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Melnykovych, Andrew (PSC)

From: Melnykovych, Andrew (PSC)
Sent: Monday, February 24, 2014 1:18 PM
To: 'song bird'
Subject: your comments in case 2012-00428

Ms. Holloway‐ 
 
These comments and documents, along with those below, will be placed into the case file in the above‐referenced 
matter. 
 

Andrew Melnykovych 
Director of Communications 
Kentucky Public Service Commission 
211 Sower Boulevard 
Frankfort, KY 40601 
502‐782‐2564   cell:502‐330‐5981 
 
From: song bird   
Sent: Sunday, February 23, 2014 3:34 PM 
Subject: SM @900MHz Causes Brain Damage 
 
Dear Mr. Melnykovych, 
  
Please add this to Case 2012-00428 
  
Here is another study showing brain damage caused by 900MHz radiation exposure. 
  
Smart Meters transmit every 2 seconds at this frequency. 
  
This is what my daughter and her pets started experiencing during her exposure to the smart meters! 
  
I myself as well as my daughter have noticed me having symptoms since these smart meters were installed in 
my neighborhood without my permission. 
  
  
Please read and share this with the PSC! (And remember...you are liable.) These are deadly devices! 
  
Also notice that it is killing the pollenators. What would you suggest we eat when there is no food left because 
you approved the radiation of every living thing? 
  
My daughter tells me that the meters work just like a nuclear fallout except its quiet and less noticable! 
  
  

Andrew.Melnykovych
Received
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Melnykovych, Andrew (PSC)

From: song bird 
Sent: Saturday, February 22, 2014 6:22 PM
Subject: Smart Meters cause Thyroid Damage and More
Attachments: SM 900MHz Thyroid Damage OMJ-D-09-00089.pdf

  
Dear Mr. Melnykovych, 
  
Please read and then add this to Case 2012-00428 
  
  
I am begging you to take this seriously and consider the health of your friends and loved ones! These meters are 
deadly! 
  
  
Ruby Holloway 
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Melnykovych, Andrew (PSC)

From: song bird 
Sent: Sunday, February 23, 2014 1:59 PM
Subject: Smart Meter Case Studies
Attachments: SM 900MHz Thyroid Damage OMJ-D-09-00089.pdf; SM AAEM -wireless-smart-meter-

case-studies.pdf

Dear Mr. Melnykovych, 
  
  
Please read and add this AAEM Notice to Case File  2012-00428. 
  
I am asking you to make sure the entire PSC reads and understands the Smart Meter and EMF studies that I 
have submitted to Case File 2012-00428. Please make sure you are all aware of the liability involved if you 
keep allowing the installation of these meters and you decide to go forward with the smart grid. 
  
Just remember, your family and friends as well as yourself are going to become sick just as my family has! No 
one or any living thing is free from the damage these meters cause! 
  
  
Sincerely, 
  
Ruby Holloway 
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Melnykovych, Andrew (PSC)

From: song bird 
Sent: Sunday, February 23, 2014 2:32 PM
Subject: Smart Meters are Hackable by Terrorists and others
Attachments: Smart Grid Technology 100% Hackable.doc

Dear Mr. Melnykovych, 
  
Please add this information to Case File 2012-00428. 
  
Also, please read and then watch the interview with Cyber Expert David Chalk. 
  
Remember, not only are these meters causing health problems, deaths, and fires, but it is also possible to shut 
down all of them not only through the government, but through our enemies! You, your family and friends will 
be a victim just like me if you don't stop this! 
  
Please be a part of the solution and stop the installation of these "death meters."  They are a threat to life and 
liberty. 
  
  
Sincerely, 
  
Ruby Holloway 
  



http://www.businesswire.com/news/home/20120412005992/en/Hacking-Expert-David-

Chalk-Joins-Urgent-Call 

 

 

Hacking Expert David Chalk Joins 

Urgent Call to Halt Smart Grid 
"100% certainty of catastrophic failure of energy grid within 3 years" 

April 12, 2012 10:26 AM Eastern Daylight Time  

 

VANCOUVER, British Columbia--(BUSINESS WIRE)--The vulnerability of the energy 

industry's new wireless smart grid will inevitably lead to lights out for everyone, 

according to leading cyber expert David Chalk. In an online interview for an upcoming 

documentary film entitled 'Take Back Your Power' (www.ThePowerFilm.org), Chalk 

says the entire power grid will be at risk to being taken down by cyber attack, and if 

installations continue it's only a matter of time.  

