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Abstract  
Modulated electro-hyperthermia (mEHT), a non-invasive, loco-regional complementary of 
radio- or chemotherapy, can by itself induce selective heat shock and cell stress in malignant 
tumors at ~42oC. Based on the published results we briefly summarize what has been 
revealed on the molecular background of tumor damage caused by mEHT treatment.  

A single mEHT shot of 30-60 min provoked significant upregulation of -H2Ax (indicating DNA 
double strand brakes) and tumor destruction in colorectal cancer models, both in vitro and in 
vivo, dominantly following programmed tumor cell death mechanisms. Apoptotic response 
was diverse based on the (epi) genetic makeup of treated tumors and following both extrinsic 
(casp-8+) and intrinsic (translocated Bax & Cytochome C) caspase-dependent (casp-3+; in 
C26), or AIF-mediated (in p53 mutant HT29) caspase-independent pathways. Treatment 
response in C26 in vitro involved the upregulation of Ser15 phospho-p53 (indicating escape 
from Mdm2 control) and p21waf1 (the mediator of cell senescence), accompanied by the 
elevation of the pro-apoptotic PUMA, Bax and Bak-1 and the downregulation of the 
antiapoptotic XIAP, Bcl-2 and Bclx. Furthermore, mEHT treatment synergized with 
Doxorubicine chemotherapy. In histiocytic lymphoma (U937) both extrinsic and intrinsic 
caspase-dependent apoptosis was driven by phosphorylation of the c-Jun N-terminal kinases 
(JNK). 

In vivo, early apoptosis was supplemented by complete cell cycle arrest shown by Ki67 
negativity, and the occurrence and release of DAMP (damage associated molecular pattern) 
signals including chaperons such as calreticulin, Hsp70 and Hsp90 and the high mobility 
group1 (HMGB1) protein. After single treatment, the progressive tumor damage and 
accumulation of CD3 positive T-cells, including granzyme B+/CD8+ cytotoxic cells (granzyme 
B+/CD8- NK cells) as well as S100+ antigen presenting dendritic cells (APC), were consistent 
with a secondary, immunogenic cell death (ICD) mechanism added to the primary effect of 
mEHT. Furthermore, treatment response could be associated with elevated levels of 
glycolytic enzymes in vivo, and with increased lactate production and reduced buffer capacity 
(and pH) in cultures. mEHT treatment also supported antitumor immune response when 
combined with tumor-specific, intratumoral dendritic cell delivery involving tumor sites 
distant from the treated focuses (Abscopal effect).  

In summary, radio- or chemotherapy can be supported by the inherent antitumor effects of 
mEHT, which can induce diverse, tumor-specific apoptosis pathways and antitumor immune 
response too. Besides direct heat induction in the extracellular space due to elevated 
glycolysis (Warburg-effect) and ion-concentration in cancer, mEHT may also act directly on 
cell membrane rafts (where local electric loss/absorbtion peaks), which concentrate ion 
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channels and transmembrane receptors. These features may explain the higher efficiency of 
mEHT compared to traditional hyperthermia under the same temperature. 
 
This study has been supported by the Hungarian National Research, Development and 
Innovation Office (NVKP_16-1-2016-0042). 
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