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Background: The ubiquitous diffusion of radiofrequency (RF) radiation across human
living environments has attracted the attention of scientists. Though the adverse health
effects of RF exposure remain debatable, it has been reported that the interaction of such
radiation with biological macromolecular structures can be deleterious for stem cells, indu-
cing impairment of their main functions involving self-renewal and differentiation.
Purpose: The purpose of this study was to determine whether exposure to RF of 169
megahertz (MHz) that is part of very high radiofrequency (VHF) range 30-300 MHz, could
cause damage to stem cells by inducing senescence and loss of regenerative and DNA repair
capacity.

Methods: The study was conducted on mesenchymal stromal cells (MSCs) containing
a subpopulation of stem cells. The MSCs were exposed to RFs of 169 MHz administered
via an open meter 2G “Smart Meter” for different durations of time.

Result: We did not observe modifications in MSC biology as a result of the RF exposure
conducted in our experiments.

Conclusion: We concluded that MSCs are insensitive to RF radiation exposure at 169 MHz
for various time intervals, including longer durations.

Keywords: 169 MHz, stem cell, senescence, CFU

Introduction

Electromagnetic fields (EMFs) are generated by a wide range of occupational and
non-occupational activities that include: research; communications; medical appli-
cations; power production, transmission and distribution; broadcasting; and air and
maritime navigation. The effects of EMFs spark debate in developed countries
because they are generated whenever electricity is used. In most cases, the field
strength is such that it would not cause harmful effects.

Furthermore, Radio Frequency (RF) radiation is used in aesthetic medicine in the
forms of cosmetic rejuvenation treatment' and minimally invasive surgery (i.e., radio-
ablation)” in magnetic resonance imaging (MRI)® and, in the last years, as a treatment
of cancer;* according to some authors, these treatments are not risk-free.>¢

The omnipresence of RF radiation in human living environments has attracted
the attention of scientists and researchers who have undertaken epidemiological and
in-vitro studies to assess its effects. Radiofrequency energy is non-ionizing radia-
tions emitted at a frequency that is not strong enough to cause ionization of atoms
and molecules.”® The biological effects related to RF exposure are divided into
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three levels: 1) interaction with biological macromolecular
structures without clinical effects;’ 2) reversible morpho-
logical and functional modifications in macromolecular
structures with instrumentally, clinically or subjectively
demonstrable effects that quickly disappear upon cessation
of the stimulus;'® and 3) permanent biological damage that
does not disappear upon cessation of the stimulus, wherein
the biological effects exceed efficacy thresholds of damage
repair, adaptation, and compensatory mechanisms. "'

In subjects exposed to electromagnetic fields in both
urban areas and in occupational contexts, higher reactive
oxygen species (ROS) production observed in neutrophils
is reported to be responsible for lower levels of polymor-
phonuclear leukocytes.'?

The molecular changes induced by such radiation
depend on a multitude of factors including the duration
of radiation, tissue permeability, generation of heat, and
the intensity and frequency of the waves. Furthermore,
cellular response to these changes depends on specific
characteristics of the waves such as waveform (sine or
square), the number of changes and their biological
effects, and the type of cells exposed to radiation.'?

As stated above, the side effects induced by RF radia-
tion can be deleterious for stem cells by impacting their
key role in homeostatic maintenance of tissue and organs.
Stem cells are undifferentiated biological cells that can
differentiate into specialized cells. Their main function is
self-renewal to produce progeny that replenish dying or
damaged cells throughout an organism’s lifetime.'
Among all of the adult stem cells present in an organism,
a widely shared view claims that Mesenchymal Stromal
Cells (MSCs) are ubiquitous in human connective tissues,
coinciding with ubiquitous pericytes and sharing
a potential to differentiate into adipocytes, osteocytes,
and chondrocytes as assessed by in vitro and in vivo
differentiation assays.'>'®

These premises serve to make MSCs an appropriate
model for our study. The adverse health effects of RF
radiation remain debatable. Indeed, same studies reported
that RF exposure can induce DNA strand breaks while
others showed no significant effect on DNA damage.'’
Yao et al'® evaluated as 1800 MegaHertz (MHz) RF radia-
tion cause DNA damage in human lens epithelial cells by
the Comet assay. Franzellitti et al'® examined the same RF
range, demonstrating that 1800 MHz RF radiation causes
directly DNA damage.