“The so-called 'smart grid' that is as vulnerable as what we've got now is not 

smart at all” 

“We're in a state of crisis,” said Chalk. “The front door is open and there is no lock to be 

had. There is not a power meter or device on the grid that is protected from hacking - if 

not already infected - with some sort of trojan horse that can cause the grid to be shut 

down or completely annihilated.”  

“One of the most amazing things that has happened to mankind in the last 100 years is 

the Internet. It's given us possibility beyond our wildest imagination. But we also know 

the vulnerabilities that exist inside of it. And then we have the backbone, the power grid 

that powers our nations. Those two are coming together. And it's the smart meter on your 

home or business that's now allowing that connectivity.”  

Chalk also issued a challenge to governments, media and technology producers to show 

him one piece of digital technology that is hack-proof.  

“The computer companies that are involved, the manufacturers that are involved, bring 

forward a technology and I will show you that it's penetrable,” said Chalk. “I'll do it on 

national TV, I'll do it anywhere. But I can guarantee you 100% that there is nothing out 

there today – nothing – that can't be penetrated.”  

Chalk's strong words come amidst increasing reports of the smart grid's fatal insecurities, 

even from the governments and energy companies who are forcing their hand with the 

smart program. “Every endpoint [meter] is a new potential threat vector,” according to 

Doug Powell, manager, SMI Security, Privacy & Safety, for Canadian utility BC Hydro.  

And in an interview with EnergyNow.com, former CIA Director James Woolsey was also 

highly critical of energy policy makers, whose plans received multi-billion dollar funding 

as part of the Economic Stimulus Act of 2008. “The so-called 'smart grid' that is as 

vulnerable as what we've got now is not smart at all,” said Woolsey. “It's a really, really 

stupid grid.”  

But there's more. In an audit released in January, the US Inspector General Gregory 

Friedman was also highly critical. “Without a formal risk assessment and associated 

mitigation strategy, threats and weaknesses may go unidentified and expose the ... 



systems to an unacceptable level of risk,” Friedman wrote.  

Energy officials knew of these weaknesses but approved plans for the projects anyway, 

auditors said. “The initial weaknesses had not always been fully addressed, and did not 

include a number of security practices commonly recommended for federal government 

and industry systems.”  

And security is not the only technologically-based obstacle faced by smart grid 

proponents. In March, alarm bells were rung following current CIA Director David 

Patraeus' confirmation that governments will use wireless smart appliances to spy on 

citizens. “Items of interest will be located, identified, monitored, and remotely controlled 

through technologies such as radio-frequency identification, sensor networks, tiny 

embedded servers, and energy harvesters,” Patraeus said at a meeting of In-Q-Tel, the 

CIA's venture capital firm. He added that this will prompt a rethink of “our notions of 

identity and secrecy.”  

With strong criticism to the smart grid now coming from many directions, energy 

corporations and governments now have the challenge to explain to an increasingly 

unapproving public why they continue to fast-track smart grid installations.  

Citizen groups and organizations throughout the US, Canada and Europe have launched 

legal actions to stop the installation of smart meters. They cite issues such as cost 

increases, health risks, privacy concerns, grid vulnerability and the lack of democratic 

process. In Chalk's home province of British Columbia, Citizens for Safe Technology 

(www.citizensforsafetechnology.org) and the BC Coalition to Stop Smart Meters are 

leading a growing challenge.  

Options for opting out of the smart metering program have been announced in markets 

including California, Maine, Vermont, Louisiana, Michigan, Connecticut, Quebec, the 

UK and the Netherlands. In the US, several regions including the counties of Santa Cruz 

and Marin are enforcing outright moratoriums.  

“Unless we wake up and realize what we're doing, there is 100% certainty of total 

catastrophic failure of the entire power infrastructure within 3 years,” said Chalk. “This 

could actually be worse than a nuclear war, because it would happen everywhere. How 

governments and utilities are blindly merging the power grid with the Internet, and 

effectively without any protection, is insanity at its finest.”  

The full video interview with David Chalk can be seen on www.thepowerfilm.org. The 

feature film documentary 'Take Back Your Power', which critically examines the smart 

grid program, will be released online this spring.  

