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Intermittent ELF-EMF exposure, but not continuous ELF-EMF exposure induced DNA strand breaks in human fibroblasts. 55 
ELF-EMF 50 Hz sinus generated a higher rate of DNA strand breaks in human fibroblasts than ELF-EMF powerline. 57 

Genotoxic effects were frequency dependent. 58 

Increase in DNA strand breaks in human fibroblasts after ELF-EMF exposure was dependent on exposure time. 58 

Increase in DNA strand breaks in human fibroblasts after ELF-EMF exposure was dependent on the age of the donors. 59 

Increase in DNA strand breaks in human fibroblasts after ELF-EMF exposure was accompanied by a rise in micronuclei frequencies. 60 

ELF-EMF exposure did not diminish the number of fibroblasts in culture. 60 

ELF-EMF exposure induced DNA strand breaks in human fibroblasts in a dose dependent way. 61 

DNA strand breaks in human fibroblasts after ELF-EMF exposure were rapidly repaired. 62 

DNA repair deficient cells react differently to ELF-EMF exposure. 63 

Generation of DNA strand breaks through ELF/EMF was cell type specific. 63 

Generation of DNA strand breaks in human fibroblasts through ELF-EMF and their repair were modified by UVC or heat stress. 64 

ELF-EMF generated chromosomal aberrations in human fibroblasts. 67 

ELF-EMF did not alter the mitochondrial membrane potential in human fibroblasts. 67 

3.1.1.2 Granulosa cells of rats, Chinese hamster ovary cells (CHO) and HeLa cells (Participant 7) 67 

ELF-EMF exposure caused a significant increase of DNA strand breaks in cultured rat granulosa cells, CHO cells and HeLa cells. 67 

3.1.1.3 Embryonic stem cells (ES) of mice (Participant 4) 69 

Lack of effects on single and double strand break induction 0, 18, 24 and 48 hours after completion of a 6 or 48 hours ELF-EMF exposure. 69 
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3.1.2 Cell proliferation and differentiation 70 

3.1.2.1 Human neuroblastoma cell line NB69 (Participant 5) 70 

ELF-EMF promoted the growth rate of NB69 neuroblastoma cells. 70 

A growth-promoting effect of ELF-EMF in NB69 neuroblastoma cells was not observed after an extended exposure period. 71 

ELF-EMF did not counteract the retinoic acid-induced inhibition of cell proliferation in NB69 neuroblastoma cells. 71 

ELF-MF enhanced the cellular proliferation rate NB69 neuroblastoma cells as revealed through analysis of cell proliferation markers (PCNA). 72 

ELF-EMF increased the DNA synthesis in NB69 neuroblastoma cells. 73 

ELF-EMF affected the cell cycle in NB69 neuroblastoma cells. 74 

ELF-EMF diminished the spontaneous apoptosis in NB69 neuroblastoma cells. 74 

ELF-EMF altered the activation of the phosphorylated cyclic adenosine monophosphate response-element binding protein (p-CREB). 75 

3.1.2.2 Embryonic stem cells of mice during cardiac differentiation (Participant 8) 76 

ELF-EMF accelerated the cardiac differentiation of embryonic stem cells through enhanced expression of cardiac genes. 76 

3.1.2.3 Human lymphocytes (Participant 8) 76 

ELF-EMF exposure did not have any influence on proliferation, cell cycle and functionality of human lymphocytes. 76 

3.1.2.4 Embryonic stem cells of mice (Participant 4) 76 

ELF-EMF did not have any influence on the growth and neuronal differentiation of embryonic stem cells of mice. 76 
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3.1.3.1 Embryonic stem cells of mice (Participant 4) 77 

ELF-EMF at a flux density of 2 mT up-regulated the transcript levels of the anti-apoptotic gene bcl2 and the growth arrest and DNA damage inducible gene GADD45 and down-regulated bax in ES cell-derived neural progenitor cells. This may indirectly influence the apoptotic process in neural progenitor cells. 77 

3.1.3.2 Neuroblastoma cell line NB69 (Participant 5) 77 

ELF-EMF at a flux density of 100 µT inhibited the spontaneous apoptosis in NB69 neuroblastoma cells. 77 

