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Supplemental Methods 

Selection of gels 

The following gels were tested for applicability to the studies: 1.8 mg/ml Collagen I (BDBiosciences), 0.5 mg/ml basement membrane extract (Matrigel, BDBiosciences), 1.5 mg/ml hyaluronan (Glycosan), 1.0 mg/ml hyaluronan + 1.2 mg/ml Collagen I, 1.0 mg/ml hyaluronan + 0.5 mg/ml basement membrane extract, and 1.0 mg/ml hyaluronan + 0.1 mg/ml laminin (Invitrogen). Concentrations were selected based on gelation properties at 37º C after one hour. For examination of cell morphology in gel, GFP positive RT2 glioma cells were embedded at 1E6 cells/ml in gels and cultured for 24-48 hours in serum free medium.  
Determination of flow velocities and Elastic modulus of gels 

5 and 10kDa FITC-Dextran (Invitrogen) was added to media on top of tissue culture inserts containing the 0.1% Hyaluronan/0.12% Collagen I gel or other gels as described in Figure S4. The media was allowed to flow and samples taken from the bottom well over a 16h period and read on a fluorescence plate reader (Bio-Tek) and compared to a standard curve. This was repeated 2 times with 3 separate gels to get an average flow rate over the 16h period. For stiffness measurements, 300µl of gel was seeded in a 12-well plate and allowed to gel for 1 hour. Gels were removed and storage moduli (G′) were determined using a Bohlin CVO 120 high-resolution rheometer 

with plate-plate geometry at 25°C using an amplitude sweep. Measurements were taken as a 

function of frequency (from 0.01 to 10 Hz) in a constant-strain (0.05) mode. Two independent measurements were made and the numbers averaged.  
Testing of other potential chemotactic factors  



Gels and RT2 glioma cells were added to tissue culture inserts as described in the primary methods. To the gel and media the following concentrations of inhibitors were added:  PDGFR Tyrosine Kinase inhibitor (Calbiochem), 5µM; EGFR inhibitor (Calbiochem), 50nM, IM-412 (Calbiochem, TGFβR inhibitor), 10µM. Flow was applied for 16h. 
Determination of gel-binding parameter for CXCL12 

A 96-well plate was coated with a 1:40 dilution of the 0.1% Hyaluronan/0.12% Collagen I gel  or 0.1% Hyaluronan gel alone and allowed to gel overnight at 37°C. This was then washed with 0.01% triton and incubated with increasing concentrations of CXCL12 (Peprotech) at 37°C for 1h. The assay was then treated as an ELISA using the detection antibodies and reagents from the CXCL12 ELISA (R&D Systems). The data was fit to a binding curve to determine the Kd for the gel and chemokine.  



 Supplemental Figure Legends 

Figure S1: White matter tracts overlap with CXCL12, drainage, and cancer cell invasion White matter tracts  (yellow) correlate with CXCL12 gradients (blue), fluid drainage from the tumor blood vessels (red) and tumor cell invasion from the tumor bulk (green).  
Figure S2: There is a decreasing gradient of CXCL12 from the tumor Analysis performed using ImageJ shows a decreasing bulk gradient of CXCL12 moving away from the tumor border. This gradient is steeper at the region of higher fluid leakage than at the area of lower fluid leakage. There is no apparent gradient across the tumor though there are fluctuations in levels of CXCL12 due to necrosis and cell densities. 
Figure S3: Cells in different gels tested for in vitro model systems RT2 glioma cells observed in different gels tested for further invasion flow response testing. (A) 1.8 mg/ml Collagen I (B) 0.5 mg/ml basement membrane extract (Matrigel) (C) 1.5 mg/ml hyaluronan (D) 1.0 mg/ml hyaluronan + 1.2 mg/ml Collagen I (E) 1.0 mg/ml hyaluronan + 0.5 mg/ml basement membrane extract (Matrigel) (F) 1.0 mg/ml hyaluronan + 0.05 mg/ml laminin. Scale bar, 50µm. 
Figure S4: Flow velocity, gel stiffness, and invasion of glioma through different gels  (A) Flow velocities through 100ul of gels seeded in tissue culture inserts as determined by dextran-FITC (10kDa) over 16 hours and Young’s modulus of gels. (B) % invasion of cells seeded in gels described in A after 24h. 
 Figure S5: Flow response correlates with chemotaxis and invasion in cell lines, and loosely 

correlates with CXCL12 and CXCR4 expression. (A) For all cell lines tested, correlation of normalized flow-enhanced invasion vs. % migration in 3D. (B) Correlation of normalized flow-enhanced invasion vs. chemotactic migration up an exogenous gradient of CXCL12.  (C) Correlation of normalized flow enhanced invasion with total cells positive for CXCR4 as analyzed by flow 



cytometry of cells seeded in 3D gels. (D) Correlation of normalized flow enhanced invasion with total CXCL12 expressed (secreted and intracellular) of cell lines cultured in 3D. 
Figure S6: Homogenous blocking or activating CXCR4 inhibits flow-enhanced invasion 

increase in glioma models (A) Blocking and activation in U87MG showing decreased flow response.  (B) Blocking and activation in C6 glioma showing decreased flow response. (C) Blocking and activation in 9L showing no change in flow response though activation with CXCL12 enhances invasion. Data are normalized to static condition invasion % (this % for each cell line is shown in Fig. 2B) and represented as mean ±SEM. *p<0.05 as determined by t-test compared to static condition without addition of chemical (after ANOVA). 
Figure S7: Only blocking of the CXCL12-CXCR4 axis inhibits flow-enhanced invasion among 

common chemotactic factors for glioma Blocking of PDGFR, EGFR, or TGFβR with small molecule inhibitors in the tissue culture insert 3D gel system with RT2 glioma with measurements for glioma invasion after 16h. 
Figure S8: CXCL12 and CXCR4 expression levels do not change under flow conditions. (A) CXCL12 secretion levels for cell lines under static and flow conditions as determined by ELISA (n=6). (B) CXCR4 expression levels as determined by flow cytometry for cell lines expressed as a % of the viable cell population (n=3). Data are mean ±SEM. There were no significant differences between static and flow for any cell line as determine by t-test.  
Figure S9: CXCL12 binds to the matrix.  Binding used to determine the Kd for CXCL12 and the hyaluronan/collagen matrix. Fit is a one site-specific binding curve with R2=0.94. These values for Kd were used as modeling parameters for development of the pericellular gradient of CXCL12 in Figure 6D. (A) Hyaluronan-collagen matrix. (B) Hyaluronan alone. 



Supplemental Video Representative live videos of chambers from pillar chamber flow 

experiment (Figure 5 in main text).  RT2 glioma cells were seeded in the hyaluronan/collagen matrix and flow applied through pumping. Static condition cells (flow rate = 0µm/s) migrate randomly (individual cell tracks for migratory cells shown) while cells under flow (flow rate = 0.8µm/s) have a tendency to migrate in the direction of flow. Intervals are 15 minutes imaged over a 16 hour period under bright field. Tracks are applied with ImageJ. 


