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Summaries and assessments of selected studies
In the period from early August to early November 2018, 120 new publications have been identified,
and 14 of these were discussed in depth by BERENIS. Based on the selection criteria, five of these
publications were selected as the most relevant ones. Their summaries and assessments are
provided below.

1) Experimental animal and cell studies
Impacts of radiofrequency electromagnetic fields on the male reproductive system (Houston et al.
2018)
In the publication of Houston et al. (2018), earlier observations regarding damaging effects of RFEMF on cells of the male reproductive system were investigated in more detail. Mouse cell lines and
primary cells, originating from different developmental stages from germ cell to mature sperm, were
exposed to a non-modulated RF-EMF (1.8 GHz, SAR: 150 mW/kg) for 1-6 hours. In addition, some of
the experiments were also performed with a tenfold higher dose (SAR: 1.5 W/kg), with comparable
results, yet without showing a clear dose-response relationship. In spermatogonia (germ cells before
maturation) and in spermatocytes (cells in maturation), the authors found a significant increase in
reactive oxygen species (ROS) in the mitochondria, which increased with exposure duration. In
contrast, the mature sperm and various fully differentiated control cells from other tissues showed
no increase in ROS. The authors tried to determine the origin of this increased ROS formation and
found indications that the EMF interferes with a complex of the mitochondrial electron transfer chain
that is responsible for cellular energy production (in the form of ATP). However, the germ cells seem
to be able to neutralize the ROS formed in the mitochondria, since no signs of damage to fatty acids
(lipid peroxidation) and genetic material (DNA strand breaks and oxidative damage) were found. This
conclusion is seemingly contradictory to other publications using the same spermatocyte cell line and
also a 1.8 GHz RF-EMF exposure (e.g.: Liu et al. 2013; Li et al. 2018). However, the longer and more
intense exposure conditions could play a role, leading to cumulated ROS formation and ultimately to
cell damage. The mature sperm showed a different behaviour, as the authors did not find an increase
in ROS, but a temporary increase in signs of DNA damage, resulting in a slight but significant
reduction in sperm quality (e.g. mobility) after 4 hours of exposure.
In general, this is a well-done study providing new evidence regarding the possible development of
ROS under RF-EMF exposure in the male reproductive system, as well as the consequences for the
different developmental stages of spermatogenesis. As discussed by the authors, these data from the
mouse cannot directly be transferred to humans. This is due to the different sensitivity to exposure
and the ability to deal with imbalances in oxidation-reduction status.

Mechanistic investigation of the influence of extremely low frequency magnetic fields on fundamental
cellular signal cascades (Wu et al. 2018)
Although the in vitro study by Wu et al. (2018) does not provide direct insights with regard to impacts
on health caused by electromagnetic fields, the comprehensive results of the study are noteworthy.
The authors describe the activation of a complex network of signaling cascades and interactions
under ELF-MF exposure (50 Hz, 0.4 mT, for 30 min), which eventually leads to altered dynamics of
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the cytoskeleton (microtubule filaments). Thereby, it can affect the structure and mobility of cells as
well as transport and proliferation mechanisms within the cells. A cell membrane bound calcium
channel and a receptor of a growth factor could be identified to play a central role. Interestingly,
numerous effects of EMF exposure described in other publications may have been triggered or
influences by these regulatory mechanisms (e.g. activation of signaling cascades, reduced cell
proliferation). In fact, the activation or regulation of some of these components has been observed
several times, but the step-by-step process has never been analysed so comprehensively, and
demonstrated so coherently.

