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Abstract: There is substantial experimental evidence that
electromagnetic (EM) fields interact with cells and induce
significant biological changes, including activation of

RESULTS
The methods, details of which are given in references

of HeLa cells and transfections;

genes associated with stress and proliferation. Although,

[6-10], involve use

the cellular stress response is a protective mechanism that

preparation of protein lysates; HSP70 promoter constructs;
c-Myc protein expression vector; DNA sequencing of
plasmids; site-directed mutagenesis; band shift analysis; EM
field exposure (Helmholtz coils, Mu metal shielding) of
transfectants and CAT assay, and 'heat shock'.
It is possible to differentiate between the stress proteins
induced by low frequency components of cell phones and
those induced by increased temperature, because the two
stressors use different signaling pathways: MAP Kinase for
EM fields and heat shock pathway for thermal [5, 10]. The

enables animal, plant and bacterial cells to survive a
variety of environmental stresses (e.g., high temperature),
induction of the stress response by EM fields shows that
cells react to the fields as potentially harmful. Biochemical
markers for the stress response can detect the early
response of cells to EM fields prior to and at much lower
energ/ inputs than the response to thermal stimuli. Also,
unlike thermal stimuli, the fficts of repeated exposures to
EM fields appear to be additive. This information must be
used in the development of biologically relevant safety
standards

for

exposure to cell phones.

INTRODUCTION

accompany exposure to radio-frequency waves used in cell
phones. However, cell phones use a range of frequencies,
low frequency as well as radio-frequency. The responses of
cells to mixed low frequency and radio-frequency fields are
remarkably similar to those reported for the much lower
energy, low frequency fields [1-4], suggesting that the low

field effects are important under these

circumstances.

Furthermore, the thermal change does not appear to be
an adequate measure of the threshold biological response.
We have demonstrated that low frequency fields induce
stress proteins, and that the energy needed to activate this
process is many orders of magnitude lower than activation
by temperature increase [5]. This means that in order to
provide a realistic basis for safety standards, it is essential
to determine if the stress response evoked by cell phones is
activated by the low frequency components of the EM
signal, in addition to the well known thermal effects of the
radio-frequency waves. It is now possible to obtain this
information. Our study of the stress response induced by
low frequency EM fields has enabled us to develop specific
biomarkers to monitor the early stages of the cellular
reaction to EM fields, prior to activation by increased
temperature [5].

pathway'specific transcription factors. We have shown that:

.
.

The widespread use of cell phones and associated
transmission towers has raised concem regarding the
potential risk of human exposure to EM fields. Current
safety standards are based on temperature increases that

frequency

two pathways can be identified by binding-activity of

o

only EM fields induce binding of Myc and AP-l,
pathway-specific transcription factors [5]

;

only EM fields induce phosphorylation of MAPK
ERKI/2 u0l;
EM field stimulated stress proteins can be restimulated

to higher levels by

repeated exposure, suggesting a
cumulative effect on short term (within hours) repeated
exposures [11]. This is different from the response to
thermal stimuli, where 'heat shock' turns off normal
protein synthesis, and cannot be reinitiated until hours

.

have passed;

specific DNA sequences act as EM field

response

elements (EMRE). Removal of EMREs eliminates the
EM field response. EMREs placed upstream of an
HSP70 reporter construct initially unresponsive to an
EM field, demonstrate an increase in reporter (CAT or
luciferase) activity I I 2].

DISCUSSION
The different signaling pathways affected by EM fields and
thermal stimuli, MAP Kinase and heat shock, respectively,
can be identified by the binding-activity of pathway-specific
transcription factors [5, l0]. It is, therefore, possible to
differentiate between a stress response that is due to EM or

to establish the threshold for the
biological response to each stimulus. This information must
be considered in discussing thresholds for biological
responses to cell phones. Since the stress response is
induced by the considerably lower EM field exposures, and
the effects of repeated exposures appear to be additive, it is
imperative that this information be used in developing a

thermal stimuli, and
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new and biologically relevant exposure safety standard for

[6] H. Lin, M. Opler, M. Head, M. Blank, R. Goodman,
"Electromagnetic field exposure induces rapid, transitory heat shock factor activation in human cells," J Cell
Biochem., vol. 66, pp. 482-488, 1997 .
[7] H. Lin, M. Head, M. Blank, L. Han, M. Jin, and R.
Goodman, "Myc-mediated transactivation of HSP70

cell phones. The current thermal standard misses vital
cellular reactions.
It has often been pointed out that the forces generated by
weak EM fields are unlikely to affect DNA or to initiate the
synthesis of stress proteins. However, it has recently been
shown that DNA conducts electrons along the stacked bases
of the double helix [3, l4], and also that weak EM fields
can accelerate electrons in enzyme reactions [5]. The
estimated charge velocity in Na,K-ATPase, 103 m/s, is

similar to electron transfer in DNA of 400 m/s [14], so
forces that affect enzyme reactions at low field strengths
may be strong enough to cause changes in DNA when
electrons move at comparable velocities. Identification of a
900 base pair DNA segment associated with the response to
EM fields in the c-Myc promoter, and identification of
another specific base sequence in the hsp70 promoter [9],
suggest that particular groupings of bases in DNA optimize
EM field interaction. Removal of an EM-associated
segment can eliminate the EM response, and transfection of
that sequence into an unresponsive promoter construct
renders it EM field responsive. There appears to growing
evidence for DNA reactivitv in the Dresence of weak EM

fields 116,l7l.
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