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Editorial: dose-dependent ZnO particle-induced acute phase response in humans warrants re-evaluation of occupational exposure limits for metal oxides
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Abstract
Epidemiological studies link inhalation of particles to increased risk of cardiovascular disease. Inhaled particles may induce cardiovascular disease by several different mechanisms including translocation of particles to systemic circulation, activation of airway sensory nerves resulting in autonomic imbalance and particle-induced pulmonary inflammation and acute phase response.
The acute phase response is the systemic response to acute and chronic inflammatory states caused by for example bacterial infection, virus infection, trauma and infarction. It is characterized by differential expression of ca. 50 different acute phase proteins including C-reactive protein and Serum amyloid A, which are the most differentially up-regulated acute phase response proteins. Blood levels of these two acute phase proteins are closely associated with risk of cardiovascular disease in epidemiological studies and SAA has been causally related to the formation of plaques in the aorta in animal studies.
In a recent paper in Particle and Fibre Toxicology, Christian Monsé et al. provide evidence that inhalation of ZnO nanoparticles induces dose-dependent acute phase response in humans at dose levels well below the current mass-based occupational exposure limits in a number of countries including Germany, The Netherlands, UK, Sweden, Denmark and the US.
Given the evidence suggesting a causal relationship between increased levels of serum amyloid A and atherosclerosis, the current results call for a re-evaluation of occupational exposure limits for a number of particle exposures including ZnO taking induction of acute phase response into account. Furthermore, it underscores cardiovascular disease as an occupational disease.

Epidemiological studies link inhalation of particles to increased risk of cardiovascular disease [1]. Inhaled particles may induce cardiovascular disease by several different mechanisms including translocation of particles to systemic circulation, activation of airway sensory nerves resulting in autonomic imbalance and particle-induced pulmonary inflammation and acute phase response [2].
In a recent paper in Particle and Fibre Toxicology, Christian Monsé et al. [3] provide evidence that inhalation of ZnO nanoparticles induces dose-dependent acute phase response in humans at dose levels well below the current mass-based occupational exposure limits in some countries including Denmark and the US. The acute phase response is the systemic response to acute and chronic inflammatory states caused by for example bacterial infection, virus infection, trauma and infarction [4]. It is characterized by differential expression of ca. 50 different acute phase proteins including C-reactive protein (CRP) and Serum amyloid A (SAA) which are the most differentially up-regulated acute phase response proteins. Blood levels of these two acute phase proteins are closely associated with each other and with risk of cardiovascular disease in epidemiological studies [5–7].
The presence of SAA has been causally related to the formation of plaques in the aorta. Overexpression of SAA leads to increased plaque progression and inhibition of SAA synthesis leads to lowered plaque progression in APOE −/−mouse models [8, 9]. SAA plays an important role in cholesterol transport. Under homeostasis, HDL facilities cholesterol transport from peripheral macrophages to the liver. During the acute phase response, SAA is incorporated into HDL lipoproteins, where it alters the cholesterol flow, causing peripheral macrophages to accumulate cholesterol and turn into foam cells, thus causing plaque progression and atherosclerosis [10, 11]. SAA has also been suggested to contribute to endothelial dysfunction, promote thrombosis, and enhance leukocyte trafficking and activation [12]. On the other hand, there is little evidence that CRP is causally related to risk of cardiovascular disease. Mendelian randomization studies showed that genetically determined differences in CRP levels were not associated with risk of cardiovascular disease [13, 14]. Overall, this suggests that the acute phase response plays a causal role in atherosclerosis. Even modest changes in blood levels of SAA and CRP are associated with risk of cardiovascular disease in humans. A 5-fold increase in SAA levels was associated with 3-fold increased risk for cardiovascular events defined as death from coronary heart disease, nonfatal myocardial infarction or stroke, or the need for coronary-revascularization procedures in the Nurses’ Health Cohort [5].
In mice, inhalation and pulmonary exposure to a number of different nanoparticles and other particles has been shown to induce long-lasting time and dose-dependent pulmonary acute phase response [15, 16]. The pulmonary acute phase response was shown to be proportional to the total surface area of the pulmonary deposited particles [15], neutrophil influx in the bronchoalveolar lavage fluid [17] and to blood levels of SAA [18].
In humans, blood levels of acute phase proteins have been shown to be associated with exposure to various particle exposures including organic dust [19], dust from a paper mill [20], welding fumes [21, 22] and fumes developed during firing of small weapons [23]. This suggests that SAA and CRP levels may constitute sensitive and robust biomarkers of particle-induced cardiovascular disease. Christian Monsé et al. show dose-dependent acute phase response following a 4-h exposure to ZnO nanoparticles at 0.5–2 mg/m3. SAA levels were statistically significantly increased ca. 5 fold at 1 mg/m3 compared to sham exposure. These levels are well below the occupational exposure limit for ZnO which is 5–10 mg/m3 ZnO for UK, Germany, The Netherlands, Sweden, Denmark and the US (https://www.osha.gov/dts/chemicalsampling/data/CH_277005.html) [24]. Moreover, exposure to welding fumes with Zn and Cu also induced acute phase response in human volunteers [22].
Given the evidence suggesting a causal relationship between increased SAA levels and atherosclerosis, the current results call for a re-evaluation of occupational exposure limits for a number of particle exposures including ZnO taking induction of acute phase response into account. Furthermore, it underscores cardiovascular disease as an occupational disease.
Funding
Danish Centre for Nanosafety 2 and EU Horizon 2020 project SmartNanoTox, grant agreement No. 686098.

