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Abstract: This poper describes the
microwwe fields

fro.

ffict of weak

mobile phones on cell proliferation

and on heat-shock proteins in cell cultures, at dffirent
temperatures. The field was generated by signal simulation
of the GSM system of 960 MHz. Cultures of transformed
human epitheliol amnion (AMA) cells, growing in

microtiter plates, were exposed
Electromagnetic

gEM) cell to a

in a

Transverse

microwave field,

generating a SAR of 2.1 mWr.kg-l in the cells. Experiments

were done

at two dffirent

temperatures, i.e. exposure

temperatures were either 35 or 39 + 0.1"C at the same
power level and exposure time. Results showed a significant

change

in cell proliferation in the exposed cells, os

compared to both the control(non-exposed) and the shamexposed cells at the same temperatures. The induced
changes were of the same order of magnitude at both

temperatures. Changes in the amounts of heat-shock
proteins were studied under the same conditions, but at 3
different temperatures, 35, 37 and 40" C. Higher amounts
of in particular Hsp-70, were found in the exposed cells at
35 and 37"C, whereas the sham-exposed cells did not show
the same response. The results showed that biological
fficts induced by microwavefields can be athermal.

INTRODUCTION

In an earlier work we showed that cell growth was
affected by exposure to Extremely Low Frequency (ELF)
electromagnetic fields []. The explosive growth in the

market

for mobile phones has resulted in an increasing

exposure of the environment to weak radiofrequency (RF)

electromagnetic

fields. Therefore we investigated, if

electromagnetic fields in the microwave range also had a

similar effect on cell proliferation. We showed,

that

of

transformed human epithelial amnion cells
(AMA) to a modulated RF field at 960 MHz at different
power levels and exposure times, resulted in significant
exposure

changes in cell proliferation[2].

Since the misconception still persists, that biological
effects of RF and MW fields are solely the result of heat
generation, we wanted to study, if the changes in cellular
activities, induced by exposure to microwave fields, could
be non-thermal. If this were the case, the observed changes
should be of the same order of magnitude, regardless of the
temperature during the period of exposure to the microwave
field.

Exposure to electromagnetic fields could induce stress
or damage to the cells. In order to protect itself, the cell
could respond by a rapid release of stress proteins, e.g.
heat-shock proteins. So in another series of experiments, we
followed the changes in concentration of various Hsp's in

to microwave fields at 3
different temperatures, in comparison to non- and shamcells, that had been exposed

exposed cells under the same conditions.
To find a mechanism for the changes in cell proliferation,
we intend to investigate, if MW fields would affect signal
transduction. One way to do this is to study changes in the
rate of the cell cycle, accompanied by changes in the
amount of certain regulatiing factors involved in the
S-phase, such as the signalling proteins cyclin and PCNA.

To study if also

apoptosis were affected,

it will be

appropriate to study one of the signalling proteins involved
here, such as p53.

METHODS

Materials,

MW

exposure conditions

and

the

experimental protocol have been described before [2-a].

RESULTS AND DISCUSSION
The results in Table I showed, that at both temperatures
there was a significant change in cell proliferation in the
exposed cells in comparison to the control cells, whereas
the change in proliferation rate in the sham exposed cells
was not significant at these temperatures. Obviously, a
temporary change in temperature did not seem to affect cell
proliferation, whereas the exposure to the microwave field
resulted in a significant change. From these experiments it
can be concluded that the changes in cell proliferation due
to exposure to RF fields in the microwave range, could not
be the result of heat generation, if any, from these fields.
Table 2 showed the presence of Hsp-27 and Hsp-70 in
the cells immediately after exposure to a microwave field
As we have not yet developed a spectrophotometric method
by which it is possible to quantitate the amounts of the heatshock proteins, the results are determined by immunofluorescence techniques followed by manual counting [4].
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Table 1: Percent change (AD) in proliferation rate in AMA
cells after exposure to 960 MHz microwave radiation at two
different temperatures. Exposure time 30 min. SAR : 2.1

In the positive controls the cells had to be heated up to
3-5oC higher or for much longer time to get the same maximum responses as induced by the microwave exposure.

As to Hsp-27, this heat-shock protein could not

mW.kg-t

Exposure

Mean

ADU

temperature oÄ

SEM

P

These preliminary findings show, that also

%

OC

exposure

exposure

35

6.22

3.26

0.086*

sham

35

2.36

2.43

0.355

exposure

39

6.26

3.1 I

0.072*

sham

39

2.8r

3.93

0.491

* Significant at the confidence level of 90oÅ (paired t-test
with df : 10)

Table 2: Presence of heat-shock proteins in AMA cells
after exposure to 960 MHz microwave radiation at various
temperatures. Exposure time 20 min.
Exp.
temp.
OC

SAR:2.1 mW.kg-t

Cells containing Hsp-70
%
Mean

SEM

95%o

dence

10.3

6.9
0.34
4.7
4.7

40

2o.f

40

5.0

exposed

35

gl.2^

sham

35

0.8

exposed

37

60.3'

sham

37

exposed
sham

Cells
cont.

confi-

limit

Hsp-27

%

I

0

0.02

1.7

0

49.8

70.7

0

-0.32

20.8

0

4.r

10.5

29.8

10

1.6

1.1

8.9

5

64.2

98.

be

detected at 35 and 37"C. Only at 40"C minor amounts were
formed and here a thermal effect cannot be excluded.

to RF fields in the

athermal effect.
The effects of EM fields on the generation of heat-shock
proteins in cells have been studied previously. However, in
some studies very long exposure times were used, up to one
week. Electromagnetic field exposure causes only transient
effects and long exposure times (hours, days) could result in

a kind of adaptation, so that small changes may not

the one-tailed P value is < 0.0001
Significant, the one-tailed P value is 0.0020

The cells were exposed at temperatures of 35, 37 and
40oC, respectively. A higher amount of Hsp-70 in the cells
was found at 35 and 37"C, following exposure, as
compared to the sham cultures. The amounts were highest
immediately after exposure, but decreased with time.
Already at 90 min and 2.5 h after exposure the amounts of
Hsp were negligible. After 24 h there was no difference
between the exposed and sham exposed cultures and
practically no Hsp-70 was present any more. Apparently
Hsp-70 is generated mostly in vigorously growing cells,
where there is still a low confluency. In the overconfluent
parts, where the confluency is over l00oÄ, cell growth has
stopped. At this density, the exposure to EM fields has liule
effect. At 40oC the amounts were considerably lower, but
this could as well be caused by a partial denaturation of the
cells. The amount of heat-shock protein in the control cells
was almost equal to zero.

be

detected. Our studies showed that heat-shock proteins have

a short lifetime. Moreover, there is a great number of
various classes of heat-shock proteins, all having different
functions and effects. So it is not unlikely that only the
synthesis of a specific heat-shock protein is induced by EM
fields.

However,

to

explain the above results,

it

will

be

necessary to study changes in cell cycle rates and its
regulation factors more thoroughly.
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