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Supplementary Figure S1. Mechanical HIFU causes tissue discohesion. H&E stained 
directly-treated tumor sections at (A) 2 h, (B) 24 h, (C) 48 h, and (D) one week post mechanical 
ablation and (E-H) magnified views of the same sections as in the top row. H&E stained 
sections of the corresponding distant tumors at (I) 2 h, (J) 24 h, (K) 48 h, and (L) one week 
along with (M-P) magnified views of the same distant tumors. 



 
Supplementary Figure S2. Mechanical HIFU causes cell death, pretreatment with 
immunotherapy enhances this effect. At 24hr post mechanical HIFU, (A) tumors remain 
viable on H&E for tumors treated with a monotherapy. Addition of immunotherapy (B) results in 
extensive loss of tumor cell viability. At 72hr post mechanical HIFU, there is reduced viability in 
(C) mHIFU only that is further reduced in (D) the combination of mHIFU and immunotherapy. At 
7 days post mechanical HIFU (E) mHIFU only tumors have increased in size while (F) 
treatments in the combination cohort have little viable tumor remaining. All scale bars represent 
2mm. 
  



 

 
Supplementary Figure S3. Innate immune signaling pathways. Heatmap visualization of Z-
scores for (A) Toll-like receptor signaling pathway, (B) NOD-like receptor signaling pathway, and 
(C) cytosolic DNA sensing and signaling pathway. The heatmaps were created in R Studio 
v1.2.5001 (https://rstudio.com). 



 
Supplementary Figure S4. Mechanical HIFU combined with immunotherapy alters 
populations of CD86+ CD206+ macrophages. Cd206low macrophage populations are reduced 
by the combined mHIFU-immunotherapy treatment in the treated tumor at both 24hr and 7 days 
post HIFU. Each plot shows an equal representation of 20k cells for each cohort. The plots were 
created in FlowJo v10.7 (https://www.flowjo.com). 
  



 
 
 

 
Supplementary Figure S5. Immunotherapy alters macrophage polarization of tumors 
treated with mechanical HIFU. Flow cytometry quantification of (A) M2 polarized macrophages 
and (B) macrophages with neither M1 nor M2 polarization as a percentage of total macrophages 
within the tumor. F4/80 IHC stained sections of (C) a thermally-ablated tumor, (D) a tumor that 
received both thermal ablation and immunotherapy, (E) a tumor treated with mechanical HIFU, 
and (F) an untreated control tumor. Scale bar represents 100 µm in all cases. Time points are: 
one-week post ablation for all cohorts that received thermal ablation, and 24 hours post HIFU 
for cohorts that received mechanical HIFU. Data are expressed as mean ± SD. *p<0.05, 
**p<0.01, ***p<0.001, ****p<0.0001 (ordinary one-way ANOVA with Tukey correction for multiple 
hypotheses). 
 
  



 
Supplementary Figure S6. Ablation increases macrophage infiltration. Myeloid cells were 
underestimated in (A) flow cytometry quantification compared to (B) CIBERSORT imputed 
proportions. However, both methodologies validated increases in tumor macrophages following 
ablation. 
  



 

 
Supplementary Figure S7. The combination of mechanical ablation and immunotherapy 
enrich CD8+ T cell populations one week after HIFU. uMAP plots at the 7 day timepoint of (A) 
control, (B) mechanically ablated, (C) mechanical HIFU pretreated with immunotherapy, and 
immunotherapy alone tumors. Black and red arrows indicate immune populations that change 
with treatment. Black arrows indicate Cd8a+ populations, red arrows indicate Cd206+,Cd86+ cell 
populations, and blue arrows indicate Gr1+, Cd11b+ cell populations. Individual uMAPs were 
generated using uMAP v3.1 on FlowJo v10.7 
(https://www.flowjo.com/exchange/#/plugin/profile?id=6) using all markers except CD45 and 
Live/Dead as parameters with 15 nearest neighbors and 0.01 minimum distance. 
  



 

 
Supplementary Figure S8. Humoral response to HIFU. FPKM values of (A) Siglech and (B) 
Cd20. 
 
  



Supplementary Table S1: Top gene ontology terms for ECM remodeling and wound healing for 

each treatment

 
 

 

 

 

 
  



Supplementary Table S2: Innate immune response gene ontology terms for each treatment 

 
 

 

 

  



Supplementary Table S3 Enriched adaptive immune response GO terms for each treatment 

 
 

 
  



Supplementary Table S4 Cytokine and chemokine enriched GO terms for directly-treated 

tumors 

 
 

  



Supplementary Table S5 Enriched B cell GO terms for each treatment 

 
 

 

 


