US 20160002620A1

a9 United States
a2 Patent Application Publication (o) Pub. No.: US 2016/0002620 A1
Montagnier (43) Pub. Date: Jan. 7,2016
(54) METHOD FOR DIGITAL TRANSDUCTION Publication Classification
OF DNA IN LIVING CELLS
(51) Int.CL
(71) Applicant: Luc Montagnier, New York, NY (US) (52) glszj\é {3/ 00 (2006.01)
(72) Inventor: Luc Montagnier, New York, NY (US) CPC ..o, CI2N 13/00 (2013.01)
(57 ABSTRACT
A system and method for inducing cytotoxicity, comprising a
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a container, using a receiver configured to capture electro-
magnetic emissions from the container over a frequency
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Aug. 19, 2014.

imity to living cells, to produce under selected circumstances,
a cytopathic effect.
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METHOD FOR DIGITAL TRANSDUCTION
OF DNA IN LIVING CELLS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application is a non-provisional of U.S.
Provisional Application No. 62/020,796, filed Jul. 3, 2014,
and U.S. Provisional Application No. 62/039,046, filed Aug.
19, 2014, each of which is expressly incorporated herein by
reference it its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to the field of electro-
magnetic field interaction with biological systems.

BACKGROUND OF THE INVENTION

[0003] Each of the references cited herein are expressly
incorporated herein by reference, for their teaching of the
state of the art, including both techniques and specifics of
technology, aspects of the present technology not expressly
recited, and support for the written description for the claims
presented herein, enablement for persons of ordinary skill in
the art to practice the invention, and otherwise to provide
disclosure.

[0004] Therelationship of electromagnetic signals and bio-
logical systems is well established, for certain applications.
For example, biological cells maintain different concentra-
tions of intracellular ions than in the extracellular environ-
ment. This results in an electrical potential, the Nernst poten-
tial, at the cell membrane. Cells are able to modulate
conductivity through membrane pores or transport proteins,
resulting in electrical currents and corresponding magnetic
fields. Organs of multicellular organisms typically commu-
nicate through electrical signals, and nervous tissue in par-
ticular exploits ion conductivity to convey information. The
range of these potentials is typically below 100 mV, thoughin
the case of some organisms, such as electric eels, 600V poten-
tials are possible. The frequency of these signals is typically
below 3 Hz, though the frequency spectrum may include
components several orders of magnitude greater.

[0005] Tt is well known that various molecules, biological
and otherwise, have bonds which form and break, with cor-
responding electrochemical activity. The range of potentials
involved in covalent bonds is up to about 20 ¢V, though when
including ionic bonds, the bonding energy extends through
zero to negative (repulsive) levels. The frequency (and corre-
sponding wavelength) of an electromagnetic wave corre-
sponds to its energy, and therefore the range of emissions
available from chemical environments in the environment
ranges from ultraviolet and beyond to ultra-low frequencies,
less than 100 Hz.

[0006] Disorganized energy emission or absorption repre-
sents noise, and such noise in equilibrium has no net emission
or absorption of energy. However, above absolute zero tem-
perature, various forms of energy are available, and can be
emitted, with a corresponding reduction in temperature. Even
at static temperature, and no net input of energy, a system may
emit electromagnetic energy, for example a glowstick (ne-
glecting possible exothermic reactions).

[0007] Thus, a simplistic analysis of the laws of thermody-
namics to conclude that a system to which appears to be at
equilibrium, and which appears to have no net receipt of
energy or decrease in temperature, could not appear to emit
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electromagnetic radiation, is not always accurate and correct.
Rather, especially at very low energy levels, one must move
beyond analysis of appearances, to a rigorous energy balance
including all forms of energy, in order to understand the full
system state and transition.

[0008] With this in mind, a further appreciation of a large
number of reports and analysis of electromagnetic signals
emitted from apparently stable systems is available. That is, if
one presumes that a measured electromagnetic signal obeys
the laws of thermodynamics, then the molecular and chemical
interactions within the system can be analyzed as the source
of the electromagnetic signal.

[0009] There have been some reports of effects of external
electromagnetic signals, even those of low frequency, and
therefore of “non-ionizing” level, on complex biological sys-
tems. For example, there are hypotheses that 60 Hz signals
from high tension power lines cause various diseases.
[0010] Other reports have suggested that electromagnetic
signals, even well below the microwave energy level, can
have biological effect. Indeed, there is some recognition by
the US Federal Communications Commission that various
radio devices must be limited in their radio frequency emis-
sions, to avoid adverse health effects. However, the model
employed is generally based on a thermal model, wherein the
heating effect of the radio frequency energy on a user is
calculated.

[0011] However, while the art suggests a range of bio-
electromagnetic signal interactions, even at low frequencies,
and ultra-low frequencies (e.g., in arange of 1 Hz-1 MHz), the
effects are not well understood, and often denied, leading to
difficulties in formulating and testing hypotheses and there-
fore producing useful results.

[0012] U.S. Pat.Nos. 6,150,812, and 7,477,053, US patent
application 20040222789, and EP 2239586 Al, each of
which is expressly incorporated herein by reference, relate to
measurement of low frequency electromagnetic signals. The
motion of the electrons within a single isolated atom or mol-
ecule generates electromagnetic fields which can be detected
external to the boundaries of the atom or molecule. The mag-
nitude and frequency of such external fields depends mainly
upon the following factors: (i) the angular momentum of the
electron as it spins on its axis (=electron spin angular momen-
tum), (ii) the angular momentum of the electron as it moves in
quasicircular orbital paths around the nucleus (=electron
orbital momentum), (iii) the quantized energy states of the
electron orbital paths and angular spin velocities, (iv) inter-
actions between intraatomic and intramolecular electron
motions as governed by Lenz’s law, (v) rate of individual
transitions between quantized energy states and the fre-
quency of transitional events, (vi) interactions between elec-
tron orbital and spin angular moments and nuclear magnetic
moments, and (vii) intensity, frequency and direction of
externally imposed magnetic fields. Other than bonding inter-
actions, nuclei also have spin, linear and angular momentum,
as well as interactions with nearby nuclei and electrons. The
electromagnetic fields generated by electron motion within
atoms or molecules are accompanied by the simultaneous
emission of photons whose energies are characteristic of the
frequencies of the associated intraatomically- or intramolecu-
larly-generated external electromagnetic fields. The range of
atomic and molecular electromagnetic frequencies extends
from microwave and even lower-frequency energies, up to
ultraviolet and even higher-frequency energies. Of interest
are the lower energy interactions, which are typically in the
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“conduction” valence band of linked atoms, spins and
motions of atoms and molecules, but typically not represent-
ing changes in electron states between lower valence states,
corresponding to higher energies. It is noted that through
resonance and multiple photon capture, relatively lower
energy states may be converted into higher ones. In particular,
large numbers of interacting atoms, such as water molecules
which solvate a biological macromolecule, and in the aggre-
gate possess a significant amount of energy, with no one
molecule having high energy. However, under some condi-
tions, there can be a coordinated transfer of energy. Indeed,
biological macromolecules in the form of enzymes (catalysts)
typically serve to concentrate available energy in the medium
at an active site to supply an activation energy to achieve a
transition state to permit a biochemical reaction to proceed.
Intraatomic changes in electron position, energy state, accel-
eration, deceleration, in addition to various interatomic inter-
actions are observable through associated electromagnetic
fields.

[0013] Detection of low frequency electromagnetic waves
and phenomena is facilitated through detection of the associ-
ated B field, for example with a conductive loop or coil
(solenoid, SQUID, Hal effect sensor), rather than an H field
sensor (antenna, microstrip, etc.).

[0014] Ttis generally believed that no net magnetic field at
low (e.g., 0t0 <10,000 Hz) frequency can be recorded, except
over very short intervals, from macroscopic aggregates of
atoms or molecules at rest in their ground state. This is
because the magnetic moments of the individual atoms or
molecules in such aggregates will on average find orienta-
tions whose resultant external magnetic field intensities are
for all practical purposes zero. However, if the molecules or
their aggregates are not at rest, are not in their ground state, or
are subject to an external coercive agency, then external low
frequency signals can be recorded. It is noted that the pre-
sumptions of “rest” and ground state are violated above OK, at
least to some extent. Further, the presence of chemical energy
(high energy bonds and alternate possible bonds of lower
energy) and organizations of molecules in other than a highest
entropy state, also violate the presumptions required for an
absence of low frequency magnetic emissions. Finally, envi-
ronmental electromagnetic signals, which can be extremely
hard to completely filter, and therefore, obtaining a condition
that represents an absence of external coercive force is nearly
impossible. Therefore, while under “ideal” conditions, one
might not expect to see low frequency electromagnetic sig-
nals emitted from seemingly homogeneous solutions in
which no chemical reaction is apparently occurring, ideal
conditions may be difficult to achieve. Flectromagnetic signal
emissions, therefore may be due to “rare” conditions, such as
highly dilute compositions, free radical excited molecules, or
the like.

[0015] On the other hand, theory does not hold that it is
difficult to influence a sample with externally applied elec-
tromagnetic fields, and indeed electromagnetic fields are well
known to interact with ionic solutions, dipole molecules or
nuclei with magnetic moments, etc.

[0016] Various studies have been conducted seeking to
determine the biological effects of low frequency electromag-
netic signals. A review of a portion of the literature reveals
that few researchers have carefully considered and controlled
for information that may be contained within the low fre-
quency electromagnetic signals, and rather presume that the
effect is based on or available from sinusoidal waves or inter-
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mittent sinusoidal waves. Even those that consider the source
or information contained within the low frequency electro-
magnetic signals have to date not fully considered reso-
nances, information communication, and implications for
informational biopolymers, such as DNA.

[0017] C F Blackman, “Treating cancer with amplitude-
modulated electromagnetic fields: a potential paradigm shift,
again?”, British Journal of Cancer (2012) 106, 241-242. doi:
10.1038/bjc.2011.576 www.bjcancer.com discusses various
biological effects of electromagnetic fields (EMFs). Barbault
etal (2009) describes how they obtained the specific frequen-
cies for different tumor diagnoses, which are then used in the
amplitude-modulated (AM)-EMF treatment of those patients
to stabilize the disease beyond normal expectations. Costa et
al (2011) reported surprising clinical benefits from using the
specific AM-EMF signals to treat advanced hepatocellular
carcinoma, stabilizing the disease and even producing partial
responses up to 58 months in a subset of the patients. Zim-
merman et al have examined the growth rate of human tumor
cell lines from liver and breast cancers along with normal
cells from those tissues exposed to AM-EMF. Reduced
growth rate was observed for tumor cells exposed to tissue-
specific AM-EMF, but no change in growth rate in normal
cells derived from the same tissue type, or in tunior or normal
cells from the other tissue type. The growth rate inhibitory
response was field-strength (SAR) and exposure-time depen-
dent. In ancillary tests, they observed reduction in gene
expression and increases in mitotic spindle dysfunction only
for the AM-EMF exposure that reduced the cell growth rate.

[0018] Bawin et al, 1975, with independent replication by
Blackman et al, 1979, demonstrated that biological effects
could be caused by certain AM frequencies on a cartier wave
but not other frequencies. See also Adey, 1992; Blackman,
1992. This growing collection of reports demonstrating AM-
EMF-induced biological effects led to recognition by
national and international authorities that this modality
needed to be considered in hazard evaluation, in addition to
field-induced heating as a cause for health concern. The
National Council on Radiation Protection and Measurements
(1986) recommended a reduction in the allowable exposure
intensity limits for AM radiation above a certain level, and the
World Health Organization (1993) explicitly acknowledged
AM as a future issue to be examined in setting exposure
guidelines. Barbault et al (2009) identifies relevant treatment
frequencies can be seen to have direct clinical and medical
relevance in determining the characteristics of a new modality
that may prove useful in cancer treatment.

[0019] Zimmerman et al demonstrates the fundamental
requirement for a biological ‘information content’ code (i.e.,
the AM spectral profile) that can affect tumor cells from the
tissue of origin, while apparently being ignored by normal
cells from various tissues and tumor cells from different tis-
sues of origin. By exposing HCC cells to 27.120MHz RF
EMF sinusoidally amplitude-modulated at specific frequen-
cies, which were previously identified in patients with a diag-
nosis of HCC (Barbault et al, 2009) and result in therapeutic
responses in patients with HCC (Costa et al, 2011), a robust
and sustained anti-proliferative effect was demonstrated. This
effect was seen within SARs ranging from 0.03 to
1.00O0Wkg-1. HCC-specific modulation frequencies began
to hinder cell proliferation after 7 days of exposure and the
anti-proliferative effect increased over a 7-week period. The
anti-proliferative effect HCC-specific modulation frequen-
cies were observed only in HCC cells, but not in breast cancer
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cells or normal hepatocytes. Two sets of similar modulation
frequencies (breast cancer-specific and randomly chosen)
within the same range (from 10000Hz to 210kHz) did not
affect the proliferation of HCC cells. Similarly, the prolifera-
tion of breast cancer cells was affected only by breast cancer-
specific modulation frequencies, but neither by HCC-specific
nor by randomly chosen modulation frequencies.

