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Mobile phone radiofrequency exposure has no effect on DNA
double strand breaks (DSB) in human lymphocytes
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Background: The use of mobile phones has been associated with an increased risk of developing certain
type of cancer, especially in long term users. Therefore, this study was aimed to investigate the potential
genotoxic effect of mobile phone radiofrequency exposure on human peripheral blood mononuclear cells
in vitro.

Methods: The study population consisted in 14 healthy volunteers. After collection of two whole blood
samples, the former was placed in a plastic rack, 1 cm from the chassis of a commercial mobile phone
(900 MHz carrier frequency), which was activated by a 30-min call. The second blood sample was instead
maintained far from mobile phones or other RF sources. The influence of mobile phone RF on DNA
integrity was assessed by analyzing y-H2AX foci in lymphocytes using immunofluorescence staining kit on
AKLIDES.

Results: No measure of y-H2AX foci was significantly influenced by mobile phone RF exposure, nor
mobile phone exposure was associated with significant risk of genetic damages in vitro (odds ratio comprised
between 0.27 and 1.00).

Conclusions: The results of this experimental study demonstrate that exposure of human lymphocytes to
a conventional 900 MHz RF emitted by a commercial mobile phone for 30 min does not significantly impact
DNA integrity.
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Introduction mediacentre/factsheets/fs297/en/). Even more importantly,

. .. the number of new cases is expected to increase further b
According the recent statistics of the World Health p v

Organization (WHO), cancer figures among the leading
causes of morbidity and death around the globe, with
approximately 14 million new cases and 8.2 million
cancer related deaths, respectively (http://www.who.int/
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approximately 70% over the next 20 years, up to 22 million
new cases (http://www.who.int/mediacentre/factsheets/
£s297/en/). Indeed, the risk of cancer has been greatly

enhanced by modern lifestyles, through a mismatch between
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evolutionary genetics and environmental adaptations, as
well as by an aging population (1).

Nevertheless, there is now consolidated evidence that
most cancers are preventable, so that prudent avoidance
of many well recognized risk factors would probably be
effective to lower the worldwide prevalence (1).

The overall number of mobile phone users is estimated
at 4.43 billion worldwide, and is expected to further
increase over five billion in the next four years (http://
www.statista.com/statistics/274774/forecast-of-mobile-
phone-users-worldwide). This widespread use of mobile
communication technology has generated deep interest in
the scientific community and has stimulated wide and often
controversial debates about the potential cancerogenic
effects triggered by excessive exposure to radiofrequency
electromagnetic fields (RFs). Accordingly, the International
Agency for Research on Cancer of the WHO classifies
RFs as possibly carcinogenic to humans (http://www.iarc.
fr/en/media-centre/pr/2011/pdfs/pr208_E.pdf). RFs are
part of the spectrum of Ultra High Frequencies (UHFs),
which designates a range of electromagnetic waves with
frequencies ranging from 300 MHz to 3 GHz. In particular,
those used by the global system for mobile communication
(GSM) run within the 900 MHz band. Based on their
photon energy, which is less than 1.2 meV, RFs are classified
as non-ionizing radiation since they are virtually unable to
generate atom ionization. A particularly important issue,
however, is that non-ionizing radiations may be adsorbed
by biological systems, thus inducing changes in both
vibrational and rotational energies of the tissues, leading to
possible dissociation of molecules and dissipation of energy
in the form of heat (2).

The thermal and non-thermal effects of RF have been
recently explored in many biological systems (3-5), often
yielding inconsistent or controversial results. Among the
great deal of investigations raised in recent years, at least
one evidence seemingly emerged, consisting in the fact
that the use of mobile phones for 10 years or longer may
increase the risk of certain types of cancer [odds ratio
(OR), 1.18; 95% confidence interval (95% CI), 1.04-1.34],
whereas this association was mostly insignificant for normal
mobile phone users compared to non-users (OR =0.98;
95% CI, 0.89-1.07) (6). Interestingly, two other recent
meta-analyses concluded that long-term ipsilateral users of
mobile phone have an increased risk of glioma (OR =1.46;
95% CI, 1.12-1.92) (7), whereas no significant association
was found with meningioma [relative risk (RR), 0.98;
95% CI, 0.75-1.28] or acoustic neurinoma (RR =1.14;
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95% CI, 0.65-1.99) in long-term mobile phone users
(i.e., 210 years) (8). Indeed, experimental evidence was
brought about potential genetic damage of RFs emitted by
mobile phones in human cells (9). Consistent with different
groups of researches, RFs were proven to induce DNA
single- and double-strand breaks (DSB), the latter being
thought to be the most severe form of DNA damage since
they may lead to severe losses of large fragments of DNA.
However, the negative effects could only be observed in
studies with small sample numbers, thus failing to provide
solid genotoxicity-based mechanistic evidence (10).

