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Supplementary Table S3.

Studies on human cells (In vitro cellular studies and Cell-free systems)

Type of cell response to MF Range Duration Methods/Cell types Results Ref.
of MFs
amniotic (FL) hu- MF interference with receptor ~ 18.5 uT 2h Confocal microscopy analysis, Membrane receptors could be one of the main [1]
man cells clustering and phosphoryla- Phosphorylation measurement  targets where extremely-low frequency ( ELF)
tion of EGF receptor, MF interacts with cells, and the intensity

threshold, in the case of EGF receptors, is be-
tween 0.05 and 0.1 mT

blood cells hu- genotoxic effects of ELFMFs, 1mT 48 h Comet assay, sister chromatid Data obtained from the combined exposure to [2]
man exchange, chromosome aberra-  ELFMFs and ionizing radiation do not suggest
tions, nuclear division and prolif- any synergistic or antagonistic effect
eration indexes.
blood cells hu- Genotoxicity in Human 980- 2h cytogenetic assay, micro-nucleus, A slight but significant decrease of cell prolifer- [3]
man Blood Cells Exposed to MFs 1020 uT sister chromatid exchanges and ation was evident in treated samples
comet assays
breast cancer cell ~ comparison of the effect of 50 Hz 1,3,5h Human, neonatal, healthy pri- ELF-MF reduces the viability of healthy fibro- [4]
ELFMF on healthy dermal fi- 1mT mary dermal fibroblast and blasts and has no therapeutic effects on breast
broblasts and breast cancer MCEF7 cell lines, Cell survival cancer cells
cells and death.
breast cancer Combination of MF and UVC 25 Hz, 30 min MCE-7 breast cancer cells ex- PMF in combination with UVC have the ability [5]
cells radiation 0.75mT posed to MF and UVC (from 6.6  to augment the cell killing effects of UVC radia-
J/m? to 59.4 J/m?), viability meas- tion. In addition, the effects appear to be
ured by the neutral red stain cy-  greater when PMF and UVC are applied at the
totoxicity test same time
Caco 2 cells Effects on Proteasomal Sys- 50 Hz 24-72 h Cell Viability, 20S Proteasome EMFs affect the proteasome functionality in- [6]
tems 1mT Activities, Immunoblotting using ducing an increase in its proteolytic activity.

anti-p27kr-! human and mouse
monoclonal antibody
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Type of cell response to MF Range Duration Methods/Cell types Results Ref.
of MFs
cancer cellshu-  effect on cell growth and cell 50 -60 5 days HL-60 (promyelocytic; CCL-240),  No support for cancer promoting or progress- [7]
man proliferation in human cancer Hz K-562 (chronic myelogenous leu-  ing effects of commercial frequency magnetic
cell lines 2,20, kemia), MCF-7 (breast carci- field exposure and did not indicate any mecha-
100, 500 noma), A-375 (malignant mela-  nisms that would explain the reported associa-
uT noma), H4 (glioma), cell prolifer-  tion between magnetic field and carcinogenesis
ation, DNA synthesis and quan-
tification
fibroblast lung magnetic field induces DNA  0- 60 Hz 30 min IMR90 (human lung fibroblast) Repetitive exposure to MF with extremely low [8]
HeLa (human double-strand breaks and 6 mT every 24 h primary cells and HeLa cells, frequency can induce DNA DSBs and apoptosis
cervical carci- apoptosis in human cells for 3 days Western blot analysis phospho- through p38 activation
noma) Chk2, phospho-p38, phospho-
JNK, caspase-3, cleaved caspase-
3, PARP and actin; Immunofluo-
rescence microscopy
fibroblasts Effects on structural mor- 20, 500 48,72 h Human MCEF-7 cells; fibroblasts; Continuous exposure to magnetic fields does [9]
phology and proliferation of uT Immunofluorescence detection of  not result in any appreciable effect in both nor-
human cells in vitro BrdU labeling, cytokeratin; dual- mal and tumor cells in vitro
parameter flow cytometry
analysis; Detection of actin with
fluorescently-labeled phalloidin
and immunodetection of the
nuclear antigen Ki-67 in
human fibroblasts
glioma human Changes in gene and protein ~ 60-Hz 3h human glioma SF767 cells gene  limited but complicated response in the glioma [10]
cells expression 1.2 uT expression (oncogene microar-

