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Sind eletromagnetische Felder gentoxisch ?
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Die DNA - Träger der Erbinformation
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Die DNA ist instabil !
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DNA Schädigung und genetische Mutation
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Nachweis von DNA schädigener Wirkung

 Direkte Detektion spezifischer DNA Läsionen
 Chemisch, enzymatisch, immunologisch

 Indirekte Detektion (Auftreten von DNA Strangbrüchen)
 Kometentest (single cell gel electrophoresis)
 Messen der zellulären Reaktion auf DNA Schäden

 Indikator Tests (Konsequenzen der DNA Schädigung)
 Mikronukleus-Test, Chromosomale Aberrationen, Schwesterchromatiden Austausch

 Mutationstests (e.g.  AMES test)
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Der Kometentest
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Das Experiment: Rüdiger et. al, Wien, 2003

Menschliche Fibroblasten
- HR-1d (42 jähriger Mann)
- ES1 (6 jähriger Knabe)
- MRC5 (fötale Lunge)
- HeLa (Tumor Zelllinie)

Kometentest

Bedingungen
- alkalisch (SSB)
- neutral (DSB)

Zellkultur

Die “Wiener Studie(n)” !

ELF - EMF

Exposition
- 50 Hz Sinus
- Intermittierend
- Kontinuierlich
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Die “Wiener Studie(n)” !

Beobachtungen im Kometentest: Rüdiger et. al, Wien 2003

Exposition 50 Hz Sin, 5’on/10‘off
> Dosisabhängigkeit 

- Effekt nur bei intermittierender Exposition ! 
- Kometen verschwinden nach der Exposition !
- Effekt abhängig vom Zelltyp

Exposition 50 Hz Sin, 5’on/10‘off
> Zeitabhängigkeit
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Überlegungen zur Plausibilität

Das EM-Wellenspektrum
0   Frequenz  (Hz)  3x102           3x105            3x108            3x1111          3x1014            3x1017           3x1020      

Elektromagnetische Felder und Strahlung          Optische
Strahlung          

Ionisierende
Strahlung          

Extrem Nieder-
Frequent  (ELF)         Radiofrequenzen (RFs)         

Infra-
rot         

X- und γ
Strahlung         

Elektrizität
“Staubsauger” “TV” Mobil-

Telefonie
CO2

Laser
Diagnostische

Röntgen-Strahlen

Nicht-thermische Effekte Thermische Effekte

> 3 eV / Photon  > 240 kJ / m 
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Replikation der Kometentests

50 Hz Sinus - 15h, 5‘On/10‘Off - Alkalischer Komet
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50 Hz EMF Kometeneffekte im Überblick

Statistisch signifikante Kometeneffekte: Exposition 1 mT, 50 Hz Sinus,15h

Zelltyp Intermittierende 
Exposition

Kontinuierliche 
Exposition

HR-1d
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ja nein

ja nein

nein nein
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Problem Reproduzierbarkeit ?

 EMF-Effekte schwach und “untypisch”
 Biologisches Rauschen ?

➡Messen wir mit dem Kometentest den falschen Endpunkt ?
 Zellzyklus
 DNA Metabolismus (Synthese, Reparatur)
 Zelltod

 Experimentelle Artefakte
 Visuelle Auswertung der Kometen ?
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Messen wir Zellzyklus-Effekte ?

HR-1d; 50 Hz Sinus, 15h, 5‘on/10‘off

-> EMF induzierte Kometeneffekte sind abhängig von der Zellproliferation
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Messen wir EMF-induzierte Apoptose ?

HR-1d; 50 Hz Sinus, 15h, 5‘on/10‘off

-> Apoptotische Zellen erklären teilweise den EMF-induzierten Kometeneffekt
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Comet stages
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Messen wir “richtig” ?

