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Abstract: The expanding use of devices emitting Pulsed Telecommunication Signals (PTS) has
launched a serious debate over the possible effects of electromagnetic radiation (EMR) on living
organisms. Our previous work has indicated that PTS exposure alters Amyloid Precursor Protein
(APP) and alpha-synuclein (α-syn) metabolism in human cells of neural origin, providing a
possible connection between exposure and neurodegeneration. This investigation aimed to reveal,
in vitro in human non-neural cells (HEK293), the aftermath of the same exposure on the
processing of APP and α-syn. Data presented here, indicate changes in APP metabolism,
acquisition of different cellular topologies of the newly generated APP fragments, changes in
monomeric α-syn accumulation and multimerization, indicating that APP and α-syn processing is
possibly altered in the periphery by EMR. These effects are accompanied by a substantial increase
in the levels of Reactive Oxygen Species (ROS). Further investigation is required in order to
provide insights into the interaction of PTS with non-neural cells affecting the peripheral systemic
functional stability. This is necessary because nowadays whole body human exposure from various
EMR sources is a fact in normal life with the valid estimation that they may be increased in view of
the forthcoming 5G telecommunications network implementation.
Keywords: RF/Microwaves; mobile phone; HEK293; APP; α-synuclein; oxidative stress;
non-ionizing EMR