On the contrary, some studies reported that in vivo and
in vitro applications with different frequency RF radiation

did not cause DNA single- and double-strand breaks and
did not affect genotoxicity.”°

In the last year, the company e-distribuzione S.p.A, the
main Italian electricity distributor, has started the massive
installation of the Open Meter 2G “Smart Meter” that will
replace the first generation meters. These smart meters
have new different characteristics. Namely, the communi-
cation features were particularly improved. In addition to
the traditional main programmable logic controller (PLC)
channel, a radio module with transmission around the
frequency of 169 MHz was added.

In this context, the aim of this study was to evaluate
whether exposure to the range of radiofrequency of 169
MHz that are part of Very High Radiofrequency (VHF),
range 30-300 MHz, administered via an Open Meter 2G
“Smart Meter”, has the potential to cause DNA damage in
MSCs.

Materials and Methods
MSC Cultures

Bone marrow was obtained from healthy donors (18 to 40
years of age) who provided written informed consent in
accordance with the Declaration of Helsinki (1964) and
Campania region FEthical Committee (nr 379/CE of
Dec 16, 2016). We used plastic adherence and other mini-
mal criteria suggested by the International Society for
Cellular identify MSCs
a subpopulation of stem cell (Supplementary Files 1 and

Therapy to containing

2). Cells were separated on a Ficoll density gradient (GE
Healthcare, Milan, Italy) and the mononuclear cell fraction
was collected and washed in Phosphate Buffer saline (PBS).
We seeded 1-2.5-10° cells/cm?® in growth medium contain-
ing: alpha-Modified Eagle Medium (alpha-MEM) contain-
ing 10% Fetal Bovine Serum (FBS) and 3ng/mL of bFGF
(PeproTech, Inc., Rocky Hill, NJ, USA). After 72 hrs, non-
adherent cells were discarded and adherent cells were culti-
vated to confluence. Cells were then further propagated for
the assays reported below. Where not specified otherwise,
all reagents were obtained from Microgem (Napoli, Italy).
Exponentially growing cells (passage 3) were used for
exposure experiments. All experimental conditions were
carried out by seeding 5x10° cells/cm?.

RF Exposure

The cells were transferred to an incubator and cultured in the
presence of RF of 169 MHz. The RF was administered by
prototype Open Meter 2G “Smart Meter” (e-distribuzione S.
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p.A., Rome, Italy). Our prototype-“Smart Meter” emit RF
(E=0.1J) has a duration of 0.2s every 2s differently the
normal-“Smart Meter” used for massive installation emit
RF has a duration of 0.2s one for week. For this reason, we
chose to analyze the effects of RF at different time points (0,
30, 90, 180 and 1440 mins). The maximum time exposure
(1440mins) corresponds to around 100 years of RF emit by
normal-“Smart Meter”.

The positive control (PC) of our experimental proce-
dure was obtained with exposure for 2s the cells at 2998.5
MHz via Mevatron machine (Siemens, Italy) operating at
6 MeV and emit RF (E=12J) for 3-10 %.

The distance between MSCs and RF sources (Smart
Meter and Mevatron) is 0.05m.

In situ Senescence-Associated

Beta-Galactosidase Assay

Following 169MHz RF exposure time intervals (0, 30, 90,
180 and 1440 mins) cells and relative positive control
were fixed in a solution of 2% formaldehyde and 0.2%
glutaraldehyde. After that, cells were washed with PBS
(Microgem, Naples, Italy) and then incubated at 37°C
overnight with a staining solution (citric acid/phosphate
buffer (pH 6), K4Fe(CN)s, K3Fe(CN)g, NaCl, MgCl,,
X-Gal). The percentage of senescent cells was calculated
by the number of blue, B-galactosidase-positive cells out
of at least 300 cells in different microscopic fields, as
previously reported.”’ Where not specified otherwise, all
reagents were obtained from Sigma-Aldrich (St. Louis,
MO, USA).