Automatisierte Kometenanalysen mittels verschiedener Software Lösungen

Metafer'CometScan''
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a b s t r a c t

Extremely low frequency electromagnetic fields (ELF-EMFs) were reported to affect DNA integrity in
human cells with evidence based on the Comet assay. These findings were heavily debated for two main
reasons; the lack of reproducibility, and the absence of a plausible scientific rationale for how EMFs could
damage DNA. Starting out from a replication of the relevant experiments, we performed this study to
clarify the existence and explore origin and nature of ELF-EMF induced DNA effects. Our data confirm
that intermittent (but not continuous) exposure of human primary fibroblasts to a 50 Hz EMF at a flux
density of 1 mT induces a slight but significant increase of DNA fragmentation in the Comet assay, and
we provide first evidence for this to be caused by the magnetic rather than the electric field. Moreover,
we show that EMF-induced responses in the Comet assay are dependent on cell proliferation, suggesting
that processes of DNA replication rather than the DNA itself may be affected. Consistently, the Comet
effects correlated with a reduction of actively replicating cells and a concomitant increase of apoptotic
cells in exposed cultures, whereas a combined Fpg-Comet test failed to produce evidence for a notable
contribution of oxidative DNA base damage. Hence, ELF-EMF induced effects in the Comet assay are
reproducible under specific conditions and can be explained by minor disturbances in S-phase processes
and occasional triggering of apoptosis rather than by the generation of DNA damage.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Over the past decades, the ever increasing use of electric
power has led to a considerable exposure of humans to extremely
low frequency (50 Hz in Europe) electromagnetic fields (ELF-
EMFs). As a consequence, public concern about adverse health
effects of ELF-EMFs has been rising. Numerous investigations
into biological effects of ELF-EMF exposure, using epidemiolog-
ical, molecular and biophysical approaches, yielded inconsistent
and often conflicting information. Therefore, conclusive experi-
mental evidence allowing an assessment of the risk of magnetic
fields for human health does not exist. Yet, epidemiology has
correlated the exposure to EMFs of electric power lines with
an increased incidence of childhood leukaemia [1–3] but not
with other types of cancer [4,5]. Since the causal relationship
between radiation-induced genotoxicity and carcinogenicity is
well-established, it was hypothesized that ELF-EMFs, similar to
ultraviolet light or ionizing radiation, may act as a carcinogen
by inducing DNA damage with mutagenic potential. Genome
integrity under ELF-EMF exposure conditions has been experimen-

∗ Corresponding author. Tel.: +41 61 267 0767; fax: +41 61 267 3566.
E-mail address: primo.schaer@unibas.ch (P. Schär).

tally addressed in various model systems, again with inconsistent
outcomes. Some studies reported increased DNA aberrations under
specific conditions [6–11], others found no such effects [12–15].
However, because of the application of non-standardized exposure
equipment and conditions as well as the use of cell lines of dif-
ferent origin, the results of individual studies were not directly
comparable. Moreover, the studies reporting genotoxic effects
were heavily criticised for conceptual and experimental issues,
including the methodology of data evaluation or the failure to
exclude confounder effects from apoptosis or cell cycle changes
[16].

Because low frequency magnetic or electromagnetic fields are
not known to transmit energy high enough to affect chemical
bonds, it is generally accepted that ELF-EMFs are not capable of
damaging the DNA directly [17]. Nevertheless, several hypotheses
have been put forward for how EMFs might affect the structure
of DNA indirectly. Secondary currents and, hence, a movement of
electrons in DNA might be induced [18]. This may generate gua-
nine radicals, which, upon reaction with water, may be converted to
oxidative DNA damage [19–21]. Alternatively, it was proposed that
EMFs alter cell-physiological states or processes [22,23] that may
give rise to an increased appearance of DNA damage. Named in this
context were possible effects on free radical production and levels
[24–26], modulation of enzymatic activities including antioxidant

0027-5107/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.mrfmmm.2009.10.012

Publikation - Fall abgeschlossen ?