1. Introduction
It has been nearly half a century since the first portable point to point phone communication
took place in the streets of New York by Martin Cooper of Motorola. The progress was astonishing
thereafter and gradually devices of wireless communications were created, including the cell phones
(with the associated base station antennas), the domestic wireless telephones (DECT -Digital
Enhanced Cordless Telephone) devices, the Wi-Fi routers, the Tablets, iPads, etc. They all emit
“pulsed telecommunication signals” (PTS) and add to the environment a “cloud” of non-ionizing
radiation and irradiate human beings in a variety of distances (from skin contact to hundreds of
meters), in various field strengths and time duration. The global use of these devices has launched
much concern and argument on the possible effects of this kind of daily life radiation on human
health and wellbeing through research on biological model systems in vivo, ex vivo or in vitro, as
summarized recently by Lloyd Morgan, Lennart Hardell and associates [1]. In vitro studies in
general have shown by meta-analysis in 300 peer-reviewed scientific publications (1990–2015)
describing 1127 experimental observations in cell-based in vitro models that cellular response varies
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with signal properties [2]. Recent articles elaborate on the parameters of real world PTS exposure
[3-5] but generally, it has been demonstrated that PTS from various domestic sources affects normal
functions [6].
With the development and widely used wireless technology, more and more studies are
focusing on the relationship between PTS and Alzheimer’s disease (AD) in which the Amyloid
Precursor Protein (APP) displays the structural characteristics of type I transmembrane
glycoproteins [7]. The cleavage of APP through a complex pathway generates the Amyloid beta (Aß)
peptide, whereas the detection of Aß in neuritic plaques in the brain is the main hallmark of
Alzheimer's disease. In that context it was found that electromagnetic pulse exposure induces
overexpression of beta amyloid protein in rats [8].
In general the issue of whether the cognitive performance is affected by cell phone exposure has
attracted the interest of many scientists from the beginning using in vivo model systems leading to
contradictory conclusions [9]; on the one side investigators found that EMR exposure caused clear
cognitive and memory impairments compared to the sham exposed group (p <0.05) [10-12] and [13]
(and references therein). In addition immunohistochemical (IHC) staining showed increased beta
amyloid protein (Aβ) in EMR exposed groups compared to the sham exposed group, whereas
western blot experiments revealed increased expressions of Aβ oligomer and beta amyloid protein
precursor (APP) in EMP exposure groups. On the other side a number of reports have shown no
effects [14]. Interestingly a few publications support the notion that EMFs ameliorate memory
performance [15,16] and that electromagnetic fields disaggregate toxic amyloid beta protein
oligomers in brain tissue as part of enhanced mitochondrial function induced by EMFs. [17].
Previous work on PTS irradiated (1950 MHz) neuroblastoma cells has suggested that RF-EMF
exposure may not have a significant physiological effect on Aβ processing of neural cells in the short
term [18], whereas our own work using also SY5Y cell line revealed that EMF exposure produces
alterations on APP processing and cellular topology [19]. Interestingly, in a recent report [20] it has
been shown that specific ranges of electromagnetic field parameters produce peptide conformations
unfavourable for amyloid fibrils formation, a phenomenon that can be exploited in treatment and
prevention of amyloid diseases
Concerning Parkinson’s disease (PD) it is considered the second major, progressive,
neurodegenerative disorder that affects 1% of the over 60 population in industrialized countries [21].
PD neuropathology involves the death of dopaminergic neurons in the substantia nigra, in which
intracellular inclusion, termed Lewy Bodies (LB), can be observed [22]. LB’s are mainly formed by
the aberrant accumulation of α-synuclein [23]. It has been shown that neurodegeneration occurs also
in nerve cells of the peripheral autonomic ganglia [24]. Indeed, LBs and Lewy neurites are not
restricted to the CNS, but can also be observed in the periphery, while monomers of α-syn can be
detected in body fluids [25]. A-syn is known to exist in tissues outside the CNS including the CSF
[26], platelets [27, 28] and plasma [29] but as shown is secreted by externalized vesicles in a
calcium-dependent manner [30]
Our recent work investigated the possible effects of PTS exposure emitted by GSM mobile
phone in talking mode, on APP and α-synuclein in human neuroblastoma cells. Data obtained
indicated alterations on APP processing and cellular topology, following EMF exposure.
Furthermore, changes in monomeric α-synuclein accumulation and multimerization were
documented as well as an impressive induction of oxidative stress and cell death, linking for the first
time the possible involvement of EMF on the molecular pathogenetic mechanisms associated to
Alzheimer’s and Parkinson’s Diseases [19].The several lines of evidence that support the important
functions of APP and α-syn in fundamental biochemical pathways, such as metabolic homeostasis
and immunity motivated us to proceed to the present investigation, aiming towards the study of the
biochemical effects of non-ionizing EMF on APP and alpha-synuclein in non-neural cells. For this
reason, Human Embryonic Kidney 293 cells (HEK293) were employed. These cells are a widely used
model system for biological and pharmacological applications [31], while they have been previously
used to study the effects of PTS ionizing EMR.
Thus based on our previous results [19] and the emerging biochemical value of APP and α-syn
expression and processing in the maintenance of peripheral functionality, as well as the lack of
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information of the systemic effects of non-ionizing EMR, we proceeded to study APP and α-syn
metabolism in non-neural cells in vitro .
2. Results
2.1. Effect of non-ionizing PTS EMR on APP processing
Irradiated cells were kept in the cell culture incubator for 24 hours and then used for protein
extraction and Western blot analyses. Immunostaining using the anti-Aß specific antibody (Figure
1), revealed the marked increase in the generation ofa 30 kDa amyloidogenic APP fragment in
irradiated samples (L2, L3 in Figure 1). This fragment is barely detectable in sham-exposedcells(L1in
Figure 1). Interestingly, there is a remarkable increase of full-length APP that was detected via Aß
staining at 130kDa, in both exposed samples (L 2, L3 in Figure 1) underlying the possibility of altered
APP expression patterns in the exposed cells. Furthermore, as far as the staining with the C-terminal
antibody and protein band of ~48kDa is concerned, we detected this fragment only in sham-exposed
samples (L1 in Figure 2) while in the exposed ones of D and U configuration, this fragment is hardly
detected (L2, L3 in Figure 2). In the exposed cells of the U configuration(samples that were in closer
contact with the EMF source) the generation of a novel 35 kDa C-terminal APP fragment was noted.
This fragment was not detected in the sham-exposed and D configuration exposed samples. This
observation could imply a positive correlation between the intensity of the field and the severity of
the effect. The slight increase of the C-terminal 63 kDa fragment in the U configuration, further
supports the EMF induced modification on APP processing. These data could indicate that EMF
exposure affects both expression and metabolism levels of APP in HEK 293. Interestingly, it has been
reported that APP C-terminal fragments could serve as transcription factors [32] affecting gene
expression.

Figure 1. Effect of non-ionizing PTS radiation on APP processing in HEK293 cells. Immunodetection
was carried out using the anti-Aß specific antibody.(M: MW marker; L1: sham-exposed cells; L2: exposed
cells in down configuration; L3: exposed cells in the up configuration. Quantification of protein bands of 130
and 30 kDa are illustrated in bar graphs; error bars represent the standard error of the mean - SEM.
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Figure 2. Effect of the non-ionizing radiation on APP C-terminal epitope in HEK293 cells.
Immunodetection in HEK293 cells, carried out using the anti-C-terminal specific antibody.(M: MW
marker; L1: sham-exposed cells; L2: exposed cells in down configuration; L3: exposed cells in the up
configuration. Quantification of protein bands of 63, 48 and 35 kDa are illustrated in bar graphs; error
bars represent the standard error of SEM.

