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Champs électromagnétiques et la maladie
d’Alzheimer : un lien est-il possible ?
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Oécupational exposure to extremely low
frequency electric and magnetic fields and
Alzheimer disease: a meta-analysis
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Background Among poteotial envitommental ek bacton Tor Alshctmer discase
1AD), occipational expostres have received somie attention, includ-
ing extremely low frequency clectromagnetic fickds (ELF-EMEF)
A systematic review and meta-analysis of published epddemiological
studies on this subject was carrled put

Methods The search was concluded in April 2006, Dibliagrapiue databases
convulted  included  PabMed, DMBASE, Cichoane  Library sl
NIOSHTICY. Pocied extimates were obit 1 e llevts

meta-analyxis.  Souces  of hetevogeneity wete
cxplored, as was publication bias
Results Fourteen  different  stucdies  (nine  caseconteol  and  Ove  cobion

studies) accomplisbed fnclusion criteria. Al these stiadics Followed
stanclarcdized oriteria for AD diagoimis amld most of them obrained
quantitative estmates of exposure. Pooled extimates sugyest an
increased ik of AD from case-controd stuclies (OR . 2 03; 95%
C1L3R=3.00) and from colort shislies (KRR 40 Vo2 95% CI
116227, with muodecate 1o high statistical eterogeneity in both
cases [respectively, = 58% and = %4%). Coliart studies showed
consistently increased sisks foe exposed men (RR o 2.05; 95% CI
ES1-2.80, 7 =0%). Evidence of dose—tesponse relationship was not
puesenl. Test lor publication bias sogyests soall study  effects,
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Original Contribution

Residence Near Power Lines and Mortality From Neurodegenerative Diseases:
Longitudinal Study of the Swiss Population

Anke Huss, Adrinn Spoerri, Matthias Egger, and Martin Ro4sli for the Swiss Natlonal Cohort Study
imtially submidied May 5, 2008, aoopied e puticaion Aupusr 25, X008,

The relation pnute fnld from powet lines and morality Irom Neurodegenerntive
mmuwm-mmuummwuunmmwwmmgwmm
data), covering 1ho period 2000-2008 CWWMIMM”NM”-MNIMMUIM“
nmqﬁmmwmlm-wmmummwmmmmm
for a range of poleatid confoundons. Overat, the scjusted hazard ralio foe Azhermers dlease in pamons fving
Within 50 m of a 220380 KV power ine wais 1,24 {95% cantience Intorval (Cl: 080, 1,02} comparnd with parscns
Who Bvad o 8 distance of 500 m of Mo Mvmammmwmmmmd'nﬁmh
the immedate vickty of power lines and Alzhelners dissaso: Porsons living sl least 5 yoars within 50 m had an
scjustod nazard rade of 1,51 (5% GI: 0,81, 2.51), incrensing 10 1.78 (56% CL. 1.07, 2.00) wit nl loast 10 yoars and
10 200 (95% CF: .21, 3.33) with il lwast 15 yaars Tha patem was simiar for sondo damantis. Thers was Ktle

1or an ek of phic latnmi Parkiaon's or mutipio
dements; reurodegensmlive nor -1
Abty w: ALS, ar e lden! &, Cl, 1 nterval; ELF-MF, extrecmaly low frequency magnatis fid(s):
1CO-10, (et oD urias, and Causes of Death, Tenth Revwsion
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Can cytogenetics explain the possible
association between exposure to extreme
low-frequency magnetic fields and
Alzheimer’s disease?

Annemarie Maes and Luc Verschaeve*

ABSTRACT: T dy, & ber of epid logical studies have suggested that occupational as well as residential exposurs
o low-fr y el 9 felds (ELF-EMFs) may be & risk factor for Alzheimur's diseass, This is not proven
yot and there are no known bislogical mechanisms to explain this slleged iation. Alzheimer's dis Is ch ized

by a paumber of events that have, at least partially, a genetic origin. In particular, trisomy of chromosomes 17 and 21 sewens
to be involved, Overall ELF-EMFs have not been identified as genatoxic agents, but there are some papers in the scientific
Nterature that indicate that they may enhance the effects of agents that are known to Induce mutations or tumors. There
#rw also some indications that ELF-EMFs may induce aneuploidy. This opens some persg for i gating the alleged
assocation between ELF-EMFs and Alzheines’s. This paper raviews the possibility of a cytog i fation b the
electromagnetic fwlds and Alzhaimer’s di Copyright © 2011 John Wiley & Soms, Ltd.

