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Abstract

Background: Accumulating evidence has shown that radiofrequency radiation (RFR) emitted by mobile phones is

a potential factor for DNA damage. Whether RFR a ects the gene expression of human genes still requires further
research. This may help in understanding the mechanisms of action of this radiation. On the assumption that expres-
sion of BAMBI and Survivin in the oral squamous epithelial cells might be modified in response to RF electromagnetic
field (RF-EMF) exposure, the current study was conducted on a group of young university student volunteers.

Results: Statistical analysis of the RT-PCR data indicated that no significant association (P value ” 0.05) exists between
the expression of either gene, and neither the length of history nor the frequency of the phone use.

Conclusions: Although no clear RF-EMF signature on gene expression could be detected in this in this preliminary
study, it is one of the few studies indicating that molecular-level changes might take place in humans in response to

Survivin

chronic mobile phone EMR exposure. Further investigations in this field are warranted.
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Background

The impact of radiofrequency electromagnetic radiation
(RE-EMR) on living cells is a relatively new avenue of
interest with respect to human health. The exact mech-
anism of action by which EMR emitted from mobile
phones interferes with biological functions is still not fully
understood. Recently, it has been found that although
different brands of smartphones exhibited cytotoxicity in
the oral squamous epithelial cells, they do not appear to
represent risks of inducing genetic toxicity [1]. Moreover,
comet and TUNEL assays have been employed to deter-
mine DNA damage and rate of apoptosis, respectively [2].
The numbers of apoptotic oral squamous epithelial cells
have been highest in medium (30-60 min/day) phone
users. However, no strong link has been found between
the degree of apoptosis and cumulative years of mobile
phone use. Currently, only a few published human studies
have investigated alterations in gene/protein expression
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in response to direct exposure to radiofrequency radia-
tion (RFR). Contradictory results have been reported by
different in vivo and in vitro experiments in various types
of cells using a variety of proteomic and transcriptomic
techniques. In the hippocampus of Wistar rats, it has
been indicated that RFR may lead to profound epigenetic
modifications, which in turn may cause alterations in
gene expression [3]. Proteomics techniques have proved
that human endothelial cell line EA.hy926 [4] and lens
epithelial cells [5] show alterations in protein expression
following exposure to RF-EMFE. Contrary to this, expo-
sure of breast cancer cell line (MCF-7) to 1800 MHz RF-
EMFs had no significant effect on protein expression [6].
Data collected from in vivo studies proposed that human
skin cells may respond to RF-EMF by changing protein
expression profiles [7].

Survivin is a member of the human eight protein fam-
ily known to prevent apoptosis [8]. This protein interacts
in a unique fashion with components of the mitotic spin-
dle apparatus that regulates cell division [9-11]. Previous
research [12, 13] has suggested that Survivin is an ideal

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.



Khalil et al. Egyptian Journal of Medical Human Genetics (2022) 23:12

candidate marker for the diagnosis and prognosis of can-
cers. Expression of Survivin in tumors has been linked
not only to inhibition of apoptosis, but also resistance to
chemotherapy and invasiveness of malignant cells [10].
Survivin affects key mechanisms of the immune system,
including the stimulated proliferation of T cells, differen-
tiation of CD4™ T cells and hemostasis of CD8" memory
T cells [14]. There have been prominent advances in the
last few years in targeting Survivin through small mol-
ecule inhibitors or immunotherapy.

BAMBI (the bone morphogenetic protein (BMP) and
activin membrane-bound inhibitor) is an evolutionally
conserved gene in vertebrates [15]. It was first described
for its role in the formation and turnover of bone. Later,
attention has been directed to the potential involvement
of BAMBI in inflammatory response [10, 16—19]. BAMBI
encodes a transmembrane glycoprotein related to the
type I receptors of the transforming growth factor-beta
(TGF-beta) family [17]. It is known that the members
of this family play crucial roles in signal transduction in
many developmental and pathological processes. Human
BAMBI may act as a molecular switch to control TGE-f
signaling strength and interleukin-17-producing effec-
tor T helper/regulatory T (Th17/Treg) cell balance. Thus,
it may be utilized not only as a biomarker but also as a
target of new treatment protocols that maintain immune
tolerance [20]. The overexpression of BAMBI has been
linked with the suppression of the response of can-
cer cells to TGF-f signaling pathway, to inhibit aggres-
siveness and autophagy of several types of tumors [21].
Additionally, BAMBI has been identified as a hallmark
of non-small cell lung cancer which possesses antitumor
potentiality [22].

