Endothelial response to oxidative stress: the link between particles and
cardiovascular diseases?
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Recent research on ultrafine ambient air pollution particles and nanomaterials raised
many questions about their (potential) biological responses. The basic principles
established for particles seem to apply to all types of particulate materials whether
nanoparticles or larger nanostructured entities (Figure 1). In the most simple case,
(nano)materials overload the target organ: even completely inert materials can
disturb the function of an organ if there are excessive quantities deposited. Second,
particle can be the carrier of toxic substances. This applies again to all particles with
the addition that nanoparticles were reported to easily transfer biological barriers
implying that they can carry the toxic substances through membranes [1] into cells
and, by translocation [2] to other organs even though only very small quantities do
translocate. Thus, this opens the way to novel effects in cells or distant organs.
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can produce toxic substances is relatively new. This is a lesson learnt mostly from
ambient air pollution research. It is the topic of this presentation.

The morphology of material can play a critical role in the hazardousness of
biopersistent materials, which is well known for asbestos fibres. Initial research
suggests that multi-walled carbon nanotubes provoke a similar response as asbestos
fibres provided they are sufficiently long [3].

The concept of toxic substances being produced by the particles (as opposed to a
mere activation by metabolic processes) comes from epidemiological studies of
airborne particulate matter. Ambient air pollution is associated to adverse health
effects such as cancer, cardiovascular and pulmonary diseases [4]. The production of
Reactive Oxygen Species (ROS) and the generation of oxidative stress is believed to
be one of the key mechanisms. Oxidative stress is an imbalance between oxidants
and antioxidants. In the presence of particulate matter, the natural antioxidant




defenses may be overwhelmed. A model [5] to explain how this is possible is shown
in Figure 2.

Figure 2: Proposed
model how particles
deposited on the lung
surface generate
oxidative stress that
causes direct damage
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It proposes that oxidative stress can build up quickly in the thin liquid layer of the
alveolar region surrounding the deposition site of the particle by the production of
ROS on the particle surface but also the adsorption of antioxidants on particles [6].
This is a site with a high oxygen concentration and antioxidants can quickly be
overwhelmed. The presence of the ROS leads to epithelial cell damage and to the
release of pro-thrombotic and pro-inflammatory mediators from the adjacent
endothelial cells [5]. Some of these factors, such as endothelin can also influence the
heart rate [7]. This stress also can lead to DNA-damage in the surrounding cells and
subsequent DNA-repair [8]. Ambient air pollution particles and also nanoparticles are
small and can easily reach all parts of the lungs. Consequently, the above-described
cellular responses to oxidative stress can occur over large parts of the surface of the
lungs, resulting in a response that is visible and relevant on a systemic level.

In conclusion, the existing paradigms of particle toxicology can be used to explain
many of the toxic effects of particulate materials of all sizes. It is still so unclear what
consequences can result from translocation of nanoparticles into cells and to novel
target organs, to what extent one has to consider morphological effects of
nanomaterials on large biological molecules such as DNA and proteins, and what
potential interactions can occur with the immunological system. The answer to these
questions will most likely require close multidisciplinary collaborations.
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