Keywords: electromagnetic fiaids, ELF, Alzbeimars dasease: aneuploidy: genomic instabikty
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Alzheimer cells
healthy cells

Plaques : Amas de peptides Tangles : Protéine Tau — ,
amyloide B entre les neurones Stabilise le transport intracellulaire,
(chromosome 21) maintenant perturbé

(chromosome 17)
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Alzheimer’'s vs. ELF

Maladie d’ Alzheimer Exposition aux ELFs

Amyloide- 1 Amyloide-B 1 (?)

Mélatonine | | Mélatonine | (?)

Altérations de 'ADN Effets directs sur PADN???
Directes ou indirectes ? . ADN (cassures d’'un ou deux

brins) — Effets sur le cerveau
/ . (indirect) Co-mutagene ??

Amplification génique (7?) P Amplification génique ??7?
Perturbation de la division Perturbation de la division
cellulaire ? / cellulaire?
Trisomie (?) / Trisomie?

Alzheimer’s vs. ELF WiV

Alzheimer cells b|lulaire?

healthy cells risomie?
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Fifty Hertz electromagnetic field exposure stimulates secretion
of B-amyloid peptide in cultured human neuroglioma

Elda Del Giudice® !, Fabrizio Facchinetti ™', Valentina Nofrate ™™, Pasquale Bocciceio©,
Tullio Minelli®, Mauro Dam®, Alberta Leon***, Giuliano Moschini®<
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Rocont epseninkgiial stulies raise the possibility that individsals aith ot 1ol Ereguency (S0-00 Hr) elec
fickds (LF-EMP), are at incressed disk of Alzhaimer’s dsease (AL However, the mlunlnm Through which LF-EMF may affect AD parhology
are unknows, Wi here tested the by pothesia that the cxposare to LE-EMF may atfect amykod We d the effect of expasere

0 3.1 mT 506z LE-EMP un AR secnsson in B4 nauroglioma cells stably overesprossasg traan mutant sy boid precursor protwes. We fonnd that
envermight expossine to LISEME (nduces @ sighillcant insress of smylovd-beta peptide (AB) secndion, ncloSay the ivdorm AR |42, without

alfecsiog cll sevival These timlings show fee ihe fiew tine V)

W LEEME lives AR

Tieik by LF-EMF exp and AFP p it the brain
© 2007 Elsevier Irelund Lad. All righis noserved,

= vitro, Saes alluding to 2 posertial
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Melatonin Secretion Rhythm Disorders in Patients with
Senile Dementia of Alzheimer’s Type with Disturbed

Sleep-Waking

Kazuo Mishima, Tozawa Tozawa, Kohtoku Satoh, Yasuhiro Matsumoto,

Yasuo Hishikawa, and Masako Okawa

Bockgroumd: There i goowing evidencoe thar t dyernga-
Laartoer of elrcoulion piyesss Wy gy on (st rofe in
Mgy Medp-wolkiveg e diomustadd sdderdy, Irr thix wody,

ww nvessigored -AM wvlanion af e Mmd Aorusang
avvetavonin, wiviel ey b regraried f per

Introduction

wny previcus repors have supgestod ths the dg-
m:nuxl dd:tly ofien kave a dysregulation of the

et symelromising efNLy, i parivsy nwh wmﬁ- stwenthe
af Alzheimer s brpee

Muthnds: Seewwr molaromin secrenion Womims w inpa-
Jienty witk sevile demnina wf’ Alhwiwer's tpw rM).JI

g wystem, which ix mamifestad as
almniu\l daily ovent shytbons of sunous phosiologseal
functions {(Doer et al 1994; Nadal et ol 1994; Okawa of 0l
1991, Mishisna et al 19970; Sarkin e al 1991; Touitow et ul
I‘)ﬁél ﬂm s growing evidence that the &mlulnllm of

grow, m o= (0 gvwage age = 757 yowss with of »
Aleaprwakiog and elderfy (NG grows n ~
JO age =~ 7R 7 ywenrsy withony climicad sleep diserdloes Jn
the same focklty weve momiborsd under o ot Ngly
womdirion withunt excessive plaskon exereim.

