 2017. Neutrophil extracellular
traps induce IL-1β production by macrophages in combina-
tion with lipopolysaccharide. Int. J. Mol. Med.39 : 549–558.

Hwang T.L., Hsu C.Y., Aljuffali I.A., Chen C.H., Chang Y.T.,
Fang J.Y. 2015. Cationic liposomes evoke proinflammatory
mediator release and neutrophil extracellular traps (NETs)
toward human neutrophils. Colloids. Surf. B Biointerfaces.
128 : 119–126.

Malech H.L., DeLeo F.R., Quinn M.T. 2012. The role of neutro-
phils in the immune system: An overview. In: Neutrophil
methods and protocols. N.-Y. City: Humana Press. 3–13.

Mena S.J., Manosalva C., Carretta M.D., Teuber S., Olmo I.,
Burgos R.A., Hidalgo M.A. 2016. Differential free fatty acid
receptor-1 (FFAR1/GPR40) signalling is associated with
gene expression orgelatinase granule release in bovine neu-
trophils. Innate Immun. 22 : 479–489.

Neeli I., Khan S.N., Radic M. 2008. Histone deimination as a
response to inflammatory stimuli in neutrophils. Immu-
nol. 180 : 1895–902.

Papayannopoulos V., Metzler K.D., Hakkim A., Zychlinsky A.
2010. Neutrophil elastase and myeloperoxidase regulate
the formation of neutrophil extracellular traps. J. Cell Biol.
191 : 677–691.

Pilsczek F.H., Salina D., Poon K.K., Fahey C., Yipp B.G., Sib-
ley C.D., Robbins S.M., Green F.H., Surette M.G., Sugai M.,
Bowden M.G., Hussain M., Zhang K., Kubes P.J. 2010. A
novel mechanism of rapid nuclear neutrophil extracellular
trap formation in response to Staphylococcus aureus. J. Im-
munol. 185 : 7413–7425.

Ramos-Kichik V., Mondragon-Flores R., Mondragon-Castelan M.,
Gonzalez-Pozos S., Muniz-Hernandez S., Rojas-Espinosa O.
2009. Neutrophil extracellular traps are induced by Myco-
bacterium tuberculosis. Tuberculosis. 89 : 29–37.

Remijsen Q., Vanden Berghe T., Wirawan E., Asselbergh B.,
Parthoens E., De Ryck R., Noppen S., Delforge M., Willems J.,
Vandenabeele P. 2011. Neutrophil extracellular trap cell
death requires bothautophagy and superoxide generation.
Cell. Res. 21 : 290–304.

Rochael N.C., Guimarães-Costa A.B., Nascimento M.T., DeSou-
za-Vieira T.S., Oliveira M.P., Garcia e Souza L.F., Oliveira M.F.,
Saraiva E.M. 2015. Classical ROS-dependent and ear-
ly/rapid ROS-independent release of neutrophil extracel-
lular traps triggered by Leishmania parasites. Sci. Rep. 5 :
18302. doi 10.1038/srep18302

Sawai T., Asada M., Nishizawa Y., Nunoi H., Katayama K. 1999.
Inhibition by alkylamines of NADPH oxidase through
blocking the assembly of enzyme components. Jpn. J.
Pharmacol. 80 : 237–242.

Stoiber W., Obermayer A., Steinbacher P., Krautgartner W.D.
2015. The role of reactive oxygen species (ROS) in the for-
mation of extracellular traps (ETs) in humans. Biomole-
cules. 5 : 702–723.

Urban C.F., Reichard U., Brinkmann V., Zychlinsky A. 2006.
Neutrophil extracellular traps capture and kill Candida albi-
cans yeast and hyphal forms. Cell. Microbiol. 8 : 668–676.

Vorobjeva N.V., Pinegin B.V. 2016. Effects of the antioxidants
Trolox, Tiron and Tempol onneutrophil extracellular trap
formation. Immunobiol. 221 : 208–219.

Wilson E., Olcott M.C., Bell R.M., Merrill A.H.Jr., Lambeth J.D.
1986. Inhibition of the oxidative burst in human neutrophils
bysphingoid long-chain bases. Role of protein kinase C in
activation of the burst. J. Biol. Chem. 261 : 12616–12623.

Yipp B.G., Kubes P. 2013. NETosis: how vital is it? Blood. 122 :
2784–2794.

STEARYLAMINE INDUCES ROS-INDEPENDENT NEUTROPHIL 
EXTRACELLULAR TRAPS

N. Y. Lotosha, *, S. О. Alyasevab, R. G. Vasilova, and А. А. Selischevaa, c

aNational Research Center “Kurchatov Institute”, Moscow, 123182 Russia
bMoscow Technological University, Institute of Thin Chemical Technology, Moscow, 119571 Russia

cLomonosov Moscow State University, Faculty of Biology, Moscow, 119991 Russia
*e-mail: natalotosh@gmail.com

Neutrophils are capable to form extracellular traps consisting of chromatin and granular proteins, in which bacteria
get stuck like in the nets. This process is called netosis and was studied in detail in a model induced by exposure of
neutrophils to Phorbol 12-myristate 13-acetate (PMA). In this case it takes 2–3 hours and requires reactive oxygen
species generated by NADPH oxidase (the so-called classical netosis). The aim of this work was to study the features
of netosis induced by stearylamine (SA) in comparison to netosis caused by PMA. Stearylamine was dissolved in
DMSO or introduced into the liposomes. Neutrophils were isolated from peripheral blood of healthy donors and
incubated with SA dissolved in DMSO (SA 0.2 mg/ml, DMSO 2%) or with cationic phosphatidylcholine liposomes
containing SA (PC-SA-liposomes; PC 1.8 mg/ml, SA 0.2 mg/ml). Neutrophils were fixed with methanol and ob-
served by confocal f luorescence microscopy.  It has been shown that SA both dissolved in DMSO and in liposomes
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evoked the release of neutrophil extracellular traps. The kinetics of  netosis was studied on living cells in real time
using f luorescent labeled PC-SA-liposomes. It was found that PC-SA-liposomes get adsorbed on distinct sites of
the cytoplasmic membrane and with increase of the incubation period liposomes cover all membrane surface. It has
been shown that chromatin decondensation, fusing of nuclei and cytoplasm contents occur during the netosis in-
duced by SA, as well as during the netosis induced by PMA. But netosis caused by SA proceeds at a much higher rate
(30–90 min) compared to netosis caused by phorbol ester. It should be noted that SA did not induce production of
reactive oxygen species, as was shown by the luminol-dependent chemiluminescence. The catalase and the NADPH
oxidase inhibitors apocynin and DPI did not affect the release of neutrophil extracellular traps induced by PC-SA,
which also shows that SA stimulates ROS-independed release of neutrophil extracellular traps.
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