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Abstract	
The	neutrophil	extracellular	trap	net	 is	an	 important	component	naturally	existing	 in	
the	body's	immune	system,	which	is	formed	and	released	by	neutrophils.	It	contains	a	
variety	of	protein	components	and	enzymes	with	bactericidal	activity,	which	can	inhibit	
or	kill	pathogens	 invading	the	body	and	participate	 in	a	variety	of	 immune	reactions.	
However,	under	certain	conditions,	it	will	have	harmful	effects	on	the	body	such	as	tissue	
cell	 damage,	 inflammatory	 reaction,	 thrombosis,	 etc.,	 which	 can	 promote	 the	
development	 of	 some	 diseases	 and	 aggravate	 the	 illness.	 In	 this	 study,	 the	 immune	
function,	damage	and	advantages	and	disadvantages	of	NETs	detection	methods	were	
reviewed.	
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1. Introduction	

Neutrophils play an important role in innate immunity. They originate from bone marrow and 
are the most abundant in peripheral blood. They have a wide range of nonspecific immunity. 
Neutrophil Extracellular Traps (NETs) are a major research direction in the study of the 
mechanism of action of neutrophils in recent years. The formation mechanism of NETs can be 
divided into early insolubility and late solubility according to Boeltz S in his paper [1]. 
Neutrophil activation leads to the formation of both soluble and insoluble NETs structures, 
which are activated by multiple different receptors in recognition of internal environmental 
infection and sterile environmental stimuli [2]. Many scholars study shows that the NETs in the 
host has a "double-edged sword" role in the steady state, can not only kill pathogens that invade 
the host and at the same time also can cause tissue damage, acute, chronic inflammation, 
thrombosis blocking blood vessels, causing the body's physiological pathology and 
organization structure change, leading to autoimmune, inflammatory bowel disease and 
metabolic disease, and affect the body microcirculation. [3-6]. 

2. The	Immune	Effect	of	1.NETs	

NETs have a variety of protein components attached to them, Including histone H2A/H2B, 
cathepsin G, lactoferrin, penetrating protein, gelatinase, peptidoglycan binding protein, 
calprotectin, poreforming protein, dermal D(GSDMD) and other bactericidal active proteins, 
chromatin, leukocyte proteinase 3, antimicrobial peptides, neutrophil elastase and 
myeloperoxidase. It can not only directly kill pathogens, but also inhibit the spread of pathogens 
[7]. 

2.1. Anti‐pathogen	Mechanism	
Xu Lifeng showed in his study that the main components with anti-pathogen effect are histone, 
calvatin, neutrophil elastase (NE) and myeloperoxidase (MPO) [8]. Histones have a highly 
effective antibacterial effect, but their functions include mediating cytotoxicity, which can cause 
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damage to tissues and cells of the body. Calvatin inhibits pathogens by combining with metal 
ions to form chelates, thus inhibiting the reproduction of pathogenic microorganisms [9]. 
Neutrophil elastase can directly kill bacteria and degrade their virulence; In contrast, NETs 
cannot be formed in the body due to complete myeloperoxidase deficiency [8]. In our study, We 
also identified pathogens that can stimulate the formation and release of NETs by neutrophils, 
including 16 types of bacteria including Salmonella typhimurium, Vibrio cholerae, 
Staphylococcus aureus, and Pseudomonas aeruginosa, 3 types of mycoplasma including 
Mycoplasma pneumoniae, and 4 types of fungi including Candida albicans and Aspergillus 
fumigatus. Nine groups of viruses, including HIV, feline leukemia virus and hepatitis B virus, 
and 10 groups of parasites, including Leishmania protozoa, Plasmodium falciparum and 
Trypanosoma cruzi. Stimulation of neutrophils to produce NETs by the listed pathogens not 
only inhibits the growth, reproduction and metastasis of the pathogens, but also may cause 
tissue cell damage. 

