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Nanosafety at the National Research Centre for the 
Working Environment

• Government research institute under the Ministry of Employment
• Nanosafety as strategic research area since 2005. Danish Centre for nanosafety 2012-2019.
• At present 35 persons involved in research in chemical working environment including nanosafety
• Advisors for the Danish Working Environment Authorities, EPA, EU, OECD, WHO
• Past and present partners in 27 EU projects on (nano)particle safety



AOPs are useful in occupational health

• Can be used to identify relevant AOs based on MIE or KE

• Identify and provide evidence for causal relationships between 
agent and disease for classification and labelling (regulation)

• Understanding of the underlying mechanism of action guides 
preventive measures in the working environment

• Understanding which physico-chemical properties that drive the 
toxic response guide safe-by-design approaches in innovation of 
new nanomaterials
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Real-life exposures to nanoparticles
are complex and cause several

diseases
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• 8827 miners
• 37 years of follow-up

(1969/71-2007)
• 67% dead (cause of 

death known) 



The second challenge: Many different
nanomaterials with varying physico-chemical
properties
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Nano-relevant AOPs developed in the EU H2020 project SmartNanoTox
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AtherosclerosisSystemic circulation
of acute phase proteins

Inhalation of  (nano)particles

Established factNew knowledge

Inhaled particles promote atherosclerosis via acute phase response

Inflammatory &
acute phase
response

Cardiovascular disease

Proposed mechanism of action of particle-induced cardiovascular
disease



Cardiovascular disease constitutes a major fraction of 
preventable air pollution-induced morbidity

EXAMPLE:

• Heating with coal in private households was
banned in Dublin, Ireland in 1991:

• Black smoke levels in ambient air were reduced
by 0.036 mg/m3

• Mortality rates were reduced by 75 per 100 000 
person-years

• 77% cardiovascular (!)

• Effects were adjusted for death rates in the rest 
of Ireland

• Morbidity was not assessed

(Adapted from Clancy et al, Lancet, 2002)

Ban



Inhalation of particles and risk of cardiovascular disease

• Epidemiological studies show associations between air pollution and risk of cardiovascular disease

• Several different mechanisms have been proposed related to 
• Inflammation
• Inflammation-induced hepatic acute phase response
• Direct effect of translocated particles
• Vascular function



Aerodynamic size in air predicts pulmonary deposition 
during inhalation exposure
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Low clearence of nanoparticles from the lung

Airways

Particle deposition and 
removal by  mucociliar

clearance

Particle phagocytosis 
by macrophage

release of 
mediators

INFLAMMATION

Fine particles
Nanoparticles

Ultrafine particles

Inflammatory cells 
and inflammatory 
mediators

ROS

Marianne Dybdahl
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Inhalation of nano-TiO2 induces pulmonary inflammation in mice

Hougaard et al, PT&T 2010

Mice inhaled 40 mg/m3 nanosized TiO2 1 hour daily for 11 days. 
Current Danihs Occupational Exposure Limit: 10 mg/m3 for 8 hours.
Types and numbers of cells in lung fluid: 

Cell composition in bronchoalveolar lavage fluid 5 days post-exposure



Deposited surface area is a predictor of 
pulmonary inflammation

Donaldson et al., 2002



Global gene expression in lung tissue (day 5): 
Acute phase reponse !

Halappanavar et al. EMM 2011

The most differentially
regulated genes



The acute phase response: A risk factor for cardiovascular disease

• The acute phase response is the systemic

response to acute and chronic

inflammatory states caused by fx bacterial

infection, trauma and infarction.

• Conditions that induce acute phase

response are associated with risk of 

cardiovascular disease, including asthma, 

HIV infection, antibiotic treatments and air 

pollution exposure.

Gabay and Kushner 1999, NEJM



Acute phase proteins CRP & SAA are associated with risk of CVD 
in prospective epidemiological studies

Nurses’ Health Study : 120.000 participants

Ridker et al. 2000, NEJM 



Saber et al. 2014 
WIREs Nanomed nanobiotech

Time- and dose-dependent pulmonary acute phase response
following airway exposure of mice to different nanomaterials



Close correlation between pulmonary acute phase response and 
pulmonary inflammation across particles, doses, time points
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Plasma levels of acute phase protein SAA3 correlates with lung
responses

Poulsen et al. 2017, Plos One 

Plasma SAA3 levels and neutrophil influxSaa3 mRNA in lung correlates with plasma SAA3

Poulsen et al 2015, TAAP



• SAA can replace ApoA-1 as the major HDL 

protein.

• This inhibits HDLs role in reverse cholesterol 

transport.

• SAA induces foam cell formation in 

macrophages (Lee, 2013). 

• Mice have 3 inducible SAA isogenes (Saa1, 

Saa2, Saa3)

• Over-expression of SAA3 or SAA1 increases

plaque progression (Thompson 2018, Deng, 

2011)

• Inactivation (KO) of all SAA isogenes results in 

reduced plaque progression (Thompson 2018) [1] Lee et al, 2013, BBRC

SAA: an acute phase protein that directly promotes foam cell
formation and atherosclerosis

Dose-dependent foam cell formation



Human relevance: inhalation of ZnO induces acute phase response
in human volunteers

Study set up:

• 16 volunteers

• Exposed to 0, 0.5, 1 or 2 mg/m3

ZnO particles for 4 h

• OEL: 5 mg/m3 for 8 h

• Acute phase response proteins CRP 
and SAA 

Acute phase response was induced
after ZnO inhalation at concentrations
well below incurrent OEL

Adapted from Monsé et al Part Fibre Toxicol. 2018 15(1):8

CRP levels

SAA levels
• No effect level:
• 0.5 mg/m3



And more..

• Correlation between exposure to organic dust and serum levels of acute phase proteins SAA 
and CRP among 33 greenhouse workers (Madsen et al, 2016, Environmental Health)

• Correlation between exposure to respirable dust and serum levels of SAA among 101 welders
(Li et al, 2015, Plos One)

• Correlation between occupational exposure to paper mill dust and SAA and CRP levels
(Westberg, Int Arch Occup Environ Health. 2016)

• Exposure to welding fumes with ZnO and/or CuO increase CRP and SAA levels in human 
volunteers (Baumann R et al, J Expo Sci Environ Epidemiol, 2018)

• Exposure to fumes from military small arms increased CRP levels in human volunteers
(Sikkeland et al, Am J Respir Crit Care Med. 2017)



• Upregulation of Il6, Il1β and TNFα leading to transcription
of Saa genes

• SAA synthesis. Translocation to the blood. Replacement of 
Apo-A1 as the major HDL-associated protein.

• Impaired reverse cholesterol transport  Larger cholesterol
pool.

• HDL-SAA and SAA stimulate the transformation of 
macrophages into foam cells.

• Foam cells are primary components of atherosclerotic 
plaques.

AOP



AOP 237

• The AOP was accepted into the OECD AOP program in June 2017



• The Danish Working Environment Authority has asked NFA to provide the scientific
basis for a new health-based occupational exposure limit for ZnO

• NFA will submit the OEL proposal in 2020

26

New health-based occupational exposure limit for Zinc oxide



Thank you for your attention!
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