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Abstract

Background/Aims: Life on Earth is constantly exposed to electromagnetic fields (EMFs) and
the effects induced by EMFs on biological systems have been extensively studied producing
different and sometimes contradictory results. Extremely low-frequency electromagnetic
fields (ELF-EMFs) have shown to play a role in regulating cell proliferation and differentiation,
although how EMFs influence these processes remains unclear. Human acute promyelocytic
leukemia (APL) cells are characterized by the arrest of differentiation at the promyelocytic
stage due to epigenetic perturbations induced by PML/RARa fusion protein (Promyelocytic
Leukemia protein — PML / Retinoic Acid Receptor alpha - RARa). Therapeutic administration
of all-trans retinoic acid (ATRA) re-establishes the leukemogenic mechanism re-inducing the
normal differentiation processes. Methods: We studied the effects of ELF-EMFs (50 Hz, 2
mT) on the ATRA-mediated granulocytic differentiation process of APL NB4 cells (a cell line
established from the bone marrow of a patient affected by the acute promyelocytic leukemia)
by monitoring cellular proliferation and morphology, nitroblue tetrazolium (NBT) reduction and
the expression of differentiation surface markers. Finally, we investigated mechanisms focusing
on reactive oxygen species (ROS) generation and related molecular pathways. Results: ELF-
EMF exposure decreases cellular proliferation potential and helps ATRA-treated NB4 cells to
mature. Furthermore, the analysis of ROS production and the consequent extracellular signal
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regulated kinases (ERK1/2) phosphorylation suggest that a changed intracellular oxidative
balance may influence the biological effects of ELF-EMFs. Conclusions: These results indicate
that the exposure to ELF-EMF promotes ATRA-induced granulocytic differentiation of APL
cells.

© 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Environmental exposure to extremely low frequency electromagnetic fields (ELF-
EMFs) has progressively increased in developed countries due to the distribution and use
of electricity [1]. In recent decades, the scientific community has extensively investigated
the possible effects of ELF-EMFs on biological systems both in vitro and in vivo [2-6]. Some
epidemiological studies offered evidence of a correlation between exposure to ELF-EMFs
and increased incidence of brain, breast and haematological malignancies, but these results
have not been confirmed by other studies [7-9]. Experiments on animal models similarly
produced inconclusive or contradictory results, probably due to the small number of animals
examined and the lack of properly standardised exposure parameters [10, 11]. Several in
vitro studies explored the potential effects of ELF-EMFs on cell proliferation [12], apoptosis
[13, 14], differentiation [15], genotoxicity [16] and proto-oncogene modulation [17-19] but
the results remain open to debate.

Additionally, it is unclear how ELF-EMFs would affect cellular behaviour. A plausible and
interesting hypothesis is that they may interfere with chemical reactions involving reactive
oxygen species (ROS) production [1]. ROS are not only injurious for cellular structures but
also essential to cell signalling. At high levels ROS can lead to impaired cellular physiological
function through damage of DNA, proteins, phospholipids and other macromolecules [20].
Conversely, at low levels, ROS can alter intracellular redox states activating redox-sensitive
pathways [21, 22], including mitogen-activated protein kinase (MAPK) pathway.

Considering the extensive evidence linking ELF-EMFs exposure to haematopoietic
alterations [7, 8, 23, 24], we focused on the role of ELF-EMFs in the proliferation and
differentiation of acute promyelocytic leukemia (APL) cells, a model not yet investigated.
APL (FAB M3) is a type of acute myeloid leukemia (AML) [25] and accounts for 5% to 10% of
all AML cases. More than 90% of APL cases has t(15;17) chromosomal translocation which
generates the PML-RAR« fusion gene and the consequent accumulation of undifferentiated
promyelocytes [26]. Paradoxically, the PML-RARa protein contributes both to blocking
promyelocytes differentiation and to APL blasts sensitivity to the differentiating action of all-
trans retinoic acid (ATRA) [27]. At pharmacological doses, ATRA binds PML-RARa through
the RARa ligand-binding domain, changing the conformation, releasing transcriptional co-
repressor and recruiting transcriptional co-activators. This allows PML-RARa to activate
transcription of its target genes, re-establishing cellular differentiation [28-30].

