
1 
 

Supplementary Materials and Methods 

1. GBM single-cell RNA sequencing (scRNA-seq) data analysis 

Data were normalized with LogNormalize function. Cells were clustered using the 

FindClusters function which applies modularity optimization techniques. The non-linear 

dimensional reduction technique was used to generate UMAPs and to visualize cell cluster features. 

Markers of specific clusters were identified using the FindMarkers function. Total number of cells 

expressing specific stem cell or EMT markers in each of the FABP7 subset was calculated and 

plotted in the bar graphs and p-value was calculated using prop.test function in R.  

 

2. Co-immunofluorescence (IF) staining and scoring of scratch assay  

 The scratch assay1 combined with co-immunofluorescence assay was used to study the 

expression of FABP7, EMT marker ZEB1, and GBM neural stem like cells markers SOX2 and 

nestin, in GBM fast-migrating versus slow-migrating cells. A4-004 cells were cultured in 

neurosphere medium on laminin-coated glass coverslips until they reached 70%-80% confluence. 

A top-to-bottom scratch was introduced in the middle of the coverslip with a P20 pipet tip, and 

cells were incubated for an additional 24 h. Cells were washed with 1X PBS and fixed in 4% 

paraformaldehyde (PFA), and then incubated with primary antibodies followed by secondary 

antibodies. Antibody information: mouse anti-FABP7 antibody (Santa Cruz,1:400, sc-374588), 

rabbit anti-FABP7 antibody (prepared in-house; 1:400), anti-ZEB1 antibody (Invitrogen,1:400, 

#14-9741-82), anti-SOX2 antibody (Cell Signaling,1:400, #3579), anti-nestin antibody 

(Abcam,1:400, ab22035), anti-rabbit Alexa-488 or Alexa-555 secondary antibodies (Invitrogen, 

1:400), and anti-mouse Alexa-488 or Alexa-555 secondary antibodies (Invitrogen, 1:400). 
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 Immunofluorescence imaging was carried out using confocal microscopy with a Zeiss 20X 

objective. MetaXpress 6 Software Multi-Wavelength Cell Scoring Module (Molecular Devices, 

USA) was used to quantitate the immunoreactivity of FABP7 and cell markers (SOX2, Nestin and 

ZEB1) in fast migrating (in the closing gap) and slow migrating (in areas away from the scratch) 

cells. We first counted total cell numbers within these areas using DAPI as a nuclei marker. Next, 

we established the thresholds for the expression of FABP7 and other markers based on 

immunostaining signal intensity that best matched their optical scanning. The number of positive 

or negative cells for FABP7 or each of the co-stained markers was determined independently using 

threshold values specified by the software. The percentage of positive cells for each marker was 

computed as one hundredth of the total cell number. The percentage of the co-expressing cells 

(positive for both FABP7 and one of the co-stained markers)was computed as one hundredth of 

the total number of cells positive for FABP7 alone, the co-stained marker alone and both 

FABP7/co-stained marker. 

 

3. Orthotopic xenografts generated with U87 cells and A4-007 cells 

U87-pREP4 (FABP7-negative) and U87-pREP4-FABP7 were stereotaxically-injected 

(~105 cells in 5 µL) into the right frontal cortex at a depth of 2 mm (1.5 mm lateral from the bregma) 

of 4-week old female SCID mice (n=3 mice per group). SE T2-weighted images of brains were 

acquired at weekly intervals starting two weeks after cell injection using a 9.4 Tesla/21.5 cm 

diameter MRI system. Animals were sacrificed between 4 to 6 weeks after cell injections and brain 

samples were collected. Brains were embedded and sections containing tumor tissues were 

immunostained with rabbit anti-FABP7 antibody (prepared in-house; 1:500), followed by 

EnVision + anti-rabbit HRP-labeled polymer (DakoCytomation, Carpinteria, CA, USA).  
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A4-007 GSCs (~105 cells in 5 µL) were stereotaxically-injected into the brains of 8-week 

old male NSG mice as described above (n=3 per group). Mice were intraperitoneally injected with 

either DMSO (control) or FABP7 inhibitor (SBFI-26, Aobious, INC) (15 mg/kg)2 once a week for 

three weeks starting one week after tumor injection. Mice were euthanized 8 weeks post-tumor 

injection. Mouse brains were dissected, processed and the tissue sections were immunostained 

with rabbit anti-FABP7 as described above.  

 

4. Tissue microarray (TMA) analysis 

TMA tissues (in triplicate) from a previously described GBM patient cohort3 were 

immunostained with anti-FABP7 antibody (prepared in-house; 1:500) and 

DakoCytomationEnVision+ anti-rabbit secondary system (Dako, CA). Tissues were 

counterstained with hematoxylin. Cytoplasmic and nuclear FABP7 immunoreactivity were 

evaluated separately by two professional evaluators independently (blind to each other). The 

Spearman’s coefficient of rank correlation between the two sets of scores was 0.833 (p<0.0001) 

and 0.840 (p<0.0001) for cytoplasmic and nuclear FABP7 immunoreactivity, respectively, 

suggesting strong agreement. Immunostaining intensity was scored on a scale of 0 (negative), 1 

(weak), 2 (intermediate) and 3 (strong). For each tumor core, an H-score were calculated based on 

average staining intensity and percentage of immunostained cells throughout the tumor tissue 

using the following formula: H-score = [(0 x % negative cells) + (1 x % weakly positive cells) + 

(2 x % moderately positive cells) + (3 x % strongly positive cells)]. The range of H-scores was 0 

to 300 and the scores from different TMA cores of the same tumor sample were averaged. For cut-

off point in patient survival analysis, H-scores higher than 150 was classified as “high”, and tumor 

tissues with H-scores equal or less than 150 were classified as “low”. 
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