Results: The SOLT grosp showwd a stgnificany bigher
dogree of treegulaoriies In aorigraphicaily recorded ress-
aclivily (R-Ay rlothwr doving dhe Tfay baveline peciod
vosnpaaved with e \'n g, The SOAT gromps sivmadio
v ahavved ady i rovered Varowdve,  faryrer
warkarhan of gk e, e dimeinds e am.mnl of aval
Averiion dy the wlanoni secrvsion el compacodd
with ahe N growp. Theve sipmfoamily posiive
covrvlafions between she soverioy of R-A ricerhm sispnder
el e reshvcer! wognllide av wedl dy aiminéshed aomount
il rendeal pverlcedennin secTeiion.
Conclusions: The SOAT patienrs wirke ois s tusd alevpr
waking poveecsed melatomin vocrerion sl (isorgers
ofear weay pliey ow (migrevions rofe im irregalar slevp--
waking to dewenied edddovly ol Psychiatry [99945:
17221 € 1999 Sucivnr wf Biolowical Pepellairy

may pley s nqxn:ml rade m mta‘nlar
'krp—wnkng and the
often nhserved = dementod :In‘aﬂ) {Aharco-Pere ot I.
FO91; Okuwa ot al 1991, Swaub et 2] 1985 Winting et ol
19%0). h-ul-g- th-l Irigh Iw poware, wlnch Rt

powerful
Babited -wmfu:nnl lurqmm: effect for slosp -rd h-luv
sorul dovorders in demented clderdy sappore this avsuop-
Bon (Michiss o al I\N-l Satlin ot al 1992y

Pineal b haw been rop d 20 possoes

hevnizing snd b l‘lqu n haman (Dolline

=| ul 1904; Ln") ol 1992; McArthur e al 1991
Mishisa et sl 1997h; l-ﬂn:m-mkndmwlmmw
slecp-waking regulation, The aum of this study s o
evalume the praperties of mekstoosn secretion rhythin
under a dem lighe condition snd wishout excossive physical
exercime 1o exclude masking effects on melatomin rhythins
by these thesors In patwonts with senile  domontin of
Alzheimer's type (SDAT) with dssturbed sdoop- waking
conflomed by continuous maonilonng of wiist rest actlyicy
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Health effects of extremely low-frequency
magnetic fields: reconsidering the melatonin
hypothesis in the light of current data on
magnetoreception

Jacques Vanderstraeten,”* Luc Verschaeve,”* Hynek Burda,**
Catherine Bouland” and Christophe de Brouwer”

nmAm The so-called ‘Mel d nocturnal production of melatonin (MLY) mlgﬁl
ﬂnhmamﬂumxmwmnhnhmhmmmndw-mm v-L q ,lﬂ.ﬂ 9
(MF| of weak intensity, Although the risk of ELF MF upon breast cancer was later di were d

of partial inhibition of MLY secretion IumMW(»lemwwkw MF, sanc-:ou however, this
topic has not been experimentally studied any more. In the present study, we propose to go back to the MLT hypothesis and
spply it to childhood leukemia, for which an increased risk has been rab o with to ELF MF,
Contrary to the original hypothesls, however, we do not consider decreased MLY lewsls, but dlmm of clrcadian
Mythmicity per s¢ &5 the sifector mechanism. Indeed, the role of the circadian timing sy in the d of
childhood leukemia has been well established. Motivation iwgalng back to the MLT momm comes hom recent diata that
by ELF MF in and with
evidence for an Inm-nu on :Iraudhn mythmkny fmm Osmpdon of nonabo(k umory ulmw of verious natures. We thus
suggest further study on circadian rh y ifp ble) under long term exposure to weak ELF MF,
cmm«amnbmmamm

Keywords: power frequency; magnetosersony disruption; crcadian biorhythms: roctumal Blechythims childhood leukemia
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Effets coopératifs des CEM-
TBF (50 Hz) avec des
mutagenes/cancérogenes
connus
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Genox 4NQO Vitotox test:Salmonella typhimurium
5 Verschaeve et al. 1999. Environ. Molec.Mutagen. 33, 240-248.
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Champs ELF (100 uT — 500 uT) seuls : pas d’effet

exposition combinée : idem

100 uT alone (-59), Genox

Signal/Noise Ratio

50 100 150 200

Time (min)

100 pT alone - S9, Cytox

Signal/Noise Ratio
I

250 0 50 100 150 200 250

Time (min)
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Verschaeve L., Anthonissen R.,
Gevaert L., Maes A. (2011)
Genotoxicity investigation of
ELF-magnetic fields in
Salmonella typhimurium with the
sensitive SOS-based VITOTOX
test.

