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Preferential intracellular localization of nanoparticles, evaluated
by stereology
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Nanoparticles (NPs) may enter cells by various mechanisms and subsequently be
distributed in different cellular compartments. Despite numerous studies on the uptake
mechanisms of NPs, no quantitative data is available relating the number of NPs to the
relative size of the associated cellular compartments. In this study the preferential intracellular
localization of gold nanoparticles has been quantitatively evaluated by the stereological
method of the relative deposition index [1]. We analyzed whether exposure duration,
agglomerate size or partial inhibition of endocytosis have an effect on intracellular NP
distribution.

A549 cells were exposed at the air-liquid interface to 15nm gold NPs. Partial
inhibition of endocytosis was achieved by methyl-B-cyclodextrin. At 1h, 4h and 24h after
exposure, cells were processed for transmission electron microscopic analysis. Relative
intracellular NP distribution was estimated by stereology (Figure 1) and tested with the y-
test. Experiments were repeated three times and a total of 2090 NP events was counted.

A significant non-random distribution was revealed at all time points. Most of the
counted NPs were localized in vesicles (Figure 2) of different size categories (>150, 150-
1000, >1000nm), only 24 NPs were found free in the cytosol, but non in golgi apparatus,
endoplasmatic reticulum, mitochondria or nucleus. Comparing the different exposure times, a
significant shift of NP localization from small (<150nm) towards large (>1000nm) vesicles
occurred between 4h and 24h. Agglomerates >100nm were predominantly localized in middle
and large sized vesicles. The blockade of caveolin- and clathrin-mediated endocytosis resulted
in less observed intracellular NPs and a significant preferential localisation in large vesicles.

The non-random intracellular distribution of gold NPs and the main localisation in
membrane bound vesicles suggests that gold NPs are predominantly taken up by endocytotic
pathways. The inhibition study indicates that different endocytotic mechanisms are involved.
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Figure 1. Stereological evaluation of the intracellular particle localization: Ultrathin sections
were screened for particles by systematic random sampling (A) and each particle event was
reported. The relative size of each cell compartment was estimated by counting the number
grid point hitting each cellular compartment (B).

Figure 2. Intracellular particle localization: A significant non-random distribution of
intracellular particles was revealed. The particles (arrows) were preferentially localized in
intracellular vesicles of different sizes.
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