The analysis of YH2AX foci is currently considered
as the most sensitive method to detect DNA DSB, and
persistent YH2AX foci not immediately repaired appear
to be a promising biomarker for DNA damage and
aging (11). After DSB occurrence, the core histone
protein H2AX becomes rapidly phosphorylated at
serin-139 and form a so-called YH2AX repair focus.
The immunofluorescence staining of accumulated YH2AX
molecules by using anti-yH2AX antibody allow the
detection of individual DSB as single nuclear focuses.

"This fluorescence microscopic analysis has recently been
implemented to establish fast and standardized YH2AX
analysis and allowing rapid assessment of DNA damages
in clinical practice. The platform, named AKLIDES
(Medipan, Dahlewitz, Germany), permits a fully automated
assessment of antinuclear immunofluorescence antibody
screening (12), but also allows computational analysis of
v-H2AX foci, which has now been successfully validated by
several independent research groups (13-17). The suitability
of the YH2AX assay to evaluate the dose-dependent
formation of DSB has also been recently demonstrated
for X-ray radiation and 7 Tesla magnetic resonance image
exposure (17-20). Therefore, the aim of the present
study was to investigate the potential genotoxic effect of
mobile phone RF exposure on human peripheral blood
mononuclear cells (PBMCs) in vitro.

Methods
Research design and study population

The study population consisted in 14 healthy volunteers
(mean age 43.2+10.4 years, 11 females, 3 males), recruited
from the laboratory staff. None of the study subjects
had taken any medications during the week prior to the
experiment. ‘Two sequential blood samples were collected
from an antecubital vein of the arm into K2-EDTA
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evacuated plastic blood tubes (Vacutest Kima s.r.l., Padova,
Italy) and immediately mixed by six-time inversion. The
first blood sample of each volunteer was placed in a plastic
rack, 1 cm from the chassis of a commercial mobile phone
powered by a 1,570 mAh non-removable lithium battery.
The characteristics of the mobile phone are as follows:
height, 12.4 cm; width, 5.9 cm; thickness 0.8 c¢m; carrier
frequency, 900 MHz. Immediately after samples placement
in the plastic rack, a call was placed on the mobile phone
and the communication was manually activated for 30
min, with 3G and Wi-Fi connections disabled. During this
period, the rack with the samples and the mobile phone
was gently inverted one-time upside-down every 5 min for
preventing sedimentation of corpuscular blood elements.
After 30 min RF waves exposure, the mobile phone was
removed from the plastic rack and the blood samples were
left in upright position for additional 60 min without
further mixing. The second blood sample of each volunteer
was placed in another plastic rack, for 90 min. The rack
was also gently inverted one-time upside-down every 5 min
during the first 30 min period (as for the samples exposed
to mobile phone RF waves). The samples were then left
in upright position for the remain 60 min, without further
mixing. Near contact (e.g., <1 m) of the untreated blood
samples with mobile phones or other RF waves sources
was accurately prevented throughout the study period.
Each volunteer provided an informed consent. The study
was carried out in accord with the Declaration of Helsinki,
under the terms of relevant local legislation and was
approved by the Institutional Review Board.

v-H2AX foci analysis

The analysis of y-H2AX foci in lymphocytes was
performed using a y-H2AX immunofluorescence staining
kit (AKLIDES Nuk Human Lymphocyte Complete,
Medipan). The y-H2AX assay was carried out according
to the manufacturer’s instructions as described in details
elsewhere (10). Briefly, lymphocyte-containing interfaces
were collected by density gradient centrifugation at 400 g
for 30 min. After isolation, lymphocytes were resuspended
to a final density of 1.0 x 10° cells/mL. Lymphocytes were
counted by using the haematological analyser Advia 2120
(Siemens Healthcare Diagnostics, Tarrytown NY, USA)
and then fixed onto microscopic slides. Slides were washed
three times with PBS and then blocked with 100 pL freshly
prepared PBS containing 1% BSA. Slides were incubated
for 2 hours at room temperature with a primary mouse
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anti-H2AX antibody, then washed two times with PBS
and incubated with a secondary goat anti-mouse antibody
conjugated with a fluorescent dye (Alexa Fluor 488).
Nuclear counterstaining was performed with Vectashield
medium containing 4',6-diamidino-2-phenylindole (DAPI).