2.2. Effect of PTS EMR on APP cellular topology
It is a well-known fact that a protein’scellular topology is crucial for protein-protein interactions
and other important cellular functions, including signal transduction. Themodificationof the cellular
environment that a protein molecule is located at, affects cellular functions and pathways that the
molecule is involved in. Following our observations that APP processing is altered in the exposed
samples, we proceeded to investigate if these biochemical alterations included changes in cellular
topology. Figure 3, Panel a, depicts immunostaining with the anti-Aß specific antibody in
sham-exposed cells, Panel b,in exposed cells in D configuration and Panel c, in exposed cells in U
configuration. In these panels, L1 represents the Triton X-114 detergent-depleted (aqueous) phase, L2
the Triton X-114 detergent-enriched phase and L3 the Triton X-114 insoluble –phospholipid
enriched-phase. In Figure 3a, the same distribution of amyloidogenic fragments in three phases for
sham-exposed samples could be easily noticed. Interestingly, in the exposed samples (D
configuration) there is an increase in Aß reactive APP fragment which is recovered in all phases
mainly though, in the hydrophobic and highly hydrophobic phases (Figure 3b). In contrast to “D”
exposed cells, in exposed cells ofthe U configuration, where the intensity of the EMF was higher, the
amyloidogenic fragment recovered in the aqueous phase is hardly detected (L 1 in Figure 3c),
whereas there is an equal distribution (as compared to sham-exposed samples) of this Aß reactive
APP fragment both in hydrophobic and highly hydrophobic phases respectively (L2, L3 in Figure 3c).
As can be seen (Figure 3) there is a shift of these newly generated amyloidogenic fragments from
hydrophilic environments to hydrophobic and highly hydrophobic cellular compartments,
following irradiation. This observation could be interpreted as a possible change of amyloidogenic
fragments and therefore the generation of new interactions with other molecules and ligands.
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Figure 3. Temperature-induced phase separation of proteins from HEK293 cells in Triton X-114.
Panel a: Immunodetection of Aß in HEK293 cells; sham-exposed cells, Panel b: Immunodetection of Aß
in HEK293 cells; exposed cells in down configuration and Panel c: Immunodetection of Aß in HEK293
cells; exposed cells in up configuration. (M: MW marker; L1: Triton X- 114 detergent-depleted (aqueous) phase;
L2: Triton X-114 detergent-enriched phase; L3: Triton X-114 insoluble (phospholipid-enriched) phase).
Quantification of three panels (a, b, c) for all samples is illustrated in bar graphs; error bars represent
the standard SEM.

2.3. Effect of PTS EMR on α-syn multimerization in HEK293 cells
Aggregations of oligomers of α-syn in Lewy bodies have been recognized as the hallmarks of
PD. As stated above, the biochemical spectrum of α-syn functions is increasing and expanding to the
immune system, renal function, gene regulation, development, etc. To investigate any possible effect
of non-ionizing EMR in the oligomerization procedure of this highly dynamic protein, western blot
analyses and immunodetection using the anti-α-syn specific antibody was employed (Figure 4). Our
results demonstrated a remarkable increase in expression levels of the toxic α-syn monomers [33]
following irradiation. In sham-exposed (L1) samples a-syn is detected only in its multimeric form
while no α-syn monomers are detected. To our surprise, in exposed HEK293,a remarkable
expression of the monomers of α-syn (~16 kDa-yellow arrows in Figure 4), both in D and U samples,
was detected. Furthermore, in exposed samples, we detected a remarkable increase in α-syn
multimers in the form ofα-syn dimers (~35 kDa-green arrows in Figure 4), trimers (purple arrows)
and tetramers of α-syn (~64 kDa-red arrows) according to Sharon [34]. This remarkable increase of
α-syn monomers and multimers is highly detected in our results in the U configuration samples and
this increase is related to the intensity of EMF. Our data could indicate that EMF emerges as a new
contributor to altered α-syn metabolism in non-neural cells and raises the possibility that EMF
contributes to pathogenetic mechanisms in cells other than the CNS.
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Figure 4. Effect of PTS EMR on α-synuclein multimerization. Immunodetection was carried out using
the anti-α-synuclein specific antibody. (a): Immunodetection in HEK293 cells; (M: MW marker; L1:
sham-exposed cells; L2: exposed cells in down configuration; L3: exposed cells in up configuration). Error bars
represent the standard error of SEM.

