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Figure S1
Confocal fluorescence image of A549 cells with stained lamellar bodies. Scale bar is 10 µm.
.
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Figure S2
Schematic principle of cell stretching setup. The Flexcell FX-5000 Tension System consists of a software controlled vacuum pump, a tubing system that connects the pump with a base plate, loading posts with different geometries for various stretching setups, as well as special well plates with flexible silicone membranes serving as cell substrates. Membranes are available with various protein coatings for improved cell growth. For an equibiaxial strain (equivalent degree of elongation on all axes), circular loading posts are inserted into the baseplate. Silicone oil is applied on the loading posts to guarantee non-destructive sliding of the flexible membranes over the loading posts. Well plates with already adhering cells are fixed on top of the loading posts into the baseplate and sealed with rubber gaskets to allow vacuum development. A predefined negative pressure is now applied from the bottom of the base plate, pulling the flexible membranes down, stretching them over the fixed loading posts and causing the cell substrate to expand to the predefined extent. Negative pressure and loading post diameter define how far the membrane is pulled down and therefore determine the final area expansion. Curve shape and frequency can also be controlled via software. The base plate can be stored inside an incubator.

Video S3 (uploaded separately)
The video exemplifies the stretching process. To validate the manufacturer’s specifications on area expansion values, a membrane was marked with five crosses by hand and one picture was taken when the membrane was relaxed and one when the membrane was stretched at a nominal value of 15%. With ImageJ 1.51j8, 14 different distances between the crosses were measured to determine the elongation of +8%, which results in an effective area expansion of +17%.
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Figure S4
To determine the amount of lactate dehydrogenase that potentially degraded during the 24 h exposition time, a control experiment was performed. Cells were seeded and grown to confluence in a 96-well plate. Fresh medium was added to both groups and the blank at t = 0 min. Triton X-100 was given to both groups at t = 0 min. The LDH assay (CytoTox-ONE Homogeneous Membrane Integrity Assay (Promega GmbH, Germany)) was performed with group A at t = 30 min and with group B at t = 24 h. After 24 h only ~50% of the released LDH could still be detected.
Data represent mean values ± SD of one experiment with 3 technical replicates. A two sample student’s t-test assuming unequal variances with α=0.05 (one-tailed) was performed and indicated a significant (*) degradation of LDH within 24 h.
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Figure S5
Imaging setup for confocal microscopy and quantitative analysis of NP accumulation. A549 cells were exposed to Si25-FD NPs (100 µg SiO2 ml-1) for 2, 5, and 24 h under static and dynamic conditions. After staining of the cell membrane with WGA and the nucleus with Hoechst dye (B), samples were analyzed by 2D imaging in a z-plane 2-3 µm above the Bioflex membrane (A), sampling for fluorescence emitted by the fluorescently labeled nanoparticles (C). The fluorescence intensity in the NPs channel was analyzed with ImageJ for quantification of Si25-FD accumulation. Brightness and contrast of the images were enhanced for presentation. Cell segmentation is relevant for figure S11 and was performed manually with ImageJ 1.51j8. 
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Figure S6
Leaching of the ATTO 647N dye was determined by fluorescence measurements using a centrifugal device with a 30 kDa molecular weight cut-off. No significant leaching was observed.
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Figure S7
Transmission electron micrographs of Si25 and Si25-FD particles with particle size histograms from ImageJ based diameter evaluation and leaching measurement for labeled Si25 nanoparticles.
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Figure S8
Stretching and/or Si25 treatment does not alter cell morphology in A549 within 24 h. Cells were seeded on laminin coated Bioflex membranes at a density of  1 x 105 cells cm-1 and incubated for 24 h. Cells were then further cultivated under static (0% stretch) or dynamic (15% stretch) conditions for 24 h.
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Figure S 9
Cell proliferation was measured by number of nuclei in confocal images (246 µm x 246 µm) that were acquired for NP uptake analysis. Counting was performed with ImageJ 1.51j8’s Particle Analyzer tool. Data represent mean values ± SD of three independent experiments with one biological replicate (≙ microscopy sample from one 6 well) each. Per sample, three images were acquired and analyzed. Columns without given SD represent only two experiments. A single factor ANOVA did not reveal significant differences between groups (α = 0.05).
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Figure S10
TNF-α induced IL-8 secretion by A549 cells. Cells were treated with 20 ng TNF-α ml-1 for 24 h under static conditions. IL-8 secretion was determined by ELISA. Data represent mean values ± SD from three independent experiments with two measured technical replicates each. A two-sample student’s t-test with α=0.05 (one-tailed) assuming unequal variances was performed. Significant differences between groups are marked with an asterisk (*).
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Figure S11
Treatment of A549 with Si25-FD nanoparticles (100 µg SiO2 ml-1, 24 h) does not cause NF-κB2 p100/p52 translocation into the nucleus under dynamic or static conditions. NF-κB2 p100/p52 translocation was not observed in untreated control cells. Treatment with human recombinant LIGHT protein (TNFSF14) 100 ng ml-1 can cause a translocation of NF-κB2 p100/p52 after 24 h. Images show representative data taken from two independent experiments with one microscopy sample each, except for LIGHT which was only performed once. Of each sample three images were acquired.
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Figure S12
To obtain additional information on nanoparticle uptake under stretch, a single cell analysis based on raw data from figures 6 and 7 was performed. Please see main article for information on sample preparation and microscopy. Unlike in figure 7 where the nanoparticle fluorescence intensity was measured over the complete image, here, intensity was measured in single, manually segmented cells. Corresponding background fluorescence in the nanoparticle channel, which was determined in control samples without nanoparticles, was subtracted from the image prior to analysis. Cell segmentation was based on the WGA membrane staining. Cells on the edge of an image were not included. For each cell the total fluorescence intensity (Raw Integrated Density) was measured using ImageJ 1.51j8. Cells were grouped into 6 groups with different fluorescence intensities ranging from less than 10 arbitrary units, considered as cells with no nanoparticle uptake, to up to106 a.u. At all time points, histogram shapes do not differ much between stretched and unstretched cells. Cells with no or very low intensities account only for a small proportion of both groups: Already after two hours nanoparticle fluorescence signals are shown in more than 70% of the stretched cells, and in more than 90% of the unstretched group. This trend continued with time: under both conditions, more than 70% of the cells seem to have accumulated particles after 5 h and 24 h. A shift of the histogram to the right from 2 h to 24 h also indicates that with time all cells accumulate more nanoparticles. In conclusion, stretching does not severely alter the number of cells that accumulate nanoparticles, nor does it enhance the overall uptake of nanoparticles per cell. Given data represent two independent experiments with one image of one sample each. Each dataset comprises ca. 100-200 cells, depending on time point.
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