3.1.3.3 Human fibroblasts (Participant 3) 77 

No differences in cell count between ELF-EMF exposed and sham exposed human fibroblasts at any exposure duration could be detected. Therefore a possible elimination of cells by apoptosis and cell death can probably be ruled out. 77 
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3.1.4 Gene and protein expression 77 

3.1.4.1 Embryonic stem cells of mice (Participant 4) 77 

ELF-MF exposure resulted in up-regulation of egr-1, c-jun and p21 transcript levels in p53-deficient, but not in wild type ES cells. 77 

ELF-MF exposure of p53-deficient cells induced only short-term and transient effects on gene expression levels. 78 

ELF-MF effects on transcript levels of regulatory genes in p53-deficient cells were dependent on intermittence cycles (on/ off cycle duration). 79 

ELF-EMF exposure up-regulated the transcript levels of bcl-2, the growth arrest and DNA damage inducible gene (GADD45) and down-regulates bax in ES cell-derived neural progenitor cells. 79 

3.1.4.2 Human neuroblastoma cell line SY5Y (Participant 11) 82 

ELF-EMF did not affect the expression of nicotinic acetylcholine receptors (nAchRs) which represent the neuronal nicotinic system in human neuroblastoma cells. 82 

ELF-EMF did not affect the expression of markers of the cathecolaminergic system in neuroblastoma cells. 86 

3.1.4.3 Embryonic stem cells of mice during cardiac differentiation (Participant 8) 88 

ELF-EMF affected the expression of cardiogenic genes in murine embryonic stem cells (GTR1). 88 

Exposure of GTR1 ES cells to ELF-EMF after LIF removal and throughout 4 days of puromycin selection for an overall period of 10 days from LIF withdrawal was able to increase the yield of ES-derived cardiomyocytes: the number of beating colonies reached 170.44 ± 28.0 % of the control value, estimated in cardiomyocytes selected from untreated cells (mean ± SEM of 4 separate experiments). 91 

3.1.4.4 Membrane currents of oocytes of Xenopus laevis expressing rCx46 (Participant 7) 92 

ELF-EMF did not significantly affect the leak-current of oocytes of Xenopus laevis expressing hemi-channels of rCx46. 92 

No significant influence of ELF-EMF on the number of expressed and conducting hemi-channels composed of rCx46 in oocytes. 93 

No significant influence of ELF-EMF on the voltage-dependent gating properties of rCx46 expressing oocytes 93 

No significant influence of ELF-EMF on the reversal potential of rCx46-mediated membrane current in oocytes. 96 

A slight but not significant influence of ELF-EMF on the gating properties of hemi-channels expressed in Xenopus oocytes dependent on the external calcium concentration was observed. 97 

ELF-EMF did not significantly affect the results of electrophysiological recordings of paired Xenopus oocytes. 98 
No significant influence of ELF-EMF on gap junctional coupling of rat granulosa cells was observed. 99 

An effect of ELF-EMF on cytoplasmic free calcium of cultured human fibroblasts and granulosa cells of rats was not observed. 100 

The volume regulatory response of granulosa cells appeared not to be influenced by ELF-EMF. 102 

3.1.4.5 Whole-genome analysis of various cell lines exposed to ELF-EMF (Participant 12) 102 
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3.2 Results in RF-EMF research 107 

3.2.1 Genotoxic effects 107 

3.2.1.1 Human HL-60 cell line (Participant 2) 107 

A. Direct genotoxicity 107 

RF-EMF increased the micronucleus frequency and the number in DNA strand breaks in HL-60 cells dependent on the energy of radiation as determined by the cytokinesis-block in vitro micronucleus assay and the Comet assay. 107 

RF-EMF increased the micronucleus frequency and the number of DNA strand breaks in HL-60 cells dependent on the exposure time as determined by the cytokinesis-block in vitro micronucleus assay and the Comet assay. 110 

The effects of RF-EMF on genomic integrity of HL-60 cells were exposure-signal-dependent as determined by the cytokinesis-block in vitro micronucleus assay and the Comet assay. 111 

As shown by flow cytometric analysis RF-EMF increased the micronuclei frequency, but did not affect cell cycle. 113 

RF-EMF did not affect apoptosis as demonstrated by the Annexin V and TUNEL assay. 115 

