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Electromagnetic Fields Induce Frequency-
Dependent Radioprotection and 
 Radio sensitization in In Vitro Cell Cultures
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ABSTRACT: The incidence of Kaposi sarcoma comorbidity in patients with human immunode-

be more sensitive to ionizing radiation, making the management of their cancer with radiotherapy 

human melanoma cells (MeWo) was evaluated using the colony-forming assay. Induced magnetic 

-

when irradiation followed within 6 h. However, treatment of these cells with the 1000-Hz–modu-
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I. INTRODUCTION

Kaposi sarcoma (KS) usually appears as tumors on the skin or on mucosal surfaces, such 

patients are at a greater risk of cancer than the general population due to a compromised 
immune system.1

African males and females, respectively,2 and can be treated with surgery, chemotherapy, 
radiotherapy, or biological therapy. Chemotherapy and radiotherapy can also weaken 
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Pioneering studies more than half a century ago demonstrated that although 
radiosensitivity can be altered using modifying agents, a given modifying agent does not 

3 
This phenomenon has recently been observed whereby a dual inhibition of phosphoinositide 
3-kinase (PI3K) and mammalian target of rapamycin (mTOR) was found to radiosensitize 
prostate and breast cancer cells, but acted as a radioprotector in normal prostate cells 
and mouse gut.4–6 The main objective of radiotherapy is to kill tumor cells, or stop their 
proliferation, while protecting normal tissue. Due to an increase in the diagnosis of cancer 
there has been an increased desire to develop novel treatment modalities.

individuals, combination therapy options may lead to a reduction in the amount of radiation 

in radiation dose during radiotherapy is especially important for immunocompromised 
patients who are known to be more radiosensitive.1

cells.7,8

8–10

11–13 Magnetic 

and other cell constituents.14 There is overwhelming evidence supporting the opinion that 

0.38 to 19 mT has led to  increased transcription of c-myc and histone H2A.15

While c-myc plays an important role in cell cycle regulation and cell death, histone H2A 

mice bearing WiDr tumors was evident only at much higher intensities.12 Antitumor and 
immune modulatory activity has also been demonstrated in a melanoma mouse model 

16

species,17

used to successfully treat ailments such as wounds, bone fractures, and depression.18,19 

structure leading to changes in the permeability of ions, such as Ca2+, cause changes in the 
local pH and temperature, reorganize cytoskeletal components, and disrupt microtubule 
polymerization.20



Volume 8, Issue 2, 2018

165

strandbreaks and other chromosomal aberrations, such as micronucleus formation.20 In 

charged molecular entities. 

the classical activation, the alternative activation, and the lectin-dependent activation 
pathways.21 -

-

classical activation.21

rate of cell proliferation, and apoptosis.9,18,20

-
ment of cancer, largely remains a controversial issue. More than two decades ago, the 

-
22 
-

cies broadcast from a Rife device to induce cell death was recently demonstrated in a 
colon cancer cell line.23

24 

-

II. MATERIALS AND METHODS

A. Cell Lines and Culture

-
blast-like morphology. These cells were used to represent normal tissue. The culture 
was obtained from Flow Laboratories (Irvine, Scotland). The human melanoma cell line 

-
many). The cells were cultivated as monolayers in 75-cm2 

-

atmosphere (95% air, 5% CO2
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seeded per 25-cm2

B. Electromagnetic Field Generation and Exposure

with an output impedance of 50 

-

and were stacked in groups of four, such that the outside dimensions of the volume occu-
 18 cm (length: 

19.6, and 22.0 cm. Each cell layer was covered with 3.5 mm (10 mL) of culture medium.

of 0.63 T) at a radial distance of 12 cm 
from the antenna.25 T 

Epeak = 2h f B,26 where B f is the transmitted 
6 Hz), and 2h is the depth of the cell culture medium (0.0035 m). 

conductivity ( ) of 1.5 S/m for the cell culture medium,26 induced current densities (J ) 
were calculated from the relation J = E. Estimated current densities in cell cultures ranged 
from 0.14 to 0.63 A/m2 (Table 1). Because the ratio of the depth to the width (0.05 m) of 

%.26

cell culture layers had an impact on cell viability, the proportions of seeded cells that 
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 4%) did 
 3%; P = .12) and 1000 Hz (73  5%; 

FIG. 1: -
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P  4%) was 

(62  7%; P = .30) and 1000 Hz (57  6%; P = .82). 

C.  Cell Culture Irradiation, Clonogenic Cell Survival, and  
Radiomodulatory Effects of Induced Electromagnetic Fields

Pre-prepared monolayer cell cultures were irradiated at room temperature (20°C) at 

Bioptics, Tucson, AZ). Irradiation was performed at various time points relative to 

respectively. Colonies containing at least 50 cells were deemed to have originated from 

surviving fraction (SF), which was calculated from the relation: SF = ncol(t)/{[ncol(u)/
ncell(u)] ncell(t)}, where ncol(t) and ncol(u) denote the number of colonies counted in 
treated and untreated samples, respectively. ncell(t) and ncell(u) are the number of cells 

MF), given as the ratio 

TABLE 1: B ), and current 
density (J ) induced at a distance ( ) from plasma ray tube

d (cm) B (μT) E (V/m) J (A/m2)
10.0 1.44 0.42 0.63
12.4 0.94 0.28 0.42
14.8 0.66 0.20 0.30
17.2 0.49 0.15 0.23
19.2 0.39 0.12 0.18
22.0 0.30 0.09 0.14
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MF < 
1.0, MF = 1.0, and MF > 1.0, respectively. 

D. Statistical Analysis

Diego, CA) computer program. To compare two data sets, the unpaired two-sided t-test 
was used. A P
the data sets. Data were presented as the mean (± SEM) from at least three independent 

III. RESULTS

were marginally sensitized when X-irradiation occurred 4 h after EMF treatment, giving 

FIG. 2:
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modifying factors of 1.09 ± 0.09 and 1.30 ± 0.25 for the 100- and 1000-Hz–modulated 

radiosensitization (Fig. 3). The corresponding modifying factors ranged from 0.87 to 

radiosensitization, giving modifying factors between 1.35 ± 0.02 and 1.64 ± 0.19. The 

emerged as 1.51 and 1.52, respectively (Fig. 4). 

in Fig. 5, with modifying factors ranging from 1.34 to 1.76. However, when X-ray 

FIG. 3:
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less radiosensitive with modifying factors ranging from 0.90 to 0.94. 

IV. DISCUSSION

cells (MeWo) represented tumor cells. The current data suggest that normal tissue and 

radiosensitizing at an interval of 4 h, suggest that modulation of a 27.125 MHz carrier 

FIG. 4:
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mitotic division.27 This process would prompt otherwise dormant cells to start 
dividing. Actively dividing cells are more prone to radiation-induced cell death than 

radiosensitization may have been caused by intracellular cascades, such as activation 

17,28

act as radiosensitizers. Furthermore, the radiosensitization can result from calcium-ion 

phospholipases.18,27

FIG. 5:
-
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charged amino acids, resulting in a change in the three-dimensional structure of proteins 
and thus disturbing their function.28 This could be a reason for the sensitization seen 

23 This can result in nonrepaired damage 

dysregulation of ion channels and alteration of hormones leading to cells adopting 
29 Cells become 

24 

V. CONCLUSIONS 

therefore, have the potential of being used in conjunction with radiotherapy to reduce 

who are immune compromised. To fully realize the potential of this therapeutic approach, 

radiation. 
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