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Figure 1: Fluorescence and Morphological Characteristics of GBM Patients Derived Cell Lines 

(A) White light image of resection cavity and corresponding fluorescence view of surgical field demonstrating the 

heterogeneous fluorescence pattern of 5-ALA (bright strong pink from tumor core, faint/weak pink from tumor rim, 

and non-fluorescent tumor margin). Intraoperative images were obtained via ZEISS OPMI PENTERO 800, with 39x 

magnification. We collected three strongly fluorescent tissue samples from the tumor mass (S from patient A, S1 

and S2 from patient B), two non-fluorescent tumor margins (N1 and N2) from patient A, and one weak-fluorescent 

tissue sample (W) from patient B.  

(B) Immunofluorescence staining for evidence of GBM stem like cells. Neural stem cell marker nestin (green), and 

vimentin (green) are expressed in each cell line; scale bars 20 µm.  

(C) Representative phase-contrast images showing cells derived from strong fluorescent tissue samples has larger 

area compared to cells derived from weak- and non-fluorescent samples. Patient A exhibited a more elongated 

morphology compared to patient B (***p<0,.001); scale bars 100 µm. 

(D) Morphological quantification of cells cultured on PDMS substrates of ~1.5kPa stiffness (n > 100 cells). 

Boxplots show spatial and intertumoral heterogeneity in cell area and cell elongation. Boxplots represent the 

“minimum”, first quartile (Q1), median, third quartile (Q3), and maximum.  
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Figure 2. F-actin cytoskeleton and Vinculin proteins expression in GBM lines 

Confocal images showing the colocalization of vinculin and F-actin at the edge of cells derived from strong 

fluorescent lines compared to cells derived from weak- and non-fluorescent lines. Cells were stained with TRITC-

phalloidin (red) to visualize the actin cytoskeleton, vinculin (green) and DAPI (blue). Scale bars 40 µm. 
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Figure 3: GBM exhibits spatial and inter-tumor heterogeneity in cell-matrix adhesion.  

(A) Representative phase-contrast images of cells under microfluidic shear detachment at 0, 150, and 300 seconds. 

Here BW cells are exposed to 0.33 mL/min of flow, corresponding to 51 Pa of shear stress. Scale bars 100 µm. 

(B) Time-detachment profiles for each of six lines surveyed (n=2, 30-140 cells per experiment) for a range of shear 

stresses. Detachment increases with shear stress, but the relative ordering of the lines remains constant except for 

cell line AS. Detachment initially occurs rapidly, and plateaus for most cell lines.  
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(C) The inflection point of each sigmoidal curve was extracted to define τ𝑑, a measurement for the cell-matrix 

adhesion strength of the cell lines.  

(D) Differences between weak- and strongly-fluorescent lines were statistically significant for all intra-patient pairs 

except BW and BS2 (one * indicates (*p <0.05) and additional *s indicates further orders of magnitude, under 

Welch’s t-test with Bonferroni correction). The mean value of τ𝑑for patient B was significantly higher than that of 

patient B (**p = 0.005). 

(E) Relationship between cell morphology and cell-matrix adhesion strength. Strong fluorescent cells are more 

adherent and larger than weak- and non-fluorescent cells. No clear relationship between adhesion strength and cell 

elongation. 
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Figure 4. Cell-matrix adhesion is an important factor for GBM cell migration  

(A) MSD as a function of time interval (Δt) calculated from cell trajectories with vertical bars representing standard 

errors (more than 100 trajectories per cell line from two biological replica). Having accounted for the cell line 

fluorescence intensity, we found cells from patient B migrated faster than patient A (*p<0.05). Cells derived from 

strongly fluorescent tissue samples were significantly slower than cells derived from weak- and non-fluorescent cell 

lines (**p < 0.01). 

(B)  Cells with larger cell area migrate less than those with smaller cell size derived from the weak- and non-

fluorescent samples. 

 (C) Cells derived from strong fluorescent tissue samples are more adhesive and less migratory. 
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