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Themain objective of our study is to investigate whether an enhancement of the immune system
in end-stage cancer patients is achieved by exposure to coherent electromagnetic fields. For this
reason, 15 end-stage cancer patients were exposed at low intensity, coherent electromagnetic
fields at radiofrequencies ranging from 600 kHz–729Hz, for 8 h/day, 6 days/week for 4 weeks.
NKs number and cytotoxicity of NK T-lymphocytes versus K562 cancer cell line were estimated by
flow cytometry, before and after exposure. Data showed that the exposure of the end-stage
cancer patients to the coherent electromagnetic fields resulted in a significant increase of the
number and the cytotoxicity of the NK T-lymphocytes against cancer cells, in all patients.
Exposure to coherent EMFs at radiofrequencies increases the number and cytotoxicity of NK
T-lymphocytes, which may contribute to the improvement of cancer patients’ status.

Keywords Natural killer cells, Flow cytometry, Coherent electromagnetic fields, Electromagnetic
resonance

INTRODUCTION

Natural killer (NK) cells play an important role in integrating immune processes,
constituting a first line of defence against various infections and malignancies
(Reynolds and Ortaldo, 1987; Trinchieri, 1987; Cerwenka and Lanier, 2001). One
possible mechanism may be that NK cells unlike cytotoxic T cells, do not recognize a
specific antigen before their action and selectively kill target cells bearing low levels
of Major Histocompatibility Complex (MHC) class I molecules on their surface (a non
MHC-I restricted action). Activated NK cells produce IFN-g which increases VCAM-1
(Vascular cell adhesion molecule-1) expression facilitating the binding of NK cells to
their target cells (Cerwenka and Lanier, 2001; Kim et al., 2005). In case of
malfunction of the NK cells, an essential imbalance in immune–tumor interactions
occurs and neoplastic cells evade immune surveillance (De Pillis et al., 2005).

Electromagnetic fields (EMFs) have been widely studied for their effects on
biological species including humans (Foster and Repacholi, 2004). Such EMF at the
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radiofrequency level (RF) are usually found in earth environment, coming from
cosmic radiation and- or emitted by communication systems and other technologies.
Humans and other species are therefore well adapted to radiofrequencies and is well
documented that these low EMF are harmless for animals and humans, since they are
at radiation levels below accepted guidelines (Challis, 2005). There are, however,
quite a few data on the effects of EMF on various kinds of malignant cells in
experimental animals and in humans, some of them referring to the application of
electromagnetic resonance field’s principles at radiofrequencies (Suss, 1997; Islamov
et al., 2002). The main concept expressed so far referring to the effects of EMF on
malignancies are: their intensity, frequency, and duration of application. Studies on
the EMF anticancer effects in vitro are several and their methodology is well
documented (Tofani et al., 2002; Rossi et al., 2007; Kirson et al., 2007; Colbert et al.,
2009). It has been also shown that the cytostatic effects of the EMF on cancer cells are
not related to their thermal effects, being temperature-independent (Han et al., 1998).

EMF at 1.95 MHz induced apoptosis in human epidermoid cancer cells
(Garaglia et al., 2005). Low-intensity, intermediate frequency (100 –300 KHz)
alternating EMF induces growth inhibition of malignant tumors in mice (Kirson et al.,
2004). Beneficial effects of RFs in cancer patients suffering from brain glioblastoma
have been attributed to the hindering and the formation of the mitotic spindle of cancer
cells. This is due to the effect of the electric field on the large dipole moments of the
tubulin dimmers of the mitotic spindle (Kirson et al., 2007). We have also recently
shown that coherent EMF at RF (of 10 kHz–120 kHz) exerts potent antiproliferating and
apoptotic effects on malignant sarcoma cell lines, as well as on sarcoma-bearing
Wistar rats (Karkabounas et al., 2006; Avdikos et al., 2007).

There is, however, no evidence whether coherent EMFs at RFs enhance the immune
system of cancer patients. For this reason, the effects of exposure to coherent static
EMFs at RFs on the number and the cytotoxicity of NK T-lymphocytes, in end-stage
cancer patients were investigated.

MATERIALS AND METHODS

Patients
Fifteen end-stage cancer patients (5 males and 10 females), aged from 28– 79 years,
participated voluntarily in the study. All patients were fully informed for the protocol
of the study and signed consent of participation. The protocol of the study was
approved by the Research Committee of the University of Ioannina and by the
National Ethical Committee (15217/3-3-2006). The procedures followed were also in
accordance with the ethical standards on human experimentation of the Helsinki
Declaration of 1975, as revised in 1983.