Bioelectromagnetics 32:580-

584. I

Verheyen G., Pauwels G.,
Verschaeve L., Schoeters G.
(2003)
The effect of co-exposure of 50
magqetic fields and an
% an human
, determined by the
cytokinesis-block micronucleus
assay.

Bioelectromagnetics, 24, 160-
164.
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Effets génétiques indirects:

effets sur la division

cellulaire, 'amplification
genique et la trisomie



http://www.ncbi.nlm.nih.gov.vdicp.health.fgov.be:8080/pubmed/21488065
http://www.ncbi.nlm.nih.gov.vdicp.health.fgov.be:8080/pubmed/21488065
http://www.ncbi.nlm.nih.gov.vdicp.health.fgov.be:8080/pubmed/21488065
http://www.ncbi.nlm.nih.gov.vdicp.health.fgov.be:8080/pubmed/21488065
http://www.ncbi.nlm.nih.gov.vdicp.health.fgov.be:8080/pubmed/21488065
http://www.ncbi.nlm.nih.gov.vdicp.health.fgov.be:8080/pubmed/21488065
http://www.ncbi.nlm.nih.gov.vdicp.health.fgov.be:8080/pubmed/21488065
http://www.ncbi.nlm.nih.gov.vdicp.health.fgov.be:8080/pubmed/21488065
http://www.ncbi.nlm.nih.gov.vdicp.health.fgov.be:8080/pubmed/21488065

'

EvEnement

QIS SORT TOM

Crromcsomes
MICTNTRIULS

, GENOTOXIGUE

Necsose

CentRosone
SUTPLEMENTASIE

Mourum. e
CHRONMOSOME &

Ampuricarion
oU PERTES

DUN GENE

IS
WWP




.
IS
WWP

Maes A., Anthonissen R., Verschaeve
L. (2012)

Testing chemicals with the cytokinesis-
block micronucleus cytome assay.
Folia Biol., 58, 215-220.
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Expositions Wiv

Cytochalasin B e
| e
9 =

72h

Oh 24h 48h

Cellules C3A (cellules du foie humain)
Cellules SH-SY5Y (neuroblastome humain)
Cellules IMR-32 (neuroblastome humain)

- Exposition continue de 48h

- Exposition 24h suivie de 24h
de récupération

- Exposition apres 48h

d
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Cytome assay - C3A cells: 24h 'on'/24h 'off'

Difference compared to controls/1000
cells

Cytome assay - C3A cells: 48h exposure

Difference compared to controls/1000
cells

0 10 50 100

uT

500

—o— N
—=— NPB

NB

UN = cellules avec micronoyau(x); NPB = avec pont(s) nucléoplasmique(s);

NB = avec ‘bud(s)’ nucléaire (s)
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Difference compared to controls/1000

cells

Cytome assay - C3A cells: 24h 'off'/24h 'on’

—o— N
—=— NPB

NB

SH-SY5Y: 24h ‘on’ / 24h ‘off’

Réponse non-monotonique !

=g=pH
—-—rEn
==HNB
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SH-SYS5Y : 48h ‘on’ WwWIv
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20 A B 500
0 4 = — Tt
20 NDI apoptosis NDI apoptosis NDI apoptosis
48h exposure 24h 'on’/24h 'off 24h 'off/24h 'on’'

Index de division cellulaire et apoptose
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Conclusion provisoire W ISp
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v" Absence d’indication claire d’un effet coopératif des CEM-ELFF et des
mutagenes chimiques (test Vitotox)

v Induction de micronoyaux (larges) et de ‘buds’ suggérant un effet
indirect sur la division cellulaire et 'amplification génique

v'Absence d’effet clair sur la prolifération cellulaire (indice de division) et
'apoptose (mortalité programmée)

v'Pas d’effet spécifique a un type cellulaire précis (?)

Ces résultats montrent qu’une exposition in vitro aux CEM-ELF
peut avoir des effets comparables a ceux que I’on trouve dans
des cellules de patients avec la maladie d’Alzheimer. Mais les
résultats ne prouvent aucun lien certain a ce jour !
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Residersial Distance to High-voltage Powar Lines and Risk of Neurodegenertive
Diseases: a Danish Population-based Case-Control Study

Pavicia Fral, Aslak Harto Poulsen®, Gabor Mexes, Camitia Pocersen, Lise Crosbarg Sakm,
Christotier dohansen, Martih Rddell and Joechin Schiz
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