Contacts 
Josh del Sol, 604-629-7945 

Producer, Take Back Your Power 

josh@thebigpitcher.org 

or 

Lori Patrick, 778-384-1601 

Executive Assistant to David Chalk 

lori@chalkcorp.com 
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Smart Meters and the End of Bees 
Posted by Brian Thiesen on November 14, 2012 

 

0 Comments 

Smart Meters and the End of Bees 
Smart Meters WILL be the nail in the coffin for bees, for heirloom seeds/plants and all 

cells within creation that they touch if we don’t stop them. Many of the people looking 

into CCD have a very closed mind. “It is only this,” “it is only that,” “there is no other 

factor but X.” Therefor, even posing that smart meters (click kill bees, and mutate seeds) 

causes a stir for some. 

It is as if somehow all the laws that show death and disease in humans and animals noted 

HERE HERE and HERE do not apply to bees or plants. All things in creation obey laws 

and are really the same: 

 

 
 

 

Which of course is very clear here when we see that radiation similar to smart meters can 

cause CCD: 



 
Note that now we use phones over 6 X more powerful (928 Million hz vs 6 Billion Hz) 

than the ones used in the study above. Smart Meters operate at this frequency and at 

least one other one (2.4 Ghz) Constantly, for life. 

 
Note: We all must come to understand that there a multiple factors at play, but sometimes 

things are hard to ignore. Pesticides designed to Kill organisms… will do just that and 

they do to bees no doubt. Microwaves like those from smart meters that Kill 

Organisms… will do the same: 



 
Bees simply cannot escape this, nor can your seeds, and plants, it is %100 impossible and 

there is ZERO that can be done to protect them from this or smart meters: 

 
Smart meters are being deployed in these states. 



 
Note that these pics are old and don’t include routers for smart meters and smart meters 

themselves, 4G and so on: 

(cell towers in Canada) 

 
So with smart meters, we are now adding massive layers of Radio-Frequency to the 

planet. Here is where it gets ugly. ALL buildings that use water, gas or hydro are slated to 

get smart meters X3. So those that choose not to use pesticides and the like for all the 

right reasons, will now be forced to genetically mutate everything in their area. Which 

also damages the Bees immune systems SEE HERE, as it does ALL organisms. Note 

how they state “the immune system seems to have collapsed” and magically there are all 

kinds of mites viruses and fungus’ that are very recently exploding despite the use of 

pesticides since before most of us were born. 

 

 

 

Routers for smart meters are out in the countryside, they radiate everything up to 125 sq 



miles and smart meters 5 sq miles. 

 

 
 

Here is a glimpse of what radiation from smart meters blanketing communities looks like: 
 

 

 
 

 

 

 

 

 

 

 

 

This is just routers for smart meters alone which would be 1 per 2000-5000 houses at 125 

mile radius: 



 

 
 

Now something that must be considered is the undeniable fact the RF and EMF effect 

migratory birds, bees and other animals. SEE HERE Is it any coincidence that with smart 

meters and all else coming along bees cannot make it back to their hives, which is 

confirmed by other studies also? 

Smart meters will be doing this in the cities, country…everywhere 

 
 

Smart Meters and the End of Bees 

 



 
 

Smart meters can pulse up to 190 000 times PER DAY 

 

 
 

How will smart meters and Bees co-exist? They won’t. How is it bees will not have 

similar issues that the below studies have shown? 



 
 

… We must come to the common sense conclusion that our very ability to produce food 

for our species is at stake. 

Legislation for smart meters of course has taken our right to choose on this issue, but if 

we don’t get that right back, smart meters, along with the rest, will terminate us as a 

species due to our inability to grow food. 

Of course, there are some things we should not forget when bringing up this subject: 

 

 
 

This Robotic Bee SEE HERE is lifting a 25c coin. …”making the production of 

thousands seem frighteningly easy” is a quote that needs no description. 

The plan, like with GMO’s, forests and all other life is to be able to patent, patent means 

monopoly or cash money to ‘investors’. So in the end smart meters are a perfect tool to 

reach every corner of the earth and every place a ‘natural’ bee could hide (or a natural 

anything) and microwave radiate it to death, so it can longer navigate back to the hive or 

have the immune system capacity to deal with basic sicknesses which is compounded by 



pesticides. Those are top issues with CCD. Thus creating a new revenue stream for Bio-

Tech. 

 

While there are unimaginable consequences to smart meters being deployed, the 

jeopardizing of 1/3 +/- of the Entire Food Supply of the world seems to be quite an issue 

wouldn’t you say? 

Instead of smart meters, we could just keep our analogues. We, knowing the above must 

fight to get smart meters removed, and for now, discontinue the use of the items we have 

a choice to not use like cell phones cordless phones etc. 

