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Effects of RF-EMF Exposure from GSM
Mobile Phones on Proliferation Rate of
Human Adipose-derived Stem Cells: An
In-vitro Study

Shahbazi-Gahrouei D."*, Hashemi-Beni B.2, Ahmadi Z.3

ABSTRACT

Background: As the use of mobile phones is increasing, public concern about
the harmful effects of radiation emitted by these devices is also growing. In addition,
protection questions and biological effects are among growing concerns which have
remained largely unanswered. Stem cells are useful models to assess the effects of
radiofrequency electromagnetic fields (RF-EMF) on other cell lines. Stem cells are
undifferentiated biological cells that can differentiate into specialized cells. Adipose
tissue represents an abundant and accessible source of adult stem cells. The aim of
this study is to investigate the effects of GSM 900 MHz on growth and proliferation of
mesenchymal stem cells derived from adipose tissue within the specific distance and
intensity.

Materials and Methods: ADSCs were exposed to GSM mobile phones 900
MHz with intensity of 354.6 uW/cm? square waves (217 Hz pulse frequency, 50%
duty cycle), during different exposure times ranging from 6 to 21 min/day for 5 days
at 20 cm distance from the antenna. MTT assay was used to determine the growth and
metabolism of cells and trypan blue test was also done for cell viability. Statistical
analyses were carried out using analysis of one way ANOVA. P<0.05 was considered
to be statistically significant.

Results: The proliferation rates of human ADSCs in all exposure groups were sig-
nificantly lower than control groups (P<0.05) except in the group of 6 minutes/day
which did not show any significant difference with control groups.

Conclusion: The results show that 900 MHz RF signal radiation from antenna can

reduce cell viability and proliferation rates of human ADSCs regarding the duration
of exposure.

Keywords
Adipose derived Stem Cells, RF-EMF, Global System of Mobile Communica-
tions, Proliferation Rate

Introduction
Ithough the results of improvements in the technology of mobile
phone are increasing every year, several recent reports about the
teratogenic effects of radiation on growth and development pro-
cesses cause a lot of concerns about the deleterious effects on human
[1-4]. These radiations operate in various intensities and the microwave
frequency ranges from 300 MHz to 300 GHz [4, 5]. Emitted electromag-
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netic radiations from radiofrequency waves
are called Radiofrequency Electromagnetic
Fields (RF-EMF). The unit of measurement
of radio-waves energy is Specific Absorption
Rate (SAR) which is the amount of energy
absorbed or the amount of heat generated in
each kilogram of body tissues [4]. The radio-
frequency energy of microwave radiations is
non-ionizing radiations, and emitted frequen-
cy is not strong enough to cause ionization
of atoms and molecules. Studies show that in
areas near cell phone antennae, the effects of
antennas on living cells and tissues are mostly
due to non-thermal effects of antenna [4]. In
the most developed countries, maximum ra-
diation from mobile phones is 1.6-2 W/kg and
radiations of cell phone waves in this SAR do
not cause thermal effects [3]. The destructive
effects of mobile phone microwave are related
to non-thermal effects that have been attrib-
uted to low levels of RF waves [2].

Global system of mobile communications
(GSM) has power capacity of 1 or 2 watts. In
this system, radio communications between
mobile phones and transmitter-receptor anten-
na are done using RF-EMF in the frequency
range from 900 to 1800 MHz. The dramatic
increase in the number of mobile phone users
in recent years has inevitably led to the escala-
tion of the numbers of mobile phone antenna
stations. The force that is generated by an ac-
tive mobile phone is different according to the
amount of interference with environmental
signals. The inductive cellular and molecular
changes of radiations of these waves depend
on some factors which include; duration of
radiation and the amount of permeability in
tissues and generation of heat [5]. Also, these
factors depend on the intensity and frequen-
cy of waves. In addition, the response of cell
changes concerning characteristics of waves
such as waveform (sine or square), the amount
of changes, biological effects and type of cells
exposed to radiation [5-9].