Patients had completed their chemotherapy, radiation, and/or adjuvant
antioxidant treatment (ascorbic acid 200 mg/kg body wt/day, b-carotene 1.5 mg/kg
body wt/day, a-tocopherol 15 mg/kg body wt/day and vanadium as supplement
0.1 mg/kg body wt/day in the form of vanadium-cysteine and/or vanadium-
putrescine) (Kallistratos et al., 1994; Liasko et al., 1998) at least 4 weeks before
participation to the study, according to protocols for patient eligibility requirements
indicating that chemotherapy or irradiation has to be stopped at least 4 weeks before
exposure of cancer patients to EMFs (Ronchetto et al., 2004). There is, however,
evidence that antineoplastic chemotherapy can be safely combined with magnetic
fields (Salvatore et al., 2003). Patients received no medications during the study.
Type of malignancy and stage of cancer were confirmed by histology and CT or MRI.
Blood biochemistry (urea, creatinine, glucose, SGOT/SGPT, AlP, gGT, LDH, AFP,
and CEA), haematological analysis (white, red blood cells, Hb, ESR and platelets),
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and tumor markers (a-FP, CEA, Ca19-9) were also measured. Patients were required
to have adequate bone marrow, renal, and liver function (Ronchetto et al., 2004). NK
cells were also counted and NK cells cytotoxic activity versus K562 tumor cells was
measured before and after the end of the study. A complete history was received and
physical examination of each patient was performed before enrollment in the study.
No female patient was pregnant. The basic clinical characteristics and treatment
history of the patients enrolled in the study are shown in Table 1. As control group,
we considered NKs number and function of the volunteers before treatment with
EMFs. Furthermore, as control were used publications concerning NKs function in
cancer patients treated with chemotherapy or radiation.

Devices used and plan of exposure to EMF
EMF measurements and static EMF exposure of patients were performed using the
Multi Channel Dynamic Exciter 100 V1 (MCDE) and described in detail elsewhere
(Karkabounas et al., 2006; Avdikos et al., 2007). The MCDE has been certified by the
Greek Committee of Atomic Energy (EEAE) for its safe use in humans and animals
(EEAE MIAEEP2, 15/11/2000) (Karabetsos, 2000). The measurement part of this
device (Figure 1A) emits through electrodes the resonant radiofrequencies of healthy
tissues, cells, and organs of humans or animals by a database and their response is
recorded. The more the response is deviating from the emitted frequency (in Hz) the
more significant is the impairment of the organ and other targets (cells or tissues)
(Popp, 2003; Takeda et al., 2004). The database (Fig. 1B) of the measurement part of
the device contains the resonant frequencies of various human tissues and organs
obtained mainly by measurements of Magnetic Resonance Imaging devices which
recorded the resonant frequencies of each organ and transform them to an image.
These are the normal resonant frequencies of any physiological structure in the
human body which deviates in pathological structures.

The apparatus provides a uniform whole body exposure of the patients to the
EMF. Patients during treatment were comfortably sitting at room temperature in a
Faraday Cage (Fig. 1C) to avoid interaction with external-environmental
electromagnetic resonance, at a determined distance (approximately 1 m) from
the dipole antenna of the device so that the resonant radiofrequencies (RF) emitted,
to be absorbed according to different conductivities of the human tissues of each
patient (Allen et al., 2003). All patients were exposed to EMF at RF (Table 2) for
8 h/day, 6 days/week for 4 weeks. The frequencies used in this study conducted by a
sophisticated program via a PC based on an algorithm and aimed to “force” any
deviating system or organ in the body to resonate to its normal frequencies. The low
frequencies used for exposure of the patients (from 600 kHz – 729 kHz) are
considered in relation to their intensity harmless for human and animals.

Equipment and reagents for flow cytometry
The necessary apparatus included the following: pipettes with tips, water bath, CO2

incubator at 378C, digital thermometer, vortex mixer, hematocytometer chamber,
cover slip or electronic counter, centrifuge with swinging buckets and 12x75 mm
tube carriers (Beckton-Dickinson, USA), flow cytometer (argon –ion Laser) with
488 nm excitation wavelength (Beckton-Dickinson, USA), ice bath with cover, and
disposable tubes of 15 and 50 ml.