2.4. Effect of PTS EMR on Programmed Cell Death -Apoptosis
Furthermore, to investigate the possibility that exposure to EMR involves apoptosis (
Programmed Cell Death)we proceeded to test our samples for the expression of caspase -3 using the
anti-caspase-3 antibody. Caspase-3 is an executioner caspase and is activated in the apoptotic cell by
extrinsic and intrinsic pathways [35]. In HEK293 exposed samples, the expression of caspase-3 is
remarkably increased (L2, L3in Figure 5a), as compared to the sham-exposed ones (L2, L3in Figure 5a).
This remarkable increase in the expression of caspase-3 implies the possible activation of apoptotic
pathways.
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Figure 5. Effect of PTS EMR on Programmed Cell Death. Immunodetection was carried out using
the anti-caspase-3 specific antibody. (a): Immunodetection in HEK293 cells; (M: MW marker; L1:
sham-exposed cells; L2: exposed cells in down configuration; L3: exposed cells in up configuration). Error bars
represent the standard error of the mean - SEM.

Α significant increase in cell death was induced by radiation exposure (Figure 6a). as detected
after treatment with Trypan blue . These findings strengthen the observation of the aspect that
non-ionizing EMR induces cytotoxicity.
2.5. Effect of PTS EMR on ROS production
EMR has been “accused” of oxidative stress induction in many species. Thus, ROS
measurements were necessary to confirm this event in our experiments. ROS content was increased
in all exposed samples. Interestingly, in the exposed cells in U configuration, where the intensity of
the EMF is about 3 times higher, the ROS content was found to be higher in all circumstances
(Figures 6b).

Figure 6. The effect of mobile phone radiation on cellular toxicity and the oxidative stress of HEK293
cell cultures. Bar graph showing the % cellular toxicity and ROS levels normalized in percentage
compared to the sham-exposed values. Results expressed as the mean ± SD from three independent
experiments. Comparisons were made between sham-exposed and irradiated cultures using
Student's paired t-test where significance was recorded as p≤0.05 (*).Error bars represent the
standard error of the mean (SEM). (a): Cellular toxicity in HEK293 cells; (b): ROS levels in HEK293
cells.