RF-EMF did not exert a cytotoxic effect on HL-60 cells. 117 

B. Indirect genotoxicity (by reactive oxygen species) 119 

RF-EMF induced formation of reactive oxygen species as shown by flow cytometric detection of oxyDNA and rhodamine fluorescence. 119 

RF-EMF did not affect antioxidant enzyme activities of HL-60 cells (SOD and GPx activity). 123 

The generation of genotoxic effects through RF-EMF was inhibited by ascorbic acid. 124 

3.2.1.2 Human fibroblasts and granulosa cells of rats (Participant 3) 125 

RF-EMF generated DNA strand breaks in human fibroblasts and in granulosa cells of rats. 125 

RF-EMF generated chromosomal aberrations in human fibroblasts. 128 

RF-EMF induced micronuclei in human fibroblasts. 128 

Results on the influence of RF-EMF on the mitochondrial membrane potential were inconsistent. 129 

3.2.1.3 Mouse embryonic stem cells (Participant 4) 129 

RF-EMF affected double-strand DNA break induction in ES cell derived neural progenitors immediately after exposure. 129 

3.2.1.4 Summary (Participant 1) 129 

3.2.2 Cell proliferation and cell differentiation 130 

3.2.2.1 Human neuroblastoma cell line NB69 and neural stem cells (NSC) (Participant 5) 130 

RF-EMF did not affect growth or viability of NB69 neuroblastoma cells and neural stem cells (NSC). 130 

RF-EMF may affect the expression of FGF receptors in NB69 human neuroblastoma cells and in neural stem, potentially influencing cellular differentiation. 131 

RF-EMF affected the differentiation of neural stem cells (NSC), but not of neuroblastoma cells (NB69). 131 

3.2.2.2 Human lymphocytes and thymocytes (Participant 8) 133 
RF-EMF did not affect proliferation, cell cycle and activation of human lymphocytes. 133 

RF-EMF (DTX) may inhibit the production of IL-1beta in human lymphocytes, but did not affect the production of IL 6. 134 

RF-EMF did not affect thymocyte differentiation. 135 

3.2.2.3 Human promyelocytic cell line HL-60 (Participant 2) 135 

RF-EMF did not affect the cell cycle of HL-60 cells as shown by flow cytometric analysis. 135 

RF-EMF did not affect the growth behaviour of HL-60 cells with respect to growth velocity and DNA synthesis. 135 

3.2.2.4 Mouse embryonic stem cells (Participant 4) 137 

RF-EMF did not induce cardiac differentiation of R1 ES cells and cardiac differentiation and proliferation of P19 EC cells, but may affect the bcl-2 mediated apoptotic pathway in ES-cell derived neural progenitors and neuronal differentiation by inhibiting nurr-1 and TH transcription. 137 

3.2.2.5 Summary (Participant 1) 137 

3.2.3 Apoptosis 137 

3.2.3.1 Brain cells of different origin and human monocytes (Participant 9) 137 

RF-EMF did not affect apoptosis in neuronal cells. 137 

RF-EMF did not affect apoptosis in astrocytic cells. 139 

RF-EMF did not influence apoptosis in immune cells. 140 

RF-EMF did not influence chemically-induced apoptosis in immune cells. 142 

3.2.3.2 Human lymphocytes (Participant 8) 142 

RF-EMF did not affect apoptosis in human lymphocytes. 142 

RF-EMF did not increase the Hsp70 level in human lymphocytes after induction of apoptosis. 142 

RF-EMF did not affect apoptosis in thymocytes. 143 

3.2.3.3 Human promyelocytic cell line HL-60 (Participant 2) 143 

RF-EMF did not affect apoptosis in HL-60 cells as shown by flow cytometric analysis and the Annexin V and TUNEL assay. 143 

3.2.3.4 Embryonic stem cells of mice (Participant 4) 143 

RF-EMF exposure may influence the bcl-2 mediated apoptotic pathway in ES-cell derived neural progenitors. 143 

3.2.3.5 Human endothelian cell lines (Participant 6) 143 

The RF-EMF-induced enhancement of hsp27 phosphorylation as well as the concomitantly RF-EMF-induced down-regulation of proteins of Fas/TNFα suggest that the anti-apoptotic pathway in RF-EMF exposed cell systems may be modified. 143 

