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研究成果の概要（和文）：好中球をヒ素に暴露した際の、好中球機能を検討した。検討項目は、NETs
（neutrophil extracellular traps), 活性酸素種 (ROS)産生能および貪食能である。 NETｓは、培養液中へ
の、cell-free extracellular DNA (cf-DNA), myeloperoxidase (MPO)-DNAおよび、  neutrophil elastase 
(NE)-DNAの放出量で確認した。その結果、いずれの項目もヒ素暴露により有意に減少しており、好中球機能障害
の生じていることが明らかになった。

研究成果の概要（英文）：We evaluate the effects of NaAsO2 exposure on innate defense mechanisms 
regarding neutrophil extracellular traps (NETs), reactive oxygen species (ROS) production and 
phagocytosis in vitro. Polymorphonuclear leukocyte (PMN) were incubated with NaAsO2. NETs formation 
was quantified by measuring cell-free extracellular DNA (cf-DNA), myeloperoxidase (MPO)-DNA and 
neutrophil elastase (NE)-DNA. The medium level of cf-DNA, MPO-DNA and NE-DNA after stimulation with 
PMA were significantly reduced for PMN pretreated with arsenic compared with PMN without arsenic 
pretreatment. The PMN capacities of phagocytosis and ROS production were significantly reduced by 
arsenic pretreatment. We conclude that arsenic exposure causes neutrophils dysfunction. Our findings
 might provide a new insight in understanding the consequences of arsenic in inducing immunotoxicity
 and raising susceptibility to infectious diseases in human.

研究分野：救急医学
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研究成果の学術的意義や社会的意義
ヒ素による、発がん性、血液障害、神経障害、易感染性が知られていたが、その病態生理は不明であった。ま
た、好中球減少、マクロファージおよびリンパ球障害の生じることが奉公されていたが詳細な検討は行われてい
なかった。今回、in vitroの検討を行うことにより、好中球の様々な機能障害がヒ素により惹起されていること
が明らかになった。本結果より、ヒ素による免疫毒性の一因として好中球機能異常の関連が推察された。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属されます。



様 式 Ｃ－１９、Ｆ－１９－１、Ｚ－１９（共通） 
１．研究開始当初の背景 
Arsenic, classified by the International Agency for Research on Cancer as a Group 1 carcinogen, is a major 
environmental toxicant and pollutant, and a global health concern. Its main sources are natural and 
anthropogenic. Arsenic compounds are frequently found in drinking water, foodstuffs, air, and soil, and 
elevated concentrations of arsenic in groundwater pose a huge threat to public health in some regions, such 
as Bangladesh, Taiwan, and Argentina. Humans and food-producing dairy animals inadvertently consume 
arsenic through contaminated drinking water and food. The Agency for Toxic Substances and Disease 
Registry ranked arsenic at the top of their Substance Priority List in 2019. 
Arsenic intensifies non-infectious pathologies, including cancer, skin lesions, vascular diseases, diabetes 
mellitus, and neuropathy, but also damages hematological and immunological systems. Recent human and 
animal studies revealed that arsenic exposure causes neutropenia and damages lymphocyte and macrophage 
function, increasing susceptibility to recurrent opportunistic infections like tuberculosis as well as Influenza 
A and parasitic infections, thus acting as an immunosuppressive agent.  
Brinkmann et al. first described a neutrophil-derived antimicrobial defense mechanism of innate immunity, 
termed neutrophil extracellular traps (NETs). Stimulation of NETs causes the extrusion of a meshwork of 
chromatin fibers expressing antimicrobial proteins like myeloperoxidase (MPO), neutrophil elastase (NE), 
and cathepsin G. NETs are essential in innate immunity and captures, immobilizes, and kills intruding gram-
negative and gram-positive bacteria, fungi, and parasites, as well as invading microorganisms 
extracellularly. In a recent in vitro study, arsenic was shown to have potent granulotoxic effects in mammals 
and cause a marked decrease in phagocytosis by human and bovine neutrophils. But how arsenic exposure 
influences NET formation is yet to be investigated. 
 
２．研究の目的 
In the present study, we explored the possibility that NET formation by neutrophils would be altered under 
arsenic exposure. We further sought to examine phagocytosis, bactericidal activity, and generation of 
reactive oxygen species (ROS) to assess neutrophil function in the presence of arsenic. 
 