3. Discussion
Since 1998, when ICNIRP issued the guidelines and the limits of secure exposure, taking into
consideration only the thermal effects of non-ionizing EMR, many researchers were swiveled
towards the non-thermal effects of this type of radiation [36,37].Twenty years later, there is an
accumulating body of evidence suggesting that non-ionizing EMR induces - in all circumstances - an
imbalance between reactive oxygen species in cells and their antioxidant mechanisms, leading to a
situation known as oxidative stress both in animal and plant cells [19, 38-40] although ICNIRP’s
recent overview still suggests the same more or less safety margins [41, 42]. However, as admitted
by the authors of the recent ICNIRP paper [42] the guidelines were designed to protect only from
short-term heating (or thermal) effects and not from non-thermal effects, especially from long-term
exposure to wireless radiation because ICNIRP continues to dismiss the many hundreds of
peer-reviewed studies that have found biological and health effects from exposure to low-intensity,
radio frequency radiation including many human as well as animal studies. The preponderance of
the so far research has found evidence of increased cancer incidence, oxidative stress, DNA damage,
and infertility from exposure to wireless PTS since, unlike ICNIRP’s belief non thermal effects exist
upon exposure to low levels of electromagnetic radiation [38, 43]. It is true however that most EMR
experiments are restricted to selected effects according to the model system used that dictates the
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actual information retrieval approaches. In addition no real time conditions exit (as described
explicitly in [44] unlike the approach used herein. This may explain in part the contradictory data
presented in the literature.
3.1. APP metabolism and cellular topology
Exposure of HEK293 in the EMF of a mobile phone modified the APP metabolism. APP is
widely expressed not only in the brain but also in the periphery. In non-neural cells, the amyloid
pathway of APP is intracellular, while BACE1 is more active there [45]. In the data presented here,
exposed HEK293 cells (U configuration, highest intensity) resulted in the generation of a new
amyloidogenic fragment (~30 kDa). This observation indicated a modification in C-terminal APP
proteolytic processing (Figure 2). Furthermore, our data pointed towards the possibility that the
expression of full-length APP is also modified (Figure 2). As mentioned above, C-terminal APP
fragments (Figure 2) are related to cell differentiation and transcription regulation [32]. Accordingly,
the observed altered APP metabolism pattern, induced by EMF exposure, could contribute either to
the misregulation of transcription or dysfunction of cell differentiation. Modification of APP the
proteolytic processing has also been shown to be subsequent to exposure to ionizing radiation,
particularly UV radiation, where the acceleration of proteolysis of endogenous APP by
gamma-secretase has been reported [46]; in the mouse C57BL/6J animal model used in this report,
this alteration of APP metabolism, following exposure of corneal neurons to ultraviolet radiation,
resulted eventually in axonal transport damage.
Although neuronal cells are considered to be the main “pool” of the amyloid beta peptide,
endothelial cells are also able to generate Aß [47]. Interestingly, Aß peptides implement a crucial role
in insulin metabolism and diabetes. Downregulation of insulin receptors located on the cell
membrane surface results in inefficient insulin binding [48]. Furthermore, some authors [49] support
the notion that APP overexpression and dysregulation in adipocytes of obese humans is related to
insulin resistance, thus linking the increasing risk for AD development with obesity, inflammation,
and insulin resistance. Epithelial cells in the liver affect Aß brain levels via modifications of blood Aß
concentration. Therefore impaired hepatic Aß degradation has emerged as a new peripheral factor
that contributes to the pathogenesis of AD [50].
Alteration in the cellular topology of amyloidogenic fragments (Figure 3, is a remarkable effect
of EMF exposure on human cells of neural origin (SH-SY5Y; [19]. This new amyloidogenic fragment
cellular distribution could imply novel interactions that could result in the creation of novel
functions of these fragments. It is known that biological function is closely related to the topology of
molecules [51].
3.2. A-syn oligomerization
HEK293 cells’ exposure to EMR, generated by a mobile phone in talking mode, revealed a very
impressive result. Namely the multimerization of α-syn generating aggregates of different
molecular weights (Figure 4). Our data demonstrate a possible equilibrium interruption between the
α-syn monomers and multimers following irradiation. Furthermore, the dramatic increase of α-syn
multimers ranging from 37 kDa to >64 kDa indicated a change in α-syn multimerization regulation
pathways and/or a dysregulation of the molecular interactions governing the generation of α-syn
multimeric species. As mentioned above, Lewy bodies’α-syn is the hallmark of PD [52]. Although it
has been reported that α-syn tetramers have a small possibility to contribute to aggregates formation
[53].the dramatic increase in toxic monomeric α-syn could greatly contribute to the increased levels
of multimerization observed in our results following exposure. Although dePomerai [54] did not
find any synuclein aggregation following two modes of exposure in the nematode C. elegans, we
have to point out that this model system is largely resistant to Radiofrequency exposure as found by
our own experimental data [55].
Alpha-synuclein is present not only in the brain but also in a plethora of organs and tissues such
as the peripheral nervous system [56], liver, muscle, kidney, lungs, heart, hematopoietic cells of the
bone marrow, circulating blood cells and adipose cells [57]. Thus, many biological functions, far