The effect of RF-EMF on human living en-
vironment has attracted the attention of sci-
entists and researchers to the epidemiological
and in-vitro studies. Var—ious in-vitro studies
designed to determine the effects of mobile
phone radiation on DNA damage, chromo-
some aberration, cell cycle distribu—tion, cell
proliferation, cell survival, stress response and
gene expression as endpoints of observation
[2-4]. Among various health effects of GSM
RF-EMF exposure, the formation of Reactive
Oxygen Species (ROS) and increased oxida-
tive stress are those proposed mechanisms
that can explain the link between RF-EMF ra-
diation and possible harmful effects on human
health. It was found that RF-EMF could in-
duce ROS formation in animal brain, cortical
neurons, spleen and blood serum [5-8]. At the
same time, an in-vitro study found no increase
of micronucleus formation in human leuko-
cytes at different exposure durations [9]. Sev-
eral studies also focused on selecting radiation
dose with changes in the frequency, radiation
intensity, irradiation protocol and the distance
from EMF source [2, 10-12].

Stem cells are undifferentiated cells with
highly renewable capacity that can differenti-
ate to many other cell lineages [10]. Human
ADSCs have previously been investigated un-
der the application of extremely low frequency
electromagnetic fields (ELF-EMF) [11, 12],
but not with regard to mobile phone RF-EMF.
To the best of our knowledge, there is no in-
formation regarding the effects of RF-EMF on
the proliferation of human ADSCs. Therefore,
the main scope of the present study is to inves-
tigate the effects of GSM 900 MHz on growth
and proliferation of mesenchymal stem cells
derived from adipose tissue within the specific
distance and intensity. It is hypothesized that
non-thermal RF fields of 354.6 uW/cm? in-
tensity, at different times of exposure and at a
distance of 20 cm from the antenna can change
cell viability and proliferation.
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Material and Methods

Exposure System

RF exposure system was designed by re-
searchers at the Department of Medical Phys-
ics, Isfahan University of Medical Sciences,
Iran. It consisted of a GTEM cell (Gigahertz
Transverse Electromagnetic Cell). This RF
system can be connected to GSM 900 MHz
by SIM (subscriber identity module) card. The
RF simulating 900 MHz electromagnetic field
was performed using a pulse modulated by a
217 Hz square wave, with a 50% duty cycle.
Function generator (Model MFG-8215A) was
connected through a coaxial cable to a horn
antenna (transmitting, 2.4 G Omni-Direction-
al Antenna) that was placed vertically above
the exposure tubes (with a 2 W peak) and ra-
diated downwards. So, RF radiation was ap-
plied for long axis of plates in the direction of
wave propagation. This signal was observed
and verified using a cathode ray tube (CRT),
oscilloscope (Model 8203). The highest spe-
cific absorption rate (SAR) for human head,
according to the manufacturer is 0.795 W/kg.
The average SAR was 2 W/kg because it is

the safety limit for mobile phone microwave
radiation emission and was used in previous
experiments [13, 14]. Power density and field
measurements of the mobile phone emission
at 900 MHz were performed with an Electro
Smog Meter, TES-92. The GSM 900 MHz ra-
diation intensity at 20 cm distance from mobile
phone antenna was found to be 354.6 + 0.003
uW/cm?. Therefore, all experiments were per-
formed with this intensity (354.6 puW/cm?).
The measured values without RF transmission
were 11.2+0.12 mV/m and 90.4 + 0.02 pA/m
for electric field and magnetic field intensity,
respectively. The experiments were performed
in a large wooden chamber (95x50%25 cm)
with temperature stabilized at 37°C. The tem-
perature of the wooden chamber during the
test, for control group and irradiated groups
was measured with a mercury thermometer.
Temperature changes due to the field intensity
showed difference level of 0.7°C that was neg-
ligible. Consequently this study is considered
as non-thermal. The wooden chamber with RF
system and the instrumental setup is illustrated
in Figure 1.