3.2.3.6 Summary (Participant 1) 143 

3.2.4 Gene and protein expression 144 

3.2.4.1 Mouse embryonic stem cells (Participant 4) 144 

Loss of p53 function rendered pluripotent ES cells sensitive to RF-EMF after prolonged exposure. 144 

RF-EMF did not influence cardiac differentiation and gene expression levels in R1 ES cells. 145 

RF-EMF did not induce cardiac differentiation and gene expression and the proliferation of P19 EC cells. 145 

RF-EMF exposure may affect the bcl-2 mediated apoptotic pathway in ES-cell derived neural progenitors and neuronal differentiation by inhibiting nurr-1 and TH transcription. 146 

3.2.4.2 Human neuroblastoma cell line NB69 and neural stem cells (NSC) (Participant 5) 148 

RF-EMF (GSM-CW and GSM-Basic) interfered with the expression of FGF receptors in NB69 human neuroblastoma cells. 148 

RF-EMF affected the expression of FGF receptors in neural stem cells (NSC). 150 
RF-EMF did not affect gene expression of FGF Receptor-1 in NB69 neuroblastoma cells and in neural stem cells (NSC) 151 

3.2.4.3 Human promyelocytic cell line HL-60 (Participant 2) 152 

RF-EMF exposure reproducibly up- and down-regulated protein expression in HL-60 cells (41 proteins showed to be up-, 1 protein to be down-regulated and 14 proteins appeared to be de-novo expressed). 152 

3.2.4.4 Human lymphocytes (Participant 8) 158 

RF-EMF did not affect gene expression in human lymphocytes. 158 

3.2.4.5 Brain cells of different origin (Participant 9) 159 

RF-EMF exposure did not affect expression and activity of the inducible nitric oxide synthase (iNOS or NOS2) in nerve cells. 159 

RF-EMF (GSM-900 signals) did not affect heat shock protein expression in nerve cells. 161 

GSM-900 microwave exposure did not affect hsp27 expression in human endothelial cell line EA.hy926. 162 

No conclusive data was obtained on the effect of RF-EMF exposure on Hsp27 expression in rat brain. 163 

RF-EMF (GSM-900) exposure weakly affected gene expression in immune cells. 164 

3.2.4.6 Human endothelial cell lines EA.hy926 and EA.hy926v1 (Participant 6) 164 
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4.0 DISCUSSION 183 

4.1 Results obtained after ELF-EMF exposure 183 

4.1.1 Genotoxic effects 183 

4.1.1.1 Human fibroblasts, lymphocytes, monocytes, melanocytes and muscle cells and granulosa cells of rats (Participant 3) 183 

Intermittent ELF-EMF exposure generated DNA strand breaks in various but not all cell lines. 183 

Genotoxic effects of ELF-EMF varied with exposure time. 183 

ELF-EMF produced DNA strand breaks in human fibroblasts in a dose dependent way. 184 

Generation of DNA strand breaks in human fibroblasts through ELF-EMF was related to the age of the donors. 184 

Effects of ELF-EMF were cell type specific. 184 

Generation of DNA strand breaks in human fibroblasts through ELF-EMF and their repair were modified by UVC or heat stress. 185 

Generation of DNA strand breaks in human fibroblasts through ELF-EMF was dependent on the genetic background of cells. 185 

Generation of DNA strand breaks in human fibroblasts by ELF-EMF was dependent on the frequency of ELF-EMF. 185 

ELF-EMF generated chromosomal aberrations in human fibroblasts. 185 

ELF-EMF did not influence the mitochondrial membrane potential. 186 

4.1.1.2 Human fibroblasts and granulosa cells of rat (Participant 7) 186 

The genotoxic effects induced by ELF-EMF are not reflected by physiological functions like volume regulation and free cytoplasmic Ca2+-concentration. 186 

4.1.1.3 Mouse embryonic stem cells (Participant 4) 187 
ELF-EMF did not induce the formation of DNA strand breaks in embryonic stem cells. 187 