The reagents included prestained and unstained K562 target cells (ATCC, USA),
stored at 2708C, complete medium consisting of RPMI 1640 with addition of
streptomycin (Gibko, USA), DNA staining solution (Sigma, USA), Isopaque-Ficoll
solution (Sigma, USA), and sterile phosphate buffered saline (PBS, Gibko, USA).
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METHODOLOGY OF NK CYTOTOXICITY BY FLOW CYTOMETRY (FCA)

The basic principle of the quantification of the cytotoxic activity of NK cells with FCA
is to discriminate between effector (NK cells) and target (cancer) cell populations.
The cell line K562 (cryopreserved, obtained from American Type Culture Collection,
Manassas, VA) is used as target cells prestained with green fluorescent membrane
dye (Beckton-Dickinson, USA). The K562 cell line was derived from the blood of a
patient with chronic myeloid leukemia in terminal blastic crisis, and represents the
most sensitive target cell line for human NK cells (Kane et al., 1996). K562 cells lack
MHC classes I and II antigens. After incubation of the effector and the target cells, a
red fluorescent DNA dye (Sigma, USA) is added to label the target cells
permeabilized by NK activity. This dye labels only cells with compromised plasma
membranes. In this way, a clear separation between four cell populations can be
obtained: live target cells, dead target cells, live effector cells, and dead effector cells.
Thus, the actual ratio between effector and target cells (E:T) can be confirmed, but
only events that appear to be positive after this analysis (dead and live targets cells)
will have to be collected for the determination of the NK cytotoxic activity (Sorskaar
et al., 1985; King and Radicchi-Mastroianni, 1996).

Methodology of estimation of the number of NK and NK T cells
In six falcon tubes 12 £ 75 mm, 20ml of CD16, 56 monoclonal antibodies (Becton-
Dickinson) were placed, respectively. Then, 100ml of whole blood was placed in
EDTA/K3 tube and was set in concentration of 4,000 cells/ml up to 10,000 cells/ml

FIGURE 1. The Multi Channel Dynamic Exciter 100 V1 (MCDE). (A) Dipole antenna; (B) Pc’s
sophisticated program; (C) Faraday cage.
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in each tube. Then mixed and incubated in dark room for 15 min in room
temperature. In each tube 2 ml of lytic reagent was placed (dilution of reagent with
distilled water in a ratio 1:10). Then, mixing and incubation is followed in dark and
normal conditions. After 5 min of centrifugation of the tubes in 1,800 rpm per
minute, the supernatant was discarded and 500ml PBS was added and measurement
with the flow cytometer was taking place after mixing the contents of the tube.

Statistical analysis
Data are expressed as mean ^ S.D. The statistical significance between data means
was determined by using paired-sample t-test. All statistical procedures were
performed using SPSS ver. 16.0 (SPSS Inc. Chicago, Illinois, USA).

RESULTS

The leucocytes, platelets, and red blood cells count as well as blood biochemistry
and body weight of the patients remained stable (data not shown). No side effects
were recorded in the patients exposed to the EMFs.

All patients treated by EMF manifested an increase in total number of NK cells
ranging from 1.1% (patient Nr 3 in Table 3) up to 351% (patient Nr 6, in Table 3). NK
cytotoxicity was significantly increased at ratio of 12.5:1 in all patients, as well as in 7
out of 15 patients (46.7%) at ratio of 25:1 and 10 out of 15 (66.7%) at ratio 50:1
(Table 3).

The number of NK cells and NKT lympocytes also increased significantly after
exposure of patients to the coherent EMFs at radiofrequencies (p , 0.001; Table 3).

No significant difference between hematological, biochemical parameters tumor
markers, NK cells cytotoxic activity versus K562 tumor cells (ratio 25:1 and 50:1),
before and after EMF at RF exposure, was observed. In contrast, NK cell number and
NK cells cytotoxic activity versus K562 tumor cells at ratio 12.5:1 was significantly
increased after EMF at RF exposure (p , 0.001).

DISCUSSION

Exposure of end-stage cancer patients to EMF at RF for 4 weeks resulted into a
significant increase of the number of the NKs and NK T-lymphocytes in the group of
the patients with an increase of NKs cytotoxicity in half of them. It is significant that
NK cells were cytotoxic at low ratio such as 12.5:1, since at higher ratios they are
nevertheless cytotoxic. In this small concentration, the faster immunomodulation of
NKs functionality was proved because the more cytotoxic the NKs are in this
concentration the more active and motile they are to face dangerous invaders.