Figure 1: Wooden Chamber with RF System and the Instrumental Setup (from left to right: Elec-
tro Smog Meter, Plates, Horne Antenna, RF System, Function Generator).
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Culture of Human ADSCs

ADSCs were isolated from human adipose
tissue. Then, the characterization of ADSCs
have been determined by flow-cytometry ac-
cording to previous works [15, 16] and these
cells have been frizzed in Liquid Nitrogen
Storage Tanks (-1930C). ADSCs in this study
were melted [11, 12]. ADSCs were cultured
on culture medium containing of Dulbecco’s
Mod—ified Eagle’s Medium (DMEM LG) sup-
plemented with 10% FBS, 1% penicillin/strep-
tomycin (Gibco). Cultures were maintained at
sub confluent levels in a 37°C incubator with
5% CO,, and the medium was replaced every
three days. When cells reached 80% conflu-
ence, they were passaged with trypsin/EDTA
(0.05% trypsin/0.53 mM EDTA) (sigma, Al-
drich) solution, then were counted with a he-
mocytometer apparatus. ADSCs were plated
in 24 well plates at a density of 104 cell/well,
incubated for 24 h in culture medium supple-
mented with 100 pl FBS.

Cell Exposure Protocol

Cells were exposed to GSM mobile phones
900 MHz at a distance of 20 cm from the an-
tenna with an intensity of 354.6 pW/cm? for
three different exposure durations ranging
from 6 to 21 min/day for 5 consecutive days.
Irradiated cells contain 3 groups. Group 1 was
irradiated for 6 min/day, the second group was
initially exposed for 6 min and then stopped
for 10 min and irradiated for 16 min/day and
the third group was under irradiation at 6, 16
and 21 min/day. The time interval between
each exposure was defined 10 minutes. Condi-
tions for exposure groups and control group
were similar. Control group was conducted in
the same RF system without RF transmission.

MTT Assay

The effects of RF radiation on cell viability
were evaluated by MTT assay [15]. Briefly,
after exposure, the medium of each well plate
was removed, washed twice with PBS and re-

placed with 400ul of serum free medium and
40ul MTT solutions (5 mg/ ml in PBS). Then,
it was incubated for 4h at 37°C ina 5% CO, in-
cubator. The medium was removed and 400ul
of DMSO (Sigma, Aldrich) was added to each
well and mixed thoroughly using the pipette
and incubated in a dark room for 2h. After-
wards, 100ul of medium was transferred to a
96 well plate and absorbance of each well was
read at 570nm with ELISA reader. The results
were presented as percent of cell viability.

Trypan Blue Test

Cell viability was determined by trypan blue
dye exclusion assay post-exposure. Cells were
released with trypsin EDTA, washed, centri-
fuged and re-suspended in a test tube. A 0.4%
solution of trypan blue in phosphate-buffered
saline was prepared. Cell suspension of about
10ul was mixed with 10ul of trypan blue stock
solution in a hemacytometer and examined
immediately under a microscope. The number
of blue staining cells and the number of total
cells were counted. Viable cells were small,
round and light. The non-viable cells were
large and dark blue.

Statistical Analysis

The Kolmogrov Smirnov test was used for
assessing the normal distribution of variables.
All data were shown as means + standard de-
viation of the mean and ANOVA (one way
analysis of variance) with Scheffe post hoc
test was used for the comparison of exposed
and control cultures for all conventional cul-
tures. All data analyses were performed with
Statistical Package for the Social Studies
(SPSS version 21, Chicago, IL, USA). P<0.05
was considered to be statistically significant.

Results

Morphologic Changes of hADSCs
To assess the changes in cell morphology,
images were viewed by phase contrast mi-
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croscopy. After two or three passages with the
confluency of 80%, hADSCs appeared with
their spindle-shaped fibroblastic morphology
and no differences appeared between control
and RF-exposed group (Figure 2).