4.1.1.4 Summary (Participant 1) 188 

4.1.2 Cell proliferation and differentiation 189 

4.1.2.1 Human neuroblastoma cells (NB69 cell line) (Participant 5) 189 

ELF-EMF enhanced proliferation and reduces spontaneous apoptosis of NB69 neuroblastoma cells. 189 

The mechanism of interaction between ELF-EMF and NB69 neuroblastoma cells is not known yet. 189 

4.1.2.2 Mouse embryonic stem cells (Participant 4) 190 

ELF-EMF did not exert any influence on neuronal differentiation of embryonic stem cell. 190 

4.1.2.3 Human lymphocytes and embryonic stem cells (Participant 8) 190 

ELF-EMF did not affect proliferation, cell cycle and activation of lymphocytes. 190 

ELF-EMF activated the expression of cardiac genes in embryonic stem cells thus enhancing their cardiac differentiation. 190 

4.1.2.4 Summary (Participant 1) 190 

4.1.3 Apoptosis 191 

4.1.3.1 Mouse embryonic stem cells (Participant 4) 191 

ELF-EMF altered the expression of bcl-2, bax and GADD45 gene in ES-cell derived neural progenitor cells. 191 

4.1.3.2 Neuroblastoma cells (NB69 cell line) (Participant 5) 191 

ELF-EMF inhibited spontaneous apoptosis in neuroblastoma cells. 191 

4.1.3.3 Human fibroblasts (Participant 3) 193 

ELF-EMF may not affect the apoptotic process in human fibroblasts after intermittent exposure for 24 hours at a flux density of 1 mT. 193 

4.1.3.4 Summary (Participant 1) 193 

4.1.4 Gene and protein expression 193 

4.1.4.1 Mouse embryonic stem cells (Participant 4) 193 

Short-term high intensity exposure to ELF-EMF signals may cause a transient up-regulation of immediate early response and regulatory genes in p53-deficient ES cells. 193 

The nature of gene-expression responses to ELF-EMF was short-term only. 194 

There is some indication that threshold of field flux density exists for ELF-EMF biological effects. 194 

ELF-EMF effects in p53-deficient cells were dependent on intermittency cycles (on/off cycle duration). 194 

The mechanism of action induced by ELF-EMF exposure of living cells is not yet known. 194 

4.1.4.2 Neuroblastoma cells (SY5Y cell line) (Participant 11) 194 

ELF-EMF did not affect the expression of neuronal genes such as nAchRs, DβH, Phox2a and Phox2b, either at mRNA or protein level. 195 

4.1.4.3 Embryonic stem cells of mice during cardiac differentiation (Participant 8) 196 

ELF-EMF up-regulated the expression of cardiac specific genes thus promoting cardiogenesis. 196 

4.1.4.4 rCx46 in oocytes of Xenopus laevis (Participant 7) 196 

4.1.4.5 Whole-genome analysis of various cell lines exposed to ELF-EMF (Participant 12) 197 
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4.2 Results obtained after RF-EMF exposure 198 

4.2.1 Genotoxic effects 198 
4.2.1.1 Human promyelocytic cell line HL-60 (Participant 2) 198 

RF-EMF exposure for different SAR and different exposure times (1800 MHz, continuous wave) led to the induction of single and double DNA strand breaks. 198 

RF-EMF exposure for different SAR and different exposure times (1800 MHz, continuous wave) led to an increase in micronuclei. 199 

RF-EMF-associated increase of DNA strand breaks and micronuclei (1800 MHz, 1.3 W/kg, 24h) in HL-60 cells was signal-independent. 199 

RF-EMF induced formation of reactive oxygen species as shown by flow cytometric detection of oxyDNA and rhodamine fluorescence. 199 

Co-administration of ascorbic acid, a free radical scavenger, inhibited the effects of RF-EMF on HL-60 cells and may, thus, decrease DNA damage without affecting cellular growth. 200 

4.2.1.2 Human fibroblasts and granulosa cells of rats (Participant 3) 200 

RF-EMF generated DNA strand breaks in granulosa cells of rats and DNA strand breaks and chromosomal aberrations in human fibroblasts. 200 

4.2.1.3 Mouse embryonic stem (ES) cells (Participant 4) 201 

RF-EMF exposure of ES-derived neural progenitor cells induced a low transient increase of double DNA strand breaks measured by the neutral Comet assay. 201 