Nexin V Assay

After 16OMHz RF exposure at different time points (0, 30,
90, 180 and 1440 min) the cells and relative positive control
were collected for apoptosis analysis. Apoptotic cells were
detected using fluorescein-conjugated annexin V with a -
Nexin® kit on a Guava® easyCyte™ (MilliporeSigma,
Burlington, MA, USA) flow cytometer following the man-
ufacturer’s instructions. The kit used two separate dyes
(Annexin V and 7-Aminoactinomycin D (7-ADD)) to iden-
tify apoptotic and non-apoptotic cells (necrosis), respec-
tively. Annexin V (red) binds to phosphatidylserine on the
external membrane of apoptotic cells, while 7-AAD (blue)
permeates and stains DNA of late-stage apoptotic and dead
cells. Staining allows the identification of three cell popula-
tions: non-apoptotic cells (annexin V— and 7-AAD-); early
apoptotic cells (annexin V+ and 7-AAD-); and late-

apoptotic or dead cells (annexin V+ and 7-AAD+). Early
and late apoptotic cells were grouped together in our
experiments.

Cell Proliferation

We used a colorimetric assay (Cell Counting Kit-8 (CCK-
8); Dojindo Molecular Technologies, Inc., Rockville, MD,
USA) to determine cell viability. The highly water-soluble
tetrazolium salt, WST-8, is reduced by dehydrogenase
activity in cells to yield a yellow-color formazan dye.
The amount of the formazan dye generated by the activity
of cellular dehydrogenases is directly proportional to the
number of living cells. We evaluated cell viability after 24,
48, and 72hrs in cells exposed for different time points at
169MHz RF (0, 30, 90, 180 and 1440 mins) and in relative
positive control. The assay was carried out on a microplate
reader at 450 nm (Infinite 200, TECAN, Minnedorf,
Switzerland).

Cell Cycle Analysis

The cells after 169MHz RF exposure for different times
(0, 30, 90, 180 and 1440 mins) and relative positive con-
trol exposure were collected and fixed in 70% ethanol at
—20°C, overnight (O.N.), three washed with 1X PBS, and
finally dissolved in a hypotonic buffer containing propi-
dium iodide (1XPBS), 100pug/mL of RNAse A (Promega,
Madison, WI, USA) and 40pg/mL of Propidium iodine
(Sigma-Aldrich) and incubated for 30mins at RT in dark.
Samples were acquired on a Guava® easyCyte™ flow
cytometer (Millipore, Sigma) and analyzed using the stan-
dard procedure recommended by the easyCyte™ software.

Adipo-Osteo and Condro Differentiation

and Relative Staining

After 0 and 1440mins of 169MHz RF exposure, 1.5x10%cm?
cells were seeded and osteogenic (Dulbecco Modified Eagle
Medium (DMEM) (Microgem), 10% FBS (Microgem),
0.05 mM ascorbic acid, 10 mM [-glycerophosphate
and 100 nM dexamethasone) or adipogenic (DMEM)
(Microgem), 10% Horse Serum (Microgem), 1| mM dexa-
methasone, 10 pg/mL insulin, 0.5 mM 3-isobutyl-1-methyl-
xanthine, and 200 pM indomethacin) or chondrogenic
(DMEM) (Microgem), 10% FBS (Microgem), 100 IU/mL
penicillin ~ (Microgem), 100 mg/mL streptomycin
(Microgem), 50 nM ascorbate-2-phosphate, 0.1 mM dexa-
methasone, and 10 ng/mL human transforming growth factor
(hTGF)-B1 (PeproTech, Inc., Rocky Hill, NJ, USA)
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differentiation was performed. Not differentiated cells were
cultivated in DMEM medium (Microgem) supplemented
with 10% FBS (Microgem). All conditions were performed
for 21 days, renewing the medium every 3 days. Osteogenic
differentiation was evaluated by alizarin red S staining, adi-
pogenic differentiation by Oil Red O staining and chondro-
genic differentiation by Alcian blue staining as previously
described.?' Where not specified otherwise, all reagents were
obtained from Sigma-Aldrich (St. Louis, MO, USA).