Cell Viability

To investigate whether RF-EMF affects the
proliferation of isolated ADSCs, cell prolifera-
tion assay was carried out by MTT assay. The
cells exposed GSM 900 MHz for 6, 22 and 43
min /day for 5 consecutive days, there was no
significant difference mean% of viable cells
in 6 min exposed group (95.6%) as compared
with the control group (100%). In comparison
with the control group, exposure to 22 and 43
min /day resulted (86.2% and 60.04%, respec-
tively) in a significant decrease of cell prolif-
eration after 5 days (¥*P<0.05) (Figure 3).

Trypan Blue Staining
The results of proliferation rate of ADSCs

done by trypan blue staining are shown in
Figure 4. In this step, the medium (DMEM)
produced significant cytotoxicity and a maxi-
mum inhibition effect was recorded on the
exposure of 22min (64.063% inhibition) and
43min (73.44% inhibition), in comparison
with the control group (*P<0.05). There was
no significant change in the percentage of via-
ble cells with post-exposure of 6 min (45.485
+ 3.608%) using trypan blue exclusion assay
compared to control group (46.875 £ 3.027%)
(Figure 4). ADSCs in all exposure groups
was significantly lower than control groups
(P<0.05) except in group 6 min/day.

Discussion

Non-ionizing radiation doses will vary with
changes in field intensity, duration of radia-
tion, frequency of radiation and physical prop-
erties such as power density, distance from an-
tenna and the number of radiations [3, 16-18].
The significant difference between radiation

[d]

Figure 2: Cell Morphology of hADSCs after Exposure to RF-EMF (5 days) for Exposed and Unex-
posed hADSCs: (a) Control Group, (b) Group 1, (c) Group 2 and (d) Group 3
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Figure 3: Cell Viability Percentage (mean + SD) of Groups Exposed to GSM 900 MHz for Different
Daily Exposure Durations (6, 22, and 43 min/day) by MTT Assay
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Figure 4: Proliferation Rate (mean + SD) of Groups Exposed to GSM 900 MHz Radiation for Dif-
ferent Daily Exposure Durations (6, 22, and 43 min/day) by Trypan Blue

groups represents this fact that among radia-
tion groups by increasing the exposure time
and the number of radiation, proliferation rate
decreases approximately with a linear down-
ward trend from 22 to 43 min. The important

point is that it may not be concluded that a lon-
ger exposure time of 43min would reduce the
proliferation rate. May be after a certain period
of time, radiation reaches the saturation level
and the rate of proliferation becomes constant.
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However, the results of this study indicated
that until the exposure time of 43min, reduced
survival effects can be observed.

It has been reported that mobile phone ex-
posure was shown to non-thermally cause
decreasing in proliferation. The results of Es-
mekaya et al. [19] study also showed that RF
radiation inhibited cell viability in a time de-
pendent manner. The inhibitory effect of RF
radiation on the growth of lymphocytes was
marked in longer exposure periods. More-
over, the viability of lymphocytes were higher
in RF+EGb group at 8 and 24h compared to
RF exposed group alone [19]. In the present
study, the cell morphology did not alter but
in Esmekaya et al. study, they observed mor-
phological changes in pulse-modulated RF ra-
diation exposed lymphocytes in all exposure
periods [19]. Nittby et al. [20] have also used
TEM cell to exposed rats to 900 MHz RF at
0.0006—0.06 W/kg SAR for 2 hours/week for
55 weeks and reported impaired memory. The
results obtained in the present study cannot
be compared with the observations in these
reports because of the obvious differences in
exposure setup, SARs and the parameters used
for the assessment of RF exposure.