In this study, we evaluated the effects of 50 Hz ELF-EMFs on proliferation and
differentiation in the human APL NB4 cell line focusing on the possible involvement of
pathways that can be linked to ROS production.

Materials and Methods

ELF-EMFs system

The ELF-EMF exposure system was provided by Electromagnetic Fields Laboratory of the Department
of Pure and Applied Sciences (University of Urbino) and consists of a cell incubator with a solenoidal type
conductor that has 184 enamelled copper coils. The conductor generates a magnetic field at 50 Hz. The
cellular exposure was monitored by a specific electromagnetic field measurer (Wandel & Goltermann
EFA200). During exposure, the incubator temperature was maintained at 37.0 + 0.1° C.
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Cell cultures, treatments and cell proliferation estimates

Immortalised acute promyelocytic leukemia (NB4) human cells were cultured in RPMI 1640 medium
(Lonza) supplemented with 10% (v/v) foetal bovine serum (Gibco), 1% penicillin-streptomycin and 1%
L-glutamine (Gibco) in a humidified atmosphere at 37°C [31, 32].

NB4 cellular differentiation was induced by 1 puM ATRA (Sigma-Aldrich) or 0.16 nM of
12-0-Tetradecanoylphorbol 13-acetate (TPA) for 4 days. Cells were simultaneously exposed to continuous
sinusoidal ELF-EMF (F = 50 Hz) at different intensities. ROS scavenging was performed by pre-treating
cells for 1 h with 2.5 mM N-acetylctsteine (NAC). After treatments, cell proliferation was evaluated using a
Trypan blue dye exclusion assay with a TC10 automatic cell counter (Bio-Rad).

May-Griinwald-Giemsa staining

ATRA and PMA-treated cells were stained with May-Griinwald solution (Merck) for 2 min, rinsed with
distilled water and stained with Giemsa (0.4% solution in methanol; Sigma-Aldrich) for 10 min. Slides were
rinsed thoroughly with distilled water and air-dried. Cell morphology was observed using light microscopy.

FACS Analysis

The expression of CD11b and CD14 differentiation markers was evaluated by FACS analysis. About 5
x 10° cells were harvested, washed with 1 mL of PBS/1%BSA solution, and incubated for 30 min at +4°C
with the following antibodies: anti-CD11b (clone Leu TM-15; Becton Dickinson) and anti-CD14 supernatant
(hybridoma clone UCHM1, provided by Professor Pier Giuseppe Pelicci of the European Institute of Oncology
in Milan, Italy).

Cells were washed once in 1 mL of PBS/1%BSA solution, incubated with the FITC-conjugated goat
anti-mouse antibody (#62-6511, Thermo Fisher Scientific) at room temperature (light protected) for
30 min and washed three times. Cells were resuspended in 0.5 mL of PBS and then analysed for relative
fluorescence intensity. Mean fluorescence intensity, determined over 10, 000 events, was analysed on a PAS
flow cytometer (Partec).

NBT Assay

The NBT assay was performed as already described [33]. Briefly, 200 ul of cell suspension (5 x 10*
cells) were mixed with an equal volume of filtered 0.2% NBT solution (Sigma-Aldrich) and 3 pl of 1 pM
TPA solution then incubated (light protected) for 30 min at 37°C. Subsequently, slides were prepared by
centrifugation at 900 rpm for 4 min and the share of NBT positive cells percentage was determined by
scoring 200 cells under a light microscope.

Real-Time RT-qPCR

Total RNA was extracted from treated or untreated NB4 cells using RNeasy Mini Kit (Qiagen) and
reverse transcribed into cDNA using the SuperScript® First-Strand Synthesis System (Invitrogen).