“Hence, ELF-EMF induced effects in the Comet assay are reproducible under specific 
conditions and can be explained by minor disturbances in S-phase processes and 
occasional triggering of apoptosis rather than by the generation of DNA damage”

Ist die Frage beantwortet ?
> Sind eletromagnetische Felder gentoxisch ?
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Neue Wege - Neue Herausforderungen
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Dynamische Prozesse in lebenden Zellen (Zellteilung, DNA Reparatur, etc)



University of Basel

Neue Wege - Neue Herausforderungen

Dynamik der DNA Reparatur (GFP-XRCC1) nach Laser (355nm) induziertem Schaden
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Neue Fragen: EMF-Effekte auf Zellprogrammierung
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Neue Fragen: EMF-Effekte auf Zellprogrammierung

DNA Methylierung

Histonmodifikationen

Zellidentität
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Neue Fragen: Therapeutische EMF Effekte ?

Treatment of advanced hepatocellular carcinoma with very low
levels of amplitude-modulated electromagnetic fields

FP Costa*,1, AC de Oliveira1, R Meirelles1, MCC Machado1, T Zanesco1, R Surjan1, MC Chammas2,
M de Souza Rocha2, D Morgan3, A Cantor4, J Zimmerman5, I Brezovich6, N Kuster7, A Barbault8

and B Pasche*,5

1Department of Transplantation and Liver Surgery, Hospital das Clı́nicas da Faculdade de Medicina, University of São Paulo, Av. Dr. Enéas de Carvalho
Aguiar, 255, São Paulo 05403-000, Brazil; 2Department of Radiology, Hospital das Clı́nicas, University of São Paulo, São Paulo 05403-000, Brazil;
3Department of Radiology, University of Alabama at Birmingham and UAB Comprehensive Cancer Center, Birmingham, AL 35294, USA; 4Biostatistics
and Bioinformatics Shared Facility, University of Alabama at Birmingham and UAB Comprehensive Cancer Center, Birmingham, AL 35294, USA; 5Division
of Hematology/Oncology, Department of Medicine, University of Alabama at Birmingham and UAB Comprehensive Cancer Center, 1802 6th Ave South,
NP 2566, Birmingham, AL 35294-3300, USA; 6Department of Radiation Oncology, The University of Alabama at Birmingham and UAB Comprehensive
Cancer Center, Birmingham, AL 35294, USA; 7IT’IS Foundation, Swiss Federal Institute of Technology, Zurich, Switzerland; 8Rue de Verdun 20, Colmar
68000, France

BACKGROUND: Therapeutic options for patients with advanced hepatocellular carcinoma (HCC) are limited. There is emerging
evidence that the growth of cancer cells may be altered by very low levels of electromagnetic fields modulated at specific frequencies.
METHODS: A single-group, open-label, phase I/II study was performed to assess the safety and effectiveness of the intrabuccal
administration of very low levels of electromagnetic fields amplitude modulated at HCC-specific frequencies in 41 patients with
advanced HCC and limited therapeutic options. Three-daily 60-min outpatient treatments were administered until disease
progression or death. Imaging studies were performed every 8 weeks. The primary efficacy end point was progression-free survival
X6 months. Secondary efficacy end points were progression-free survival and overall survival.
RESULTS: Treatment was well tolerated and there were no NCI grade 2, 3 or 4 toxicities. In all, 14 patients (34.1%) had stable disease
for more than 6 months. Median progression-free survival was 4.4 months (95% CI 2.1–5.3) and median overall survival was 6.7
months (95% CI 3.0–10.2). There were three partial and one near complete responses.
CONCLUSION: Treatment with intrabuccally administered amplitude-modulated electromagnetic fields is safe, well tolerated, and shows
evidence of antitumour effects in patients with advanced HCC.
British Journal of Cancer (2011) 105, 640–648. doi:10.1038/bjc.2011.292 www.bjcancer.com
Published online 9 August 2011
& 2011 Cancer Research UK