Colony Forming Units (CFU) Assay

After 0 and 1440 mins of 169mHz RF treatment, 1000
MSCs were seeded in every 10 cm culture dish and incu-
bated for 14 days in a growth medium. Subsequently, the
medium was discarded and colonies were fixed with 100%
methanol for 10 mins at —20°C. Colonies were then
stained with 0.01% (w/v) crystal violet (Sigma-Aldrich)
in 25% methanol in PBS for 30 mins. For each experi-
mental condition, we counted the number of colonies in
each culture dish using a microscope (Leica DMil, Leica,
Wetzlar, Germany).

RNA Extraction and RT-qPCR

Total RNA was extracted from MSCs following 0 or
1440mins of 169MHz RF exposure using EUROGOLD
TriFast (Euroclone) according to the manufacturer’s pro-
tocol. mRNA expression levels of the genes of interest
were analyzed by RT-qPCR as previously reported.**
Primer pairs for RT-qPCR reactions were designed using
Primer Express® software (Applied Biosystems/Thermo
Fisher Scientific, Foster City, CA, USA). We used the
appropriate regions of GAPDH c¢DNA as internal controls
and each RT-qPCR reaction was repeated at least 3 times.
The information about primers used were reported in
Supplementary File 3.

Immunocytochemistry for Detection of

ATM and Gamma-H2AX

Briefly, after 0 and 1440min of 169MHz RF exposure, the
cells were fixed in 4% formaldehyde (Sigma-Aldrich) solu-
tion from 15mins at RT (20-23°C). Then, we permeabilized
the cells with 0.3% Triton-X100 (Roche, Basel,
Switzerland) on ice for 5 min and then added a 5% FBS
solution in PBS and 0.1% Triton-X100 for 1 h at RT
(Blocking Solution). Subsequently, the antibodies ATM
(1:1000, ab36810, ABCAM, Cambridge, UK) and gamma-
H2AX (1:600, #2577, Cell Signaling Technology, Danvers,

MA, USA) were detected according to manufacturers’ pro-
tocols. The FITC-conjugated secondary antibody, goat anti-
rabbit (1:400, Gtx-Rb-003D488) or TRITC-conjugates
secondary antibody goat anti-mouse (1:400, Gtx-Mu
-003D594) were obtained from ImmunoReagents (Raleigh,
NC, USA). All the antibodies were diluted in blocking
solution. Nuclear staining was performed using DAPI
mounting medium (ab104139, ABCAM) and micrographs
were captured under a fluorescence microscope (Leica
DM2000,-DMC5400, Leica, Wetzlar, Germany). The per-
centage of ATM- and gamma-H2AX-cells was calculated
by counting at least 300 cells in different microscopic fields.

Western Blotting

Cells after 16OMHz RF exposure (0 and 1440mins) were
lysed in a buffer containing 0.1% Triton-X100 (Roche) for
30 mins on ice. Twenty micrograms of each lysate was
electrophoresed on a polyacrylamide gel and electroblotted
onto a nitrocellulose membrane. All of the primary anti-
bodies were used according to manufacturers’ instructions.
Immunoreactive signals were detected using a horseradish
peroxidase-conjugated secondary antibody: goat anti-
mouse (1:4000, sc-2005) or goat anti-rabbit (1:4000, sc-
2004) from Santa Cruz Biotechnology, Inc., Dallas, TX,
USA with ECL plus reagent (GE Healthcare). The follow-
ing primary antibodies were used: RB1 (1:2000, #9303)
and p27°"' (1:1000, #3686) from Cell Signaling
Technology; RB2/P130 (1:1000, MN610261) from BD
Biosciences (San Jose, CA, USA); pl107 (1:200, sc-318),
p53 (1:200, DOI-1), p21CIP1 (1:200, C-19) from Santa
Cruz Biotechnology; and pl16INK4A (1:1000, ab54210)
from ABCAM. All antibodies were diluted in T-TBS
0.1% and 3% of Blotting-Grade Blocker (Bio-Rad,
Hercules, CA, USA).