ray) protein expression (two-di-
mensional gel electrophoresis),
protein identification (peptide

fingerprint, mass spectrometry)

cells to the magnetic field treatment
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Type of cell response to MF Range Duration Methods/Cell types Results Ref.
of MFs
Glioma Human Protein expression in MF- 1.2 uT 3h SF767 cells, proteins were re- A cytoskeletal intermediate filament protein in- [11]
Cells treated cells solved by 2D-PAGE, Peptide creased following a low-level magnetic field.
Mass Fingerprinting, MALDI-MS
HeLa cells Effects on DNA and RNA 60 Hz 0-60 min DNA and RNA Synthesis, DNA  The rate and fidelity of DNA polymerase cata- [12]
Synthesis 0.25-0.5 Mismatch Repair lyzed DNA synthesis, as well as of RNA poly-
T merase catalyzed RNA synthesis, were not sta-
tistically significantly affected
HL60 cells Effects on Gene Expression of 0.1, 0.8 72h Total RNA Extraction, Ribonu- MF exposure at 0.1 and 0.8 mT for 72 h in- [13]
Cytokine Receptors TNFR, mT clease Protection Assay, creased TNFR p75 and IL-6Rat mRNA ex-pres-
IL-6Ra, TGFPR1 sion in HL60 cells
keratinocyte cell Skin pigmentation due to (LTE, 4hperday Cell Viability, qRT-PCR (tyrosi- Exposure may not affect melanin synthesis or [14]
line (MNT-1- smartphone use 1.762 nase and tyrosinase-related pro- skin pigmentation under normal smartphone
HaCaT) GHz) tein 1 (TRP-1)), Human Epider- use condition
melanoma cells and 5G mal Skin Model,
Murine and Hu- (28
man (B16F10 and GHz)
MNT-1),
keratinocyte hu-  ELF-EMF use in regenerative = 1H-50 4hand 24 Reactive oxygen species (ROS) ELF-EMF induces a slight oxidative stress that [15]
man medicine for the treatment of  Hz, 25- h production (glutathione content, ~ does not overwhelm the metabolic capacity of
skin injuries 200 uT antioxidant defense activity, and the cells or have a cytotoxic effect
lipid peroxidation markers)
leucocytes Effects of sinusoidal magnetic ~ 50 Hz. 60 min separation of CD4Ly cells (helper ~ Adherence of leucocytes taken from cancer pa- [16]
field on adherence inhibition 0,1, 10 T cells), Leucocyte Adherence In-  tients is strongly increased. The 1 mT magnetic
mT hibition test, field has stronger effect than the 10 mT field
leukemia human decrease in apoptosis suscep- 60 Hz 4,12,24h human cancer cell lines HL-60, The effects of EMF exposure are dependent on [17]
promylocytic tibility in DNA repair rates ~ 0.15mT Raji and HL-60R, Cell prolifera- the duration of exposure. EMF exposure may
human Burkitt tion assays, exposure to heat contribute to cancer formation.
lymphoma shock, neutral comet and repair