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 August 2020

doi:10.20944/preprints202008.0587.v1

from the synapse one, have been attributed to α-syn, such as regulation of gene expression [58] and
apoptosis, modulation of glucose and calmodulin levels [59] are among the most representative.
Furthermore, α-syn appears to have important roles in the periphery, involving in the prenatal
development of peripheral tissues. Interestingly, peripheral expression levels of this pleiotropic
molecule start to decline as development proceeds except for the kidneys, the adrenal glands, and
the testis. In adults, α-syn remains present in the periphery but the levels are considerably lower as
compared to the expression levels in the adult brain [60]. In the current research alpha-synuclein
dimers (37 kDa) and trimers (50 kDa) are observed to be generated in the exposed cultures of the
HEK293 cells. These similar α-syn species are involved in the prenatal development of peripheral
tissues in both rats and humans. The α-syn species are absent from fetal and adult human brains and
adult rat brain [60]. Interestingly, these multimers could not be traced in normal human brains but
only in brains of individuals affected by neurodegenerative diseases such as PD, PD/AD, and
therefore they are considered to be generated during the pathogenesis of these disorders [61]. The
multimerization of α-syn has a crucial role in the immune system and its homeostasis. These α-syn
species cause cytokines secretion misregulation without affecting the inflammatory responses,
which result in the activated microglia, inflammation and neurodegeneration observed in PD [62].
The migration of α-syn monomers and multimers from the enteric nervous system to CNS
where they contribute to the substantia nigra destruction via inflammation, underlines the cross-talk
between the periphery and the CNS as reported recently [63]. Our data which clearly show a marked
increase in the toxic monomeric and multimeric α-syn species in the non-neural human cells in vitro
system used, could imply that EMF exposure is a possible participant in the pathogenic mechanisms
that alpha-synuclein is participating in the periphery and a possible added contributor in
neurodegeneration.
3.3. ROS and cellular toxicity
Cellular metabolism is based on electron transport redox reactions. If these non-paired electrons
are massively produced or/and the antioxidants do not scavenge them, the excess in their energy is
transported in other molecules in the “form” of ROS which generates oxidative stress conditions.
Some brain areas contain high levels of Fe, which can be used to catalyze the generation of ROS [64].
The brain is also enriched in lipids with unsaturated fatty acids, which are potential targets for lipid
peroxidation [65]. Furthermore, the brain does not have substantial antioxidant defense systems,
compared to other organs such as the liver and kidneys, containing only moderate levels of
superoxide dismutase (SOD), catalase and glutathione peroxidase. In AD, the level of Glutathione
(GSH) in peripheral lymphocytes is decreased [66]. Another useful piece of information is that the
frequencies used in the current study (900 and 1.800 MHz) can penetrate the skull of humans - the
younger the individual the more the penetration [67] - and therefore it might be possible that the
outcome of the in vitro experiments may be similar to an in vivo application.
Our results of real life repetitive exposure of HEK293 to PTS using a mobile phone, resulting
in an increase of ROS agree with in vivo studies in kidney cells of Male Wistar Albino rats, exposed
to EMF of 900 MHz (1.04 mW/cm2) resulted in ROS induction [68].The increase in ROS content as a
result of the exposure of cells to the EMF of a mobile phone, has also been observed in human
umbilical cord blood-derived monocytes (1800 MHz, SAR = 2 W/kg for 30 or 45 minutes) [69], in
monocytes from peripheral blood (900 MHz, for 2 hours) [70] and in human spermatozoa [71],
where the increase in ROS considered to be the main factor affecting sperm malfunction.
Furthermore, the increase in ROS content is related to the intensity of the field (see Figure 6).
Carefully designed configuration in this work since an identical PST mode in space and time was
given simultaneously to two different culture flasks under different field strength. I.e. in the
irradiation protocol we applied two different exposure configurations at the same time (upper flask
with the cells in bottom-close to the cell phone front side vs, down flask with cells 2cm away from
the backside of the phone). Thus positive correlation was identified between the intensity of the
applied field and the severity of the induced ROS effect. The results presented in this study, are in
agreement with our previously reported data on the neural cell line SH-SY5Y (SAR = 0,23 W/kg) –
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[19] and also with a study on human monocytes exposed to 900 MHz (SAR = 0,43 W/kg), where the
increase in ROS content was related to the duration of the field [72].
Apoptosis (Programmed Cell Death) is mediated by caspases and is closely related to oxidative
stress [73]. Our results revealed the induction of apoptosis in HEK293 cells and agree with other
investigators which have shown that exposure of human lymphocytes in EMF (915 MHz) led to the
induction of apoptosis [74]. Furthermore, exposure of human fibroblasts [75] and human endothelial
cells EA hy926 to EMF generated by mobile phone (900 MHz), caused multiple gene activation,
including caspase-3 [76]. Along these lines it is mentioned that hallmarks of apoptosis, such as DNA
fragmentation and caspase-3 activation have been described in the brains of AD patients [77-78]. Our
data showed cell death induced by radiation indicating its role in cytotoxicity even under the safety
margins suggested by ICNIRP [42].
3.4. Limitations of the study
As stated by Kostoff 44] the wealth of data gathered so far on the effects of cell phone - like
radiation suffers from variations of the model systems used and the exposure conditions which are
largely non-realistic utilizing simulated conditions, ie mostly signal generators and the so called
TEM-cells ensuring homogenous electromagnetic field. However this is not the case in real life cell
phone exposure conditions. Our experimental setup is in contrary using real communication signals