Soft Agar

After 0 or 1440 min of 169MHz RF exposure, 2500 MSCs
were seeded in 0.5 mL DMEM composed of 0.35% agar-
ose (Sigma-Aldrich) and 20% FBS in 35 mm Petri dishes
pre-treated with 0.5% agar (Sigma-Aldrich) in DMEM
with 20% FBS. After 21 days of incubation, the cells
were centrifuged at 2000 rpm. Then, the pellets were
fixed in 100% methanol for 10 mins at —20°C. Colonies
were then stained with 0.01% (w/v) crystal violet (Sigma-
Aldrich) in 25% methanol for 30 mins. Subsequently, the
cells were washed with PBS three times and resuspended
in 100% methanol for 30 min. Finally, the tubes were
centrifuged again and the collected supernatant was
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quantified using a microplate reader at 600 nm (Infinite
200, TECAN). We used HEK-293 cells as a positive
control.

Statistical Analysis

Statistical significance was evaluated using ANOVA fol-
lowed by Student’s t and Bonferroni tests. We used mixed-
model variance analysis for data with continuous outcomes.
All data were analyzed using GraphPad Prism version 5.01
statistical software package (GraphPad Software, Inc., San
Diego, CA, USA).

Results

We exposed the MSC cultures to 169 MHz RF waves
generated by a prototype-Meter 2G for different dura-
tions of time (0, 30, 90, 180 and 1440 min), while
relative positive control was obtained exposing the cells
at 2998.5 MHz via Mevatron machine (Siemens, Italy).
Then, we assessed RF effects on proliferation rate, cell
cycle, apoptosis, and senescence. Exposure to different
durations of 169MHz RF exposure did not show any
modification in MSC proliferation rate (Figure 1A) dif-
ferently from the positive control where we observed
a reduction in the growth rate. These results were in
accordance with cell cycle analysis (Figure 1B) where
the percentage of cells in S phase was similar among all
time intervals considered for the cells exposed to
169MHz.
S phase in the relative positive control. We also did not

Differently, we observed a reduction of

observe statistically significant differences in the percen-
tage of senescent (Figure 1C and E) and apoptotic cells
(Figure 1D and F) for the cells exposed to 169MHz. In
relative positive control cultures, we observed an
increase of apoptotic and senescent cells. We decided
to seek further insight into the effects of RF on the
biology of MSCs. To this end, we carried out further
analysis by treating cells only for the longer duration of
1440 mins. It is well known that the control of such stem
cell properties as self-renewal and multipotentiality is of
fundamental importance in order to preserve the func-
tionality of a stem cell—that is—to regenerate and repair
damaged tissues within an organism.***

Therefore, we carried out a CFU assay on these cells to
test their clonogenicity, i.e., their ability to expand at the
single-cell level, which is an important feature in the self-
renewal of stem cells. Neither the RF exposure for 0 min
(control) nor for 1440 mins produced modification in the
number of clones observed in 100 mm plates seeded with

MSCs at low density (Figure 2A). We also evaluated
multipotentiality of MSCs according to their tripotential
differentiation capacity in adipo-, osteo-, and chondrocytes
(Figure 2B). We did not observe modifications in this
capacity. Also, the expression of several genes involved
in the processes of self-renewal and multipotentiality like
OCT4, NANOG, KLF4, and SALL4 is not modified after
RD exposure (Figure 2C). Together, these data suggest that
MSC:s are insensitive to RF exposure at 169 MHz, includ-
ing for prolonged durations of time.

