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Figure S1. 

Statistical analysis with Welchi’s t test to evaluate the relative expression levels in the genes of interest. 

Gene expression data extracted from Genome Expression Omnibus (GEO) database. HA receptors 

(CD44, RHAMM), HA Synthases (HAS1, HAS2, and HAS3), and Hyaluronidase (HYAL1, HYAL2, 

HYAL3, and HYAL4) were investigated. The high value of relative expression level from Welchi’s t 

test, the more significant difference in gene expression between normal and GBM tissue. 

mailto:pkim@kaist.ac.kr


2 

 

 

 

Figure S2. 

(A) Rheological properties of non-HA (COL) and HA-rich (HA-COL semi-IPN) hydrogel. Storage 

modulus (G’) and loss modulus (G’) were recorded in a frequency sweep mode. 

(B) Mechanical properties of non-HA (COL only) and HA-rich (HA-COL semi-IPN) hydrogel. Storage 

modulus (G’) and loss modulus (G’) were recorded in a frequency sweep mode.  

(C) Average elastic modulus of control and HA-rich matrix at a frequency of 1 Hz (n=4). 
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Figure S3. 

HA content was analyzed by carbazole reaction assay to figure out the HA-COL semi-IPN stability in 

liquid phase. 

(A) The standard curve for HA solution. 

(B) Changes of HA concentration released from the incubated culture medium. When comparing the 

HA concentration with HA-rich ECM matrix, the concentration showed no significant difference 

along the time-variant (n=4 for each group). 

(C) Scanning electron images of HA-COL semi-IPN matrices according to incubation time. Scale bar: 

10 μm. 
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Figure S4. 

(A) The morphological features of single-celled GBM within non-HA (COL only) and HA-rich (HA-

COL semi-IPN) environment. The three-dimensional (3D) confocal images were projected into the 

depth (z)-direction (z-projection). 

(B) Morphological features of GBM in non-HA (COL only) and HA-rich (HA-COL semi-IPN) 

environment. The images was obtained using both fluorescent and confocal reflectance (CR) mode 
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in confocal microscope. 

(C) The ratio of tail-to-body for evaluation of single-celled GBM. (n=10~15 for each group; Asterisks 

indicate a significant difference by student’s t-test, ** p < 0.01; no sing for Non-significant 

difference.) 

(D) Time-lapse observation of single GBM cell in HA-free and HA-rich matrices. The images were 

taken every 0.5 hour. Scale bar: 50 μm. 
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Figure S5. 
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(A) SEM images for electrospun PCL fiber to mimic the brain anatomy.  

(B) FFT analysis of PCL fiber with FFT analysis. 

(C) A radial summation of pixel intensities of PCL fibers 

(D) Morphological characteristics of GBM TSs within only HA-rich ECM environment. Fluorescent 

images of GBM TSs with magnified images (inset). (Blue: nucleus, Green: cytosol, Red: F-actin) 

(E) Features of invading GBM cells within HA-rich ECM in absence/presence of electrospun fibers. 

The disseminated cells at the invasive front of GBM TS were guided along the directionality in 

presence of fiber. (Inset: the GBM TS at the initial time of invasion) 
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Figure S6. 

Molecular expression profiles of proteolytic enzymes (MMP2 and MMP9) and adhesion molecules 

(FAK) in GBM. (n=5~6; Asterisks indicate a significant difference by student’s t-test, * p < 0.05; no 

sign for Non-significant difference.)  
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Figure S7. 

(A) Mechanism of action for hyaluronic acid synthase (HAS) inhibitor, 4-methylumbelliferone. 

(B) Cell viability test with LIVE/DEAD staining kit for GBM TSs after 12 hr invasion, when treated 

with 0, 0.1, and 1mM 4-MU. 

 

  



12 

 

 

 

 



13 

 

Figure S8. 

(A) Comparison of morphology and invasion pattern for GBM TSs, right after (0 hr) treated with 0, 0.1, 

and 1mM 4-MU. 

(B) Cell viability test when the 4-MU was treated right after (0 hr) GBM invasion. No significant effect 

on cell viability at the concentration of 0.1 and 1mM 4-MU. 
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Figure S9. 

(A) The inhibition of HAS genes in GBM TSs within PCL fiber-incorporated COL-based hydrogel 

platform using 4-MU after 12 hr invasion. Inset: 4-MU treated GBM TSs at 0 hr. 

(B) Normalized proliferation of GBM in presence of 4-MU treatment in a fold-change. 

(C) Molecular expression profiles in presence of 4-MU. (n=5~6; Asterisks indicate a significant 

difference statistically by student’s t-test, * p < 0.05; ** p < 0.01; ***p < 0.001) 
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Table 1. Primer Sequences Used in RT-PCR 
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