2.2. Antiviral	Effect	
Studies have shown that neutrophils play a critical role in the antiviral immune mechanism 
produced by the body [10, 11] and that viral stimulation of NETs has a strong antiviral effect 
and can also cause severe cell damage to tissues. The antiviral process of NETs mainly involves 
the stimulation of neutrophil formation and release of NETs by the virus, and then the main 
components of NETs inhibit proliferation and kill the virus, while the viral escape mechanism 
is to weaken the antiviral effect and immunopathological response of NETs during the 
formation of NETs [12]. At the same time, during the antiviral process, tissue cells are damaged, 
and even case effects occur, such as dyspnea, autoimmune diseases and thrombosis [13]. 

2.3. Antiparasitic	Effect	
Lismania protozoa, Plasmodium falciparum, Trypanosoma cruzi, histolytica amoeba, Eimeria, 
Toxoplasma, neospora, Schistosoma japonicum, hemorrhoedia, and nematode spirochete are 
the parasites that can currently induce the formation and release of NETs [8]. Studies have 
shown that NETs in vitro can kill some protozoans, such as Leishmania protozoa or T. gondii 
tachyzoites. But there are also parasites that cannot be killed, such as the tissue lytic amoeba 
trophoblast. NETs had only limited effect on larvae of worms and almost no effect on adults. At 
the same time, NETs may aggravate the local inflammatory response, resulting in tissue damage 
[14]. 

3. NETs	Damage	

NETs role is widely, such as respiratory damage, acute myocardial infarction (mi), pancreatic 
disease, ischemic stroke, acute lung injury (ali) and acute respiratory distress syndrome 
damage effects of airway inflammation and other diseases, this article on respiratory damage, 
acute myocardial infarction (mi), pancreatic disease, ischemic brain died of acute lung injury 
(ali) as an example. 

3.1. Respiratory	Tract	Injury	
NETs have anti-bacterial, anti-fungal, and anti-viral effects in the respiratory tract, but under 
certain conditions they can also damage the respiratory tract and cause severe respiratory 
illness. Such as acute lung injury, acute respiratory distress syndrome, airway obstruction, 
tuberculosis, etc. [15]. Acute lung injury and acute respiratory distress syndrome during the 
acute phase, m1-type alveolar macrophages destroy tissues and simultaneously produce tumor 
necrosis factor -α and γ infectious agents to stimulate neutrophils to produce and release NETs, 
which can aggravate lung injury [16]. High levels of DNA in NETs can increase the viscosity of 
mucus, which can cause airway blockage when the viscosity reaches certain levels [17, 18]. In 
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the early stage of tuberculosis infection, neutrophils are the first to gather in the infected lungs 
and become a new host of mycobacterium tuberculosis and stimulate the production of NETs, 
but NETs can only capture mycobacterium tuberculosis, but cannot kill or inhibit 
mycobacterium tuberculosis, thus aggravating the damage of the infected lungs [19, 20]. 

3.2. Acute	Myocardial	Infarction	
The main pathogenesis of myocardial infarction is rupture of atherosclerotic plaque, 
thrombosis, and obstructing of blood circulation, resulting in myocardial infarction. NETs may 
be involved in the rupture of atherosclerotic plaque and play an important role in unstable 
plaque [21]. In the early stage of thrombolysis, neutrophils form and release NETs, and some 
studies have shown a positive correlation between NETs and mi size. NETs may play a 
damaging role in the vascular site of the offender in MI by stimulating thrombosis and 
promoting inflammatory response [22]. The mechanism of ACTION of NETs in ami remains 
unclear. 

3.3. Pancreatic	Diseases	
Acute pancreatitis and pancreatic cancer are the most common diseases of the pancreas. Some 
scholars indicate that in acute pancreatitis, can inhibit the release of the NETs, can reduce the 
inflammatory response and reduce the damage to the cells of tissues, especially of pancreatic 
tissue damage, and the NETs is to promote the mechanism of acute pancreatitis by promoting 
bile pancreatic if formation and blocked bile pancreatic duct, bile and pancreatic juice outflow 
obstruction, form circumfluence, It eventually develops into acute pancreatitis [23]. NETs 
promotes proliferation, metastasis, and thrombosis in pancreatic cancer. 