deriving from commercial cell phones in actual calling and talking conditions. Power densities are
measured during experiments and used for SAR calculation and is the same throughout different
experiments since GSM protocol is designed to regulate exposure power according to the quality of
the signal received by the nearest available base station. Under this logic it is hard to replicate
experiments in another lab/location/country unless the same cell phone and signal conditions are
used which is unlikely. On the other hand the advantages of this exposure setup rely on the real life
conditions used.
4. Materials and Methods
4.1. Cell cultures
HEK293 (Human Embryonic Kidney) cells, obtained from ATCC®,and were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM, PAA Laboratories™ E15-009). DMEM was
supplemented with 10% heat-inactivated Fetal Bovine Serum (FBS Gibco™, 10500064) while 100
U/ml
penicillin/streptomycin
(Gibco™,
15140122)
were
also
added.A
SANYO™
CO2incubator(model MCO-15AC-Sanyo Electric Co Ltd) was used for the maintenance of cell
cultures in a humidified atmosphere of 5% CO2 at 37oC. The medium was replenished three times
per week.
4.1. Exposure Setup – Dosimetry - SAR Estimation
HEK293 cells were placed into a sterilized laminar flow hood for irradiation using a mobile
phone (GSM 1800MHz) in talking mode. Two flasks with cells from the same passage (P8-P15) were
placed on the upside and the downside of the mobile phone. Thus, they were designated as
irradiated cells in up (U) configuration and irradiated cells in down (D) configuration accordingly.
The average intensity of the electric field in the samples exposed in the U configuration was 3 times
higher (10,51V/m) as compared to the D exposed ones (3,50 V/m - figure 1 in [19]. The total exposure
duration was 60 min for two consecutive days (first day: 10 min exposure, rest 20 min, 10 min
exposure, rest 20 min and a last 10 min exposure after which the flasks were put back in their
incubator. The same exposure protocol was applied on the second day, same day time.). After the
last exposure, the flasks were put back in their incubator. A sham-exposed set of cultures consisted
of 2 flasks that were treated for 10 minutes in the same laminar flow hood under identical
conditions, with one main difference; mobile phone was turned off (and the subscriber identifier
module-SIM-card was removed). The entire experimental setup, as well as the dosimetry, has been
described in detail in [19]. Twenty-four hours following the last irradiation, cells were collected from
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flasks for immediate ROS estimation and cellular toxicity measurements or were stored at -20oC for
SDS-PAGE electrophoreses and western blotting analyses.
4.1. Antibodies
The Anti-APP specific antibodies were raised in the laboratory of one of the authors (DV)
against the Aß peptide and the C-terminal regions of human APP. The antibody against human
α-syn (MFCD02095740 - S3062) and the secondary antibody (MFCD00162782) were purchased from
Sigma‐Aldrich™, (Milan, Italy).All reagents used in the current study were of analytical grade.
4.1. Protein extraction
Protein extraction from exposed and sham-exposed samples was performed using RIPA lysis
buffer (Thermo Fisher Scientific Inc. – NYSE: TMO, 89900). Samples were centrifuged (12.000 x g, 10
min, 4 °C, 3 times) and supernatants were stored at -20 oC. Bradford’s method [79] was used for the
determination of total protein, using bovine serum albumin as standard.
4.1. Temperature-induced phase separation in Triton X-114
The non-ionic detergent Triton X-114 was used to perform phase partition [80]. Triton X-114
(Sigma‐Aldrich™, Milan, Italy, 9036-19-5) was pre-condensed to remove any hydrophilic
contaminants. Proteins were extracted from cell cultures as described above (sham-exposed and
exposed samples), and were resuspended in ice-cold TBS (10 mM Tris–HCl, 150 mM NaCl, pH 7.2).
The detergent was added at a 2%concentration. The mixture was incubated for 15 minutes at room
temperature, occasionally mixed in an ice bath. Samples were consequently centrifuged at 13.000 x g
for 10 minutes at 4oC. After centrifugation, three different phases emerged; a) phospholipid rich
phase /Triton X-114 insoluble (pellet), b) the detergent-depleted or the upper phase and c) the
detergent-enriched or lower phase. Samples from all three phases were subjected to western blotting
analyses.
4.1. Western Blot Analysis
SDS-PAGE electrophoresis and subsequent immunoblotting were performed on a ''Biorad Mini
Protean’’ electrophoresis apparatus as described by Laemmli [78], using either 10% or 15%
polyacrylamide slab gel. Electrophoresis was carried out at 90 V for 3 hours at room temperature.
Samples were then transferred onto nitrocellulose [79]. The classic method of Batteiger [80] was used
for the immunodetection of the enzymes described above. The Bluestar prestained marker (Nippon
Genetics, Tokyo) was used as an indicator of the molecular weight of proteins during protein
separation and electrophoresis and immune transfer.
4.1. Quantification
To proceed to the quantification of the immunodetection signals the “Image Pro Plus” v.10.0
software was employed.Each band intensity was measured 5 times for statistics (standard error of
the mean).Measured data (in pixels) were illustrated in bar graphs, using the software “Origin Lab
Pro” v.9.0.
4.1. Reactive Oxygen Species measurements
The induction of oxidative stress as a possible effect of non-ionizing EMR was measured using
the oxidant sensitive fluorescent acetyl ester CM-H2DCFDA (5 -(and-6)- chloromethyl-2’,7’
-dichlorodihydrofluorescein diacetate) dissolved in DMSO. The whole procedure for the ROS
measurements is described in detail in [19]. The results were expressed as the average of three
independent experiments and were illustrated in bar graphs, generated in the “OriginLabPro, v.9.0”
4.1. Cell cytotoxicity
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The Trypan Blue exclusion method was employed to determine anypossible effect of
non-ionizing electromagnetic radiation in cell death and the results were expressed as the average of
three independent experiments, illustrated in bar graphs, generated using the “OriginLabPro, v.9.0”.
The percentage of the observed cytotoxicity was calculated according to the following formula [84].
% 𝐷𝑒𝑎𝑑 =