The cDNA was then combined using FastStart SYBR Green Master Mix (Roche) and the following
primers: GAPDH forward: 5’-GCAAATTCCATGGCACCGT-3’; GAPDH reverse: 5-TCGCCCCACTTGATTTTGG-3’;
CD11b forward: 5’-CCTGGTGTTCTTGGTGCCC-3’; CD11b reverse: 5’-TCCTTGGTGTGGCACGTACTC-3".

Real-time qPCR assays and subsequent data collection used a Rotor-Gene 6000 robocycler (Corbett
Life Science). Expression levels of target genes were normalised to that of glyceraldehyde 3-phosphate
dehydrogenase (GAPDH), and the relative quantification analysis was based on the 224 method [34].

Thermal cycling parameters for Real-Time qPCR were: 1 cycle at 95°C for 5 min and 40 cycles at 95°C
for 15 sec and 60°C for 1 min.

Determination of ROS generation

The intracellular production of ROS was determined by measuring the oxidative conversion of cell-
permeable 2,7’-dichlorofluorescein diacetate (DCFDA) into fluorescent dichlorofluorescein (DCF). Cells
were incubated with 20 uM DCFDA at 37°C for 30 min in the dark and subsequently treated as indicated.
DCF fluorescence intensity was evaluated on a PAS flow cytometer (Partec) and the incremental production
of ROS was expressed as fold respect to control not exposed to ELF-EMF.
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Western blot analysis

Western blotting analyses were performed
as previously described [35] using the following
antibodies:  anti-PML-RARa  (anti-RARa  (C-
20); sc-551 Santa Cruz Biotechnology), anti-
phospho-p44/42 MAPK (Erk1/2; #9101, Cell
Signalling  Technology), anti-p44/42 MAPK
(Erk1/2; #9102, Cell Signalling Technology), anti-
phospho-p65 (NF«xB p65, Ser 536; #ab86299,
Abcam), anti-p65 (NFkB p65; #sc-8008 Santa
Cruz Biotechnology) and anti-aTubulin (#T9026,
Sigma). Goat anti-rabbit IgG, horseradish
peroxidase conjugate (#G21234) and goat anti-
mouse IgG, horseradish peroxidase conjugate
(#G21040) were purchased from Thermo Fisher
Scientific. Elaboration of images and densitometric
analysis used Image] software (Image] 1.43u;
National Institutes of Health, Bethesda, MD, USA).
Data obtained by densitometric analysis of ERK1/2
phosphorylation were normalised to total ERK1/2
protein levels, while data from the analysis of p65
phosphorylation were normalised to total p65
protein levels.

Results

Effects of ELF-EMF on ATRA-dependent

NB4 cells differentiation

We focused on ELF-EMF effects on
differentiation driven by pharmacological
doses of ATRA (10® M - schematic
representation reported in Fig. 1A). We
found that ELF-EMF exposures decreased
the number of NB4 cells in an intensity-
dependent manner (Fig. 1B). Significant
fewer viable cells were monitored at both
1 and 2 mT ELF-EMF intensities starting
from 72 h of ATRA treatment. Remarkably,
no significant differences were observed
when NB4 cells were subjected to ELF-EMF
exposure alone at any of the intensities
tested (Fig. 1C). Further, the absence of
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Fig. 1. Effects of ELF-EMF exposure on growth po-
tential of ATRA-treated NB4 cells. (A) Schematic
drawing of ATRA-mediated differentiation experi-
ments on NB4 cells subjected to ELF-EMF exposure.
(B-C) Growth curves of NB4 cells subjected to ATRA
and ELF-EMF exposures (or to different intensities of
ELF-EMF alone). Cells were treated with 1 uM ATRA
and grown up to 96 h with or without continuous
ELF-EMF exposure at different intensities. Every 24
h, cell numbers were evaluated by TC10 automatic
counter. The data show mean * SD from three inde-
pendent experiments. NT, not treated cells. (D) Anal-
ysis of the ratio between viable cells and total cells
previously exposed to ELF/EMF for 72 and 96 h, in
presence or in absence of ATRA.