4.2.1.4 Summary (Participant 1) 201 

4.2.2 Cell proliferation and differentiation 202 

4.2.2.1 NB69 neuroblastoma cells and neural stem cells (NSC) (Participant 5) 202 

RF-EFM did not affect cell growth of NB69 and neural stem cells. 202 

4.2.2.2 Human lymphocytes and thymocytes (Participant 8) 202 

RF-EMF may not affect proliferation, cell cycle, apoptosis and activation of human lymphocytes and thymocytes. 202 

4.2.2.3 Human promyelocytic cell line HL-60 (Participant 2) 203 

RF-EMF generated genotoxic effects in HL-60 cells within a narrow energy window without affecting cell proliferation, cell progression and apoptosis. 203 

4.2.2.4 Mouse embryonic stem (ES) cells (Participant 4) 203 

RF-EMF exerted no influence on ES-derived cardiogenesis and did not affect DMSO-induced cardiac differentiation, proliferation and expression of regulatory genes in P19 EC cells. 203 

The differentiation process in cells is affected by RF-EMF exposure, when applied at the neural progenitor stage. 204 

4.2.2.5 Summary (Participant 1) 204 

4.2.3 Apoptosis 205 

4.2.3.1 Brain cells of different origin and human monocytes (Participant 9) 205 

There is no indication that apoptosis is affected in nerve and immune cells after exposure to GSM-like RF-EMF. 205 

4.2.3.2 Human lymphocytes (Participant 8) 206 

RF-EMF may not affect apoptosis in human lymphocytes. 206 

4.2.3.3 Human promyelocytic cell line HL-60 (Participant 2) 206 

4.2.3.4 Mouse embryonic stem (ES) cells (Participant 4) 207 

RF-EMF affected the bcl-2 –mediated anti-apoptotic pathway in differentiating embryonic stem cells. 207 

4.2.3.5 Human the endothelial cell lines EA.hy926 and EA.hy926v1 (Participant 6) 207 

RF-EMF may affect the hsp27 mediated anti-apoptotic pathway in human endothelial cells. 207 
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4.2.4 Gene and protein expression 208 

4.2.4.1 Mouse embryonic stem (ES) cells (Participant 4) 208 
The genetic constitution of early differentiating embryonic stem cells may play a role on their responsiveness to differently modulated RF-EMF. 208 

The response of early differentiating cells to RF-EMF is dependent mainly on the carrier frequency of the modulation schemes. 208 

The exposure duration may also influence the biological responses to RF-EMF. 209 

4.2.4.2 NB69 neuroblastoma cells and neural stem cells (NSC) (Participant 5) 209 

RF-EMF reduced the expression of the receptor FGFR1 of fibroblast growth factor (FGF) in the human neuroblastoma NB69 cell line and in neural stem cells from rat embryonic nucleus striatum. 209 

The changes in FGFR1 induced by RF-EMF is dependent mainly on the carrier frequency. 210 

4.2.4.3 Human promyelocytic cell line HL-60 (Participant 2) 210 

RF-EMF modulates the gene and protein expression in HL-60 cells. 210 

4.2.4.4 Human lymphocytes (Participant 8) 210 

RF-EMF did not affect gene expression in human lymphocytes. 210 

4.2.4.5 Brain cells of different origin, human immune cells and human endothelial cell lines (Participant 9) 211 

There is no indication that expression and activity of the inducible Nitric Oxide Synthase (iNOS or NOS2) is affected in nerve cells after exposure to RF-EMF. 211 

There is no indication that expression of heat shock proteins is affected in nerve cells after exposure to RF-EMF. 211 

We failed to independently confirm that expression of heat shock proteins is affected in EA-hy926 cells after exposure to GSM-like RF-EMF. 211 

There is some indication that gene expression is affected in immune cells after exposure to RF-EMF. 212 

4.2.4.6 Human endothelial cell lines EA.hy926 and EA.hy926v1 (Participant 6) 212 

RF-EMF induced cellular stress response. 212 

5-step feasibility study of applying proteomics/transcriptomics to mobile phone research. 214 

Use of HTST to determine genotype-dependent and modulation-dependent cellular responses. 215 
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