３．研究の方法 
Formation of NETs, production of ROS, and phagocytosis are evaluated. Polymorphonuclear neutrophils 
(PMNs) isolated from the peripheral blood of healthy human volunteers were incubated with or without 20 
ng/ml NaAsO2 for 12 h. Phorbol myristate acetate (PMA) was added to induce NET formation, which was 
quantified by measuring cell-free extracellular DNA (cf-DNA), MPO)-DNA and NE-DNA, and confirmed 
by immunofluorescence labeling and imaging. Extracellular killing of bacteria by NETs was evaluated by 
co-culturing Escherichia coli and PMNs in the presence of a phagocytic inhibitor. 
 
４．研究成果 
Levels of cf-DNA, MPO-DNA, and NE-DNA in the culture medium after PMA stimulation were 
significantly lower in PMNs pre-exposed to arsenic than those not exposed to arsenic. Immunofluorescence 
staining to examine released DNA, NE, and MPO and extracellular killing of bacteria by NETs revealed 
similar results. Phagocytosis and ROS production by PMNs were also significantly reduced by arsenic pre-
exposure. We conclude that acute low-dose arsenic exposure in vitro causes neutrophil dysfunction in terms 
of NET formation, phagocytosis, and ROS production. Our findings provide new insights into the 
mechanisms of arsenic immunotoxicity and how it increases susceptibility to infectious diseases in humans. 
This is the first study to demonstrate how acute low-dose arsenic exposure in vitro impairs human PMN 
function, affecting NET formation, phagocytosis, and ROS production. PMA-stimulated release of MPO-
DNA, NE-DNA, and cf-DNA into the cell culture medium was significantly lower in arsenic-pre-exposed 
PMNs than in PMNs not exposed to arsenic, indicating that NET formation was impaired. NET-related 
bacterial killing, which was evaluated in the presence of a phagocytosis inhibitor, was also significantly 
reduced in arsenic-pretreated PMNs. Immunofluorescence staining of released DNA, NE, and MPO 
confirmed these results. Phagocytosis and PMA-stimulated ROS production, which are other important 
functions of PMNs, were also impaired by arsenic. 
The arsenic-induced impairments we observed in PMN functions, including phagocytosis and ROS 
production, are consistent with previous data. Taheri et al.  showed that exposing PMNs to arsenic in vitro 
significantly decreased both phagocytosis and PMA-induced hydrogen peroxide production. They 
concluded that arsenic possesses granulotoxic properties and may impair innate immunity. In zebrafish, 
PMA-induced ROS production assessed by oxidation of dihydrodichlorofluorescein diacetate to 
dichlorofluorescein was also decreased upon arsenic exposure.  
Humans and mice exposed to arsenic show elevated incidence and severity of infections, respiratory 
problems, and fungal and parasitic infections. In mice, chronic arsenic exposure resulted in a severely 
compromised response to influenza A infection accompanied by decreased cytokine production and 
increased mortality. In Bangladesh, prenatal arsenic exposure from drinking water was found to increase 
the risk of lower respiratory tract infection during infancy. Other studies have shown that ex vivo peripheral 
blood mononuclear cell proliferation and IL-2 secretion were reduced in arsenic-exposed individuals. The 



impairments in PMN function observed in the present study would explain, at least in part, the enhanced 
risk of immune dysregulation and infection in arsenic-exposed individuals. 
cf-DNA, MPO-DNA, and NE-DNA levels after exposure of PMNs to arsenic 
Data are presented as the mean ± SEM (n = 10). ***p < 0.001 vs. NaAsO2(−)/PMA(−); †p < 0.05, ††p < 0.01 
and †††p < 0.001 vs. NaAsO2(−)/PMA(+). 

 
ROS production and phagocytic capacity in PMNs after arsenic exposure. 
(A) ROS production after PMA stimulation of isolated PMNs pretreated without or with arsenic. Data are 
presented as the mean ± SEM (n=10). ***p < 0.001 vs. NaAsO2(−)/PMA(−); †††p < 0.001 vs. 
NaAsO2(−)/PMA(+). (B) Summarized FACS results of phagocytic capacity in PMNs after arsenic exposure. 
Data are presented as the mean ± SEM (n = 5). **p < 0.01 vs. NaAsO2(−). 
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