[0020] Modulation of the signal appears to be a critical
factor in the response of biological systems to electromag-
netic fields (Blackman, 2009). The amount of electromag-
netic energy delivered is far too low to break chemical bonds
or cause thermal effects. Several theories have been put forth
to explain biological responses to electromagnetic fields.
Some reports have shown that low levels of electromagnetic
fields can alter gene expression and subsequent protein syn-
thesis by interaction of the electromagnetic field with specific
DNA sequences within the promoter region of genes (Blank
and Goodman, 2008; Blank and Goodman, 2009). Such
changes have been demonstrated in the family of “heat shock’
proteins that function in the cell stress response (Blank and
Goodman, 2009). Zimmerman et al. interrogated gene
expression changes in cells exhibiting decreased cell prolif-
eration, using high-throughput sequencing technologies to
sequence the cells’ cDNA. Tumor cell GI was associated with
downregulation of PLP2 and XCL2 as well as with disruption
of the mitotic spindle. Exposure of HCC cells to the same RF
EMF modulated at slightly different modulation frequencies
did not result in changes in gene expression, which demon-
strates that inhibition of cell proliferation is associated with
changes in gene expression levels. Very low levels of
27.12OMHz radio frequency electromagnetic fields were
shown to inhibit tumor cell growth when modulated at spe-
cific frequencies.

[0021] Martin Blank, Reba Goodman, “A mechanism for
stimulation of biosynthesis by electromagnetic fields: Charge
transfer in DNA and base pair separation”, Journal of Cellular
Physiology, Volume 214, Issue 1, pages 20-26, January 2008,
DOI: 10.1002/jcp.21198 (2007), considers possible mecha-
nisms for the biological effect of low frequency electromag-
netic fields. Electrons have been shown to move in DNA, and
a specific DNA sequence is associated with the response to
EM fields. In addition, there is evidence from biochemical
reactions that EM fields can accelerate electron transfer.
Interaction with electrons could displace electrons in
H-bonds that hold DNA together, leading to chain separation
and (in cellular systems) initiating transcription. The effect of
charging due to electron displacement on the energetics of
DNA aggregation shows that electron transfer would favor
separation of base pairs, and that DNA geometry is optimized
for disaggregation under such conditions. Electrons in the
H-bonds of both DNA and the surrounding water molecules
fluctuate at frequencies that are much higher than the frequen-
cies of the EM fields studied. The characteristics of the fluc-
tuations suggest that the applied EM fields are effectively DC
pulses and that interactions extend to microwave frequencies.

[0022] Laiand Singh 1997 found that rats acutely exposed
to a 60-Hz sinusoidal magnetic field showed an increase in
DNA single- and double-strand breaks in their brain cells as
measured by the microgel electrophoresis assay. An increase
in DNA single-strand breaks was observed after 2 hr of expo-
sure to the magnetic field at flux density of <0.1 millitesla
(mT), whereas an increase in double-strand breaks was
observed at =0.25 mT. Using the microgel electrophoresis
assay, Ahuja et al. (1997, 1999), Phillips et al. (1997),
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Svedenstal et al. (1999a, 1999b), and Zmyslony et al. (2000)
have also reported an increase in DNA strand breaks in cells
after magnetic field exposure. In studies by Ahuja etal. (1997,
1999), an increase in DNA single-strand breaks in human
lymphocytes was observed after 1 hr of exposure to a 50-Hz
magnetic field at 0.2-2 mT, whereas in the study by Phillips et
al. (1997), an increase in single-strand breaks was observed in
human Molt-4 cells after 24 hr of exposure to a 60-Hz mag-
netic field at 0.1 mT. Svedenstal et al. observed an increase in
DNA double-strand breaks in brain cells of mice after 32 days
of exposure to magnetic fields of 7.5 pT (Svedenstal et al.
1999a) and after 14 days of exposure at 0.5 mT (Svedenstal et
al. 1999b). Zmyslony et al. (2000) reported an increase in
single-strand breaks in rat lymphocytes exposed to a 50-Hz
magnetic field at 7 mT in the presence of iron cations. [vanc-
sits et al. (2002, 2003a, 2003b) reported an increase in DNA
single- and double-strand breaks in human fibroblasts inter-
mittently (5 min on/10 min off) exposed to a 50-Hz magnetic
field at 1 mT, whereas continuous exposure produced no
significant effect, and therefore indicate that the interaction of
magnetic fields with DNA is quite complicated and appar-
ently depends on many factors. McNamee et al. (2002)
reported no significant effect on DNA strand breaks in cer-
ebellar cells of immature mice exposed continuously to a
60-Hz magnetic field at 1 mT for 2 hr. Miyakoshi et al. (2000)
reported that a high-intensity (>50 mT) 50-Hz magnetic field
had no significant effect alone, whereas it potentiated X-ray-
induced DNA single-strand breaks in human glioma cells.
Thus, effects of magnetic fields on DNA may depend on
factors such as the mode of exposure, the type of cells studies,
and the intensity and duration of exposure.

[0023] Laiand Singh 1997b found that pretreating rats with
melatonin and a spin-trap compound (N-tert-butyl-a-phe-
nylnitrone) blocked the effect of a 60-Hz magnetic field on
DNA. Because melatonin and spin-trap compounds are effi-
cient free-radical scavengers, the data suggest that free radi-
cals play a role in the effect of the magnetic field. Singh and
Lai 1998 found that acute magnetic field exposure induced
the formation of DNA-protein and DNA-DNA cross-links in
brain cells of rats, which could be the results of free-radical
damage involving iron cations (Altman et al. 1995; Lloyd et
al. 1997). Exposure to a 60-Hz magnetic field at 0.01 mT for
24 hr caused a significant increase in DNA single- and
double-strand breaks. Prolonging the exposure to 48 hr
caused a larger increase. This indicates that the effect is
cumulative. Treatment with Trolox (Forrest et al. 1994, a
vitamin E analog) or 7-nitroindazole (Kalisch et al. 1996;
Moore and Bland-Ward 1996, a nitric oxide synthase inhibi-
tor) blocked magnetic-field-induced DNA strand breaks.
These data further support a role of free radicals on the effects
of magnetic fields. Treatment with the iron chelator defer-
iprone (Fredenburg et al. 1996; Kontoghiorghes 1995) also
blocked the effects of magnetic fields on brain cell DNA,
suggesting the involvement of iron. Acute magnetic field
exposure increased apoptosis and necrosis of brain cells in the
rat. Exposure to a 60-Hz magnetic field was hypothesized to
initiate an iron-mediated process (e.g., the Fenton reaction)
that increases free radical formation in brain cells, leading to
DNA strand breaks and cell death. This hypothesis could have
an important implication for the possible health effects asso-
ciated with exposure to extremely low-frequency magnetic
fields in the public and occupational environments. Henry Lai
and Narendra P. Singh, “Magnetic-Field-Induced DNA
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Strand Breaks in Brain Cells of the Rat”, Environmental
Health Perspectives, v. 112, no. 6, May 2004, p. 687

[0024] Potenza L. 1, Cucchiarini L, Piatti E, Angelini U,
Dacha M., “Effects of high static magnetic field exposure on
different DNAs.”, Bioelectromagnetics. 2004 July;
25(5):352-5 disclose the effects of magnetic fields produced
by permanent magnets on different DNA sources. Escheri-
chia coli DNA, plasmid, and amplification products of differ-
ent lengths were used as the magnetic field target. The in vivo
assays did not reveal any DNA alterations following expo-
sure, demonstrating the presence of cell dependent mecha-
nisms, such as the repair system and the buffering action of
the heat shock proteins DNA K/I (Hsp 70/40). In vitro assays
displayed interactions between the magnetic field and DNA,
revealing principally that magpetic field exposure induces
DNA alterations in terms of point mutations. They speculate
that the magnetic field can perturb DNA stability interacting
with DNA directly or potentiating the activity of oxidant
radicals. This genotoxic effect of the magnetic field, however,
is minimized in living organisms due to the presence of pro-
tective cellular responses.

[0025] Tvancsits S, Diem E, Jahn O, Riidiger H W, “Inter-
mittent extremely low frequency electromagnetic fields cause
DNA damage in a dose-dependent way.”, Int Arch Occup
Environ Health. 2003 July; 76(6):431-6. Epub 2003 Jun. 12,
disclose that epidemiological studies have reported an asso-
ciation between exposure to extremely low frequency elec-
tromagnetic fields (ELF-EMFs) and increased risk of cancer-
ous diseases, albeit without dose-effect relationships. The
validity of such findings can be corroborated only by demon-
stration of dose-dependent DNA-damaging effects of ELF-
EMFs in cells of human origin in vitro. Cultured human
diploid fibroblasts were exposed to intermittent ELF electro-
magnetic fields. DNA damage was determined by alkaline
and neutral comet assay. ELF-EMF exposure (50 Hz, sinu-
soidal, 1-24 h, 20-1,000 mu T, 5 min on/10 min off) induced
dose-dependent and time-dependent DNA single-strand and
double-strand breaks. Effects occurred at a magnetic flux
density as low as 35 mu T, being well below proposed Inter-
national Commission of Non-Ionising Radiation Protection
(ICNIRP) guidelines. After termination of exposure the
induced comet tail factors returned to normal within 9 h.
Ivancsits et al. concluded that the induced DNA damage is not
based on thermal effects and arouses concern about environ-
mental threshold limit values for ELF exposure.

[0026] Ivancsits S, Diem E, Jahn O, Ridiger H W. “Age-
related effects on induction of DNA strand breaks by inter-
mittent exposure to electromagnetic fields.”, Mech Ageing
Dev. 2003 July; 124(7):847-50 disclose that several studies
indicating a decline of DNA repair efficiency with age raise
the question, if senescence per se leads to a higher suscepti-
bility to DNA damage upon environmental exposures. Cul-
tured fibroblasts of six healthy donors of different age
exposed to intermittent ELF-EMF (50 Hz sinus, 1 mT) for
1-24 h exhibited different basal DNA strand break levels
correlating with age. The cells revealed a maximum response
at 15-19 h of exposure. This response was clearly more pro-
nounced in cells from older donors, which could point to an
age-related decrease of DNA repair efficiency of ELF-EMF
induced DNA strand breaks.

[0027] Robison J G, Pendleton A R, Monson K O, Murray
B K, O’Neill K L, “Decreased DNA repair rates and protec-
tion from heat induced apoptosis mediated by electromag-
netic field exposure.” Bioelectromagnetics. 2002 February;
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23(2):106-12., disclose that electromagnetic field (EMF)
exposure results in protection from heat induced apoptosis in
human cancer cell lines in a time dependent manner. Apop-
tosis protection was determined by growing HL.-60, HL-60R,
and Rajicell lines ina 0.15 mT 60 Hz sinusoidal EMF for time
periods between 4 and 24 h. After induction of apoptosis, cells
were analyzed by the neutral comet assay to determine the
percentage of apoptotic cells. To discover the duration of this
protection, cells were grown in the EMF for 24 h and then
removed for 24 to 48 h before heat shock and neutral comet
assays were performed. The results demonstrate that EMF
exposure offers significant protection from apoptosis (P<0.
0001 for HL-60 and HL-60R, P<0.005 for Raji) after 12 h of
exposure and that protection can last up to 48 h after removal
from the EMF. In this study they further demonstrate the
effect of the EMF on DNA repair rates. DNA repair data were
gathered by exposing the same cell lines to the EMF for 24 h
before damaging the exposed cells and non-exposed cells
with H202. Cells were allowed to repair for time periods
between 0 and 15 min before analysis using the alkaline
comet assay. Results showed that EMF exposure significantly
decreased DNA repair rates in HL-60 and HL-60R cell lines
(P<0.001 and P<0.01 respectively), but not in the Raji cell
line. The apoptosis results show that a minimal time exposure
to an EMF is needed before observed effects. This may
explain previous studies showing no change in apoptosis
susceptibility and repair rates when treatments and EMF
exposure were administered concurrently.

[0028] Zhou J, Yao G, Zhang J, Chang Z, “CREB DNA
binding activation by a 50-Hz magnetic field in HL60 cells is
dependent on extra- and intracellular Ca(2+) but not PKA,
PKC, ERK, or p38 MAPK”, Biochem Biophys Res Commun.
2002 Aug. 30; 296(4):1013-8, disclose that, to investigate the
possible mechanism of gene transcription changes induced
by magnetic field (MF), they examined the DNA binding
behavior of the transcription factor cyclic-AMP responsive
element binding protein (CREB) in HL60 cells after exposure
to a 0.1 mT 50-Hz extremely low frequency (ELF) sinusoidal
MF by a gel shift assay. Magnetic field induced a time-
dependent activation of CREB binding. The complex forma-
tion increased shortly after MF exposure for 10 min, reaching
apeak level after 1 h, and then recovered to basal level at 4 h
after exposure. A novel MF-induced ATF2/ATF2 homodimer
formation was observed after MF exposure for 30 min, 1, and
2h. Furthermore, They found that the MF-induced increase of
CREB DNA binding in HL60 cells was dependent on both
extracellular and intracellular Ca(2+) but not PKA, PKC,
ERK, or p38 MAPK by using various pathway inhibitors.
These data indicate that MF exposure activates CREB DNA
binding through calcium-related signal transduction path-
ways under the experimental conditions.