An increased incidence of cancer among people liv-
ing near mobile phone base stations has been reported in
the literature, suggesting that RF radiation may alter the
fidelity of DNA.?®; in fact, exposure to RF at 1800 MHz
in human fibroblasts induces DNA single- and double-
strand breaks.?” For these reasons, we decided to eval-
uate the presence of damaged DNA by H2AX (gamma
isoform, y-H2AX) and ATM immunostaining. H2AX
histone is a key regulator of cellular responses to
DNA damage and is considered a hallmark of damaged
DNA nuclear foci. Ataxia telangiectasia mutated kinase
(ATM) is a kinase that regulates DNA repair. Activation
of ATM by autophosphorylation at Ser1981 (ph-ATM)
occurs in response to exposed DNA. In several experi-
ments, we did not observe any difference between
MSCs cultured for 1440mins in the presence of RF
waves and control MSCs (Omin) for both y-H2AX
(Figure 3A and B) and ph-ATM (Figure 3C and D).
We then conducted a more in-depth analysis of whether
exposure to RF would change the expression levels of
genes involved in different types of DNA repair. We
selected a variety of genes involved in the regulation of
base and nucleotide excision repair (BER and NER,
respectively), mismatch repair (MER), and double-
strand break repair (DSBR).”®?° We observed the
expression of several genes involved in DNA repair:
MMREIIA and BRCA2 genes for DSB; MLHI and
MSHS5 genes for MER; RAD234 and ERCC3 genes for
NER; and MUTYH and NTHLI for BER. We did not
observe any modification between MSCs cultured with
RF exposure and MSC controls (Figure 3E).

After analyzing the biological consequences of RF
exposure in MSCs, we decided to understand whether the
molecular pathways involved in these phenomena were
compromised. Therefore, we analyzed the mRNA expres-
sion levels of several genes involved in different pathways
known to control cell cycle arrest, differentiation, apopto-
sis, and senescence. The analysis of the levels of proteins
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Figure | Biological properties of Mesenchymal Stem Cells (MSCs) after different exposure time at Radiofrequency (RF) of 169MHz and relative positive control (PC). (A)
Cell proliferation measured by Cell Counting Kit-8 24, 48 and 72 h after RF exposure. The graph shows the mean values * SD (n=3, *p<0.05, **p<0.01). (B) The picture
shows representative FACS analysis of MSCs after RF exposure. Experiments were conducted in triplicate for each condition. Percentages of different cell populations (G,
S, and G2/M) are indicated. Data are expressed with standard deviation (n=3* p<0.05, **p<0.01). (C) The picture shows representative microscopic fields of senescence-
associated beta-galactosidase-positive cells (blue) under different experimental conditions. (D) The pictures show representative annexin-V analysis of MSCs after RF
exposure for each condition. The assay allows the identification of early (Annexin V+ and 7-ADD-), late apoptosis (Annexin V+ and 7-ADD+) and necrotic cells (Annexin
V-and 7-ADD +). (E) The histograms show the percentage of senescent cells in MSCs after RF exposure. Data are represented as mean # standard deviation (SD) of three
independent replicates (n=3, + SD, **p<0.01). (F) The graph showed the percentage of early and late apoptotic cells. The experiments were conducted in triplicate for each

condition (n=3, + SD, **p<0.01).

involved in these phenomena did not show any modifica-
tion between cells treated with RF and controls (Figure 4A
and B).

Cells exhibiting small changes in DNA that do not
compromise normal cellular function can experience neo-
plastic transformation after long periods of time. For this
reason, we decided to evaluate whether MSCs exposed to
radiofrequency waves had accumulated damage that would
transform them into a tumorigenic state. Transformed cells
can grow independently of a solid surface. This feature is
a hallmark of carcinogenesis and was evaluated by the soft
agar colony formation assay. Cells cultured for 24 h with

RF exposure and their respective controls did not show
anchorage-independent growth until 21 days after the
exposure (Figure 5).