Authors’ contributions
UB wrote the first draft and FRC commented. Both authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


[image: Creative Commons]Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://​creativecommons.​org/​publicdomain/​zero/​1.​0/​) applies to the data made available in this article, unless otherwise stated.

References
1.
Toren K, Bergdahl IA, Nilsson TK, Jarvholm B. Occupational exposure to particulate air pollution and mortality due to ischemic heart disease and cerebrovascular disease. Occup Environ Med. 2007;64(8):515–9.CrossrefPubMedPubMedCentral

2.
Robertson S, Miller MR. Ambient air pollution and thrombosis. Part Fibre Toxicol. 2018;15:1.CrossrefPubMedPubMedCentral

3.
Monsé C, Hagemeyer O, Raulf M, Jettkant B, van Kampen V, Kendzia B, et al. Concentration-dependent systemic response after inhalation of nano-sized zinc oxide particles in human volunteers. Part Fibre Toxicol. 2018. https://​doi.​org/​10.​1186/​s12989-018-0246-4
                        

4.
Gabay C, Kushner I. Mechanisms of disease: acute-phase proteins and other systemic responses to inflammation. N Engl J Med. 1999;340:448–54.CrossrefPubMed

5.
Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other markers of inflammation in the prediction of cardiovascular disease in women. N Engl J Med. 2000;342:836–43.CrossrefPubMed

6.
Taubes G. Cardiovascular disease. Does inflammation cut to the heart of the matter? Science. 2002;296:242–5.CrossrefPubMed

7.
Buckley DI, Fu R, Freeman M, Rogers K, Helfand M. C-reactive protein as a risk factor for coronary heart disease: a systematic review and meta-analyses for the U.S. preventive services task force. Ann Intern Med. 2009;151:483–95.CrossrefPubMed

8.
Thompson JC, Wilson PG, Shridas P, Ji A, de BM, de Beer FC, et al. Serum amyloid A3 is pro-atherogenic. Atherosclerosis. 2018;268:32–5.CrossrefPubMed

9.
Dong Z, Wu T, Qin W, An C, Wang Z, Zhang M, et al. Serum amyloid a directly accelerates the progression of atherosclerosis in apolipoprotein E-deficient mice. Mol Med. 2011;17:1357–64.CrossrefPubMedPubMedCentral

10.
Feingold KR, Grunfeld C. Effect of inflammation on HDL structure and function. Curr Opin Lipidol. 2016;27:521–30.CrossrefPubMed