4. NET	S	Detection	Method	

NETs play a double-edged role in protecting the body from pathogens such as bacteria, fungi, 
mycoplasma, viruses and parasites. On the other hand, it can cause injury, inflammatory 
reaction and thrombosis to body tissues and cells, and promote the formation of diseases such 
as respiratory tract injury, acute myocardial infarction, pancreatic disease, ischemic stroke, 
acute lung injury and airway inflammation of acute respiratory distress syndrome. The 
following table lists the latest detection methods at home and abroad and their advantages and 
disadvantages [24]. 

5. Summary	and	Outlook	

Neutrophil extracellular traps (NETs) are generated by the formation of neutrophils. 
Neutrophils are one of the most important immune cells to protect against external infection in 
the body. Their bactericidal modes of phagocytosis and degranulation play an important role in 
the innate immune system. However, when neutrophils reach the site of infection, the pathogen 
can stimulate the formation and release of NETs. With the accumulation of a large number of 
NETs, the body can be damaged, such as tissue damage, inflammatory response, autoimmune 
diseases, thrombosis, etc., and can also participate in the occurrence and development of 
various diseases. The MICROSCOPY technique used in NETs is direct, but is cumbersome, time-
consuming, and subject to subjective influences. Gradually with the development of technology, 
to achieve high throughput, automation testing, and by the in situ and in vitro were tested in 
vivo test development, implementation of various diseases of NETs in the process of 
development levels and trends, the future can be used as the auxiliary diagnosis methods of 
some diseases, but also need to automation, simple, cheap, improvement and innovation of 
higher accuracy. 
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Table	1.	The latest detection methods at home and abroad and their advantages and 
disadvantages 

 
NETs test method The advantages and disadvantages 

In vitro 
detection 
method 

Enzyme linked 
immunosorbent 

The method is sensitive, rapid, low cost and can be 
automated, but has poor repeatability. It has certain value 

for the early diagnosis of autoimmune diseases. 

 
Immunofluorescence 

staining of cells 

Simple operation, can be qualitative, location and 
quantitative detection; The interpretation of the results 
differs greatly between different observers and is easily 

disturbed by subjective assumptions. 

 
Fluorescence 
spectroscopy 

High-throughput, rapid assay was achieved with a high 
degree of objectivity and quantification, but with errors. 

Not all CF-DNA was derived from NETs, and dead cells 
needed to be excluded to increase assay specificity. 

 Flow cytometry 

Efficient, rapid, precise, multi-parameter, and high-
throughput, neutrophils do not need to be purified, but 

cells that have dissolved or are in advanced NETosis may 
be ignored. 

 Electron microscopy 

High resolution, high magnification was used for 
qualitative testing, but the morphological difference 

between NETs and blood fibrin was not significant and the 
results needed to be validated again by 

immunofluorescence microscopy 

In situ and in 
vivo detection 

methods 
Western blotting 

The advantage is that NETs associated proteins can be 
qualitatively and semi-quantitatively analyzed in terms of 

protein expression, but the disadvantage is that the 
preparation process of protein samples is time 

consuming, variable, and susceptible to various factors 

 
Tissue 

immunofluorescence 
staining 

Its application in vivo detection of NETs is limited due to 
complicated operation procedures, easy removal of NETs 

during washing, and observer influence during 
interpretation of results. 

 In vivo imaging technique 

A special case of NETs in situ testing is where live cell 
imaging is performed immediately after a laboratory 

animal is killed, without the need to immobilize a specific 
organ. 

 Vivisection microscopy 

Qualitative and quantitative detection can be carried out. 
The advantages of this method are high throughput, 

objective and simple, without special instrument 
detection, but a large amount of data is needed to train the 

model to satisfy the image processing process 

References	

[1] Sebastian Boeltz, Poorya Amini, Hans-Joachim Anders, et al. To NET or not to NET: current opinions 
and state of the science regarding the formation of neutrophil extracellular traps[J]. Cell Death & 
Differentiation: Official journal of the ADMC Associazione Differenziamento e Morte Cellulare, 2019, 
26(Pt 1): 395-408. doi: 10.1038/s41418-018-0261-x.  

[2] Liu Xiao, ZHANG Shan, Chen Wenhui, et al. The formation mechanism of neutrophil extracellular 
trapping net and its role in liver disease [J]. Medical review, 2021, 27(08): 1469-1474. 