evidence about the activation of the cell death process (evaluated as the number of live cells
compared to total cells monitored by trypan blue dye exclusion assay - Fig. 1D), together with
the lack of alterations to the shape of cells exposed to ATRA and ELF-EMF (data not shown),
strongly suggested a possible effect of ELF-EMF on the ATRA-induced differentiation of APL
cells. In the light of these results, all subsequent experiments were performed at the intensity
of 2 mT. To assess the ATRA concentration that maximised the biological effects induced
by ELF-EMF, ATRA dose-response experiments were performed for up to 96 h (Fig. 2). As
shown in Fig. 2A, ATRA at a concentration of 10 M proved to be the most effective dose
reducing the number of cells by 33.1% (+ 3.6%) compared to treatment with ATRA alone.
The effect of ELF-EMF on ATRA-dependent differentiation was confirmed by measuring
NBT reduction activity of NB4 cells (Fig. 2B). ATRA treatment at the concentration of 10
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Fig. 2. Biological effects induced by different ATRA concentra-
tions in combination with ELF-EMF (2 mT) on NB4 cells. Cells
were exposed to ELF-EMF 2 mT/50 Hz for 96 h in combination
with different concentrations of ATRA. (A) Evaluation of ATRA
and ELF-EMF exposure effects on cellular growth. After treat-
ments, cell viability was evaluated by TC10 automatic counter.
The data show mean # SD resulting from three independent
experiments. (B) Evaluation of NBT reduction ability of NB4
cells treated with ATRA at different concentrations and ex-
posed or not exposed to ELF-EMF. The data show mean + SD
from three independent experiments. *P<0.05 vs. ATRA alone-
treated cells by Student’s t test.

@- ELF-EMF
O+ELF-EMF
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B- ELFEMF F
O+ ELF-EMF

M showed the greatest increase in NBT positive cells
(20.2% £ 7.2%). Thus, 10°® M ATRA concentration
was used in all following experiments.

Subsequently, ELF-EMF effects on changes of
NBT reduction ability were measured at different R I
time intervals during the 96 h of combined ELF- ATRA concentraton (M)

NBT positive cells (%)

EMF (2mT) / ATRA (10¢ M) treatment. Compared to
exposure to ATRA alone, ELF-EMF exposure caused an increase in the share of NBT positive
cells at 72 and 96 h (Fig. 3A).

In addition, cellular morphology was evaluated to identify signs of differentiation. We
performed May-Griinwald cell staining at 96 h of co-treatment, which showed a significant
decrease in the nucleus/cytoplasm ratio compared to cells treated with ATRA alone (Fig.
3B).

Finally, to further determine the biological effects induced by ELF-EMF, we carried out
a cytofluorimetric analysis of CD11b expression as a specific surface molecular marker
of granulocytic differentiation, at 72 and 96 h. A slight but significant increase of CD11b
expressing cells was monitored at both time points with combined treatment (Fig. 3C and
3D). Flow-cytometric results were confirmed by a quantitative RT-qPCR assay that showed
a clear increase of 1.8 + 0.4 fold in the expression levels of CD11b at 96 h of co-treatment
(Fig. 3E).

Role of ROS-ERK pathway in ELF-EMF promotion of ATRA-induced NB4 cells differentiation

ROS have been extensively proposed to mediate the effects of ELF-EMF in biological
systems [36, 37]. To evaluate ROS involvement in ELF-EMF biological effects we measured
intracellular ROS in DCFDA-loaded NB4 cells treated with ELF-EMF and ATRA. As shown in
Fig. 4, DCF signal increased by about 44% after 8 h of exposure to ELF-EMF and persisted after
24 h. ATRA-alone treatment did not induce significant variations. In the light of this result,
we tested whether a ROS scavenger could limit the ELF-EMF effect on the differentiation of
ATRA-treated NB4 cells. Cells were pre-treated for 1 h with 2.5 mM N-acetylcysteine (NAC),
then subjected to ATRA treatment and ELF-EMF exposure. When cells were pre-treated with
NAC we observed a slight, although not significant, increase in the number of ATRA- and ELF-
EMF-exposed cells (Fig. 5A). Concomitantly, a significant reduction of CD11b positive cells
was observed in NAC-treated cells at 72 h of exposure (Fig. 5B).