assays,




Int. ]. Mol. Sci. 2021, 23, 1339

5 of 8

Type of cell response to MF Range Duration Methods/Cell types Results Ref.
of MFs
leukocyte Effects on adherence inhibi- 0.5 mT 60 min leukocyte adherence inhibition =~ Adherence of T lymphocytes from healthy hu- [18]
tion assay; cell adhesion/number of mans and from cancer patients before and after
non-adherent cells medical treatment is enhanced after exposure
to MFs indicating an effect on immunity func-
tion.
leukocytes Effects on Death of Proliferat- 50 Hz 3h Isolation of Peripheral Blood A low-frequency pulsing electromagnetic field [19]
ing Peripheral Blood Mono- 45 mT Mononuclear Cells (PBMCs), Cell  induces cell death in native proliferating cells
nuclear Cells Death Evaluation isolated from Acute myeloid leukemia (AML)
patients. The increased vulnerability of prolifer-
ating PBMCs may be potentially applied in the
therapy of AML
lymphoblastoid MF sensitivity 50Hz  0,24,48,72 Electron microscopy, flow-cy- ELF-MF increases the rate of cell death in nor- [20]
cell 60 uT h tometry cell sorting, determina-  mal cell lines but not in in cells from genetic in-
tion of hypodiploid cells and dis-  stability syndromes. Genes implicated in ge-
located phosphatidylserine resi-  netic instability syndromes are relevant in mod-
dues ulating the response of cells to ELF-MF
lymphocytes, comparative study of the ef- 6mT 24,48 h Apoptosis(spontaneous and Static MF exposure interfered with apoptosis in [21]
thymocytes, fect of static MF drug-induced), cell viability, pro- a cell type- and exposure time-dependent man-
FTRL-5, Hep G2, liferation, Ca? concentration and ner. The modulation of the apoptotic process by
U937, HeLa and morphology MFs could be used to develop new therapeutic
3DO cells human strategies for cancer cells that have become
chemoresistant.
lymphoid hu- EMEF effect on cell viability 50 Hz, 3h human U937 lymphoid cells, cell =~ PEMEF protects U937 cells against puromycin - [22]
man cells and death 45mT death induction by puromycin induced cell death
and evaluation
Mesenchymal Effects on growth and differ- 50 Hz 23 days cell metabolism; extracellular ELF magnetic field may influence the early de- [23]
Stem Cells entiation 20 mT sodium and potassium velopment of Mesenchymal Stem Cells related

concentrations; calcium level; cell
viability and proliferation

adult cells
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Type of cell response to MF Range Duration Methods/Cell types Results Ref.
of MFs
Natural Killer effectiveness of SMFs in en- 0.4-T 4hand 72  Effect of SMF on NK cell viability = NK cells pre-exposed to 0.4-T SMF show poten- [24]
(NK) cells hancing the killing ability of h and cytotoxicity, Membrane flu-  tial as a tool for immune-therapy treatment of
NK cells idity measurement, P3/DAG and cancer
STAT3 pathways
Natural Killer NK cell cytotoxic activity in 50 NK cytotoxic activity of spleno- ~ NK cell cytotoxic activity decreased in exposed [25]
(NK) cells exposed compared to con- Hertz cytes measured in vitro by natu- compared to controls. Our data suggests that
trols. (Hz), 2 ral anticandidial colorimetricin-  part of the immune system, the NK cell, can be
mT dex. suppressed by a 50 Hz magnetic field
osteosarcoma possibility that power fre- 50 Hz, 7 and 14 Cell lines MG-63 and Saos-2, No variations in surface morphology and cell [26]
human cell quency ELF fields can induce 0.5 mT days Scanning Electron Microscopy, death occurred be-tween control and exposed
variations directly in the ex- growth, cell cycle and celle death  cells in both MG-63 and Saos-2 cells, while sig-
pression of cell adhesion mol- analysis, CAM expression nificant changes were noted in cell growth and
ecules fibronectin and CD44 expression in MG-63 cells
promyelocytic Effects on calcium signaling 50 Hz 30 min cell lines HL-60 and PLB-98, cal- Exposure to LF EMF does not affect calcium [27]
Human cell in human neutrophil cell 5, 300, cium indicator Fluo-4 NW, signalling in neutrophils in vitro
lines 500 uT qPCR, Scanning Electron Micros-
copy,
promyelocytic effects on the expression of 10T 1,2,4,8,24, HL-60 cell culture, Western blot- A strong MF gradient may have significant bio- [28]
human cells- some protooncogenes 36,48,72h ting of c-Jun, c-Fos and c-Myc logical effects. particularly regarding processes

protooncogenes, c-Jun phosphor-
ylation

related to an elevation of e-jun gene expression
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