[0029] Singh N, Lai H, “60 Hz magnetic field exposure
induces DNA crosslinks in rat brain cells,” Mutat Res. 1998
May 25; 400(1-2):313-20 disclose that, in previous research,
they found an increase in DNA strand breaks in brain cells of
rats acutely exposed to a 60 Hz magnetic field (for 2 h at an
intensity of 0.5 mT). DNA strand breaks were measured with
a microgel electrophoresis assay using the length of DNA
migration as an index. In the present experiment, they found
that most of the magnetic field-induced increase in DNA
migration was observed only after proteinase-K treatment,
suggesting that the field caused DNA-protein crosslinks. In
addition, when brain cells from control rats were exposed to
X-rays, an increase in DNA migration was observed, the
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extent of which was independent of proteinase-K treatment.
However, the X-ray-induced increase in DNA migration was
retarded in cells from animals exposed to magnetic fields
even after proteinase-K treatment, suggesting that DNA-
DNA crosslinks were also induced by the magnetic field. The
effects of magnetic fields were also compared with those of a
known DNA crosslink-inducing agent mitomycin C. The pat-
tern of effects is similar between the two agents. These data
suggest that both DNA-protein and DNA-DNA crosslinks are
formed in brain cells of rats after acute exposure to a 60 Hz
magnetic field.

[0030] Lai H, Singh N P, “Melatonin and N-tert-butyl-al-
pha-phenylnitrone block 60-Hz magnetic field-induced DNA
single and double strand breaks in rat brain cells.” J Pineal
Res. 1997 April; 22(3):152-62, discloses that In previous
research, they found an increase in DNA single- and double-
strand breaks in brain cells of rats after acute exposure (two
hours) to a sinusoidal 60-Hz magpetic field. The present
experiment was carried out to investigate whether treatment
with melatonin and the spin-trap compound N-tert-butyl-
alpha-phenylnitrone (PBN) could block the effect of mag-
netic fields on brain cell DNA. Rats were injected with mela-
tonin (1 mg/kg, sc) or PBN (100 mg/kg, ip) immediately
before and after two hours of exposure to a 60-Hz magnetic
field at an intensity of 0.5 mT. They found that both drug
treatments blocked the magnetic field-induced DNA single-
and double-strand breaks in brain cells, as assayed by a
microgel electrophoresis method. Since melatonin and PBN
are efficient free radical scavengers, these data suggest that
free radicals may play a role in magnetic field-induced DNA
damage.

[0031] LaiH, Singh N P, “Acute exposure to a 60 Hz mag-
netic field increases DNA strand breaks in rat brain cells”,
Bioelectromagnetics. 1997; 18(2):156-65, disclose that acute
(2h) exposure of rats to a 60 Hz magnetic field (flux densities
0.1, 0.25, and 0.5 mT) caused a dose-dependent increase in
DNA strand breaks in brain cells of the animals (assayed by a
microgel electrophoresis method at 4 h postexposure). An
increase in single-strand DNA breaks was observed after
exposure to magnetic fields 0f0.1, 0.25, and 0.5 mT, whereas
an increase in double-strand DNA breaks was observed at
0.25 and 0.5 mT. Because DNA strand breaks may affect
cellular functions, lead to carcinogenesis and cell death, and
be related to onset of neurodegenerative diseases, the data
may have important implications for the possible health
effects of exposure to 60 Hz magnetic fields.

[0032] De Ninno A, Congiu Castellano A, “Influence of
magnetic flelds on the hydration process of amino acids:
vibrational spectroscopy study of L-phenylalanine and
L-glutamine”, Bioelectromagnetics. 2014 February; 35(2):
129-35. doi: 10.1002/bem.21823. Epub 2013 Nov. 6, disclose
that attenuated total reflectance Fourier transform infrared
(ATR-FTIR) spectroscopy has been used to investigate the
effect of weak electromagnetic fields on the structure of
L-glutamine (L-Gln) and L-phenylalnine (L-Phe) in aqueous
solution. It has been found that the exposure to a DC field or
a S0JHz AC field, for a short time induces modifications in
the spectra of exposed samples in agreement with the preced-
ing observations on glutamic acid. Furthermore, the acid-
base equilibrium has been investigated by using the ratio of
the intensity of the deprotonated on protonated species. In the
case of L-Phe, the exposure induces a measurable shift of acid
dissociation constant pKal out of the experimental errors,
while in case of L-Gln, the effect is under the limit detectable
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with this method. The phenomenon of the shift of the acid-
base equilibrium has been connected elsewhere to modifica-
tion of the water-water hydrogen bonds in the water around
both the backbone and the residue (R). Here they suggest that
the magnetic field modifies the water structure around the
molecules and changes the hydrophobic interactions allow-
ing the molecules of amino acids to aggregate. The differ-
ences observed in the behavior of L-Phe and L-Gln may be
related to the differences in the polarity of their residues.

[0033] Podda MYV, Leone L, Barbati S A, Mastrodonato A,
Li Puma D D, Piacentini R, Grassi C., “Extremely low-fre-
quency electromagnetic fields enhance the survival of new-
born neurons in the mouse hippocampus”, Eur J Neurosci.
2014 March; 39(6):893-903. doi: 10.1111/ejn.12465. Epub
2013 Dec. 30, discloses that much effort has been devoted to
identifying stimuli capable of enhancing adult neurogenesis,
aprocess that generates new neurons throughout life, and that
appears to be dysfunctional in the senescent brain and in
several neuropsychiatric and neurodegenerative diseases.
The previously reported that in vivo exposure to extremely
low-frequency electromagnetic fields (ELFEFs) promotes
the proliferation and neuronal differentiation of hippocampal
neural stem cells (NSCs) that functionally integrate in the
dentate gyms. They report studies to specifically assess the
influence of ELFEFs on hippocampal newborn cell survival,
which is a very critical issue in adult neurogenesis regulation.
Mice were injected with 5-bromo-2'-deoxyuridine (BrdU) to
label newborn cells, and were exposed to ELFEFs 9 days
later, when the most dramatic decrease in the number of
newly generated neurons occurs. The results showed that
ELFEF exposure (3.5 h/day for 6 days) enhanced newborn
neuron survival as documented by double staining for BrdU
and doublecortin, to identify immature neurons, or NeuN
labeling of mature neurons. The effects of ELFEFs were
associated with enhanced spatial learning and memory. In an
in vitro model of hippocampal NSCs, ELFEFs exerted their
pro-survival action by rescuing differentiating neurons from
apoptotic cell death. Western immunoblot assay revealed
reduced expression of the pro-apoptotic protein Bax, and
increased levels of the anti-apoptotic protein Bcl-2, in the
hippocampi of ELFEF-exposed mice as well as in ELFEF-
exposed NSC cultures, as compared with their sham-exposed
counterparts.

[0034] DengY, Zhangy, Jia S, LiuJ, LiuY, Xu W, Liu L,
“Effects of aluminum and extremely low frequency electro-
magnetic radiation on oxidative stress and memory in brain of
mice”, Biol Trace Elem Res. 2013 December; 156(1-3):243-
52. doi: 10.1007/s12011-013-9847-9. Epub 2013 Oct. 26,
sought to investigate the effect of aluminum and extremely
low-frequency magnetic fields (ELF-MF) on oxidative stress
and memory of SPF Kunming mice. Sixty male SPF Kun-
ming mice were divided randomly into four groups: control
group, ELF-MF group (2 mT, 4 h/day), load aluminum group
(200 mg aluminum/kg, 0.1 ml/10 g), and ELF-MF+alumi-
num group (2 mT, 4 h/day, 200 mg aluminum/kg). After 8
weeks of treatment, the mice of three experiment groups
(ELF-MF group, load aluminum group, and ELF-MF +alumi-
num group) exhibited firstly the learning memory impair-
ment, appearing that the escaping latency to the platform was
prolonged and percentage in the platform quadrant was
reduced in the Morris water maze (MWM) task. Secondly are
the pathologic abnormalities including neuronal cell loss and
overexpression of phosphorylated tau protein in the hippoc-
ampus and cerebral cortex. On the other hand, the markers of
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oxidative stress were determined in mice brain and serum.
The results showed a statistically significant decrease in
superoxide dismutase activity and increase in the levels of
malondialdehyde in the ELF-MF group (P<0.05 or P<0.01),
load aluminum group (P<0.01), and ELF-MF+aluminum
group (P<0.01). However, the treatment with ELF-MF +alu-
minum induced no more damage than ELF-MF and alumi-
num did, respectively. In conclusion, both aluminum and
ELF-MF could impact on learning memory and pro-oxidative
function in Kunming mice. However, there was no evidence
of any association between ELF-MF exposure with alumi-
num loading.

[0035] Tofani S, Barone D, Cintorino M, de Santi M M,
Ferrara A, Orlassino R, Ossola P, Peroglio F, Rolfo K,
Ronchetto F, “Static and ELF magnetic fields induce tumor
growth inhibition and apoptosis”, Bioelectromagnetics. 2001
September; 22(6):419-28, sought to evaluate the ability of
static and extremely low frequency (ELF) Magnetic Fields
(MF) to interfere with neoplastic cell function. In vitro
experiments were carried out to study the role of MF charac-
teristics (intensity, frequency, and modulation) on two trans-
formed cell lines (WiDr human colon adenocarcinoma and
MCF-7 human breast adenocarcinoma) and one nontrans-
formed cell line (MRC-5 embryonal lung fibroblast).
Increase in cell death morphologically consistent with apop-
tosis was reported exclusively in the two transformed cell
lines. Cell-death induction was observed with MF of more
than 1 mT. It was independent of the MF frequency and
increased when modulated MF (static with a superimposition
of ELF at 50 Hz) were used. Based on the in vitro results, four
different MF exposure characteristics were selected and used
to treat nude mice xenografted with WiDr cells. The treatment
of nude mice bearing WiDr tumors subcutaneously. with
daily exposure for 70 min to MF for 4 weeks caused signifi-
cant tumor growth inhibition (up to 50%) by the end of the
treatment when modulated MF were used for at least 60% of
the whole treatment period and the time-averaged total MF
intensity was higher than 3.59 mT. No toxic morphological
changes induced by exposure were observed in renewing,
slowly proliferating, or static normal cells.

[0036] Wen I, Jiang S, Chen B, “The effect of 10000Hz
magnetic field combined with X-ray on hepatoma-implanted
mice”, Bioelectromagnetics. 2011 May; 32(4):322-4. doi:
10.1002/bem.20646. Epub 2011 Feb. 22, describe that their
previous cellular experiments demonstrated that 1000Hz
magnetic field (MF) was effective at enhancing apoptosis of
liver cancer cells BEL-7402 induced by X-ray irradiation.
They sought to further explore the possible synergism
between 100CJHz MF and X-ray in treatment of hepatoma-
implanted Balb/c mice. 1000Hz MF exposure with a mean
flux density of 0.700mT was performed inside an energized
solenoid coil. Six MV X-ray irradiation was generated using
a linear accelerator. Tumor growth and survival of mice
implanted with H22 cells were evaluated by measuring the
tumor diameters and overall days of survival. Six groups
treated with 10000Hz MF or X-ray alone or a combination of
MF and X-ray were examined. Furthermore, the effects of
different numbers of MF exposure periods on tumor growth
and mice survival were examined when combined with
4Gy X-ray. Data referring to overall survival days and
tumor diameters of the above groups were compared using
log-rank test and Student’s t-test. The results showed that five
periods of combined 100JHz MFs and 4[]Gy X-ray could
significantly extend the overall days of survival and reduce
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the tumor size compared to MF or X-ray alone. Also, a greater
number of 1000Hz MF exposure periods could further
improve the survival and inhibit tumor growth in hepatoma-
implanted mice when combined with ]Gy X-ray. In con-
clusion, these findings suggested that 1000Hz MF could
possibly synergize with 4C0Gy X-ray in terms of survival
improvement and tumor inhibition in hepatoma-implanted
mice.