Keywords: hepatocellular carcinoma; phase II study; radiofrequency electromagnetic fields; tumour-specific modulation frequencies;
27.12 MHz
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Treatment of inoperable or metastatic solid tumours is a major
challenge in oncology, which is limited by the small number of
therapeutic agents that are both well tolerated and capable of long-
term control of tumour growth. Hepatocellular carcinoma (HCC)
is the second most common cause of cancer death in men and the
sixth in women worldwide (Jemal et al, 2011). Hepatocellular
carcinoma is the most common tumour in certain parts of the
world, particularly in East Asia, Africa, and certain countries of
South America. This tumour is less frequent in Europe and in the
United States, but has become the fastest rising cancer in the
United States (Jemal et al, 2011). In the United States alone, it is
estimated that 24 120 new cases were diagnosed and there were
17 430 deaths from HCC in 2010 (Jemal et al, 2010), a 27% increase
in the number of new cases since 2004 (Jemal et al, 2004). The

prognosis of patients suffering from advanced HCC is poor with an
average survival of fewer than 6 months (Kassianides and Kew,
1987; Jemal et al, 2011).

Therapies for HCC are limited. Resections of the primary
tumour or liver transplantation are the preferred therapeutic
approaches in patients who are surgical candidates (Bruix and
Sherman, 2005). Although these interventions result in long-term
survival for some patients, only a minority benefit from them
because of limitations due to tumour size, patient’s overall
condition, and presence of hepatic cirrhosis (Cance et al, 2000).
Only a small number of randomised trials show a survival benefit
in the treatment of HCC. Chemoembolisation has been shown to
confer a survival benefit in selected patients with unresectable
HCC (Llovet et al, 2002). Data from two phase III randomised
placebo-controlled studies demonstrate improved survival in
patients with advanced HCC receiving the multikinase inhibitor
sorafenib (Llovet et al, 2008b; Cheng et al, 2009). Additional
therapies for this disease are sorely needed, especially for the large
number of patients with advanced disease who cannot tolerate

Revised 4 July 2011; accepted 6 July 2011; published online 9 August
2011
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Cancer cell proliferation is inhibited by specific
modulation frequencies

JW Zimmerman1, MJ Pennison1, I Brezovich2, N Yi3, CT Yang3, R Ramaker1, D Absher4, RM Myers4,
N Kuster5, FP Costa6, A Barbault7 and B Pasche*,1

1Division of Hematology/Oncology, Department of Medicine, University of Alabama at Birmingham and UAB Comprehensive Cancer Center, 1802
6th Avenue South, NP 2566, Birmingham, AL 35294-3300, USA; 2Department of Radiation Oncology, University of Alabama at Birmingham and
UAB Comprehensive Cancer Center, Birmingham, AL 35294, USA; 3Section of Statistical Genetics, Department of Biostatistics, School of Public Health,
The University of Alabama at Birmingham, Birmingham, AL 35294, USA; 4HudsonAlpha Institute for Biotechnology, Huntsville, AL 35806, USA;
5IT’IS Foundation, Swiss Federal Institute of Technology, Zurich, Switzerland; 6Department of Transplantation and Liver Surgery, Hospital das Clı́nicas,
University of São Paulo, São Paulo, Brazil; 7Rue de Verdun 20, Colmar 68000, France

BACKGROUND: There is clinical evidence that very low and safe levels of amplitude-modulated electromagnetic fields administered via
an intrabuccal spoon-shaped probe may elicit therapeutic responses in patients with cancer. However, there is no known mechanism
explaining the anti-proliferative effect of very low intensity electromagnetic fields.
METHODS: To understand the mechanism of this novel approach, hepatocellular carcinoma (HCC) cells were exposed to 27.12 MHz
radiofrequency electromagnetic fields using in vitro exposure systems designed to replicate in vivo conditions. Cancer cells were
exposed to tumour-specific modulation frequencies, previously identified by biofeedback methods in patients with a diagnosis of
cancer. Control modulation frequencies consisted of randomly chosen modulation frequencies within the same 100 Hz–21 kHz
range as cancer-specific frequencies.
RESULTS: The growth of HCC and breast cancer cells was significantly decreased by HCC-specific and breast cancer-specific
modulation frequencies, respectively. However, the same frequencies did not affect proliferation of nonmalignant hepatocytes
or breast epithelial cells. Inhibition of HCC cell proliferation was associated with downregulation of XCL2 and PLP2. Furthermore,
HCC-specific modulation frequencies disrupted the mitotic spindle.
CONCLUSION: These findings uncover a novel mechanism controlling the growth of cancer cells at specific modulation frequencies
without affecting normal tissues, which may have broad implications in oncology.
British Journal of Cancer (2012) 106, 307–313. doi:10.1038/bjc.2011.523 www.bjcancer.com
Published online 1 December 2011
& 2012 Cancer Research UK