[3] Dinallo Vincenzo,Marafini Irene,Di Fusco Davide,et al. Neutrophil Extracellular Traps Sustain 
Inflammatory Signals in Ulcerative Colitis.[J]. Journal of Crohn's & colitis, 2019, 13(6): 772-784. doi: 
10.1093/ecco-jcc/jjy215. PMID: 30715224. 



Scientific	Journal	of	Technology																																																																																																																									Volume	3	Issue	8,	2021	

ISSN:	2688‐8645																								

41 

[4] Li Tao,Wang Chunxu,Liu Yingmiao,et al. Neutrophil Extracellular Traps Induce Intestinal Damage 
and Thrombotic Tendency in Inflammatory Bowel Disease.[J]. Journal of Crohn's & 
colitis,2020,14(2):240-253. doi: 10.1093/ecco-jcc/jjz132. PMID: 31325355. 

[5] Ma Xueni, Cheng Long, Xu Huimei, et al. Research progress of neutrophils outside trap network 
detection method [J/OL]. Chinese journal of immunology: 1-14 [2021-07-25]. http://kns-cnki-net -
- bjmu. Bjmu. Toyss. Me: 8001 / KCMS/detail / 22.1126. R. 202 10716.1718.027. HTML. 

[6] Ding Yan, QU Jiao, Sun Yang. Research progress of neutrophil extracellular trapping nets and related 
targeted drugs in the treatment of inflammatory diseases [J]. Chinese Journal of Pharmacy, 201, 56 
(03): 669-678. 

[7] Volker Brinkmann,Ulrike Reichard,Christian Goosmann,et al. Weiss,  Yvette Weinrauch, Arturo 
Zychlinsky. Neutrophil Extracellular Traps Kill Bacteria [J]. Science,2004, 303 (5663): 1532-5. doi: 
10.1126/science.1092385. PMID: 15001782. 

[8] XU L F, ZHANG B G, Hong J X, et al. Chinese Journal of Animal Husbandry and Veterinary Medicine, 
201,48(04):1388-1395. 

[9] Constantin F. Urban, David Ermert, Monika Schmid, et al. Jungblut,Arturo Zychlinsky. Neutrophil 
Extracellular Traps Contain Calprotectin, a Cytosolic Protein Complex Involved in Host Defense 
against Candida albicans [J]. PLOS Pathogens, 2009, 5(10):e1000639. doi: 
10.1371/journal.ppat.1000639. Epub 2009 Oct 30. PMID: 19876394; PMCID: PMC2763347. 

[10] Skrzeczynska-Moncznik Joanna,Zabieglo Katarzyna,Bossowski Jozef P,et al. Eosinophils Regulate 
Interferon Alpha Production in Plasmacytoid Dendritic Cells Stimulated with Components of 
Neutrophil Extracellular Traps.[J]. Journal of interferon & cytokine research: the official journal of 
the International Society for Interferon and Cytokine Research, 2017, 37(3): 119-128. doi: 
10.1089/jir.2016.0036. Epub 2017 Feb 10. PMID: 28186428. 

[11] Tillack Kati,Breiden Petra,Martin Roland,et al. T lymphocyte priming by neutrophil extracellular 
traps links innate and adaptive immune responses.[J]. Journal of immunology (Baltimore, Md. : 
1950), 2012, 188 (7): 3150-9. doi: 10.4049/jimmunol.1103414. Epub 2012 Feb 20. PMID: 
22351936. 

[12] Li Wenlin, Li Shuning, Wang Yang, Shen Hai 'e, Li Zhimin. Research progress and prospect of 
neutrophils extracellular trapping NETs (NETs) in antiviral immunity [J]. Life science research, 
2020, 24(06): 511-516. 

[13] Kumar Sanni,Gupta Ena,Kaushik Sanket,et al. Neutrophil Extracellular Traps: Formation and 
Involvement in Disease Progression.[J]. Iranian journal of allergy, asthma, and immunology, 2018, 
17(3):208-220. PMID: 29908538. 

