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Objective: Modulated electro-hyperthermia (mEHT), a non-invasive complementary 
treatment to radio- or chemotherapy, can also induce a selective tumor damage by itself 
based on cell stress and heat shock at ~42oC. Here we studied the molecular background of 
mEHT tumor destruction and its combination with doxorubicin treatment using an in vitro 
model. 
 
Methods: Coverslip cultures of C26 mouse colorectal adenocarcinoma cell were treated with 
mEHT at 42oC (2x60 min with 120 min breaks) either alone or in combination with the 
topoisomerase inhibitor and DNA-intercalating 1 µM doxorubicin (mEHT+Dox). Post-treatment 
stress response, cell death, apoptosis and proliferation related markers were detected using 
immunocytochemistry; complemented with resazurin viability assay, qPCR, flow-cytometry 
and clonogenic assay compared to non- (Ctrl) and doxorubicin (Dox)-treated control cultures. 
 
Result: Modulated EHT induced the significant release of hsp70 and calreticulin proteins 24 h 
after treatment and reduced the tumor stem-cell related colonies 10-days post-treatment. 
Early (1-3h) after the significant decrease of the anti-apoptotic XIAP, BCL-2 and BCL-XL, and 
the elevation of the pro-apoptotic BAX and PUMA mRNA levels was detected. P21 transcripts 
were also significantly increased between the 1-9th h. From 24 to 48 h the progressive 
reduction of cell viability was seen accompanied by the occurrence of cleaved-caspase-3 
positive tumor cells which was further augmented in combination with Dox. In line with this, 
mEHT caused major apoptotic cell death, which was significantly enhanced after combined 
mEHT+Dox treatment, while Dox alone dominantly caused necrosis. After 24h the nuclear 
phospho-p53(Ser15) protein levels were also significantly increased in all treated groups, 
while phospho-Akt(Ser473) levels were reduced but only in the mEHT and mEHT+Dox groups.  
 
Conclusion: mEHT induced cell stress caused caspase-dependent programmed cell-death and 
inhibition of tumor-cell proliferation, possibly linked to p53 activated p21waf1 upregulation and 
the concomitant reduction of active Akt protein, which could normally inhibit p53 functions. 
This mEHT induced mechanism could potentiate the cytotoxic effect doxorubicin in C26 
colorectal cancer cells. 
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