Then, we investigated the phosphorylation of ERK1/2 and the activation of NFkB signal-
ling, which are known to be induced by the presence of ROS [38-40]. As shown in Fig. 64,
phosphorylation of ERK1/2 induced by ATRA is detectable starting from 8 h of treatment and
progressively increases to peak after 16 h. More interestingly, at 8 h ERK1/2 phosphoryla-
tion increased more than 2-fold in NB4 cells subjected to both ATRA and ELF-EMF exposure
compared to ATRA-alone treated cells. The activation of NFkB signalling was investigated by
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analysing p65 phos-
phorylation. We
found that, similarly
to observations for
ERK1/2, the phos-
phorylation of both
proteins is enhanced
by ATRA exposure at
8 h of treatment and
decreases at 16 and
24 h. However, we
could not find any
difference between
NB4 cells treated
with both ATRA and
ELF-EMF exposure
and ATRA-alone
treated cells (Fig.
6B).

To evaluate
the possibility that
ROS could mediate
ELF-EMF effects
by stabilising PML-
RARa  [40], we
analysed the PML-
RARa protein levels
by immunoblotting.
We did not find
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Fig. 3. Contribution of
ELF-EMF exposure to
ATRA-mediated NB4
differentiation. Time-
course experiments
on ATRA-treated NB4
cells. Cells were treated
with 1 uM ATRA for up
to 96 h and exposed
or not exposed to ELF-
EMF 2 mT. After treat-
ment, cell differentia-
tion was assessed by
evaluating NBT reduc-
tion ability (A), mor-
phological changes at
96 h by May-Griinwald-
Giemsa staining (scale
bar: 50 um) (B), CD11b
marker expression at
72 h (C) and 96 h (D)
and CD11b mRNA lev-
els (E). Data for (A), (C),
(D) and (E) are mean *
SD from three indepen-
dent experiments. NT,

A
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not treated cells. *P<0.05 by Student’s t test and **P<0.01 by Student’s t test.

any significant alterations of PML-RARa protein levels in ELF-EMF/ATRA exposed cells,
compared with ATRA alone-treated cells. The ATRA-dependent protein degradation was
already known and monitored without ELF-EMF after 24 h of treatment (Fig. 6A).

Fig. 4. Modulation of intracellular ROS levels
by ELF-EMF exposure of NB4 cells. (A-C) ROS
production was assessed by measuring the flu-
orescent intensity of DCF in NB4 cells untreat-
ed or treated with 1 uM ATRA with or without
a combined ELF-EMF exposure at 8 h (A), 16
h (B) and 24 h (C). Doxorubicin was used as a
control for ROS generation. NT, untreated NB4
cells. (D) The incremental production of ROS
was expressed as mean fluorescence ratio of
ATRA/ELF-EMF and ATRA-treated cells. The
data show mean # SD from three independent
experiments. DOXO, doxorubicin-treated NB4

cells.
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ELF-EMF effects

on PMA-induced

differentiation of NB4

cells

While assessing
whether ELF-EMF activity
on differentiation  was
specifically related to ATRA-
induced NB4 cells, rather
than to the differentiation
process in general, the
effects of ELF-EMF exposure
were also investigated
in phorbol 12-myristate
13-acetate (PMA) treated
NB4 cells. PMA was chosen
for its ability to change NB4
cells towards the monocytic
lineage. Thus, the potential
for cell proliferation, NBT

reduction, morphological
changes and CD14
expression were analysed
(Fig. 7A-E).