[14] Li Wenlin, Xu Zhiwei, Li Shuning, Shen Hai 'e, Wang Yang, Li Zhimin, Zhang Chenshuo, Xing 
Yangguang, Shen Xin. Research progress of neutrophil extracellular trapping net in antiparasitic 
immunity [J]. Chinese journal of schistosomiasis prevention and treatment: 1-6 [2021-07-27]. 
http://doi-org-443 -- bjmu. Bjmu. Toyss. Me: 8001/10.16250 / j. 32.1374.2020187. 

[15] Wang Yifan, Dai Rong, Yan Xuemei, Li Shuang, Li Xiufang. The role of neutrophil extracellular 
trapping net in respiratory tract [J]. Medical Review, 201, 27(07):  1272-1277+1283. 

[16] Nakazawa Daigo, Shida Haruki, Kusunoki Yoshihiro, et al. The responses of macrophages in 
interaction with neutrophils that undergo NETosis. [J]. Journal of autoimmunity,2016,67:19-28. doi: 
10.1016/j.jaut.2015.08.018. Epub 2015 Sep 4. PMID: 26347075. 

[17] Venizelos Papayannopoulos,Doris Staab,Arturo Zychlinsky. Neutrophil Elastase Enhances Sputum 
Solubilization in Cystic Fibrosis Patients Receiving DNase Therapy [J]. PLOS ONE, 2011, 6(12): 
e28526. doi: 10.1371/journal.pone.0028526. Epub 2011 Dec 9. PMID: 22174830; PMCID: 
PMC3235130. 

[18] Thomas K. Wright, Peter G. Gibson,Jodie L. Simpson,et al. Neutrophil extracellular traps are 
associated with inflammation in chronic airway disease[J]. Respirology,2016,21(3):467-75. doi: 
10.1111/resp.12730. Epub 2016 Jan 25. PMID: 26804470. 

[19] Eric Warren,Garrett Teskey,Vishwanath Venketaraman,et al. Effector Mechanisms of Neutrophils 
within the Innate Immune System in Response to Mycobacterium tuberculosis Infection[J]. Journal 



Scientific	Journal	of	Technology																																																																																																																									Volume	3	Issue	8,	2021	

ISSN:	2688‐8645																								

42 

of Clinical Medicine, 2017, 6(2): 15. doi: 10.3390/jcm6020015. PMID: 28178208; PMCID: 
PMC5332919. 

[20] Ramos-Kichik Victoria,Mondragón-Flores Ricardo,Mondragón-Castelán Mónica,et al. Neutrophil 
extracellular traps are induced by Mycobacterium tuberculosis.[J]. Tuberculosis (Edinburgh, 
Scotland), 2009, 89(1): 29-37. doi: 10.1016/j.tube.2008.09.009. Epub 2008 Dec 3. PMID: 19056316. 

[21] CAI Fusheng, Hu Yunzhao. Neutrophils extracellular entrapment net in acute myocardial infarction: 
a review [J]. Chin J Med Innovation, 201,18(09):185-188. 

[22] Andreas Mangold, Sherin Alias, Thomas Scherz, et al. Coronary Neutrophil Extracellular Trap 
Burden and Deoxyribonuclease Activity in ST-Elevation Acute Coronary Syndrome Are Predictors 
of ST-Segment Resolution and Infarct Size[J]. Circulation Research, 2015, 116 (7): 1182-92. doi: 
10.1161/CIRCRESAHA.116.304944. Epub 2014 Dec 29. Erratum in: Circ Res. 2021 Jan 
22;128(2):e26. PMID: 25547404. 

[23] Xie Xuewen, Fei Shuke. The role of neutrophil extracellular trapping nets in pancreatic disease [J]. 
Chinese Journal of General Surgery, 201, 30(03): 343-348. 

[24] Ma Xueni, Cheng Long, Xu Huimei, Yang Yifan, Zhang Dekui. Research progress of neutrophils 
outside trap network detection method [J/OL]. Chinese journal of immunology: 1-14 [2021-07-27]. 
http://kns-cnki-net -- bjmu. Bjmu. Toyss. Me: 8001 / KCMS/detail / 22.1126. R. 202 
10716.1718.027. HTML. 