Both Survivin [14] and BAMBI [20] are cytokine apop-
tosis-related genes. While Survivin inhibits apoptosis
[10, 11], BAMBI suppresses autophagy [21]; thus, both
are involved in the regulation of cell division. In addi-
tion, both are promising biomarkers in the new treat-
ment protocols of immunotherapy. In the present study,
it was hypothesized that exposure to RFR emitted from
the mobile phones during calls is associated with the
expressions of the two genes in the oral squamous epi-
thelial cells. This type of cells is shed from tissues usu-
ally exposed to radiation during mobile calls. Knowledge
of the mechanism of action of RE-EMFs will be of great
practical value in view of the tremendous increase in
the use of mobile phones and the installation of mobile
phone towers.

Methods

Study population

This cross-sectional study has been carried out on ran-
domly recruited 48 volunteer university students (24
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males, 24 females) aged between 18 and 27 years. This
age range was selected because it is expected that this
young population group is exposed to daily mobile
phone use. In short-term exposure, people are getting
exposed to RF-EMR for 10, 15, 30 min or 1 h. In long-
term exposure, the duration increases up to 5-6 h or
even longer than this [23]. It has been reported that,
on average, the person spends 90 min a day on his/
her phone [2]. Written informed consent has been
signed by every participant. Prior to providing the oral
mucosal cells, each person was interviewed by the same
researcher to standardize data collection. The specially
constructed detailed questionnaire included informa-
tion on age, gender, type of mobile used, frequency of
mobile phone use (min/day) and the history of mobile
use (number of years). The study has excluded smok-
ers, or people who received drug therapy during the
last 3 months, suffering any disease including can-
cer, exposed to radiotherapy including dental proce-
dures, dietary supplements and regular mouthwash
users. All subjects completed the course of the study.
The research staff was ready to answer any query that
may arise at any time during the study. Participants
were divided into three groups based on the frequency
and intensity of phone use: low mobile phone users
(less than 30 min/day), medium mobile phone users
(30—60 min/day) and heavy mobile phone users (more
than 60 min/day). The participants were further cat-
egorized into three classes on the basis of the history
of phone use: short-, medium-, and long-duration users
for those who used their phones for periods shorter
than 5 years, 5-10 years and longer than 10 years,
respectively. Appropriate Ethical Committee approval
and the informed consent of all participating subjects
were obtained. It was not possible to find age-matched
non-users as a control group because the wide usage
of mobile phones is so profound; today each and every
person uses a cell phone.

Cell samples

Participants were requested not to eat or drink 1 h prior
to collecting the oral squamous epithelial cells. The oral
cavity was rinsed with drinking water. Two samples were
obtained, at the same time of the day; between 10 a.m.
and 12 noon, from the inner surface of both sides of the
donor’s cheeks using sterile, small-headed plastic tooth-
brushes. To dislodge cells and release them, the brush
was immersed in a buffered medium with repeated rota-
tion. The collected material was centrifuged (Sigma Cold
Centrifuge, Osterode am Harz, Germany) for 10 min at
14,000 rpm, and the cell pellets were harvested for RNA
isolation.
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Total RNA extraction

The total RNA of the oral squamous epithelial cells was
extracted by TRIzol reagent (Invitrogen, California, USA)
according to the manufacturer’s instructions. The cells
were placed in 1.5-ml Eppendorf tubes and centrifuged at
14,000 rpm for 10 min. The pellets were washed in Dul-
becco’s modified Eagle medium (Euroclone group, EU)
and re-centrifuged at 14,000 rpm for 10 min. The super-
natant was aspirated, and 200 pl TRIzol was transferred
to each tube. The cell suspensions were then vortexed
for 1 min and left for incubation at room temperature
(RT) for 5 min. After that, 0.2 ml chloroform/1 ml vol-
ume TRIzol was added and the tube was votexed for
30 s. The supernatant was transferred to a new tube, and
0.5 ml isopropanol and 50 pl 0.3 M sodium acetate were
added to a volume of 1 ml supernatant. The contents
were stored at —20 °C for 20 min. After centrifugation
at 15,000 rpm for 5 min, the resulting RNA pellets were
washed with 70% ethanol. Cells were centrifuged again at
15,000 rpm at 4 °C for 3 min and washed with absolute
ethanol 2 times, mildly dried and dissolved in 30 pl N.F
water. The latter step was repeated, and the cells were
dried for 10 min. The pellets were suspended in 30 ul N.F
water. Finally, the sample’s RNA concetration was meas-
ured using Thermo Fisher Scientific NanoDrop (Vantaa,
Finland), and the RNA sample was stored at —80 °C or
processed directly for cDNA synthesis.