The methodology of exposure to EMF, applied in the present study, has been
previously shown by us, to exert significant anticancer effects either on malignant
cell lines or in tumor-bearing experimental animals (Kane et al., 1996; Karkabounas
et al., 2006). We approached end-stage cancer patients holistically trying to regulate
all systems and functions. This is in accordance to findings indicating that cell
population can be approached holistically on an entity regulated by a fully coherent
biophoton field (Popp, 2009). Furthermore, there is evidence that a rational
electromagnetic treatment appears to be the induction of conditions for soliton
existence for maintaining the coherence of the system (Brizhik et al., 2009).

Recent studies indicate that EMFs applied on human body, through needle-like
electrodes which are posed on selected body sites, may increase the activity of NKs.
This phenomenon is related to the regulation of the expression of certain genes,

52 A. Evangelou et al.
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which are reported to play an important role in NK cell activation (Kim et al., 2005).
EMF’s are known to increase Ca2þ influx in cells (Ronchetto et al., 2004;
Nadareı̆shvili, 2006), and it has also shown that the influx of Ca2þ activates NKs
(Kallistratos et al., 1994).

Exposure to EMF at RF has been shown to increase antioxidant system in
lymphocytes in patients with rheumatoid arthritis (Islamov et al., 2002) exerting
probably a non specific protection of NK T-lymphocytes. This is in consistent with
our experimental data showing that plant antioxidants, such as resveratrol, enhance
significantly NK T-lymphocytes’ cytotoxicity against cancer cells.

Beneficial effects of RFs in cancer patients suffering from brain glioblastoma have
been attributed to the hindering and the formation of the mitotic spindle of cancer
cells. This is due to the effect of the electric field on the large dipole moments of the
tubulin dimmers of the mitotic spindle (Kirson et al., 2007). In the present study, all
the patients had already completed the ordinary therapeutical anticancer and
adjuvant treatments and during their exposure period at the EMFs (10 kHz–120 kHz)
they were drug free. Only occasionally, they used in small doses of analgesics
(opioids such as Durogesic) and tranquilants (benzodiazepines such as lorazepam
and bromazepam) as palliative treatment. All the patients’ anticancer and adjuvant
treatments were interrupted for at least 4 weeks before their exposure to the EMFs
(Ronchetto et al., 2004).

As is well known, it is very difficult to estimate if the overall patients’ improvement
is a clear result of EMF action only. It is also possible that the observed improvement
could be at least partly attributed to the previous action of the ordinary therapeutic
schemes. Nevertheless, there is also the possibility of an interaction between
chemotherapeutics and EMFs, as it is already known according to the literature
(Rossi et al., 2007). Preliminary experiments in our laboratory show that very small
concentrations of cytotoxic drugs can demonstrate a synergetic phenomenon with
EMF action by increasing the rate of cancer cell death. Furthermore, it is important
to emphasize that the observed patients’ improvement started to reveal during the
exposure period to EMF. Finally, the possibility of a placebo effect should not be
underestimated.

No significant difference between hematological, biochemical parameters tumor
markers, NK cells cytotoxic activity versus K562 tumor cells (ratio 25:1 and 50:1)
before and after EMF at RF exposure was observed. In contrast, NK cell number and
NK cells cytotoxic activity versus K562 tumor cells at ratio 12.5:1 was significantly
different after EMF at RF exposure (p , 0.001). Thus, this result could be at least
partly related to the patients’ improvement.

Several studies have demonstrated improved survival rates after the transfer of
activated killer cells into cancer patients. NK cell activities are consistently lower in
people with a family history of cancer compared to individuals with a low familial
incidence of cancer (Strayer et al., 1984). In different patients in follow up, a serial
monitoring of NK cells activity and correction of their emerging abnormalities after
administration of an oral NK cell activator, revealed increasing overall and disease-
free survival rates as well as prevention of cancer occurrences in high risk groups
(Ghoneum, 1998). Furthermore, there is also reported that NK activity is inversely
related to the number of family members with cancer. An eleven year study of 2,196
women, revealed that women with a high NK cytotoxic activity (.51%) had
approximately half the risk of cancer compared with those with a low NK cytotoxic
activity (less than or equal to 34%) (Imai et al., 2000).

In conclusion, increase in number and cytotoxicity of NK cells which seems to be
critical for the prolongation of the survival time and quality of life of end-stage cancer
patients, and may contribute to the beneficial effects of EMF at RFs.
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