Keywords: hepatocelullar carcinoma; electromagnetic fields; mitotic spindle; PLP2; XCL2
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Treatment of hepatocellular carcinoma (HCC) is a major challenge
given the limited number of therapeutic options available (Thomas
and Zhu, 2005). We have developed a novel approach to treat
advanced HCC, consisting of intrabuccal administration of very
low levels of radiofrequency electromagnetic fields (RF EMF),
amplitude-modulated at specific frequencies, and identified using
biofeedback methods in patients with cancer (Barbault et al, 2009).
The encouraging findings from a feasibility study (Barbault et al,
2009) led to the design of a phase I/II trial in patients with
advanced HCC, and objective responses assessed by CT-scan and
changes in alpha-fetoprotein levels were observed in several
patients with biopsy-proven HCC (Costa et al, 2011). These
findings prompted us to initiate reverse translational experiments
to investigate the mechanism of action of amplitude-modulated
electromagnetic fields. Two different in vitro exposure systems
operating at 27.12 MHz were used to expose cells in culture,
replicating patient-treatment conditions.

Proliferation of both HepG2 and Huh7 HCC cells was signifi-
cantly decreased upon exposure to radiofrequency electromagnetic

fields, which were modulated at HCC-specific modulation
frequencies. To determine how such frequencies modulate cancer
cell growth, we assessed differential gene expression with RNA-seq
and found that the expression of several genes was significantly
downregulated by HCC-specific modulation frequencies. Previous
reports have shown that low intensity, intermediate frequency
electric fields are capable of inhibiting cancer growth by
interfering with the proper formation of the mitotic spindle
(Kirson et al, 2004; Kirson et al, 2007). Similarly, we found
that electromagnetic fields that are amplitude-modulated at
HCC-specific frequencies disrupt the mitotic spindle of HCC cells.
Thus, we provide novel evidence that very low level of amplitude-
modulated electromagnetic fields block the growth of HCC cells in
a tumour- and tissue-specific fashion.

MATERIALS AND METHODS

In vitro exposure devices

The design and construction of the two in vivo exposure devices
(Figure 1) used to conduct these experiments is described in the
Supplementary Information.

Received 10 October 2011; accepted 7 November 2011; published
online 1 December 2011
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100 Hz to 21 kHz have been identified in patients with a diagnosis
of breast cancer (Supplementary Table 3). In all 9 (4.6%) of the
HCC-specific modulation frequencies are identical to breast
cancer-specific modulation frequencies.

The two patients with metastatic breast cancer who had
experienced an objective response to breast cancer-specific modu-
lation frequencies had tumours that over-expressed oestrogen
receptor (ERþ ) and progesterone receptor (PRþ ), but did not
over-express ERBB2 (ERBB2") (Barbault et al, 2009). We therefore
chose the MCF-7 cell line as it represents the same tumour
phenotype, that is, ERþ , PRþ , ERBB2". Although the growth of
MCF-10A breast cells was unaffected by exposure to breast cancer-
specific modulation frequencies, exposure of MCF-7 breast cancer
cells to breast cancer-specific modulation frequencies significantly
inhibited cell proliferation (Figure 2D). However, exposure of
HepG2 cells to the same breast cancer-specific modulation
frequencies did not affect cell proliferation (Figure 2A). Similarly,
the proliferation of MCF-7 cells was not affected by exposure to
HCC-specific modulation frequencies (Figure 2D). Consequently,
the observed anti-proliferative effect on HCC and breast cancer
cells was observed only upon exposure to tumour-specific
modulation frequencies previously identified in patients with a

diagnosis of HCC and breast cancer, respectively, despite the fact
that more than 57% of the modulation frequencies only differed
by o1% (Supplementary Tables 1 and 3).