The AKLIDES platform was used for automated image
acquisition, analysis, evaluation and characterization of
v-H2AX foci as previously described (10,12,17).

For each sample a minimum of 100 cells were analysed
and the follow parameters were assessed: (I) number of
analysed cells; (II) number of y-H2AX foci; (IIT) y-H2AX
foci fluorescence intensity (expressed in arbitrary units,
AU); (IV) number of cells with y-H2AX foci; (V) percentage
of affected cells; (VI) mean number of y-H2AX foci per cell
with y-H2AX foci; (VII) mean diameter of y-H2AX foci.
The number of apoptotic cells was also reported. Given that
apoptosis induces a pan-nuclear y-H2AX phosphorylation,
selected cells were scored as apoptotic, when more than
70% of the nucleus area detected in DAPI mode exceeded
the threshold in the foci channel.

Statistical analysis

All data were reported as median and interquartile range
(IQR). The Wilcoxon test for paired samples was used
to assess the significance of difference between untreated
samples and those exposed to mobile phone RF waves.
Analyses were performed by GraphPad Prism 5 (Version
5.01, GraphPad Software, Inc., USA) setting the level of
statistical significance at P<0.05.

Results

A median number of 211 (IQR, 205-218) and 210 (IQR,
201-217) cells were analysed in the untreated samples and
in those exposed to mobile phone RE, respectively. As shown
in Table 1, no measure of y-H2AX foci was significantly
influenced by mobile phone RF exposure. Interestingly, a
marginally but not significant increase of apoptotic cells was
observed. The overall number of samples which displayed
increased y-H2AX parameters and the relative OR (with
95% CI) is shown in Table 2. In no circumstance, mobile
phone exposure was associated with a significant risk of
genetic damage as measured with AKLIDES Nuk Human
Lymphocyte Complete (ORs comprised between 0.27
and 1.00).

A number of studies investigated the impact on genetic
material of electromagnetic radiation emitted from mobile
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Table 1 Influence of 30 min mobile phone radiofrequency (RF) exposure on y-H2AX parameters and apoptosis in human lymphocytes

Parameter Untreated 30-min RF waves P

y-H2AX foci (n) 2.0 (1.1-6.1) 1.5(0.6-2.9) 0.08
y-H2AX foci fluorescence intensity (AU) 74.8 (44.6-83.0) 66.5 (55.8-78.9) 0.50
Diameter of y-H2AX foci (um) 0.4 (0.3-0.4) 0.3 (0.2-0.5) 0.29
Cells with y-H2AX foci (n) 1.8(1.1-3.9) 1.3 (0.6-2.4) 0.35
Percentage of affected cells (%) 2.5(1.1-3.7) 1.4 (0.9-2.5) 0.15
y-H2AX foci per cell (n) 0.03 (0.01-0.06) 0.02 (0.01-0.03) 0.22
Apoptotic cells (n) 0.0 (0.0-0.5) 0.3 (0.0-0.5) 0.13

Table 2 Number of blood sample with an increase of y-H2AX parameters and apoptosis after 30 min mobile phone radiofrequency (RF) exposure

in human lymphocytes
Parameter No. of samples with OR (95% Cl) P
increased values

y-H2AX foci 3/14 0.27 (0.05-1.42) 0.123
v-H2AX foci fluorescence intensity 714 1.00 (0.23-4.40) 1.000
Diameter of y-H2AX foci 6/14 0.75(0.17-3.33) 0.705
Cells with y-H2AX foci 3/14 0.27 (0.05-1.42) 0.123
Percentage of affected cells 4/14 0.40 (0.08-1.91) 0.250
y-H2AX foci per cell 4/14 0.40 (0.08-1.91) 0.250
Apoptotic cells 714 1.00 (0.23-4.40) 1.000

OR, odds ratio; 95% CI, 95% confidence interval.

phones in the last years, using heterogeneous approaches,
different types of RFs and so providing controversial
outcomes (21). A negative biological effect has been
described on DNA integrity in the male germline, by
affecting male reproductive system (22-24). Moreover,
carcinogenic effects, mirrored by cell proliferation
and activation of oncogene transcription, have been
reported (25,26).