NB4 cells subjected to
combined treatment of ELF-
EMF/PMA showed a growth
curve comparable to cells
treated with PMA alone
(Fig. 7A). To confirm this
result we monitored NBT
reduction activity during
time-course experiments.
As shown in Fig. 7B, no
differences were observed
for all the time points tested.
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Fig. 5. Effects of ROS scavenging on ELF-EMF-mediated differentia-
tion of ATRA-treated NB4 cells. Evaluation of the effect of 1 h NAC pre-
treatment (2.5 mM) on growth (A) and CD11b expression (B) of cells
exposed to ATRA and ELF-EMF for 72 h. Cell viability was evaluated
by TC10 automatic cell counter. The data show mean * SD from three
independent experiments. *P<0.05 by Student’s t test.

Fig. 6. Biochemical
changes of ERK1/2
and p65 pathways
mediated by ELF-
EMF. NB4 cells were
treated with 1 uM
ATRA and exposed or
not exposed to ELF/
EMF (2 mT) for up to
24 h. Total cell lysates
were analyzed by
western blot for the
proteins  indicated.
NT, untreated NB4
cells lysate.
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Moreover, ELF-EMF/PMA treatments, compared to PMA alone, did not induce any increase
in CD14 marker expression at either 72 or 96 h (Fig. 7C-D). In addition, morphology studies
at 96 h of the combined treatment showed similar maturation to using PMA alone (Fig. 7E).

Following our previous results, we focused on ROS production and ERK1/2 activation.
Interestingly, 8 h of ELF-EMF/PMA combined treatments did not increase ROS levels when
compared to PMA alone (Fig. 7F). Likewise, ERK1/2 activation was the same in both ELF-
EMF/PMA and PMA alone-treated NB4 cells (Fig. 7G).

Discussion

ELF-EMF is proven to affect differentiation in murine and human cells of different
origins [3, 41-44]. The exposure to extremely low frequency ELF-EMF (50 Hz) induced more
rapid maturation and differentiation in neural cells. These included rat immature cerebellar
granule neurons and mouse embryonic neural stem cells [3, 41], as well as mouse pituitary

corticotrope-derived cells [42]. Similar results were obtained in human cardiac stem cells
derived from human myocardial bioptic specimens, where differentiation toward a cardiac-

specific phenotype was observed after exposure to low-frequency EMF [43]. Interestingly,
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Fig. 7. Contribution of ELF-EMF exposure to A
PMA-mediated NB4 cellular maturation. (A-E)
Time-course experiments on PMA-treated NB4
cells. Cells were treated with 0.16 nM PMA for up
to 96 h and exposed or not exposed to ELF-EMF
(2 mT). After treatments, cell differentiation was
evaluated through cell viability (A), NBT reduc-
tion ability (B), CD14 marker expression at 72 h
(C) and 96 h (D) and morphological changes at
96 h by May-Griinwald-Giemsa staining (E) (scale
bar: 50 um). (F) ROS production was assessed by
measuring the fluorescent intensity of DCF in NB4
cells treated with 0.16 nM PMA with or without
a combined ELF-EMF exposure for 8 h. Data for
(A), (B), (C) and (D) show mean * SD from three
independent experiments. NT, untreated NB4
cells. (G) Effects of ELF-EMF exposure on ERK1/2
phosphorylation of PMA-treated NB4 cells. Total
cell lysates were analyzed by western blot for the
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ELF-EMF exposure was recently seen to promote differentiation also in human cells from
hematopoietic malignancies, such as the myelogenous leukemia cell line K562 [44].

Since the 1980s, the concept of differentiation therapy has been regarded as a novel
promising approach for the treatment of acute promyelocytic leukemia (APL) [45]. ATRA
induces differentiation in APL patient samples [46] and its use in combination with
chemotherapy is the currently accepted treatment for APL. This could be a paradigm for
differentiation therapy in clinical oncology [45, 47].