DNase treatment protocol

The prepared RNA samples were treated with DNase
using New England BioLabs DNase kit (Ipswich, Mas-
sachusetts, USA). Briefly, 10 ul of the RNA sample were
mixed with 10 pl of DNase I reaction buffer 1X and 1 pl
of RNase-free DNase 1. The volume was completed up to
100 pl with N.F water. After mixing, the components of
the mixture were incubated at 37 °C for 10 min, and then
1 pl of 0.5 M EDTA was added to the mixture and heated
to 75 °C for 10 min. After cooling of the tube contents,
DNA-free RNA was extracted using the protocol men-
tioned in the above section.

RT-PCR analysis

RNA was converted into single-stranded cDNA accord-
ing to the High-Capacity cDNA Reverse Transcription
Kit by Thermo Fisher Scientific (Waltham, Massachu-
setts, USA). A 10 pl mixture was transferred to a PCR
tube along with a 10 pl of the RNA sample and incubated
in Esco Swift MaxPro thermal cycler (Changi, Singapore)
under the following conditions: 25 °C for 10 min, 37 °C
for 10 min and 85 °C for 5 min. The cDNA sample was
diluted 1:1 with E.N water and stored at — 80 °C. The PCR
reaction mixture consisted of 1 pl sample cDNA and
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10 ul of QuantiFast 2X Master Mix (Qiagen, Germany)
including SYBR GREEN, 2 pl of the related primers and
5 ul N. F water. After mixing, the 20 pl mixtue was trans-
ferred to a PCR tube and DNA was amplified. The pro-
cedure was carried out under the following conditions:
initial denaturation phase, 95 °C for 30 s, followed by 40
cycles with denaturation at 95 °C for 10 s, annealing at
60 °C for 30 s, and the extension phase was performed at
72 °C for 40 s and 72 °C for 2 min. To avoid any inter-run
variation, cDNA prepared from human periodontal liga-
ment (PDL) fibroblasts was always run together within
one run. Changes in the expression of each target gene
were normalized relative to the mean critical thresh-
old (CT) values of glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) as a housekeeping gene. The used
primers in PCR description were as follows: Survivin: F:
5'-AGAACTGGCCCTTCTTGGAGG-3,R:5-CTTTTT
ATGTTCCTCTATGGGGTC-3' [13]; BAMBI: F: 5-CGA
TGTTCTCTCTCCTCCCAG-3/, R: 5-AATCAGCCC
TCCAGCAATGG-3' [24]. The sequences of GAPDH
primers were: F: 5-CGCATGGACTGTGGTCATGA-3/,
R: 5-TTCACCACCATGGAGAAGGC-3' [25]. The rela-
tive expressions of cytokine genes were calculated using
comparative Ct (2724€.) analysis methods and assayed by
the CFX96 QPCR machine (BioRad, USA), as in the fol-
lowing equations:

Relative expression = Z}AAC
AACt = ACt (buccal sample)
—ACt (PDL sample)
ACt = AVG.Ct (gene of interest)
—AVG.Ct (housekeeping gene, GAPDH)

Data analysis

Data collection and results analysis
pleted under blind code. The results are expressed as
mean =+ SEM. Statistical analysis was carried out with the
SPSS 19 package (SPSS Inc., Chicago, USA). Differences
between exposed groups were analyzed using independ-
ent Student’s ¢ test, while multiple comparisons among
more than two groups (as per addiction habits and call
duration) were made by Tukey’s multiple comparison
test.

were com-

Results

Analysis of the information collected from the study
questionnaire has shown that the 48 respondents used
mobile phones whose emitted radiation intensity ranged
from 0.92 to 1.16 W/kg. Because there were no statisti-
cally significant differences in the records of the male
and female users, the results were pooled. The RT-PCR
amplification curves for the genes covered are shown in



Khalil et al. Egyptian Journal of Medical Human Genetics (2022) 23:12

Amplification
800§ e TR
700 :
¥ ol
g
% b efdl [ f
£ 4007 f ‘
S 300}
b 2001 '
100? a
0% , — :
0 10 20 30 40
Cycle Number
Fig.1 Comparative quantification of mRNA expression expressed as
real-time PCR ampilification curves obtained by plotting fluorescence
data against their cycle number
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Fig. 2 Melting curve profile from the amplification of the genes
GAPDH in the center-left peaks for BAMBI and right peaks for Survivin.
The melting curves are displayed as the first negative derivative of the
fluorescence versus the temperature. Thus, a peak can be seen at the
melting temperature

Table 1 Relative expression of BAMBI and Survivin in oral
squamous epithelial cells from mobile phone users

Group  Number of BAMBI+SEM  Pvalue Survivin£SEM  Pvalue
participants

Total daily call time (min)

<30 27 97.9+194 031 63.9+25.0 023

30-60 12 13491414 139+53

>120 9 60.4£29.7 144495

Duration of phone use (years)

<5 23 97.1+189 0.08 275+178 0.37
5-10 15 63.3+204 389+197

>10 10 162.2+53.1 80.7+480

Fig. 1. Melting curves have been generated to confirm the
specificity of the RT-PCR reactions (Fig. 2).