[0037] Delle Monache S, Angelucci A, Sanita P, Torio R,
Bennato F, Mancini F, Gualtieri G, Colonna R C, “Inhibition
of angiogenesis mediated by extremely low-frequency mag-
netic fields (ELF-MFs)”, PLoS One. 2013 Nov. 14; 8(11):
€79309. doi: 10.1371/journal.pone.0079309. eCollection
2013, describe that the formation of new blood vessels is an
essential therapeutic target in many diseases such as cancer,
ischemic diseases, and chronic inflammation. In this regard,
extremely low-frequency (ELF) electromagnetic fields
(EMFs) seem able to inhibit vessel growth when used in a
specific window of amplitude. They sought to investigate the
mechanism of anti-angiogenic action of ELF-EMFs they
tested the effect of a sinusoidal magnetic field (MF) of 2 mT
intensity and frequency of 50 Hz on endothelial cell models
HUVEC and MS-1 measuring cell status and proliferation,
motility and tubule formation ability. MS-1 cells when
injected in mice determined a rapid tumor-like growth that
was significantly reduced in mice inoculated with MF-ex-
posed cells. In particular, histological analysis of tumors
derived from mice inoculated with MF-exposed MS-1 cells
indicated a reduction of hemangioma size, of blood-filled
spaces, and in hemorrhage. In parallel, in vitro proliferation
of MS-1 treated with MF was significantly inhibited. They
also found that the MF-exposure down-regulated the process
of proliferation, migration and formation of tubule-like struc-
tures in HUVECs. Using western blotting and immunofiuo-
rescence analysis, data was collected about the possible influ-
ence of MF on the signalling pathway activated by the
vascular endothelial growth factor (VEGF). In particular, MF
exposure significantly reduced the expression and activation
levels of VEGFR2, suggesting a direct or indirect influence of
MF on VEGF receptors placed on cellular membrane. In
conclusion MF reduced, in vitro and in vivo, the ability of
endothelial cells to form new vessels, most probably affecting
VEGF signal transduction pathway that was less responsive
to activation. These findings could not only explain the
mechanism of anti-angiogenic action exerted by MFs, but
also promote the possible development of new therapeutic
applications for treatment of those diseases where excessive
angiogenesis is involved.

[0038] Potenza L, Saltarelli R, Polidori E, Ceccaroli P,
Amicucci A, Zeppa S, Zambonelli A, Stocchi V, “Effect of
300 mT static and 50 Hz 0.1 mT extremely low frequency
magnetic fields on Tuber borchii mycelium”, Can J Micro-
biol. 2012 October; 58(10):1174-82. doi: 10.1139/w2012-
093. Epub 2012 Sep. 25, present work aimed to investigate
whether exposure to static magnetic field (SMF) and
extremely low frequency magnetic field (ELF-MF) can
induce biomolecular changes on Tuber borchii hyphal
growth. Tuber borchii mycelium was exposed for 1 h for 3
consecutive days to a SMF of 300 mT or an ELF-MF of 0.1
mT 50 Hz. Gene expression and biochemical analyses were
performed. In mycelia exposed to ELF-MF, some genes
involved in hyphal growth, investigated using quantitative
real-time polymerase chain reaction, were upregulated, and
the activity of many glycolytic enzymes was increased. On
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the contrary, no differences were observed in gene expression
after exposure to SMF treatment, and only the activities of
glucose 6-phosphate dehydrogenase and hexokinase
increased. The data herein presented suggest that the electro-
magnetic field can act as an environmental factor in promot-
ing hyphal growth and can be used for applicative purposes,
such as the set up of new in vitro cultivation techniques.

[0039] NairaB,Yerazik M, AnnaN, Sinerik A, “The impact
of background radiation, illumination and temperature on
EMF-induced changes of aqua medium properties”, Electro-
magn Biol Med. 2013 September; 32(3):390-400. doi:
10.3109/15368378.2012.735206. Epub 2013 Jan. 16, sought
to study the effects of extremely low frequency electromag-
netic field (ELF EMF) on physicochemical properties of
physiological solution at different environmental media. The
existence of frequency “windows” at 4 and 8 Hz frequencies
of ELF EMF having effects on heat fusion period, hydrogen
peroxide (H202) formation and oxygen (O2) content of
water solution and different dependency on temperature,
background radiation and illumination was shown. Obtained
data suggest that EMF-induced effect on water physico-
chemical properties depends on abovementioned environ-
mental factors. As cell bathing medium is a target for biologi-
cal effects of ELF EMF, the variability of experimental data
on biological effects of EMF, obtained in different laborato-
ries, can be explained by different environmental conditions
of experiments, which very often are not considered
adequately.

[0040] Murugan N I, Karbowski [ M, Lafrenie R M, Pers-
inger M A, “Temporally-patterned magnetic fields induce
complete fragmentation in planaria”, PLoS One. 2013 Apr.
19; 8(4):¢61714. doi: 10.1371/journal.pone.0061714. Print
2013, disclose that a tandem sequence composed of weak
temporally-patterned magnetic fields was discovered that
produced 100% dissolution of planarian in their home envi-
ronment. After five consecutive days of 6.5 hr exposure to a
frequency-modulated magnetic field (0.1 to 2 uT), immedi-
ately followed by an additional 6.5 hr exposure on the fifth
day, to another complex field (0.5 to 5 uT) with exponentially
increasing spectral power 100% of planarian dissolved within
24 hr. Reversal of the sequence of the fields or presentation of
only one pattern for the same duration did not produce this
effect. Direct video evidence showed expansion (by visual
estimation ~twice normal volume) of the planarian following
the first field pattern followed by size reduction (estimated
~V5 of normal volume) and death upon activation of the sec-
ond pattern. The contortions displayed by the planarian dur-
ing the last field exposure suggest effects on contractile pro-
teins and alterations in the cell membrane’s permeability to
water. During a subsequent series of unpublished experi-
ments involving mouse B16 melanoma cells, the same expo-
sure paradigm employed in the present study that produced
dissolution of the flatworms resulted in fragmentation of the
melanoma cells [28]. Within 5 hr of the exposure to the GM
field there were no discernable intact cells with the cultures
that had been exposed to the procedure. Visually obvious
enlargement followed by shrinkage of these cells within a
similar time frame was also observed.

[0041] Zhou J, Yao G, Zhang J, Chang 7, “CREB DNA
binding activation by a 50-Hz magnetic field in HL60 cells is
dependent on extra- and intracellular Ca(2+) but not PKA,
PKC, ERK, or p38 MAPK”, Biochem Biophys Res Commun.
2002 Aug. 30; 296(4):1013-8, sought to investigate the pos-
sible mechanism of gene transcription changes induced by
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magnetic field (MF), they examined the DNA binding behav-
ior of the transcription factor cyclic-AMP responsive element
binding protein (CREB) in HL60 cells after exposure to a 0.1
mT 50-Hz extremely low frequency (ELF) sinusoidal MF by
a gel shift assay. Magnetic field induced a time-dependent
activation of CREB binding. The complex formation
increased shortly after MF exposure for 10 min, reaching a
peak level after 1 h, and then recovered to basal level at 4 h
after exposure. A novel MF-induced ATF2/ATF2 homodimer
formation was observed after MF exposure for 30 min, 1, and
2h. Furthermore, They found that the MF-induced increase of
CREB DNA binding in HL60 cells was dependent on both
extracellular and intracellular Ca(2+) but not PKA, PKC,
ERK, or p38 MAPK by using various pathway inhibitors.
These data indicate that MF exposure activates CREB DNA
binding through calcium-related signal transduction path-
ways under the experimental conditions.

[0042] Wolf F 1, Torsello A, Tedesco B, Fasanella S, Bon-
insegna A, D’Ascenzo M, Grassi C, Azzena G B, Cittadini A,
“50-Hz extremely low frequency electromagnetic fields
enhance cell proliferation and DNA damage: possible
involvement of a redox mechanism”, Biochim Biophys Acta.
2005 Mar. 22; 1743(1-2):120-9 discloses that HL.-60 leuke-
mia cells, Rat-1 fibroblasts and WI-38 diploid fibroblasts
were exposed for 24-72 h to 0.5-1.0-mT 50-Hz extremely low
frequency electromagnetic field (ELF-EMF). This treatment
induced a dose-dependent increase in the proliferation rate of
all cell types, namely about 30% increase of cell proliferation
after 72-h exposure to 1.0 mT. This was accompanied by
increased percentage of cells inthe S-phase after 12- and 48-h
exposure. The ability of ELF-EMF to induce DNA damage
was also investigated by measuring DNA strand breaks. A
dose-dependent increase in DNA damage was observed in all
cell lines, with two peaks occurring at 24 and 72 h. A similar
pattern of DNA damage was observed by measuring forma-
tion of 8-OHAG adducts. The effects of ELF-EMF on cell
proliferation and DNA damage were prevented by pretreat-
ment of cells with an antioxidant like alpha-tocopherol, sug-
gesting that redox reactions were involved. Accordingly,
Rat-1 fibroblasts that had been exposed to ELF-EMF for 3 or
24 h exhibited a significant increase in dichlorofluorescein-
detectable reactive oxygen species, which was blunted by
alpha-tocopherol pretreatment. Cells exposed to ELF-EMF
and examined as early as 6 h after treatment initiation also
exhibited modifications of NF kappa B-related proteins (p65-
p50 and Tkappa B alpha), which were suggestive of increased
formation of p65-pS0 or p65-p65 active forms, a process
usually attributed to redox reactions. These results suggest
that ELF-EMF influence proliferation and DNA damage in
both normal and tumor cells through the action of free radical
species.

[0043] McNamee J P, Bellier P V, Chauhan V, Gajda G B,
Lemay E, Thansandote A, “Evaluating DNA damage in
rodent brain after acute 60 Hz magnetic-field exposure”,
Radiat Res. 2005 December; 164(6):791-7, disclose that, in
recent years, numerous studies have reported a weak associa-
tion between 60 Hz magnetic-field exposure and the inci-
dence of certain cancers. To date, no mechanism to explain
these findings has been identified. The objective of the current
study was to investigate whether acute magnetic-field expo-
sure could elicit DNA damage within brain cells from both
whole brain and cerebellar homogenates from adult rats, adult
mice and immature mice. Rodents were exposed to a 60 Hz
magnetic field (0, 0.1, 1 or 2mT) for 2 h. Then, at 0, 2 and 4
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h after exposure, animals were killed humanely, their brains
were rapidly removed and homogenized, and cells were cast
into agarose gels for processing by the alkaline comet assay.
Four parameters (tail ratio, tail moment, comet length and tail
length) were used to assess DNA damage for each comet. For
each species, a significant increase in DNA damage was
detected by each of the four parameters in the positive control
(2 Gy X rays) relative to the concurrent nonirradiated nega-
tive and sham controls. However, none of the four parameters
detected a significant increase in DNA damage in brain cell
homogenates from any magnetic-field exposure (0-2 mT) at
any time after exposure. The dose-response and time-course
data from the multiple animal groups tested in this study
provide no evidence of magnetic-field-induced DNA dam-
age.

[0044] KimJ,HaCS, Lee H I, Song K, “Repetitive expo-
sure to a 60-Hz time-varying magnetic field induces DNA
double-strand breaks and apoptosis in human cells”, Bio-
chem Biophys Res Commun. 2010 Oct. 1; 400(4):739-44.
doi: 10.1016/1.bbrc.2010.08.140. Epub 2010 Sep. 15, sought
to investigate the effects of extremely low frequency time-
varying magnetic fields (MFs) on human normal and cancer
cells. Whereas a single exposure to a 60-Hz time-varying MF
of 6 mT for 30 min showed no effect, repetitive exposure
decreased cell viability. This decrease was accompanied by
phosphorylation of y-H2AX, a common DNA double-strand
break (DSB) marker, and checkpoint kinase 2 (Chk2), which
is critical to the DNA damage checkpoint pathway. In addi-
tion, repetitive exposure to a time-varying MF of 6 mT for 30
min every 24 h for 3 days led to p38 activation and induction
of apoptosis in cancer and normal cells. Therefore, these
results demonstrate that repetitive exposure to MF with
extremely low frequency can induce DNA DSBs and apop-
tosis through p38 activation. These results also suggest the
need for further evaluation of the effects of repetitive expo-
sure to environmental time-varying MFs on human health.

[0045] Buldak R J, Polaniak R, Buldak [, Zwirska-Korc-
zala K, Skonieczna M, Monsiol A, Kukla M, Dulawa-Buldak
A, Birkner E, “Short-term exposure to 500JHz ELF-EMF
alters the cisplatin-induced oxidative response in AT478
murine squamous cell carcinoma cells”, Bioelectromagnet-
ics. 2012 December; 33(8):641-51. doi: 10.1002/bem.21732.
Epub 2012 Apr. 25, disclose that sought to assess the influ-
ence of cisplatin and an extremely low frequency electromag-
netic field (ELF-EMF) on antioxidant enzymeactivity and the
lipid peroxidation ratio, as well as the level of DNA damage
and reactive oxygen species (ROS) production in AT478 car-
cinoma cells. Cells were cultured for 24 and 72[Th in culture
medium with cisplatin. Additionally, the cells were irradiated
with S00Hz/10mT ELF-EMF for 16[Jmin using a solenoid
as a source of the ELF-EMF. The amount of ROS, superoxide
dismutase (SOD) isoenzyme activity, glutathione peroxidase
(GSH-Px) activity, DNA damage, and malondialdehyde
(MDA) levels were assessed. Cells that were exposed to cis-
platin exhibited a significant increase in ROS and antioxidant
enzyme activity. The addition of ELF-EMF exposure to cis-
platin treatment resulted in decreased ROS levels and anti-
oxidant enzyme activity. A significant reduction in MDA
concentrations was observed in all of the study groups, with
the greatest decrease associated with treatment by both cis-
platin and ELF-EMEF. Cisplatin induced the most severe DNA
damage; however, when cells were also irradiated with ELF-
EMEF, less DNA damage occurred. Exposure to ELF-EMF
alone resulted in an increase in DNA damage compared to
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control cells. ELF-EMF lessened the effects of oxidative
stress and DNA damage that were induced by cisplatin; how-
ever, ELF-EMF alone was a mild oxidative stressor and DNA
damage inducer. They speculate that ELF-EMF exerts differ-
ential effects depending on the exogenous conditions.