Extremely low frequency magnetic fields, cryptochrome and reactive oxygen species (Sherrard et al.
2018)
Cryptochrome (CRY) is a photoreceptor, i.e. a protein that reacts to blue light and requires light to
perform its functions. The role of CRY as a potential magnetic field receptor has been discussed in
detail in BERENIS Newsletter No. 13. CRY plays a significant role in the perception of the Earth's
magnetic field in a large number of animals such as migratory birds. The study by Sherrard et al.
(2018) showed that pulsed ELF-MF (10 Hz) with a peak amplitude of 1.8 mT led to an avoidance
behaviour in fruit fly (Drosophila) larvae and to the production of reactive oxygen species (ROS) in
human and mouse cell lines (HEK and MEF). Interestingly, the authors observed that these reactions
require the presence of CRY. Biochemical experiments and imaging techniques have shown that the
exposure of mammalian cells to pulsed ELF-MF stimulates the formation of ROS, indicating a stress
response and aging of cells. In addition, cell growth was slowed down and the expression of genes,
known to be caused by ROS production, was induced.
This study confirms the role of CRY as a magnetoreceptor. The results also suggest that CRY is
responsible for the increased avoidance behaviour of Drosophila larvae and ROS production in the
investigated mammalian cells. In order to evaluate this, mutated flies and CRY-deficient cells
("knockout") were generated. Corresponding controls and positive controls (blue light) were
performed as well.

Spontaneous electric activity of neuronal cells is reduced after RF-EMF (1800 MHz) exposure (El
Khoueiry et al. 2018)
In the study from El Khoueiry et al. (2018) spontaneous electric activity (i.e. burst activity) was
measured in embryonic neuronal cell cultures of rats using 60 electrodes. The cell cultures were
exposed to RF-EMF (non-modulated and GSM, 1800 MHz, SAR: 0.01 bis 9.2 W/kg) for 15 minutes.
During GSM and continuous wave exposure (without any modulation), the burst rate was reduced in
a dose-dependent manner. At highest SAR level, the reduction of the burst rate lasted longer than
the exposure period and the effects were somewhat stronger for GSM compared to non-modulated
RF-EMF exposure of the same intensity. In a control experiment with sham exposure, a slight
reduction of the burst rate was seen. Because high SAR values are likely to result in a temperature
increase of the cells, the effect of heating was addressed. Temperature increase resulted in an
increase of the burst rate, which continued into the cooling phase. The authors concluded that their
observations indicate a dose-dependent effect from RF-EMF on neuronal activity, which cannot be
explained by a thermal mechanism. However, it cannot be excluded that the heating has caused an
artifact. To draw firm conclusions, additional exposure scenarios needed to be tested.
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2) Epidemiological studies
RF-EMF and behavioural problems in 5-year old children (Guxens et al. 2018)
The Dutch study by Guxens et al. (2018) addressed the association between RF-EMF at the place of
residence and behavioral problems in a sample of 3,102 children aged 5 years. A validated
propagation model was used to predict RF-EMF from mobile phone base station at the place of
residence. Further information about indoor sources such as WLAN and cordless mobile phone base
station as well as mobile and cordless phone use was obtained by a questionnaire. Parents and
teachers answered a validated questionnaire on various aspects of behavioral problems. Numerous
covariables were considered in the statistical analyses. Mobile and cordless phones were not
associated with behavioural problems. According to the parental but not to the teachers’ report, high
RF-EMF exposure from mobile phone base stations was associated with more frequent emotional
symptoms. Children who had a cordless phone base station at home showed a prosocial behavior
less often according to the teachers and had more often maternal-reported peer relationship
problems. Children who watched television for at least 90 minutes a day expressed more maternalreported hyperactivity/inattention behavior
The large sample size is an asset of this study and a high number of potential confounders has been
considered in the analysis. Nevertheless, it cannot be ruled out that these sporadically observed
associations occurred by chance or are due to other factors that were not considered and corrected
for. Also, the associations are inconsistent in terms of maternal and teachers’ report. No information
is given about the extent of mobile phone base station exposure. The use mobile and cordless
phones in children at the age of five years is rather uncommon. Accordingly, the absence of
associations for mobile and cordless phone use might not be significant for long-term mobile phone
use.
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