The extent of genotoxicity has also been evaluated
in different studies using different end points, including
incidence of chromosomal aberrations, micronuclei or sister
chromatid exchanges and single- or DSB in the DNA (9).
As regards single or DSB in the DNA, studies performed in
rats nearly twenty years ago described that acute exposure
to high RF electromagnetic radiation (i.e., 2,450 MHz RF
for 2 h) were capable to trigger DNA breaks in brain cells
(27,28). In the following years, Ji et al. studied the health
impact of 4-hour acute exposure to commercially available
mobile phones on certain parameters such as an indicator of
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DNA damage in 14 healthy adult volunteers, and concluded
that this type of electromagnetic radiation was capable to
trigger DNA damage in lymphocytes in vivo (29). More
recently, Cam ez #/. analysed the short-term effects of
radiofrequency radiation exposure on single-strand DNA
breaks in 8 healthy human subjects before and immediately
after exposure to a 900-MHz GSM mobile phone for 15
and 30 min (30). Interestingly, talking on a mobile phone
for up to 30 min significantly increased single-strand DINA
breaks in cells of hair roots close to the phone, a damage
that was found to be the highest after 30 min of phone use.
Contrarily, and in accord with our experimental data,
some studies showed the electromagnetic radiations emitted
by mobile phones may have little (if any) negative effect
on DNA integrity (31-35). More specifically, Verschaeve
and colleagues demonstrated that exposure for a period of
2 years, 2 h per day and 5 days per week [average whole-
body specific absorption rates (SAR) of 0.3 or 0.9 W/kg], did
not significantly modify DNA strand breaks in blood, liver
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and brain cells (32). Stronati et 4/. continuously exposed for
24 h blood specimens collected from 14 donors to a GSM
basic 935 MHz signal, and showed that this exposure did
not induce DNA strand breaks in human lymphocytes (33).
No significant changes in DNA strand breaks have also
been observed by Sakuma et #/. in human glioblastoma A172
cells and normal human IMR-90 fibroblasts from fetal lungs
exposed to cell phone radiation for 2 and 24 h (31). More
recently, Hou ez 4/. (34) studied the potential adverse effects
of mobile phone radiation in mouse embryonic fibroblasts
after intermittent exposure (5 min on/10min off, for various
durations from 0.5 to 8h). Despite a significant increase
in the levels of intracellular radical oxygen species (ROS)
was observed after exposure, no significant effect was found
on the number of YH2AX. Finally, Schwarz ez al. reported
genotoxic effects in vitro in human fibroblasts, but not in
lymphocytes, exposed to 1,950 MHz UMTS below the SAR
safety limit of 2 W/kg (35).

Discussion

Taken together, the results of our experimental study about
the exposure of human lymphocytes to conventional 900
MHz RF emitted by a commercial mobile phone for 30
min show little effect on DNA integrity in lymphocytes.
It seems hence reasonable to suggest that such a limited
time of mobile phone exposure does not carry meaningful
carcinogenetic risk. Indeed, we cannot rule out that
different effects may be observed after longer or excessive
exposure, which is however currently discouraged by the US
Food and Drug Administration (FDA) (http://www.fda.gov/
Radiation-EmittingProducts/RadiationEmittingProductsan
dProcedures/HomeBusinessandEntertainment/CellPhones/
ucm116293.htm). It is in fact suggested that the use of
mobile phones should be reserved for shorter conversations
and that hands-free device should be preferred due to the
longer distance between the mobile phone and the user.
Indeed, this study has some limitations. Firstly, we
could only investigate the in vitro effect of short-term
(30 min) cell-phone exposure, whereas the cumulative effect
of longer or continuative exposures may generate different
effects on DNA integrity. Second, we could only evaluate
the y-H2AX DNA repair foci in human lymphocytes, as
an indicator of DNA damage. However, since it has been
reported that DSB in the DNA is probably a consequence
of radiation-induced changes in interaction between DNA
and proteins (e.g., histones) (36), the evaluation of proteins
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involved in DNA repair and damage signaling, such as
phosphorylated H2AX, is actually considered the most
sensitive method to study DSB (37,38).
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