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Introduction

Airborne particles may enter epithelial cells (EC) of the respiratory tract. Little is known
about the quantitative relationship between particle size and number or surface taken
up by EC. Current literature suggests that entering mechanisms of particles differ
between fine particles and nanoparticles (> 0.1um). More over, the parameters size,
number and surface are discussed to be responsible for biological response of
particles [1].

Therefore this study investigated the entering of differently sized fluorescent, spherical
polystyrene particles (& 1pm, 0.5um, 0.2um, 0.1um, 0.05um) into the human lung EC
line A549 in regards to different particle number, surface and concentrations. In
relation to biological response and different entering mechanisms of particles, the cells
were analysed for changes in total surface area of apical cell membrane.

Conclusion

-> There were significantly less intracellular nanoparticles present in
epithelial cells compared to fine particles. This result was found for
particle number as well as for particle surface.

-> Fine particles show a stronger increase of intracellular particle number
at rising particle concentrations as compared to nanoparticles.

-> Cells exposed to high concentration of 1um particle exhibit an increase
of total apical cell membrane. The same effect can be observed after
exposure to an equivalent particle surface area of 0.05um particles.

Results

Intracellular particle quantification

Cells were exposed to differently sized particles at either the same particle number (A,
B) or the same total particle surface (C, D). Exposure to the same number of particles
resulted in significantly fewer intracellular nanoparticles as compared to fine particles
(p<0.05). This was also observed when EC were exposed to the same total particle
surface of differently sized particles (p<0.05).
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Concentration and size dependent particle entering

Cells were incubated with different
concentrations of 1um and 0.05um particles.
The number of intracellular particles showed
a stronger increase for fine particles as
compared to nanoparticles at increasing
particle concentrations. Besides, different
particle entering mechansims could be
observed.

Dose dependent particle entering
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Particle dose per well

Quantification of intracellular particles was performed by visualization of
cells and particles with laser scanning microscopy and numbering particles
with a specific counting software.

A549 cells with 1um polystyrene particles (A) and with 0.05um particles (B).

Apical cell membrane

Evaluation of the total surface area of apical membrane per cell, showed a
significant membrane increase (p>0.05) after exposure to 6*10° 1um and
4.5*10" 0.05um particles per cell culture well. These two particle number
concentrations have the same total particle surface.

Apical plasma membrane per cell

Surface area of APM per call [um?]
8

NC 1 um @ 0.05pm 0.05um
Particle dose per well 310" &110* 31 &10° 45 10"

Exposure to low particle dose does not
cause any changes in apical plasma
membrane compared to the negative
control (NC). The exposure concentrations
were chosen to correspond in number,
surface and mass. The particle dose of
4.5*10" 0.05um has an equal particle
surface as the one of 6*10° 1um particles
and an equal mass as the one of 3*10”
1um particles. The results suggest an
effect caused by the total particle surface.

Apical cell membrane (black arrow) of cells
exposed to 3*10” 1um particles per well (A)
and to 6*10° (B) where the plasma membrane
shows extensions and mickrovilli-like structure.
Scalebar = 5um

Material and Methods

A549 cells were grown confluently and then incubated under submersed conditions for 24h with differently sized spherical fluorescent polystyrene particles (Polyscience,
@ 1um, 0.5um, 0.2um, 0.1um, 0.05um). Each experiment was done in triplicate. Particles and cells were visualized with confocal laser scanning microscopy (Zeiss), and
after deconvolution with the huygens software (SVI) quantified with a counting software (Dia Count) [2]. For estimation of total apical cell membrane, the incubated cells
were further processed for electron microscopy. Stereological evaluation was performed with a cycloid test line system [3].
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