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Contrast enhanced T1-weighted magnetic resonance (MR) images were acquire before 
and after FUS treatment of the GL261 mice using the MRgFUS system. The contrast 
enhancement due to MR contrast agent leakage was quantified for all the acquired images using 
a customized Matlab program. This program selected a non-sonicated region in each image to 
define the background intensity. Pixels that had intensities above the background were identified 
in each image. The intensities of these identified pixels were summed to define the contrast 
enhancement of each image. We then calculated the MR contrast enhancement ratios of images 
acquired at the same anatomic location before and after FUS treatment. The mean contrast 
enhancement ratio was calculated for each mouse by averaging the contrast enhancement ratios 
calculated for all images for each tumor. Figure S1 presents the quantified MR contrast 
enhancement ratios for all the three treatment groups with different pressure levels (1.52 MPa, 
2.74 MPa, and 3.53 MPa). All the ratios were higher than one, confirming that FUS was targeted 
at the tumor and enhanced the tumor leakage of the MR contrast agents. However, there were 
no significant difference in the MR contrast enhancement ratio among the three pressure groups. 
This result was not consistent with the quantification of biomarker release shown in Fig. 3, which 
found the eGFR mRNA expression level in the 1.52 MPa group was significantly higher than that 
of the other two higher pressure groups. This finding suggests that at acoustic pressures that 
induce vascular damage, contrast-enhanced MRI, which quantifies the amount of MR contrast 
agent leakage from the blood to the brain tumor, cannot predict the amount of biomarkers 
released from the brain tumor to the blood. Future study needs to assess the feasibility to achieve 
FUS brain liquid biopsies using acoustic pressures that will not induce vascular damage and then 
evaluate the correlation between the leakage of MR contrast agents detected by contrast-
enhanced MRI and biomarker release level in the blood.  

 

Figure S1. Quantification of contrast-enhanced MR images acquired before and after FUS 
treatment at the three pressure levels (1.52 MPa, 2.74 MPa, and 3.53 MPa). The lines represent 
the mean and standard deviation for each group. There was no statistically significant differences 
among all the groups.   

 

 

 

 

 



Hematoxylin and eosin (H&E) staining was used to assess the effects of the focused 
ultrasound (FUS) treatment to the tumor tissue. The H&E staining of U87 tumor-bearing mice 
treated by FUS with acoustic pressure of 3.82 MPa did not reveal any red blood cells leakage in 
the brain tumor, which would have indicated hemorrhage (Figure S2). However, hemorrhages 
were observed in GL261 tumor-bearing mice treated with FUS with a similar pressure level (3.53 
MPa) and even lower pressure levels (1.52 MPa and 2.74 MPa). The U87 tumor-bearing mice 
were sacrificed immediately (about 4 minutes) after the FUS treatment, which may have 
precluded the appearance of red blood cells in the brain slices even if any damage occurred.  

 

Figure S2. Histological assessment of brain tissue from the control and treated mice. H&E 
staining of the ex vivo tumor slices obtained from the control and treated mice showing no acute 
damage in FUS-treated tumor (B, D, and F) when compared with the control (A, C, and E). The 
black boxes in A and B indicate the locations where C and E were obtained, respectively. The 
black boxes in C and E indicate the locations where E and F were obtained, respectively. 

 

 