11.
Lee HY, Kim SD, Baek SH, Choi JH, Cho KH, Zabel BA, et al. Serum amyloid a stimulates macrophage foam cell formation via lectin-like oxidized low-density lipoprotein receptor 1 upregulation. Biochem Biophys Res Commun. 2013;433:18–23.CrossrefPubMedPubMedCentral

12.
Hua S, Song C, Geczy CL, Freedman SB, Witting PK. A role for acute-phase serum amyloid a and high-density lipoprotein in oxidative stress, endothelial dysfunction and atherosclerosis. Redox Rep. 2009;14:187–96.CrossrefPubMed

13.
Vogel U. Commentary. Atherosclerosis 2013;228:324.

14.
Pai JK, Mukamal KJ, Rexrode KM, Rimm EB. C-reactive protein (CRP) gene polymorphisms, CRP levels, and risk of incident coronary heart disease in two nested case-control studies. PLoS One. 2008;3:e1395.CrossrefPubMedPubMedCentral

15.
Saber AT, Jacobsen NR, Jackson P, Poulsen SS, Kyjovska ZO, Halappanavar S, et al. Particle-induced pulmonary acute phase response may be the causal link between particle inhalation and cardiovascular disease. Wiley Interdiscip Rev Nanomed Nanobiotechnol. 2014;6:517–31.CrossrefPubMedPubMedCentral

16.
Poulsen SS, Knudsen KB, Jackson P, Weydahl IE, Saber AT, Wallin H, et al. Multi-walled carbon nanotube-physicochemical properties predict the systemic acute phase response following pulmonary exposure in mice. PLoS One. 2017;12:e0174167.CrossrefPubMedPubMedCentral

17.
Saber AT, Lamson JS, Jacobsen NR, Ravn-Haren G, Hougaard KS, Nyendi AN, et al. Particle-induced pulmonary acute phase response correlates with neutrophil influx linking inhaled particles and cardiovascular risk. PLoS One. 2013;8:e69020.CrossrefPubMedPubMedCentral

18.
Poulsen SS, Saber AT, Mortensen A, Szarek J, Wu D, Williams A, et al. Changes in cholesterol homeostasis and acute phase response link pulmonary exposure to multi-walled carbon nanotubes to risk of cardiovascular disease. Toxicol Appl Pharmacol. 2015;283:210–22.CrossrefPubMed

19.
Madsen AM, Thilsing T, Baelum J, Garde AH, Vogel U. Occupational exposure levels of bioaerosol components are associated with serum levels of the acute phase protein serum amyloid a in greenhouse workers. Environ Health. 2016;15:9.CrossrefPubMedPubMedCentral

20.
Westberg H, Elihn K, Andersson E, Persson B, Andersson L, Bryngelsson IL, et al. Inflammatory markers and exposure to airborne particles among workers in a Swedish pulp and paper mill. Int Arch Occup Environ Health. 2016;89:813–22.CrossrefPubMedPubMedCentral

21.
Li H, Hedmer M, Karedal M, Bjork J, Stockfelt L, Tinnerberg H, et al. A cross-sectional study of the cardiovascular effects of welding fumes. PLoS One. 2015;10:e0131648.CrossrefPubMedPubMedCentral

22.
Baumann R, Gube M, Markert A, Davatgarbenam S, Kossack V, Gerhards B, et al. Systemic serum amyloid a as a biomarker for exposure to zinc and/or copper-containing metal fumes. J Expo Sci Environ Epidemiol. 2018;28:84–91.PubMed

23.
Sikkeland LIB, Borander AK, Voie OA, Aass HCD, Ovstebo R, Aukrust P, et al. Systemic and airway inflammation after exposure to fumes from military small arms. Am J Respir Crit Care Med. 2017. https://​doi.​org/​10.​1164/​rccm.​201709-1857LE.

24.
European Union Risk Assessment Report. ZnO. 2004. https://​echa.​europa.​eu/​documents/​10162/​cc20582a-d359-4722-8cb6-42f1736dc820.




OEBPS/sidebar.gif





OEBPS/cc-by.png
() _®





OEBPS/contact.gif