[0046] Beruto D T, Lagazzo A, Frumento D, Converti A,
“Kinetic model of Chlorella vulgaris growth with and without
extremely low frequency-electromagnetic fields (EM-ELF)”,
J Biotechnol. 2014 January; 169:9-14. doi: 10.1016/j.jbiotec.
2013.10.035. Epub 2013 Nov. 8, disclose that Chlorella vul-
garis was grown in two bench-scale photobioreactors with
and without the application of a low intensity, low frequency
electromagnetic field (EM-ELF) of about 3 mT. Cell concen-
tration and tendency of cells to form aggregates inside the
reactor were recorded over a 30 days-time period at 0.5
L-constant medium volume in the temperature range 289-
304K. At304K, after a cultivation period of 15 days, the rate
of cell death became predominant over that of growth. In the
temperature range 289-299K, a two step-kinetic model based
on the mitotic division and the clusterization processes was
developed and critically discussed. The best-fitted curves
turned out to have a sigmoid shape, and the competition
between mitosis and clusterization was investigated. Without
EM-ELF, the temperature dependence of the specific rate
constant of the mitotic step yielded an apparent total enthalpy
of 156 kJmol(-1), whose value was not influenced by the
EM-ELF application. The electromagnetic field was shown to
exerta significant effect on the exothermic clusterization step.
The heat exchange due to binding between cells and liquid
medium turned out to be -44+5 kJmol(-1) in the absence of
EM-ELF and -68+8 kJmol(-1) when it was active. Optical
microscopy observations were in agreement with the model
predictions and confirmed that EM-ELF was able to enhance
cell clusterization.

[0047] Amin H D, Brady M A, St-Pierre J P, Stevens M M,
Overby D R, Ethier C R, “Stimulation of chondrogenic dif-
ferentiation of adult human bone marrow-derived stromal
cells by a moderate-strength static magnetic field”, Tissue
EngPart A. 2014 June; 20(11-12):1612-20. doi: 10.1089/ten.
tea.2013.0307. Epub 2014 Feb. 7, disclose that tissue-engi-
neering strategies for the treatment of osteoarthritis would
benefit from the ability to induce chondrogenesis in precursor
cells. One such cell source is bone marrow-derived stromal
cells (BMSCs). The effects of moderate-strength static mag-
netic fields (SMFs) on chondrogenic differentiation in human
BMSCs in vitro were examined. Cells were cultured in pellet
form and exposed to several strengths of SMFs for various
durations. mRNA transcript levels of the early chondrogenic
transcription factor SOX9 and the late marker genes ACAN
and COL2A1 were determined by reverse transcription-poly-
merase chain reaction, and production of the cartilage-spe-
cific macromolecules sGAG, collage type 2 (Col2), and pro-
teoglycans was determined both biochemically and
histologically. The role of the transforming growth factor
(TGF)-p signaling pathway was also examined. Results
showed that a 0.4 T magnetic field applied for 14 days elicited
a strong chondrogenic differentiation response in cultured
BMSCs, so long as TGF-$3 was also present, that is, a syn-
ergistic response of a SMF and TGF-f33 on BMSC chondro-
genic differentiation was observed. Further, SMF alone
caused TGF-f secretion in culture, and the effects of SMF
could be abrogated by the TGF-p receptor blocker
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SB-431542. These data show that moderate-strength mag-
netic fields can induce chondrogenesis in BMSCs through a
TGF-B-dependent pathway.

[0048] Alcaraz M, Olmos E, Alcaraz-Saura M, Achel D G,
Castillo 1., “Effect of long-term S0C]Hz magnetic field expo-
sure on the micronucleated polychromatic erythrocytes of
mice”, Electromagn Biol Med. 2014 January; 33(1):51-7.
doi: 10.3109/15368378.2013.783851. Epub 2013 Jun. 19,
disclose that in recent years extremely low-frequency mag-
netic fields (ELF-EMF) have become widely used in human
activities, leading to an increased chance of exposure to ELF-
EMEF. There are few reports on in vivo mammalian genotoxic
effects using micronucleus (MN) assays, which generally
have been used as a short-term screening system. They ana-
lyzed the possible genotoxic effect induced by long-term
exposure (7, 14, 21, 28[1d) of a S0C0Hz ELM-MF to mice by
measuring the increase in frequency of micronucleated poly-
chromatic erythrocyte in their bone marrow (MNPCEs) and
they compared it with that induced by 50CJcGy of X-rays.
Subsequently, they tried to reduce this chromosomal damage
by administering four antioxidants substances with radiopro-
tective capacities: dimethyl sulfoxide (DMSQ), 6-n-propyl-
2-thiouracil (PTU), grape-procyanidins (P) and citrus fla-
vonoids extract (CE). The increase in micronucleated cells
was higher in both physical treatments (ControlCJ<JELF-
EMF (p[<[0.01)<X-rays (p[1>10.001)); however, the
antioxidant substances only showed a genoprotective capac-
ity against the damage induced by ionizing radiation
(Ci>OPTUO-CIDMSO (p0OI<J0.001)>PCIFCICE
(p[0<[d0.001). The S00Hz ELM-MF increased MNPCEs in
mouse bone marrow, expressing a genotoxic capacity.
Administration of antioxidant substances with radioprotec-
tive capacities known to act through the elimination of free
radicals did not diminish the genotoxic effect induced by
ELM-MF.

[0049] Afida L, Soumaya G, Myriam E, Mohsen S, Hafedh
A., “Effects of Static Magnetic Field Exposure on Plasma
FElement Levels in Rat”, Biol Trace Elem Res. 2014 Jun. 5,
discloses that the magnetic fields (MFs) effect observed with
radical pair recombination is one of the well-known mecha-
nisms by which MFs interact with biological systems. SMF
influenced cellular antioxidant defense mechanisms by
affecting antioxidant enzymes such as superoxide dismutase
(SOD), glutathione peroxidase (GPx), and catalase (CAT).
However, there were insufficient reports about the effects of
SMF on macro and trace elements in serum, and the results
were contradictory until now. In the current study, 12 rats
were divided into two groups, namely as control and exposure
group (128 mT and 1 h/day during five consecutive days). The
macro and trace element concentrations in serum were exam-
ined. No significant difference was observed in the sodium
(Na), potassium (K), calcium (Ca), phosphorus (P), and sele-
nium (Se) levels in rat compared to control. By contrast,
exposure to SMF showed an increase in the zinc (Zn) level
and a decrease in iron (Fe) concentration. Under the experi-
mental conditions, SMF exposure cannot affect the plasma
levels of macroelements, while it can disrupt Zn and Fe con-
centrations in rat.

[0050] Afida [, Soumaya G, Mohsen S, Abdelmelek H.,
“Vitamins and glucose metabolism: the role of static mag-
netic fields”, Int J Radiat Biol. 2014 Jun. 5:1-23, presents a
review if their own data and other data from the literature of
Static Magnetic Fields (SMFs) bioeffects and, vitamins and
glucose metabolism. Three main areas of investigation have
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been covered: static magnetic field and glucose metabolism,
Static magnetic field and vitamins and role of vitamins on
glucose metabolism. They conclude that the primary cause of
changes in cells after incubation in external SMF is disruption
of free radical metabolism and elevation of their concentra-
tion. Such disruption causes oxidative stress leading to an
unsteadiness of glucose level and insulin release. Moreover,
based on available data, it was concluded that exposure to
SMFs alters plasma levels of vitamin A, C, D and E. these
parameters can take part in disorder of glucose homeostasis
and insulin release.
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low-frequency electromagnetic fields (ELF-EMF) therapeu-
tic use, especially in the field of oncology. Recent data sug-
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a pronounced antitumor activity on sarcoma-180 in mice. It
was shown that 4 Hz EMF have pronounced effects on physi-
cochemical properties of water and water solution. Therefore,
the aim of the present work was the comparative study of the
modulation effect of ELF-EMF on cisplatin-induced changes
cell hydration and number of ouabain receptors in membrane
of sarcoma-180 tumor tissues. Tissue hydration was mea-
sured as wet weight/dry weight and expressed as a water
content of g/g in dry weight. The number of 3H-ouabain
receptors in membrane was counted by isotope scintillation
counter. In conclusion, ELF-EMF can be a possible tool for
stimulation of cisPt antitumor effect.
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mouse survival, tumor growth inhibition and decreased
immunoreactive p53 after exposure to magnetic fields”, Bio-
electromagnetics, Volume 23, Issue 3, pages 230-238, April
2002, discloses that the possibility that magnetic fields (MF)
cause antitumor activity in vivo has been investigated. Two
different experiments have been carried out on nude mice
bearing a subcutaneous human colon adenocarcinoma
(WiDr). In the first experiment, significant increase in sur-
vival time (31%) was obtained in mice exposed daily to 70
min modulated MF (static with a superimposition of 50 Hz)
having a time average total intensity of 5.5 mT. In the second
independent experiment, when mice bearing tumors were
exposed to the same treatment for four consecutive weeks,
significant inhibition of tumor growth (40%) was reported,
together with a decrement in tumor cell mitotic index and
proliferative activity. A significant increase in apoptosis was
found in tumors of treated animals, together with a reduction
in immunoreactive p53 expression. Gross pathology at
necroscopy, hematoclinical’hematological and histological
examination did not show any adverse or abnormal effects.
Since pharmacological rescue of mutant p53 conformation
has been recently demonstrated, the authors suggest that MF
exposure may obtain a similar effect by acting on redox
chemistry connected to metal ions which control p53 folding
and its DNA-binding activity.
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spread and growth ina breast cancer model”, Plasma Science,
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IEEE Transactions on (Volume:30, Issue: 4 Page(s): 1552-
1557) (August 2002) 10.1109/TPS.2002.804209, discloses
that the possibility that magnetic fields (MFs) induce antican-
cer activity in vivo has been investigated by using a highly
metastatic human cancer model transplanted in immunoin-
competent mice (CD-1, nu-nu). The nude mice, bearing a
subcutaneous human breast tumor (MDA-MB-435), were
exposed for 70 min daily, for six consecutive weeks, to modu-
lated MF (static with a superimposition of extremely low-
frequency fields at 50 Hz) having a time-average total inten-
sity of 5.5 mT. A positive control group was treated with a
chemotherapeutic agent (cyclophosphamide). Neither MF
nor cyclophosphamide significantly reduced the total number
of pulmonary metastases. Both treatments induced a signifi-
cant inhibition on spread and growth of intermediate (10-100
cells) and large (>100 cells) lung metastases compared with
the MF sham-treatment. The inhibition induced by the MF
was significantly greater than that observed in mice treated
with cyclophosphamide. Gross pathology at necroscopy,
hematoclinical/hematological, and histological examination
did not show any toxic or abnormal effects.
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growth inhibition and apoptosis, Bioelectromagnetics. 2001
September; 22(6):419-28, discloses that the ability of static
and extremely low frequency (ELF) Magnetic Fields (MF) to
interfere with neoplastic cell function has been evaluated. In
vitro experiments were carried out to study the role of MF
characteristics (intensity, frequency, and modulation) on two
transformed cell lines (WiDr human colon adenocarcinoma
and MCF-7 human breast adenocarcinoma) and one non-
transformed cell line (MRC-5 embryonal lung fibroblast).
Increase in cell death morphologically consistent with apop-
tosis was reported exclusively in the two transformed cell
lines. Cell-death induction was observed with MF of more
than 1 mT. It was independent of the MF frequency and
increased when modulated MF (static with a superimposition
of ELF at 50 Hz) were used. Based on the in vitro results, four
different MF exposure characteristics were selected and used
to treat nude mice xenografted with WiDr cells. The treatment
of nude mice bearing WiDr tumors subcutaneously. with
daily exposure for 70 min to MF for 4 weeks caused signifi-
cant tumor growth inhibition (up to 50%) by the end of the
treatment when modulated MF were used for at least 60% of
the whole treatment period and the time-averaged total MF
intensity was higher than 3.59 mT. No toxic morphological
changes induced by exposure were observed in renewing,
slowly proliferating, or static normal cells.
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hepatocellular carcinoma with very low levels of amplitude-
modulated electromagnetic fields”, British Journal of Cancer
(2011) 105, 640-648. doi:10.1038/bjc.2011.292 www.bjcan-
cer.com, discloses that a single-group, open-label, phase I/
study was performed to assess the safety and effectiveness of
the intrabuccal administration of very low levels of electro-
magnetic fields amplitude modulated at HCC-specific fre-
quencies in 41 patients with advanced HCC and limited thera-
peutic options. Three-daily 60-min outpatient treatments
were administered until disease progression or death. Imag-
ing studies were performed every 8 weeks. The primary effi-
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cacy end point was progression-free survival 6 months. Sec-
ondary efficacy end points were progression-free survival and
overall survival. Treatment was well tolerated and there were
no NCI grade 2, 3 or 4 toxicities. In all, 14 patients (34.1%)
had stable disease for more than 6 months. Median progres-
sion-free survival was 4.4 months (95% CI 2.1-5.3) and
median overall survival was 6.7 months (95% CI 3.0-10.2).
There were three partial and one near complete responses.
They conclude that treatment with intrabuccally administered
amplitude-modulated electromagnetic fields is safe, well tol-
erated, and shows evidence of antitumour effects in patients
with advanced HCC.
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SUMMARY OF THE INVENTION

[0258] The present technology proceeds from an under-
standing that biological nucleic acids contain information,
which is a part of their structure. The structure, in turn, cor-
responds to various types of waves and resonances, which are
information-coding sequence dependent.