Having demonstrated that the anti-proliferative effect of
amplitude-modulated frequencies was tumour specific, we sought
to determine whether the HCC-specific modulation frequencies
have an effect on the proliferation of THLE-2 normal hepatocytes.
As shown in Figure 2A, exposure of THLE-2 cells to HCC-specific
modulation frequencies did not have any measurable effect on
cell proliferation. These findings provide strong support for the
novel notion that a combination of narrowly defined, specific
modulation frequencies identified in a group of patients with the
same type of cancer is capable of inhibiting cell proliferation in a
tumour- and tissue-specific fashion.

Tumour-specific modulation frequencies and gene
regulation

To study the mechanism by which tumour-specific modulation
frequencies inhibit cell proliferation, we assessed the gene
expression profile of HepG2 cells exposed to HCC-specific
modulation frequencies using RNA-seq, as it provides a more
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Figure 2 Cell proliferation assays of cell lines exposed to HCC-specific or breast cancer-specific modulation frequencies. (A) Cells were not split after
initial seeding; medium was exchanged every 48 h. Experiments were performed with both equipment setups. Left to right columns: (1) HepG2 cells
exposed to HCC-specific modulation frequencies with GI evaluated with a luminescence assay, 25.46±3.22% GI (P¼ 0.0009). (2) HepG2 cells exposed to
HCC-specific modulation frequencies with GI evaluated using tritium incorporation, 19.44±7.60% GI (P¼ 0.00993). (3) Huh7 cells exposed to HCC-
specific modulation frequencies, 47.73±7.14% GI (P¼ 0.018). (4) HepG2 cells are not significantly inhibited when exposed to breast cancer-specific
modulation frequencies, 1.49±3.99% GI (P¼ 0.8815). (5) THLE-2 cells are not affected by HCC-specific modulation frequencies, "2.54±3.54%
GI (P¼ 0.6550). Values represent average percent GI (n¼ 6)±%STERR. (B) Cell proliferation assays exposing cells for varying hours per day. Left to right:
1 h per day 1.36±2.77% (P¼ 0.8508); 3 h per day 19.44±7.60% (P¼ 0.0099); 6 h per day 24.46±10.75% (P¼ 0.0301); 3 h per day for 3 days
"2.12±0.66% (P¼ 0.4067). Values represent average percent GI (n¼ 6)±%STERR. (C) Cumulative decrease in cell counts over time when HepG2 cells
are exposed to HCC-specific modulation frequencies. Samples were subcultured by volume every 7 days (1 : 20 split by volume). Average total cells mL"1

per week: week 2: 7.07$ 105, 4.75$ 105; week 3: 1.20$ 106, 1.01$ 105; week 4: 1.50$ 105, 1.28$ 105; week 5: 1.66$ 105, 1.22$ 105; week 6:
1.61$ 106, 1.34$ 106; week 7: 1.65$ 106, 1.24$ 106 for untreated and treated samples, respectively. For the duration of the 7-week experiment with time
considered as a covariate: P¼ 0.005751. (D) Left to right columns: (1) MCF-7 cells exposed to breast tumour-specific modulation frequencies,
11.08±3.30% GI (P¼ 0.0230). (2) MCF-7 cells are not significantly inhibited when exposed to HCC-specific modulation frequencies, 1.49±3.99%
(P¼ 0.8815) GI, respectively. (3) MCF-10A cells are not affected by breast tumour-specific modulation frequencies, "2.46±3.75% GI (P¼ 0.8579). Values
represent average percent GI (n¼ 6)±%STERR.
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... auf die nächsten 10 Jahre ...

                         ... Happy Birthday !