In this research, we sought to determine whether ELF-EMF exposure could affect the
differentiation process of ATRA-stimulated NB4 cells.

Our results indicate that ELF-EMFs promote ATRA-induced NB4 cells differentiation
that varies with the dose. After 96 h of exposure at 2 mT the number of cells is about one
third lower compared to cells treated with ATRA alone without detectable signs of cell death.
Most importantly, the lower cell number count was paralleled by an increase in known
granulocytic differentiation markers, such as NBT reduction activity and CD11b surface
marker expression.

ROS have been tentatively proposed to mediate the effects of ELF-EMF [36, 37]. Thus,
while investigating mechanisms underlying the effects observed in NB4 cells, we monitored
ROS levels in ELF-EMF-irradiated and ATRA-treated cells. Interestingly, a significant
increase in ROS levels was observed shortly after exposure to ELF-EMF. However, the precise
mechanisms through which ELF-EMF increases cellular ROS production remain unknown.
Likewise, we cannot speculate which specific ROS mediated the ELF-EMF effects, as

KARGER

396


http://dx.doi.org/10.1159%2F000488473

Cellular Physiology Cell Physiol Biochem 2018;46:389-400
DOL:

© 2018 The Author(s). Published by S. Karger AG, Basel

and B|ochem|stry Published online: March 28, 2018  |www.karger.com/cpb

Errico Provenzano et al.: ELF-EMFs Promote ATRA-Induced NB4 Cell Differentiation

dichlorofluorescein can detect a broad array of reactive intermediates [48]. This observation
drove us to see if the observed increment of ROS was associated with the activation of
downstream molecular events that could promote cell differentiation. ROS can activate
the ERK pathway in different cell types [49] and events such as the activation of ERK1/2,
via phosphorylation, play a functional role in regulating differentiation [50-52]. Similarly,
ROS exposure has been associated with the activation of NF-xB pathway [53], whose role in
differentiation has been shown in several tissues and cells [54, 55], including granulocytes
[56]. Our data show that ELF-EMF induced an increased phosphorylation level of ERK1/2
but not of p65 proteins, suggesting a possible role of the ERK pathway in differentiation
driven by ELF-EMEF, but not the involvement of NF-«B signalling. However, further studies
will be necessary to determine the role of the ERK pathway and other mechanisms may be
involved in the ELF-EMF promotion of ATRA-induced NB4 maturation.

To gain further insight into the role of ROS in ELF-EMF activity, we inhibited ROS
accumulation by the ROS scavenger NAC and then monitored the effect on differentiation.
NAC treatment induced an increase of cell number, although not significant, and, more
importantly, a reduction of CD11b expression after 72 h of exposure. To provide continuous
NAC exposure, with longer treatments, we repeated NAC treatments every 24 h observing,
unfortunately, toxicity at both 72 and 96 h (data not shown).

Finally,we demonstrated that ELF-EMF activityisrelated to ATRA-induced differentiation,
as PMA-treated NB4 cells did not show significant modulation in the monocytic maturation
process. Compared to PMA alone, combined ELF-EMF/PMA treatments did not cause
increases in either ROS cellular levels or ERK1/2 proteins phosphorylation. Since PMA-
treated NB4 cells showed an early induction of ROS, it is reasonable to hypothesise that this
phenomenon could impair the ROS increment mediated by ELF-EMF and the consequent
enhanced ERK1/2 phosphorylation observed in ELF-EMF/ATRA treated NB4 cells.

In conclusion, the data indicate that ELF-EMF exposure promotes ATRA-induced
differentiation in APL NB4 cells and suggest the possible involvement of ROS and ERK
signalling pathway in this phenomenon. Although further studies will be necessary to
evaluate the potential effects of ELF-EMF exposure on differentiation processes and to
further detail the mechanism of action, these results offer interesting suggestions for future
clinical implications.
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