Discussion

Radiofrequency (RF) refers to the rate of oscillation of
electromagnetic radio waves in the range of 3 kHz to 300
GHz, as well as the alternating currents carrying the radio
signals. This is the frequency band that is used for com-
munications transmission and broadcasting.*® Today, RF is
used in many fields of medicine and the sciences;”
despite its universal success, it remains unclear whether
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Figure 2 Stemness properties of Mesenchymal Stem Cells (MSCs) after Radiofrequency (RF) exposure. (A) The pictures show representative crystal violet staining of
clones obtained after 14 days of incubation with MSCs following RF exposure. The mean number of clones per 1000 cells plated in 100 mm dish (+ SD, n=3). (B) Microscope
images of MSCs differentiated in: adipocyte evaluated by Oil Red O staining; osteocyte evaluated by Alizarin red S (ARS) staining and chondrocyte evaluated by Safranin
O staining. (C) Histograms show expression levels of the mRNA of the gene as indicated. The mRNA levels were normalized to GAPDH mRNA expression, which was
selected as an internal control. Data are expressed as arbitrary units with standard deviation (n=3).
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Figure 3 DNA damage and repair analysis. (A) Fluorescence photomicrographs show the merging of cells stained with anti-H2AX (green). Nuclei were counterstained with
DAPI (blue). A representative microscopic field for each treatment is shown. (B) Graph shows the degree of H2AX phosphorylation. This was evaluated by counting the
number of gamma-H2AX immunofluorescent foci per cell. Foci number was determined for 200 cells. Each dot represents an individual cell. Black bars indicate mean value
for each category (n=3). (C) Fluorescence photomicrographs show typical cells stained with anti-ATM (green) and DAPI (Blue). A representative microscopic field for each
treatment is shown. (D) The graph indicates the mean percentage of ATM-positive cells for each condition. The data are indicated with standard deviation (n=3). (E)
Histograms show expression levels of the mRNA of the gene as indicated. The mRNA levels were normalized to GAPDH mRNA expression, which was selected as an
internal control. Data are expressed as arbitrary units with standard deviation (n=3).
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Figure 4 Effects of Radiofrequency (RF) exposure on cell cycle protein involved. (A) The panel shows the expression levels of several proteins following treatments of cells
with RFs. GAPDH protein was used as a loading control. (B) The histogram shows the quantitative evaluation of Western blot bands in MSCs after RF exposure. The data

are indicated as the mean expression values (SD, n=3).
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Figure 5 Effects on anchorage-independent growth of Mesenchymal Stem Cells
(MSC:s) after Radiofrequency (RF) exposure. Graphical representation of optical
density readings at OD 600 nm derived from methanol elution of the crystal violet
stain for each condition (n=3, + SD).

the technology is risk-free.>° For this reason, an in-depth
study of RF exposure is necessary.

Among all cell types present in an organism, stem cells
represent an important model in medicine because of their
potential to regenerate and repair damaged tissue. Certain
therapies such as bone marrow transplantation already
make use of stem cells, while other therapies under inves-
tigation involve transplanting stem cells into a damaged
organism and assessing their ability to grow and differ-
entiate into healthy tissue.'>'®
Mesenchymal stromal cells represent a good study model

because they are ubiquitous in human connective tissues'

and contain a subpopulation of stem cells capable to differ-
entiate in adipocytes, osteocytes, and chondrocytes. MSCs
originating from the mesoderm and residing in various tis-
sues are currently receiving a lot of attention for their ther-
apeutic capacity. They not only contribute to tissue renewal
but also support site-specific epithelial and endothelial
responses through paracrine effects, secreting growth factors
(e.g., fibroblast growth factors, WTN ligands, hepatocyte
growth factor, and vascular endothelial growth factor) and
Extracellular Membrane proteins; they also exhibit local anti-
inflammatory capacity.'>'®

As a preliminary study, we decided to investigate
whether exposure to RF for different durations of time
might be deleterious for MSC biology.

To this end, we exposed MSC cultures to 169 MHz RF
generated by a Meter 2G for different time (0, 30, 90, 180 and
1440 mins). Then, we assessed RF radiation effects on pro-
liferation rate, cell cycle, apoptosis, and senescence. The
preliminary data did not reveal any biological effects of RF
exposure on MSCs for brief durations of time, making us
assume that the low doses of RF could be not deleterious for
MSCs.

Subsequently, we sought to assess the effects of RF on
the biology of MSCs by focusing our attention exclusively
on the longest exposure time, treating cells with only the
longer exposure of 1440 min.