[0259] Further, the same waves and resonances correspond
to the biological nucleic acids, and their respective informa-
tion sequences. Therefore, by conveying the electromagnetic
signals that correspond to a biological nucleic acid, its infor-
mation content can be conveyed.

[0260] The present technology is supported by data which
shows that signals from highly diluted biological nucleic
acids from particular sources emit electromagnetic signals,
and that these signals, whether immediately amplified and
presented, or recorded and amplified and presented to a speci-
men container which holds nucleic acid precursors, but starts
without nucleic acids, results in production of the correspond-
ing nucleic acid. Further, the signals may selectively exert
toxic effects on certain cell types, but not others, which may
result from for in situ formation of the nucleic acids corre-
sponding to the signals in the cells.

[0261] It is noted that the DNA which emits electromag-
netic signals typically comes from natural living sources, and
therefore may include epigenetic modifications, free radical
effects and adducts, and other chemical modifications that
cause it to be incompletely described by its base pair
sequence.

[0262] The present technology further provides a simple
procedure for transducing DNA from some bacterial patho-
gens into living cells in culture, with induction of cytopathic
effect in these cells. The actual mechanism by which this
cytopathic effect, which is selectively dependent on both the
source DNA being transduced, and the target cells, is not
known; however, it is believed that the signals themselves are
not merely representative of a biological nucleic acid, but
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rather the organization of the water and perhaps other solutes
in the solution around the nucleic acid. Likewise, the strength
ofthe signal implies that the source is not a single sequence of
DNA, and the basis for synchronization of emissions by a
plurality of emission sources is not known. The signal repre-
sents a resonance with respect to a stable arrangement of
water molecules, and that when a water sample is subjected to
the electromagnetic signals, the corresponding resonance is
established, and in a medium where the nucleic acid precur-
sors are present, the emitted electromagnetic signals from a
first sample of biological nucleic acids can induce formation
of the corresponding biological nucleic acid in another
sample.

[0263] This procedure opens the way to pinpoint in patho-
genic organisms some DNA sequences which play a specific
role in chronic diseases, even when the pathogenic agent have
not yetbeen identified. That is, since the signals correspond to
biological DNA in a bidirectional manner, the electromag-
netic signals emitted by a sample may be analyzed to yield
information about biological nucleic acids within the sample,
and part of this analysis may include determining the biologi-
cal effect of the electromagnetic signals on cellular systems.
[0264] Ttis noted that present data reveals that not all DNA
emits electromagnetic signals, and that DNA that emits elec-
tromagnetic signals appear to emit different signals. How-
ever, the reason for these distinctions is not yet known.
[0265] New therapeutics targeted towards these DNA
sequences may be derived. For example, it may be that elec-
tromagnetic signal transduction of DNA is biologically rel-
evant in nature, and thus that physical contact between a
source DNA molecule and a targeted effector is not necessary
in order to generate an observable effect. However, the pau-
city of prior data demonstrating this effect in the absence of
specialized instruments tends to indicate that the effect is not
significant in nature, and that careful capture of the signals,
amplification, and repetition over a long direction, may be
required in order for significant effects to be observed. One
type of therapeutic regimen involves subjecting a patient or
organ of a patient to electromagnetic signal emissions from a
particular source corresponding to a biological nucleic acid,
which may be both high intensity and prolonged duration.
Another type of therapy involves administration of agents that
can disrupt or interrupt the effect of the signals on a biological
systenl. For example, various compounds may interfere with
the transduction of the electromagnetic signal into a biologi-
cally active nucleic acid. A further type of therapy involves
emitting a signal that interferes with an electromagnetic sig-
nal, and thus interrupts its effect. Further therapies are pos-
sible as well.
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20130224788, US 20130217000, US 20130196939, US
20130143205, US 20120024701, US 20110076710, US
20110027774,  US 20100323391, WO2012142568,
WO02013113000), and published papers (Montagnier, Luc, et
al. “Electromagnetic signals are produced by aqueous nano-
structures derived from bacterial DNA sequences.” Interdis-
ciplinary Sciences: Computational Life Sciences 1.2 (2009):
81-90., Montagnier, Luc, et al. “DNA waves and water.”
Journal of Physics: Conference Series. Vol. 306. No. 1. IOP
Publishing, 2011., Montagnier, Luc, et al. “Electromagnetic
detection of HIV DNA in the blood of AIDS patients treated
by antiretroviral therapy.” Interdisciplinary Sciences: Com-
putational Life Sciences 1.4 (2009): 245-253.; Montagnier,
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Luc. “Electromagnetic signaling from DNA: a new biomar-
ker of chronic infection.” Chinese Bulletin of Life Sciences 3
(2010): 015.,) the inventors and others have described the
possibility of capturing and recording electromagnetic sig-
nals of low frequency (EMS) emitted by DNA of pathogenic
viruses and bacteria. Each of the foregoing references is
expressly incorporated herein by reference in its entirety.
[0267] These emissions are produced at certain dilutions of
DNA in water upon excitation by lower wave frequencies of
natural or artificial origin.

[0268] That is, the signals are emitted based on energy
provided to the sample either from a variety of environmental
sources, or a laboratory electromagnetic signal source. Prior
work has also shown that agitation of the sample may be a
source of energy for emissions of EMS for a period thereafter.
[0269] The EMS are believed to convey information repre-
senting the specific sequence of the DNA, since, from their
digital recording, the DNA sequence can be reproduced in
distant laboratories by Polymerase Chain Reaction (PCR).
We describe this phenomenon as photonic transduction of
DNA.

[0270] In experiments conducted by the inventors, not all
DNA sequences appear to produce EMS which have known
significance. In certain cases, the PCR-derived DNA ampli-
con was itself able to emit EMS which could be recorded and
transmitted at a distance.

[0271] This is particularly the case of an amplicon derived
from the 168 ribosomal DNA sequence of Borrelia burgdor-
feri, the agent of Lyme disease, whose PCR (947 base pairs)
and nested PCR (499 base pairs) primer sequences are as
follows:

[0272] Inner

(SEQ ID NO: 1)

BORR16S inS 5' -CAATCYGGACTGAGACCTGC

and

(SEQ ID NO: 2)

BORR16S 1nAs 5' -ACGCTGTAAACGATGCACAC.

[0273] Oneaspect of the present invention describes a setof
new PCR primers for detecting a 400 bp DNA sequence
uniquely present in the red blood cells of HIV infected
patients, whatsoever their geographical location and their
ethnic origin. This 400 bp DNA sequence has not been
detected in the red blood cells of HIV negative individuals.
The 400 bp sequence has some sequence homology with the
“Gypsy” retrotransposon sequence of human genomic DNA
(e.g., 70-80%). The sequences of the primers are the follow-
ing:

PRICK 1 §
(SEQ ID NO: 4)
5'- CCT GAG AAG AGA TTT AAG AAC ARA

PpRICK 1 AS
5'- CCA TAT ACT GCT TCT ARY TGC T

[0274] The optimal conditions for detecting the 400 bp
amplicon by PCR in red blood cells are: annealing tempera-
ture of 56 degrees Celsius, with 50 cycles of amplification (up
to about 70 cycles) in a thermocycler.

[0275] However, this sequence appears to be part of the
human genome, as it is detected also by the same primers in a
99% homologous sequence located in the p region of human
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chromosome 1 (using BLAST against a human genome data-
bank), a region distant from that of the 237 bp sequence
(located in the q region), discussed in U.S. patent application
Ser. No. 13/752,003 (Montagnier), US Pat. Pub. 2013/
0196939, also located in human chromosome 1 (See Example
2).

[0276] The specificity of the Borrelia burgdorferi primers
was checked first on the Borrelia burgdorferi DNA and then
in patients suffering of Lyme disease. In 8 Lyme patients of
chronic Lyme disease of the East Coast of the USA, all
showed emissions of EMS from DNA derived from their
plasma according to the procedure defined in US
20120024701; see also L. Montagnier, J. Aissa, S. Ferris, J1.
Montagnier, and C. Lavallee. “Electromagnetic Signals Are
Produced by Aqueous Nanostructures Derived from Bacterial
DNA Sequences” Interdiscip Sci Comput Life Sci. 1:81-90
(2009); and L Montagnier, J Aissa, E Del Giudice, C Lavallee,
A Tedeschiand G Vitiello. “DNA waves and water”. J. Phys.:
Conference Series Volume 306 Number 1. 012007 (2011),
Luc Montagnier, Emilio Del Giudice, Jamal Aissa, Claude
Lavallee, Steven Motschwiller, Antonio Capolupo, Albino
Polcari, Paola Romano, Alberto Tedeschi, Giuseppe Vitiello,
“Transduction of DNA information through water and elec-
tromagnetic waves”, Electromagn Biol Med, 2015; 34(2):
106-112, informahealthcare.com/ebm, ISSN: 1536-8378
(print), 1536-8386 (electronic), doi: 10.3109/15368378.
2015.1036072 (2015), each of which is expressly incorpo-
rated herein by reference in its entirety, and from the 499 bp
band (amplicon) obtained by PCR from 168 ribosomal DNA
of Borrelia burgdorferi. This suggests a persistence of the
microbial agent in these patients in the chronic phase of the
disease, and a possible pathogenic role of the nano-structures
present in the blood circulation.

[0277] Therecording ofthe electromagnetic signals (EMS)
associated with this amplicon, named BB16, has been suc-
cessfully used to transduce the corresponding DNA in water
tubes, according to the procedure reported in Montagnier et
al., “DNA waves and water”, J. Phys.: Conference Series
Volume 306 Number 1. 012007 (2011)

[0278] It was also sent over to and reproduced in a distant
laboratory (Gottingen, Germany). The DNA sequence was
reconstituted from water nanostructures, by using all the
ingredients of PCR, using the protocol disclosed in Montag-
nier et al., “DNA waves and water”, J. Phys.: Conference
Series Volume 306 Number 1. 012007 (2011), and US
20120024701, and U.S. 61/476,110 (“Remote Transmission
of Electromagnetic Signals Inducing Nanostructures Ampli-
fiable into a Specific DNA Sequence”, Apr. 15,2011), which
are expressly incorporated herein by reference, which show
that the TAQ polymerase used in PCR was able to read and
synthesize the sequence from the specific water nanostruc-
tures induced by EMS.

[0279] The characteristics of the EMS which have biologi-
cal effect have not been elucidated, and statistical tests and
other forms of analysis have not revealed distinct significant
differences from EMS not associated with biological effects.
However, the full analysis is not completed, and of course the
digital sequences which represent the EMS are of course not
the same.

[0280] It is therefore an object to provide a system and
method for the “teleportation” of some DNA sequences by
electromagnetic waves into living cells. This is evidenced in
selected cases by the ability to measure DNA associated with
a source of the signal in the living cells, though cytotoxicity
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may result in death of those cells. The DNA is not measured
in cells not subject to the treatment, is dependent on the type
of DNA used as a source, and occurs selectively in certain cell
types.

[0281] An system is provided for inducing cytotoxicity,
comprising: a receiver configured to receive an electromag-
netic signal from a container, using a receiver configured to
capture electromagnetic emissions from the container over a
frequency range; an amplifier configured to amplify the
received electromagnetic signal; and an emitter configured to
emit the amplified electromagnetic signal in proximity to
living cells.

[0282] A method of producing cytotoxicity is provided,
comprising: amplifying DNA from a source, e.g., a pathogen,
using polymerase chain reaction technology; purifying the
amplified DNA; serially diluting and mixing the purified
DNA in water, to generate a dilute DNA sample in a con-
tainer; receiving an electromagnetic signal from the con-
tainer, using a receiver configured to capture electromagnetic
emissions from the container over a frequency range; option-
ally recording the received electromagnetic signal; amplify-
ing the received electromagnetic signal; and emitting the
amplified electromagnetic signal in proximity to living cells.
[0283] The serially diluting may comprise obtaining a por-
tion of a prior sample, diluting the portion of the prior sample
with medium containing no DNA, and mixing the diluted
portion until uniform. The diluting conveniently comprise
diluting 1:9, to result in 10 fold dilutions. The medium may be
at least one of water, and a water-ethanol mixture. The serial
dilutions are conducted over a range of, e.g., 107 to 107>,
Typically, the 10~ dilution will be negative, and may serve
as a control instead of or in addition to pure medium. The
signals may require solutions in excess of 1072 to be observed.
Therefore, dilutions of 107", 1072 1073, 107, 107%, 107,
1077, 1078, 107%, 1071, 1071, 10712, 107%3, 1074, 1071,
10719, 10717, 107*%, ete. may be obtained.