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑟𝑙𝑒𝑠𝑠 𝑐𝑒𝑙𝑙𝑠
∙ 100
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠

4.10. Statistical analysis
The SPSS v.21.0 software (SPSS Inc., Chicago, IL) was used for the statistical analysis; analysis
was performed by employing separate t-tests comparing the sham-exposed group to each one of the
exposed groups. Differences in mean scores were analyzed using a one-way analysis of variance
(ANOVA). Data were expressed as mean ±S.D. and evaluated by Student's t-test; differences were
considered as statistically significant when p < 0.05.
5. Conclusions
The current investigation links exposure of Pulsed Telecommunication Signals emitted by a
mobile phone in call mode, with the altered metabolism of APP and alpha-synuclein in a non-neural
cell model HEK293. We have to point out that the pulses refer to the actual DCS protocol
information pulses as shown in our previous work [16] and not to the 217 Hz ELF power saving
pulses described in a similar recent study by Zielinski [85]. Our work shows a connection between
altered APP and α-syn metabolism of non-neural (kidney) human cells exposed to a Pulsed
Telecommunication Signal from an ordinary cell-phone during a normal 10min long. The
non-ionizing radiation applied on the cultured cells as a result of the specific exposure conditions
used was under non-thermal levels within ICNIRP’s safety guidelines [42]. The present findings are
very importance since as we have demonstrated by electron microscopy, cell-produced
alpha-synuclein is secreted via an exosomal, calcium-dependent mechanism suggesting that
alpha-synuclein secretion serves to amplify and propagate Parkinson's disease-related pathology
[86]. The generation of novel amyloidogenic fragments along with a differential cellular distribution,
in addition to the induction of cellular toxicity, apoptotic marker expression and the induction of
oxidative stress, triggers a novel alarm concerning the risk from the widely used PTS wireless
technology which will be greatly exploding after the implementation of the forthcoming 5G
networks. Our data are in line with the skepticism expressed by a large number of scientists
worldwide who characterize the uncontrolled use of electromagnetic radiation by manmade devices
as a threat to human health as well as the environment.
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Digital Cellular telecommunications System
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ElectroMagnetic Field

EMR

ElectroMagnetic Radiation
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International Agency for Research on Cancer
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International Commission on Non-Ionizing Radiation Protection
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Lewy Bodies
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Parkinson’s Disease
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Pulsed Telecommunication Signal
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Reactive Oxygen Species
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