We concentrated on two important aspects that character-
ize stem cells: self-renewal and differentiation capacity. We
carried out a CFU assay on these cells to test their clono-
genicity, i.e., their ability to expand at the single-cell level,
which is an important feature of self-renewing stem cells, as
well as their differentiation into adipocytes, osteocytes, and
chondrocytes using an appropriate medium. We did not
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observe any differences between control and RF-exposed
cells, suggesting that a radiofrequency of 169 MHz may be
harmless to MSCs.

Yakymenko et al showed that the exposure of living
cells to low-level of RF may cause overproduction of
free radicals, in particular of ROS.** Uncontrolled gen-
eration of ROS and their accumulation in cells cause
oxidative stress. Recent studies have reported that
chronic exposure to conditions that increase oxidative
stress induced an increased risk of cancer. Vice versa,
elevated levels of cancer have been observed in popula-
with to RF
>3 An increased incidence of cancer among

tions increased residential exposure
radiation.
people living near mobile phone base stations has been
reported in the literature.’®***> This suggests that RF
waves may alter the fidelity of DNA;** in fact, human
fibroblasts exposed to RF at 1800 MHz exhibit DNA
single- and double-strand breaks.”” For these reasons,
we decided to evaluate the presence of damaged DNA
by H2AX (gamma isoform) and ATM immunostaining.
In several experiments, we did not observe any differ-
ence between MSCs cultured for 24 hrs in presence of
RF radiation and control MSCs (Figure 3A—C).

The ability to modulate levels of oxidative DNA damage
is also related to the function of genes involved in DNA
repair.® For these reasons, we analyzed whether exposure
to RF would induce changes in the expression levels of genes
involved in different types of DNA repair mechanisms. We
selected genes involved in the regulation of base and nucleo-
tide excision repair (BER and NER, respectively), mismatch
repair (MER), and double-strand break repair (DSBR).****~"
We did not observe any modification between MSC cultures
exposed to 0’ or 1440' RF (Figure 3D).

Despite the fact that our study revealed that low doses
of RF radiation are harmless to MSCs, several studies
claim that the risks induced by RF, specifically, the epide-
miological studies of cell phone use, increase the possibi-
lity of tumor arise.>® To ascertain whether RF had caused
genetic changes to MSCs that would induce neoplastic
changes, we carried out a soft agar assay to demonstrate
that the exposure of MSCs at 169 MHz for 1640 min was
not able to genetically modify MSCs, even when main-
tained in culture for an additional 21 days.

Our study demonstrated that low-dose RF (169 MHz)
administered via an prototype-Open Meter 2G “Smart
Mete” is harmless for MSCs in vitro, in accordance with
other studies demonstrating that RF can be safe for human
life.***® Another important aspect to consider is definitely

the Dose Rate (dose absorbed per unit of time). In fact, recent
studies have shown that low-dose fractionated exposures
with a short time interval for a given dose induce stronger
cytotoxic effects.*’ Our results show that 16OMHz RF expo-
sure every 2s of interval time administrated by prototype-
Open Meter 2G “Smart Meter” for 1440mins had no effect
on the vitality of MSCs. These results are encouraging con-
sidering that the Dose Rate of the prototype- Open Meter 2G
“Smart Meter”, that emits a RF of 169 MHz for 0.2 s every 2
s, is more high respect to normal-Open Meter 2G “Smart
Meter”, that emits a RF of 169 MHz for 0.2s every week.

Nevertheless, it is important to note that studies claim-
ing that RF is dangerous for human life** mostly involved
significantly higher levels of RF. Our in vitro study is
innovative in that it demonstrates that there are no changes
in MSC biology after exposure to 169 MHz RF.

Conclusion

Compared to controls (not exposed cells), exposed MSCs
showed neither loss of differentiation capacity nor
increased apoptosis and reactive oxygen species. In con-
clusion, different exposure times at low RF (169MHz)
level administered by prototype-Open Meter 2G “Smart
Meter” do not modify the biology of MSCs.
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