The obtained results here are in agreement
with the findings of Panagopoulos et al. show-
ing that any decrease in the reproductive ca-
pacity of female insects caused by exposure to
GSM 900 and DCS/GSM 1800 fields is due to
the elimination of large numbers of egg cham-
bers during early and mid-oogenesis, after
death (DNA fragmentation) of their constitu-
ent cells [13,14]. Ni et al. [21] proposed that
the formation of ROS was significantly elevat-
ed in HLE-B3 cells exposed to 1.8 GHz RF-
EMEF because of the decreases in the expres-
sion levels of four antioxidant enzyme genes.
Markova et al. [22] found that the inhibitory
effect of MWs on 53BP1 foci leveled off at
1 hr of exposure and observed no further in-
crease in effects both in MSCs and fibroblasts

after prolonging exposure to 3hr. Recently,
it was reported [21] that mice which were
pre-exposed to 900 MHz RF at 120 mW/cm?
power density for 4 h/day for 1, 3, 5, 7 and 14
days and then subjected to gamma-irradiation
showed progressively decreased extent of sin-
gle strand breaks in the DNA of bone marrow
leukocytes as compared to those who exposed
to gamma irradiation alone, in which the im-
portant role of 900 MHz RF-EMF was the rea-
son for single strand breaks in their DNA. In
this study, an in-vitro model was used in order
to investigate the possible adverse effects of
nonionizing radiation. It seems that the main
reason for discrepancies between different
test results is due to different circumstances
of such studies like frequency variations, the
intensity and type of waves, duration of expo-
sure and the kind of studied animals.

The response of biological systems to radia-
tion of electromagnetic waves has the maxi-
mum level [3]. This response is defined as
window effect [24]. Studies in this field indi-
cate that the window of biological activities of
each cell type actually arises from an inten-
sity window [24]. In this study, the intensity
window is defined for mesenchymal stem cells
of GSM 900 MHz and intensity of 354.6 uW/
cm?,

A number of studies have shown that differ-
ent cells might respond differently to the same
RF-EMF exposure [22, 25]. Studies of the im-
pact of RF on living cells are rife with contro-
versy. Although some researchers observed in-
crease in cell proliferation, others reported cell
proliferation inhibition due to GSM basic RF
radiation exposure [26]. Higher biological sig-
nificance of MW effects in stem cells and ap-
parently wider range of effective frequencies
suggest that stem cells are the most relevant
cellu—lar model for the assessment of health
risks from mobile communication.

Electromagnetic radiation sources such as
cordless phones, telecommunications stations,

J Biomed Phys Eng 2016; 6(4)
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high-voltage lines, Wi-Fi, wireless, radio and
television antenna could be one of the main
reasons for human abnormalities if protec-
tion protocol recommendations for safety are
not used [4]. Since mobile phone cannot be
removed from human lives, to protect from
the probable effects of radiations, all mobile
operators according to CRA (Community Re-
investment Act) agreements with radio com-
munication, must obtain a license to work with
radio-waves and microwaves from the radia-
tion protection for installation and the opera-
tion of mobile phone equipment. The most of
literature and findings of researchers [3-7, 25-
27] agree on the protection methods against
irradiation of EMFs. They believe that using
some protection methods are recommended
like reducing the length of calls, talking to
phone in case of emergency, keeping the phone
away from vital organs, using special anti-ra-
diation coatings for mobile phones and ban-
ning the use of cell phones during pregnancy
and childhood, the least presence in environ-
ments with high levels of microwave in main
stations, consumption of antioxidants such as
vitamins A, C, E and green tea in daily diet.
Of course, more studies are needed to cover all
biological effects of EMFs on living systems.

Conclusion

Based on the findings of the present study;, it
is believed that GSM mobile phone 900 MHz
with intensity of 354.6 uW/cm? five times ex-
posure at 20cm distance may inhibit the prolif-
eration rates of human ADSCs, but no mecha-
nism has been proposed to explain the effects
of this radiation. However, further studies for
assessing RF-EMF with other intensities, fre-
quencies and different exposure times on stem
cells are suggested.
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