
SCIENTIFIC CORRESPONDENCE 

TEST OF EFFECT OF ELECTROMAGNETIC FIELDS ON CELLS 

Expt Preincubation Exposure time EMF MYC n GAPDH n j3-actin mRNA n 
series time (h) (min) (I.JT r.m.s.) 
1 1 20 5.7 1.10 (0.89, 1.36) 5 1.15 (1.08, 1.22) 5 
2 1 20 5.7 1.06 (0.94, 1.19) 5 1.06 (0.86, 1.30) 5 
3 1 20 5.7 0.93 (0.86, 1.00) 12 0.95 (0.81, 1.12) 12 0.93 (0.81, 1.07) 7 
4 1 60 5.7 0.93 (0.69, 1.25) 5 0.87 (0.77, 1.00) 5 0.85 (0.71, 1.03) 5 
5 12 20 0.57 1.01 (0.92, 1.11) 5 0.92 (0.79, 1.08) 5 0.89 (0.72, 1.09) 5 
6 12 20 5.7 0.98 (0.87, 1.12) 10 1.08 (0.95, 1.23) 10 1.11 (0.97, 1.26) 10 
7 12 20 57 1.10 (0.98, 1.24) 5 0.99 (0.63, 1.57) 3 1.00 (0.90, 1.11) 7 
8 12 20 0.1 1.04 (0.87, 1.25) 4 1.10 (0.98, 1.24) 4 
9 8 or 12 20 1.0 0.97 (0.88, 1.07) 9 1.03 (0.93, 1.13) 5 
10 8 or 12 20 10 1.05 (0.96, 1.15) 10 1.05 (0.93, 1.18) 7 
11 12 20 100 0.81 (0.56, 1.17) 4 0.97 (0.84, 1.12) 3 

3-11 0.98 (0.93, 1.03) 64 1.00 (0.94, 1.05) 54 0.98 (0.91, 1.05) 34 

Experiments 1-7: Two sets of coils (applied a.c. field horizontal) constructed to the specifications of ref. 20 were located one on either side of aver
tical mu-metal baffle within a mu-metal box in a water-jacketed incubator. Suspensions of HL60 cells (15 ml, 0.8-1.02106 ml21 in RPMI 1640 medium 
containing 10% FCS) in T25 culture flasks were located in the centre of the coils. Experiments 8-11: six Helmholtz coil sets (applied a.c. field verti
cal), arranged with three in an equilateral triangle on either side of the vertical mu-metal baffle, were used. Cell suspensions (5 ml) as above were 
placed in the centre of the coils in 35-mm Petri dishes. Temperature (37±0.05 'C), C02 (5.0±0.05%) and magnetic field (residual geomagnetic field <1 
i.JT, a.c. background <5 nT r.m.s.) inside the mu-metal box were logged every minute. No increase in background magnetic fields could be detected at 
the sham exposure coils at any of the field strengths used. The specific gene mRNAs from EMF-field-exposed (E) and control (C) cells were quantified 
from northern blots by phosphorimager and E/C ratios are given with 95% confidence limits. Expt 1: MYC and b-actin E/C ratios calculated without 
normalization for the amount of RNA in each sample; expt 2: the amounts of MYC and j3-actin mRNA were normalized to the house-keeping gene, 
GAPDH; expts 3-11: 14C rRNA labelling used for normalization; bottom row: means for experiments using 14C rRNA normalization. To label cellular RNA 
with 14C-uridine, cells were either incubated (0.5 l.lCi per 30 ml) throughout the 8- or 12-h preincubation in the field exposure incubator before 
field exposure, or were prelabelled for 16 h, concentrated by centrifugation and re-suspended in fresh complete culture medium with 14C-uridine 
before placing in the field exposure incubator for 1 h preincubation before field exposure. A full technical account of these experiments will be 
described elsewhere. 

SIR - Epidemiological studies have 
shown weak correlations between expo
sure to extremely low-frequency electro
magnetic fields (EMFs) and cancers, 
particularly childhood leukaemias11
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• 

These observations prompted many in 
vitro cellular studies in which effects of 
EMFs were reported. However, no 
reported response has been widely and 
independently replicated, which is essen
tial for critical evaluation. Key reports by 
Goodman and Henderson were the acti
vation of proto-oncogenes in human 
leukaemic (HL60) and other cells8

•
14-16, 

because of the essential role of proto
oncogenes in proliferation. EMFs 
increased the amounts of messenger 
RNA for MYC and 13-actin in HL60 cells 
by 2- 4-fold after 20 min exposure to a 
60-Hz horizontal sinusoidal field (5.7 
mT r.m.s. )8

•
14, although smaller effects 

for the same genes (mean 1.3-fold) were 
reported subsequently15·16. We have 
attempted a systematic replication of this 
effect. 

HL60 cells were exposed to EMFs 
( expt 1 in table above) under very similar 
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conditions to those described8·1\ except 
that coil sets for exposed and control cells 
were switched randomly between experi
ments so that the experiments were per
formed blind, and mRNAs were 
quantified from northern blots rather than 
dot blots. The ratio of MYC mRNA from 
exposed and control cells was 1.10, with 
large confidence limits of 0.89 and 1.36 
due to the absence of normalization by 
direct measurement of the amounts of 
RNA in each sample. 

In further experiments, we observed no 
EMF effect when MYC and 13-actin 
mRNAs were normalized to the house
keeping gene, GAPDH ( expt 2 in table ), 
or by labelling the RNA with 14C-uridine 
(expts 3-11), although the confidence lim
its were substantially reduced. In all 
experiments, TPA (phorbol 12-myristate 
13-acetate) was used as a positive control 
for activation of the MYC gene. The ratio 
of MYC mRNA in TPA-treated cells to 
control cells was 2.18 (2.01, 2.36; n=9) 
and therefore field effects of the 
magnitude reported should be readily 
detectable. 
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Unsatisfactory features of previous pro
cedures8'14 are that the cells were equili
brated for only 1 h before the field was 
applied and after exposure were placed on 
ice for 10 min at ambient EMFs before 
centrifugation and RNA preparation. We 
therefore performed experiments in which 
cells were maintained in the exposure 
incubator for 12 h before the field was 
applied and RNA was prepared immedi
ately after removing the cells from the 
incubator. No effect on MYC or 13-actin 
expression was observed ( expts 5-7 in 
table). Experiments in which the cells 
were lysed in situ before they were 
removed from the incubator showed no 
effect on MYC expression (expts 8-11). 
Summation of the data for experiments 
3-11 gave a mean ratio for MYC mRNA 
of 0.98 (0.93, 1.03). 

It is very unlikely that a MYC gene 
response depends on the subculture of 
HL60 cells used, as Goodman and Hen
derson have reported responses to EMFs 
in seven different types of cells8
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no reports of cell types insensitive to 
EMFs. It is therefore likely that either 
there is an elusive requirement for an 
EMF gene response yet to be defined or 
that there was a systematic error in the 
experiments showing a positive response. 
The data do not eliminate the possibility 
of very small EMF effects on gene expres
sion in HL60 cells below the levels 
defined here. 
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