[0284] The received electromagnetic signal may be
obtained over a band of 1500-2000 Hz, 400-4000 Hz, 100-
10,000 Hz, 20-20,000 Hz, or <10 Hz to =22 kHz. The signal
may berecorded for, e.g., 6 seconds, though a range of record-
ing times of 1, 2,3, 4,5,6,7,8,9,10, 12, 15, 20, 25, 30, 04,
60, 100, 200, 400, 800, 1500, 3000, 6000, 12000, 18000,
30000, 60,000 seconds, or more, is possible.

[0285] The pathogen may comprise, for example, a Borre-
lia or a Ricketsiales.

[0286] Serial dilutions of the purified DNA may be ana-
lyzed for significant electromagnetic emissions by compari-
son with control samples that do not have DNA, and an
amplitude of emissions within a band of 1500-2000 Hz is
compared with control sample. Significant electromagnetic
emissions may be determined by having an amplitude of
emissions in a band of 1500-2000 Hz of at least 10% over a
control sample.

[0287] According to one prototype embodiment, 1 the
pathogen comprises Borrellia burgdorferi and the living cells
comprise HL60 cells (ATCC CCL-240™), or SUM-159 cells
(Flanagan [, Van Weelden K, Ammerman C, Ethier S P,
Welsh J., “SUM-159PT cells: a novel estrogen independent
human breast cancer model system”; Breast Cancer Res
Treat. 1999 December; 58(3):193-204; Forozan F, Veldman
R, Ammerman C A, Parsa N Z, Kallioniemi A, Kallioniemi O
P, Ethier S P (1999) Molecular cytogenetic analysis of 11 new
breast cancer cell lines. Br J Cancer 81: 1328-1334) or U937
cells (histiocytic lymphoma, ATCC CRL 1593.2™) or MCF7
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cells (breast cancer, ATCC HTB-22™), each of which exhib-
its a cytopathic effect when exposed to EMS derived from
Borrellia burgdorferi, e.g., the BB16 EMS signal.

[0288] The amplified electromagnetic signal may be emit-
ted by transducing the amplified signal with a copper coil
having 3 layers of 420 spirals of copper wire over a bobbin
length of 80 mm, an internal diameter of 50 mm, and a
resistance of about 6 Ohms. The amplifying may comprise
amplifying over a pass band from 10 Hz to 20 kHz, with a
variable output power of up to 140 W RMS. The living cells
may be exposed to the amplified electromagnetic signal hav-
ing a field strength of about 5 microTesla. The exposure may
befor1,2,3.4,5,6,7,8,9,10,11, 12, 13, 14 or more days.
Inthe prototype, cytotoxicity was observed in 3 days, and cell
death seen at 5 and was complete by 8 days.

[0289] Ttis believed that the signal sequence (e.g., defined
by the source of the EMS), magnetic field strength and dura-
tion are the relevant factors. Due in part to the relatively low
frequencies, the magnetic field is transduced through a sole-
noid with a hollow core, in which a sample may be placed.
[0290] When live cells are continuously exposed to the
EMS for several days, e.g., the BB16 EMS signal, a test was
conducted to changes in the cells. It was found that, despite
the absence of Borrelia in the sample, PCR was able to
produce an amplicon from the cells that included a DNA
sequence identical to the DNA which was the origin of the
BB16 EMS signal, which was not found in sterile controls. At
the same time, there was a strong growth inhibition of the
cultured tumor cells, followed by observed death of the
majority of the tumor cells.

[0291] The effect appeared specific for tumor cells of vari-
ous types, e.g., HL60 cells, SUM-159 cells, U937 cells, and
MCF7 cells. Non-tumor cells, such as mesenchymatous stem
cells, fibroblasts, activated lymphocytes from healthy blood
donor were tested, and did not display the cytopathic effects,
and no amplification of Borrelia DNA by PCR was observed.
[0292] Because of this differential sensitivity of neoplastic
as compared to normal cells, this technology may be used as
a therapy for various neoplastic diseases. According to one
embodiment, an apparatus is provided for exposing small
animals (whole body) to the EMS.

[0293] Theapparatus comprises a solenoid having a square
section that has an aperture providing a space suitable for
placing two standard size plastic mice cages (290x220x140
mm), and about 80 cm long, configured to provide a magnetic
field strength in a frequency range of about 20 Hz to at least
10,000 Hz of at least 5 microTesla and in some embodiments
exceeding 180 milliTesla. A current of between about 2-10
Amperes (RMS) circulates in the coil, resulting in a magnetic
field of 180 milliTesla. Under these conditions, no disturbing
heat is released into the tunnel.

[0294] Similar to the in vitro experiment, the animals (in
plastic cages devoid of metal pieces) are exposed continu-
ously to the BB16 EMS emitted from the coil for a period of
12 days. During this 12 day exposure, the cages are taken out
of the tunnel only for short term animal care.

[0295] Exposure to the same magnetic signals of healthy
mice non-inoculated with tumor cells does not alter their
physical behavior nor their blood cell count.

[0296] An apparatus for treatment of small animals com-
prises, for example, a laptop computer (e.g., a Sony laptop
running Windows 8.1) which stores in digital format recorded
signals derived from a PCR amplified and aqueous solution
(e.g., distilled water) diluted sample of a 499 BP fragment of
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the 168 ribosomal DNA of the B31 strain of Borrelia burf-
dorferi (ATCC 35210™), or other DNAs from pathogenic
bacteria. The output may be the internal digital to analog
converter of the laptop, or an external device (USB con-
nected), such as the Creative Soundbalster X-Fi HD, or X-Fi
Surround 5.1 Pro. A 20x amplifier is employed, e.g., from
Conrad.

[0297] Because these frequencies are similar to the human
audio spectrum, advantageously, an audio amplifier may be
used, which typically provide power outputs of 50-150 or
higher Watts per channel, into 4 or § Ohms, over a range of 20
Hz-20 kHz, with less than 1% total harmonic distortion. It is
believed that the relevant frequency range for the EMS
extends from about 50 or 100 Hz to 2500 Hz, with peaks
observed in the 1500 Hz range, and therefore electronic
equipment that handles at least this range may be used.

[0298] Similarly, because the target EMS has these charac-
teristics, audio equipment may be used to acquire and process
the signals, such as so-called “sound cards” and other com-
puter-audio interfaces. Typically, the inputs of such devices
sample atabout 44 kHz or 48 kHz, and therefore are above the
Nyquist frequency of the signals of interest. Likewise, the
digitizers have 14-16 bits or higher resolution, which is
believed to be more than adequate. As discussed above, Mat-
lab may be used as a tool to analyze the signals, but this is by
no means the only available software. Other available pack-
ages include Octave, Scilab/Xcos, NumPy/Python, SciPy/
Python, Julia, and R, for example.

[0299] Similarly, a device for treatment of humans may be
provided, which may have characteristics similar to magnetic
resonance imaging field magnets, though the field strength
need not be as high as used in MRI. It is not believed that the
field uniformity need by high, as is a requirement of tradi-
tional MM. Likewise, while MRI employs perturbed static
fields, the present technology employs a dynamic field. Sens-
ing coils are not required according to the present technology.
The coil may encompass the entire human body, or provide
localized treatment, such as the cranium. It is believed that the
therapy may be intermittent, and thus continuous exposure to
the EMS over several days is not required, and rather the
therapy may be provided for several hours per day over a
duration of days or weeks.

[0300] A device for human brain tumor treatment is pro-
vided, in which the coil is configured to surround the head of
the patient. The generator of magnetic field is composed of
two Helmoltz coils which are placed symmetrically close to
the temporal sides of the patient’s head. The magnetic fieldin
the middle of the head is in the order of 100 mTesla (mil-
liTesla). The helmet associating the two coils should be either
fixed on a mobile stand (patient sitting down in a chair) or
fixed to a wall (patient lying in a bed). In some cases, the coil
and apparatus can be sufficiently portable to permit the
patient to stand and walk. For example, a lithium ion battery
pack may permit untethered operation for minutes to hours,
while tethered operation may permit operation indefinitely.
Exposure of the patient to the magnetic field is preferably
continuous, to the extent feasible, and maintained until com-
plete disappearance of the tumor upon MRI. Gaps in therapy,
such as for bathing, diagnostic tests, etc, are acceptable. Other
treatments (radio-therapy, chemotherapy) are preferably dis-
continued during the period of EMS exposure, as itis believed
that actively dividing tumor cells are more sensitive to the
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magnetic signaling. Similarly, a whole body device may be
used for treatment of tumors existing in other parts of
patient’s body.

[0301] The exposed living cells may be analyzed for DNA
from the source by PCR using primers adapted to amplify the
DNA from the pathogen, e.g., primers specific fora 16S gene
of the pathogen. The effect is not limited to DNA correspond-
ing to 16S genes. Tests may be performed comparing DNA
from different sources, e.g., signals derived from different
pathogens, or different target living cells. It is of course noted
that the source DNA is not limited to DNA from pathogens,
and DNA from other organisms, or even synthetic DNA
sequences, may be employed. DNA from pathogens, how-
ever, has been found to selectively produce a cytotoxic effect
on certain target cells. A differential effect on different target
cells types may be determined. In some cases, the source of
the DNA may by a pathogen that harbors DNA from another
organism, for example, a Rickesiales is found in humans
infected with HIV that carries certain human genetic
sequences.

[0302] The DNA may be of various lengths, such as less
than 100 bp, 150 bp, 180 bp, 200 bp, 250 bp, 300 bp, 350 bp,
400 bp, 450 bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp, 1000
bp, or other lengths.

[0303] An analyzer may be provided to analyze an ampli-
tude of electromagnetic emissions. The analyzer may be con-
figured to determine whether the electromagnetic emissions
exceed an amplitude threshold within a define bandwidth.
The defined bandwidth may comprise 1,500 Hz to 2,000 Hz,
or consist essentially of 1,500 Hz to 2,000 Hz.

[0304] These and other object will become apparent after a
review of the disclosure herein, and these objects and the
preferred embodiments are not intended to be limiting on the
scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0305] The FIGURE shows a schematic diagram of a sys-
tem which transduces EMS from DNA and produce a cyto-
toxic effect in cells.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Example 1

[0306] The conditions described above for remote induc-
tion of Borrelia burgdorferi 16S RNA using the BB16
recorded EMS were artificial, and could not establish that the
same phenomenon could exist in nature in living cells. The
present technology covers precisely the missing link between
laboratory conditions and natural conditions, showing that
the same process could occur in living structures.

[0307] The detailed procedure used is as follows:

[0308] 1) Capture and Recording of the EMS:

[0309] The 16S ribosomal DNA partial sequence of Borre-
lia burgdorferi was amplified in a thermocycler (Eppendorff)
at 40 cycles with an annealing temperature of 61° C.

[0310] This optimal annealing temperature was optimized
ona pure DNA sample of Borrelia burgdorferi obtained from
ATTC. Initial denaturation was at 95° C. for 5 minutes. Each
Thermocycle included 30 seconds at 95° C., 30 seconds at 61°
C. and 60 seconds at 70° C. Final extension was at 70° C. for
10 minutes.
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[0311] Theamplified DNA (amplicon) was separated in an
agarose gel electrophoresis apparatus, and the 499 bp band
was extracted from the gel by using a Qiaquick gel extraction
kit (Qiagen).

[0312] The DNA concentration was adjusted to 2 ng/ml and
diluted in ten-fold dilutions in 1 ml of pure water in Eppen-
dorf plastic polyethylene conic tubes, under a laminar flow
hood.

[0313] Each serial dilution was strongly shaken for 15 sec-
onds in a Vortex shaker, before being used for the subsequent
dilution. Dilutions were from 10~ to 10™*° and each tube was
placed on top of a copper coil; the electric signal was recorded
twice for 6 seconds each by a micro-computer, after 500x
amplification and digitization by a sound card (SoundBlaster
X-FI HD, Creativelabs) as previously described (US
20110027774, US 20120024701, US 20130143205,
expressly incorporated herein by reference).

[0314] The signal was recorded in 2011 from Borrelia
DNA using the specific primers described above, SEQ 1D
NO: 1 and SEQ ID NO: 2. The amplicon showed typical
emission over the background in the range of 1500-2000
Hertz. The amplitude of the overall recording was measured
with the custom written routines for Matlab computer soft-
ware (Mathworks, Natick Mass.), which revealed a signifi-
cant increase in signal above background.

[0315] The increased amplitude over the background was
measured according to the formula:

% of signal power (dB/Hz)=Avg. Power from positive
sample dilutions—Avg. Power of negative unfil-
tered dilutionsx100

[0316] Average power of negative unfiltered dilutions: A
result lower or equal to 10% is considered as negative.
[0317] The electromagnetic signals (EMS) of the 16S ribo-
somal DNA of Borrelia burgdorferiprepared according to the
above method shows more than 20% increase over back-
ground (the standard error of the background being +/-2.5%),
and is therefore considered a positive response.

