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Table 1. Calcium, magnesium and phosphorus concentrations in culture media 

Media  Ca 

concentration  

P 

concentration 

Mg 

concentration 

DMEM/F121  1.05 mM 0.95 mM 0.4 mM 

Human serum2,3 2.25-2.5 mM 0.8-1.45 mM 0.8–0.83 mM 

Supplemented DMEM/F12 

used in this study 

2.2 mM 0.95 mM 0.8 mM 
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Fig. S1. Light microscope images of MCF10DCIS.com spheroids with time. 
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Fig S2. H&E staining (purple: cell nuclei; pink: extracellular matrix, cytoplasm) of paraffin-

embedded spheroid cross sections (Day 12). a, c: pre-cancer (MCF10DCIS.com); b, d: invasive 

(MCF10CA1a). a, b show the spheroid core and c, d show the peripheral viable cell areas. Scale 

bars: 60 m. 
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Fig. S3. Von Koss staining (dark brown: phosphate mineral; pink: extracellular matrix) of 

paraffin-embedded spheroid cross sections (Day 12). a: MCF10A; b, d: MCF10DCIS.com; c, e: 

MCF10CA1a. The sections in a-c show no mineral staining, while stained particles are shown in 

d and e (arrows). 
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Fig. S4. A: Scanning electron micrograph of secondary electron signal of a spheroid cryo section 

in which two areas are marked, red-area magnified in C-E and blue-area magnified in F-H. The 

area marked in blue and shown in F-H is from the same area as in Fig. 2. B: EDS spectra 

obtained from points 1 in E and 2 in H that show no back-scattered electron signal, and 3 in H 

that does show back-scattered electron signal (and is also shown in Fig. 2). Note that the silicon 

signal results from the quartz slide substrate. Typical elements to be found in biological tissues 

such as sodium, sulfur, phosphorus and chlorine are observed. C, F: Scanning electron 

micrograph of secondary electron signal showing a magnification of the areas marked in A, 

showing the spheroid tissue structure. D, G: Scanning electron micrograph of back-scattered 

electron signal from the same areas as C, F. Bright area to the right is Si substrate. E, H: EDS 

calcium map from the same area as in C-D and F-G. Points 1 and 2 are from areas with no back-

scattered electron or calcium signal. 
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Fig. S5. XRF maps of a DCIS spheroid section (shown in Fig. 2d) showing the overlap of calcium 

with phosphorus (a) and sulfur (b).  
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Fig. S6. Mineral formation ability of the MCF10 tumor progression series cells. Alizarin red (a) 

and von Kossa (b) staining of MCF10A (non-malignant), MCF10DCIS.com (pre-cancer) and 

MCF10CA1a (invasive) cells after 10 days of 2D culture.  

 

 

Fig. S7. A: MCF10A and MCF10CA1a spheroid diameter dependence in time, n=10 spheroids 

with standard deviation as the error bars. Interestingly, the invasive spheroids show a similar 

linear growth rate to the DCIS, while the non-malignant spheroids actually decrease in size with 

time. B, C: 3D reconstruction of MCF10A (B) and MCF10CA1a (C) spheroids (stained with iodine 

to increase the contrast of the organic matrix) from nanoCT scan data showing two orthogonal 

2D slices of the spheroid and its generated volume.  
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Fig. S8. Mineralized particles in MCF10CA1a spheroids. XRF maps of a spheroid section showing 

sulfur (S), phosphorus (P) and calcium (Ca) distribution. The sulfur distribution mostly overlaps 

with the section shape, as sulfur is a typical element found in biological tissues. Phosphorus is 

also abundant in the section in a dispersed manner, while calcium is more localized in “hot 

spots”. The XANES spectrum of a particle in which strong calcium and phosphorus signals are 

overlapping (arrows) is shown to the right. Ca K-edge XANES of the marked particle and a 

hydroxyapatite standard, both measured under the same conditions, are shown. Note that the 

XANES spectrum shown here is related to the particle with the second highest Ca signal 

intensity, and not the one with highest intensity that has a noisier spectrum. 

 

Video S9. 3D reconstruction from nanoCT data of an invasive spheroid. The slices forming the 

spheroid structure are shown in a serial manner, followed by volume rendering to show the 

spheroid surface. The bright particles observed within the spheroid volume are segmented and 

labeled in red. 
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