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Abstract 
The cancerous tumor tissue and its extracellular matrix are subject to mechanical signals. The role of pressure in 
tumor transformation and growth as well as in the appearance of metastasis is more and more understood. 
Hence the effect of constraint/stress on tumor growth has been widely explored in vitro in 3-dimension cell 
culture. The proof of concept delivered by the present work shows the effect of a constraint field in vivo on tumor 
growth. Nude mice were grafted subcutaneously with a mix of ferric nanoparticles and MDA MB 231 cells. The 
nanoparticles with a diameter of 100 nm rapidly spread around the growing tumor. The field of constraint was 
applied through the magnetized nanoparticles located around the tumor. It was generated by the action of a 
magnetic field gradient on the nanoparticles using permanent magnets located outside the animal. A very 
statistically significant difference (p=0.015) was observed between the volume of tumors with nanoparticles 
around and subjected to a field of constraint for 2 hours/day for 21 days and observed to day 59 or more, and the 
volume of tumor of the three control groups. This experiment provides the first evidence of an action of 
mechanical signals on the growth of tumor in vivo, in animal. These results confirm in vivo the results previously 
obtained in vitro on 3-dimension tissue culture models.   
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Fig. 1- A: Schematic representation of the experimental setup with the animal 

 (Magnets tumor not at scale) 
 

 
 

Fig. 1- B: Close up of the West and East sides with force vector 
 

 

 

 

Fig. 2 - Spreading of the nanoparticles around a subcutaneous grafted tumor 
 

 
Fig. 3 - Growth curve of the tumors in the 4 groups 

 
 

 
 
 
 
 
 

Table 1 - Tumor volume measured on D59+tumors 

Volume (mm
3
) Median(Q1; Q3) (Min; Max) Mean (±std) Significance (p value) 

Treated (N=7) 529 (502; 840) 346; 966 646±235 
Significant 
 (p=0.015) 

Controls (N=33) 1,334 (758; 1784) 256; 2106 1,250±282 
IC 95% 

579 (124; 1,099) 

West East 

Tumor MDA MB 231, Perls special stain, x100-Important labeling of peri-tumoral areas 

Iron Tumor 

 