[0318] 2) EMS-Mediated Transduction of 16S BB DNA in
HL60 Cells.

[0319] HL601s a continuous cell line derived from a patient
with myeloblastic leukemia (Gallagher R, Collins S, Trujillo
I, etal. (1979). “Characterization of the continuous, differen-
tiating myeloid cell line (HL-60) from a patient with acute
promyelocytic leukemia”, Blood 54 (3): 713-33. PMID
288488) registered at ATCC (CCL-240™, promyeloblast
cells from acute promyelocytic leukemia). HL60 Cells were
grown in RPMI 16-40 medium supplemented with 10% fetal
calf serum, without antibiotics, in 25 ml Falcon flasks held
vertically in a 37° C. incubator with 5% CO2/air circulation.
The culture medium was changed every 4 days.

[0320] Cells were transferred to an incubator containing a
copper coil with the following characteristics:

[0321] bobbin length 80 mm,

[0322] internal diameter 50 mm,

[0323] R=5.93 ohms,

[0324] 3 layers of 420 spirals of copper wire,

[0325] The copper coil was connected to the output of an
amplifier (see FIG. 1) having the following characteristics:

[0326] pass band from 10 Hz to 20 kHz,
[0327] gain: 1to 20

[0328] input sensitivity 250 mV

[0329] output power 140 W RMS into 8 ohms.
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[0330] This amplifier was connected to a digital-analog
converter (SoundBlaster sound card, Creative Labs Inc.),
receiving a digital signal from a micro-computer playing the
Borrelia EMS file BB16.

[0331] Thecell flask (Falcon 25 mls) containing HL60 cells
1 00 000 in 8 mls of RPMI medium supplemented with 10%
offetal calf serum, was placed inside the copper coil receiving
a maximal output of 4 volts from the amplifier, in order to
prevent any heating of the flask. The magnetic field inside the
coil under these conditions was 5 microTesla (50 gauss).
[0332] Control experiments were performed using a blank
EMS file recorded from pure water, which was uncontami-
nated by DNA, and kept physically and magnetically isolated
from EMS derived from DNA.

[0333] When the HL60 cell culture was exposed to the
BB16 EMS file for 5-8 days, two effects could be observed: at
day 3 following the beginning of the exposure, an inhibition
of cell growth occurred, and at day 5 complete cell death was
observed. (SUM-159 cells, derived from human breast can-
cer, as also sensitive to the Borrelia BB16 EMS.)

[0334] At day 8, the culture was interrupted and the DNA
extracted from 200 microlitres of the cell suspension. An
analysis by PCR (70 cycles) of the HL60 sample, using the
specific 16S primers for Borrelia burgdorferi 16S RNA
showed on gel electrophoresis the specific 499 bp band of 163
DNA amplicon. Centrifugation experiments (2000 rpm, 5
minutes) show that this DNA is associated with the cell pellet
and is not present in the culture supernatant.

[0335] A control sample of the HL60 cells with the blank
EMS file did not produce the band under the same circum-
stances, and cell growth inhibition and cell death were not
observed, even during 8 days of culture inside the coil with
the 5 microTesla signal continuously emitted.

[0336] A control sample of human macrophage cells sub-
jected to with the BB16 EMS also did not produce the band
under the same circumstances, and cell growth inhibition and
cell death were not observed.

[0337] In particular, a culture of T-lymphocytes from a
human healthy donor, which were activated by Phytomagglu-
tinin (PHA) and Interleukin 2, was exposed similarly to the
BB16 EMS. There was no cytopathic effect nor any sign of
16S DNA presence by PCR even after 8 days of culture.
[0338] These result would indicate, for example, that nor-
mal human differentiated cells do not have the capacity to
transform the message carried by BB 16S EMS or by their
derived water nanostructures into 16S DNA.

[0339] 3) EMS-Mediated Transduction of Other DNAs in
HL60 Cells.

[0340] In order to see if this effect was specific to the
Borrelia 16SDNA, or was a general property of other ampli-
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con-produced EMS, similar HL60 cultures were exposed to
stored recordings of some other amplicons.

[0341] Indeed, cytopathic effects and specific DNA recon-
stitutions were obtained with EMS from the 700 bp amplicon
of the 16S ribosomal DNA from a bacterium (similar to a
Ricketsiales) associated with HIV infection (See
US20130196939 and WO 2013/113000, expressly incorpo-
rated herein by reference), the 400 bp amplicon from the same
bacterium is always associated with HIV infection, see U.S.
61/903,182 (“System And Method For The Detection and
Treatment of Infection by a Microbial Agent Associated With
HIV Infection”, expressly incorporated herein by reference).
This amplicon corresponds to a sequence of human genomic
origin (chromosome 1) but is carried by the bacterial co-
factor present in red blood cells.

[0342] However, the 194 bp LTR amplicon from HIV 1,
which is also an emitter of EMS, and was shown by the
inventors and also in other distant laboratories (see, www.
waterjournal .org/uploads/vol5/supplement/Montagnier.pdf,
expressly incorporated herein by reference) to be transduced
by its own EMS, did not induce cytopathic effect in HL60
cells, nor any DNA synthesis in these cells.

[0343] In addition, the 16S DNA amplicon of Sutterella
(See, US 20120207726, WO/2013/139861, expressly incor-
porated herein by reference) which was shown by the inven-
tors in earlier work to be present in the blood of autistic
children, did not induce EMS nor any effects on HL60 cells.
[0344] Therefore, a method is now provided to transmit
through recordable and digitizable electromagnetic signals, a
DNA sequence in living cultivated cells, wherein the signal
and/or the DNA sequence have a specific biological effect.

[0345] EMS have been detected in prepared samples from
clinical specimens from patients suffering from certain
chronic diseases. This would indicate that these EMS may
play a role or be indicative of a process related to the persis-
tence of the infectious agents and may contribute to their
pathogenic effects. There is some evidence that DNA
extracted from some tissues in certain chronic diseases has
free radical modifications, and as discussed above, a number
of prior researchers have associated free radical effects with
EMS interactions.

[0346] Moreover, the successful transduction in living cells
of the DNA specified by the EMS would indicate that such
cells do possess the enzymatic capacity (DNA polymerase) to
read the water nanostructures which represent the DNA
sequence which is used to create the EMS. This property is
therefore not a unique characteristic of the TAQ polymerase
used in PCR, and may play a role in natural living organisms
under physiological and pathogenic conditions.

TABLE 1

File

DNA Cytopathic effect DNA in cells

length HL60 Lymphocytes HL60 Lymphocytes EMS

168 ribosomal DNA of B. Burgdorferi
168 ribosomal DNA of the bacterial

cofactor of HIV

Human sequence pRick of the bacterial

cofactor of HIV (See, U.S. 20130196939)

Same human sequence of genomic DNA
168 ribosomal DNA of Sutterella

LTR HIVLai

499bp  ++ — Yes No +
700bp o+ Yes +
400bp  ++ Yes +
400bp - No

260bp - No -

194 bp - No
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[0347] Various modifications and variations of the
described methods, procedures, techniques, and composi-
tions as the concept of the invention will be apparent to those
skilled in the art without departing from the scope and spirit of
the invention. Although the invention has been described in
connection with specific preferred embodiments, it should be
understood that the invention as claimed is not intended to be
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limited to such specific embodiments. Various modifications
of the described modes for carrying out the invention which
are obviousto those skilled in the art, are intended to be within
the scope of the following claims.

[0348] Each document, patent application or patent publi-
cation cited by or referred to in this disclosure is incorporated
by reference in its entirety.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Borrelia burgdorferi

«<400> SEQUENCE: 1

caatcyggac tgagacctge

<210> SEQ ID NO 2

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Borrelia burgdorferi

<400> SEQUENCE: 2

acgctgtaaa cgatgcacac

<210> SEQ ID NO 3

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

«223> OTHER INFORMATION: Ricketsiales

<400> SEQUENCE: 3

cctgagaaga gatttaagaa caaa

<210> SEQ ID NO 4

<211> LENGTH: 22

<212> TYPE: DNA

«213> ORGANISM: Unknown

<220> FEATURE:

«223> OTHER INFORMATION: Ricketsiales
<220> FEATURE:

«221> NAME/KEY: n

«222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: n = g or a
<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (17)..(18)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: n

«222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: n = t or ¢

<400> SEQUENCE: 4

ccatatactg cttctanntg ct

20

20

24

22
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What is claimed is:

1. A method of producing cytotoxicity, comprising:

amplifying DNA from a pathogen using polymerase chain

reaction technology;

purifying the amplified DNA;

serially diluting and mixing the purified DNA in water, to

generate a dilute DNA sample in a container;

receiving an electromagnetic signal from the container,

using a receiver configured to capture electromagnetic
emissions from the container over a frequency range of
at least 100 Hz to 10,000 Hz;

optionally recording the received electromagnetic signal;

amplifying the received or optionally recorded electro-

magnetic signal; and

emitting the amplified electromagnetic signal in proximity

to living cells.

2. The method according to claim 1, wherein the purified
DNA is constituted as 2 ng/ml in water, and serially diluted
over a range within 1072 to 107>

3. The method according to claim 1, wherein the received
electromagnetic signal is digitally recorded for about 6 sec-
onds over a bandwidth of at least 400 Hz to 4 kHz.

4. The method according to claim 1, wherein the pathogen
is of a genus selective from the group consisting of Borrelia
and Ricketsiales.

5. The method according to claim 1, wherein serial dilu-
tions of the purified DNA are analyzed for significant elec-
tromagnetic emissions by comparison with control samples
that do not have DNA, and an amplitude of emissions within
a band of 1500-2000 Hz from the diluted purified DNA
sample is quantitatively compared with control sample.

6. The method according to claim 1, wherein the pathogen
comprises Borrellia burgdorferi and the living cells comprise
transformed neoplastic cells, wherein the emission of the
amplified electromagnetic signal in proximity to the trans-
formed neoplastic cells is cytoxic to the transformed neoplas-
tic cells.

7. The method according to claim 1, wherein said emitting
the amplified electromagnetic signal comprises transducing
the amplified signal with a copper coil having 3 layers of 420
spirals of copper wire over a bobbin length of 80 mm, an
internal diameter of 50 mm, and a resistance of about 6 Ohms,
and said amplifying comprises amplifying over a pass band
from 10 Hz to 20 kHz, with a variable output power of up to
140 W RMS.

8. The method according to claim 1, wherein the living
cells are exposed to the amplified electromagnetic signal
having a field strength of about 5 microTesla for at least 3
days.

9. The method according to claim 8, further comprising
using polymerase chain reaction technology to amplify DNA
from the exposed living cells with primers adapted to amplify
the DNA from the pathogen.
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10. The method according to claim 1, wherein the ampli-
fying of DNA from the pathogen using polymerase chain
reaction technology comprises employing primers specific
for a 16S gene of a prokaryotic pathogen.

11. The method according to claim 1, wherein signals from
DNA of at least two different pathogens are received, and
separately used as a source of the amplified electromagnetic
signal in proximity to the living cells.

12. The method according to claim 1, wherein the ampli-
fied DNA has a length of at least 100 bp.

13. The method according to claim 2, wherein the pathogen
is a prokaryote, and the amplified DNA from the pathogen
corresponds to human DNA.

14. An system for inducing cytotoxicity, comptising:

a receiver configured to receive an electromagnetic signal
from a container, using a receiver configured to capture
electromagnetic emissions from the container over a
frequency range of at least 100 Hz to 10,000 Hz;

an amplifier configured to amplify the received electro-
magnetic signal; and

an emitter configured to emit the amplified electromag-
netic signal in proximity to living cells.

15. The system according to claim 14, further comprising a
recorder configured to record the received electromagnetic
signal for about 6 seconds over a bandwidth of at least 400 Hz
to 4 kHz.

16. The system according to claim 14, further comprising
an analyzer configured to analyze an amplitude of the elec-
tromagnetic signal received from the container.

17. The system according to claim 16, the analyzer is
configured to determine whether the electromagnetic emis-
sions exceed an amplitude threshold within a defined band-
width.

18. The system according to claim 17, wherein the defined
bandwidth comprises 1,500 Hz to 2,000 Hz.

19. The system according to claim 14, wherein the emitter
comprises a copper coil having 3 layers of 420 spirals of
copper wire over a bobbin length of 80 mm, an internal
diameter of 50 mm, and a resistance of about 6 Ohms, and
wherein the amplifier has a pass band from 10 Hz to 20 kHz,
and a variable output power of up to 140 W RMS, such that
the emitter is configured to emit the amplified electromag-
netic signal having a field strength of about 5 microTesla.

20. A method of selectively inducing a cytotoxic response
in neoplastic cells, comprising:

emitting an electromagnetic signal corresponding to elec-
tromagentic signal emissions of a pathogenic prokary-
otic organism, having a region of magnetic field strength
of at least 5 microTesla at frequencies below about 20
kHz, and

incubating the neoplastic cells in the region of magnetic
field strength of at least 5 microTesla at frequencies
below about 20 kHz for at least 3 days.
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