A clear view of the melting dynamics of different PCR
products has been observed. Low or no detectable dif-
ferences have been noted in the expression of mRNA of
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Survivin and BAMBI from the oral squamous epithelial
cells from the experimental groups (Table 1, Figs. 3, 4).

Discussion

The main goal of the present study was to assess the
possible effect of mobile phones on gene expression
levels of Survivin and BAMBIN in 48 mobile phones
users. Our data suggest that there has been no signifi-
cant association (P value”0.05) between RFR exposure
conditions (frequency and exposure duration) and the
expression of Survivin.

The absence of significant gene expression could
be explained by the fact that the effects have very low
amplitude and therefore are not obvious. It should
be remembered that the findings of different studies
should be compared with caution. The results of the
present experiments on gene expression are in agree-
ment with the finding that Survivin is weakly expressed
in most normal differentiated cells [26]. On the other
hand, due to its well-characterized function in the inhi-
bition of apoptosis and control of the mitotic appara-
tus, different researchers have confirmed that Survivin
is very strongly expressed during embryonic stages as
well as in almost all types of human cancers [10, 26—
28]. In addition, the selection of the human cell type
to evaluate exposure to mobile phone-emitted radia-
tion is of utmost importance since changes in protein
expression in one cell type do not necessitate that simi-
lar response will take place. In the available literature,
some but not all human cells responded to increases
in the expression of genes that encode ribosomal pro-
teins [29]. The latter in vitro study has proved that the
same cell type may react differently depending on expo-
sure conditions. The data that have been reported by
another research team [30] have confirmed that induc-
tion of imbalance in the oxidative status in favor of pro-
oxidants may lead to a significant activation of Survivin
expression. This may suggest that oxidative stress could
be a critical player in the initiation and development
of carcinogenesis. Optimizing knock-out strategies for
Survivin in suitable preclinical models have been used
to follow up the impact of Survivin blockage on radia-
tion sensitivity [31].

The present results may indicate that exposure of
phone users to RFR could be linked to functionally
expressed BAMBI levels. It has been pointed out that the
modulation of BAMBI expression is cell type-dependent
[20]. Unfortunately, however, data on cell type-specific
expression of BAMBI are not available. High levels of
BAMBI expression have been observed in stimulated
CD4* T cells from human peripheral blood [20]. BAMBI
expression was limited to endothelial cells of the glo-
merular and some peritubular capillaries and of arteries
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and veins in both murine and human kidneys [16, 32]. Its
expression is under the control of lysosomal/autolysoso-
mal degradation.

One point of strength of the present study is the fact
that it has been conducted on both sexes. However,
several restrictions are worth mentioning: first, the
differences in the lifestyle among participants added
to other confounding factors that were out of con-
trol. These factors may have contributed to different
amounts of energy absorption by the cells and conse-
quently the response of these cells. Our analysis did not
include all confounding variables due to the relatively
small number of participants. Some biases may be
inherent in this type of analysis, and we acknowledge
this is a limitation.

Conclusions

This study has been designed to survey the poten-
tial impact of exposure to RFR emitted from phones
during use in the regulation of the activity Survivin
and BAMBI in buccal cells. It represents the start of
a new approach to studying the health effects of RFR
on vital genes. Exposure may induce some expression
of BAMBI but may not exhibit a detectable correla-
tion with Survivin expression. Thus, no clear RF-EMF
signature on gene expression could be confirmed. The
data of the present investigation should be interpreted
with care. To arrive at more confirmatory conclusions,
sample size should be larger and with people of various
age-groups covering different geographical regions. A
sample of deaf people may serve as a negative control



Khalil et al. Egyptian Journal of Medical Human Genetics (2022) 23:12

Page 6 of 7

100

Relative Gene Expression

L ]
100 °
L ]
X
0 ————
<5

(Year). Data are reported as mean -+ SE ratios of relative expression values

BAMBI

-

SERVIVIN

5-10 >10

History Of Phone Use (Years)
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for mobile phone users. Since the expression of BAMBI
[33] and Survivin [11] is under the control of micro-
RNAs (miRNAs), further studies investigating the
expression of these molecules among phone users may
prove useful. The overall message is that mobile phones
should not be used for longer duration so as to avoid
damage to DNA.
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