 

Thanks for reading: 

Smart Meters and the End of Bees 
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Wireless Smart Meter Case Studies 

 

 
Founded in 1965 as a non-profit medical association, the American Academy of 
Environmental Medicine (AAEM) is an international organization of physician and 
scientists interested in the complex relationship between the environment and 
health. 
 

AAEM physicians and physicians world-wide are treating patients who report 
adverse, debilitating health effects following the installation of smart meters, 
which emit electromagnetic frequencies (EMF) and radiofrequencies (RF). 
 

The peer reviewed, scientific literature demonstrates the correlation between 
EMF/RF exposure and neurological, cardiac, and pulmonary disease as well as 
reproductive disorders, immune dysfunction, cancer and other health conditions. 
The evidence is irrefutable.   Despite this research, claims have been made that 
studies correlating smart meter emissions with adverse health effects do not exist. 
 

The AAEM has received a case series submitted by Dr. Federica Lamech, MBBS, 
Self-Reporting of Symptom Development from Exposure to Wireless Smart Meters’ 
Radiofrequency Fields in Victoria.  AAEM supports this research.  It is a well 
documented 92 case series that is scientifically valid. It clearly demonstrates 
adverse health effects in the human population from smart meter emissions.   
 

The symptoms reported in this case series closely correlate not only with the 
clinical findings of environmental physicians, but also with the scientific 
literature.  Many of the symptoms reported including fatigue, headaches, heart 
palpitations, dizziness and other symptoms have been shown to be triggered by 
electromagnetic field exposure under double blind, placebo controlled conditions.   
Symptoms in this case series also correlate with the Austrian Medical Association’s 
Guidelines for the Diagnosis and Treatment of EMF Related Health Problems.  
 

It is critically important to note that the data in this case series indicates that the 
“vast majority of cases” were not electromagnetically hypersensitive until after 
installation of smart meters. Dr. Lamech concludes that smart meters “may have 
unique characteristics that lower people’s threshold for symptom development”. 
 

This research is the first of its kind, clearly demonstrating the correlation 
between smart meters and adverse health effects. 
 

Based on the findings of this case series, AAEM calls for: 
 

 Further research regarding smart meter health effects 
 

 Accommodation for health considerations regarding smart meters. 
 

 Avoidance of smart meter EMF/RF emissions based on health 
considerations, including the option to maintain analog meters. 
 

 A moratorium on smart meters and implementation of safer technology 
 

 Physicians and health care providers to consider the role of EMF and RF in 
the disease process, diagnosis and treatment of patients. 

 
 
Passed by the Board of Directors of the American Academy of Environmental 
Medicine October 23, 2013 
 
 
Please note: Smart Meter case series research to be released upon publication 
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Alterations in TSH and Thyroid Hormones following Mobile Phone Use

Seyed Mortavazi,1 Asadollah Habib,2 Amir Ganj-Karami,3 
Razieh Samimi-Doost, Atefe Pour-Abedi,3 Ali Babaie3

Introduction

Electromagnetic radiation in radiofrequency (RF) region 
has long been used for different types of information exchange. 
Rapidly increasing use of wireless communication systems has 
caused a growing public concern about possible health effects of 
electromagnetic fields (EMFs), particularly because the mobile 
phones operate in close proximity to the brain.1,2 Mobile (cell) 
phones are low power, single channel two-way radios that emit 
signals via electromagnetic waves.

The number of mobile phone users has dramatically increased 
throughout the world during the past decade and in some 
industrialized countries such as Japan and the United Kingdom, 
over 50% of the population use mobile phones.2,3 Cell phones are a 
relatively new technology. Therefore, scientists do not yet have long-
term follow-up on their possible health effects.4 As physiological 
functions of human body are regulated by electric currents, it can 
be expected that placing the human body within electromagnetic 
field of sufficient strength may affect physiological processes.5

While the vast majority of the recently conducted research 
projects have focused on cancer, electromagnetic fields are also 

suspected as potential cause of ailments such as sleep disorders, 
headaches or allergy-like symptoms.6 It was previously found 
that  there was no association between the exposure to microwave 
radiation emitted by mobile phones or EMFs induced by some 
other major sources of electromagnetic fields and self-reported 
illness symptoms.7 It was also reported that microwave radiation 
emitted by mobile phones may increase the level of mercury; the 
most non-radioactive toxic element, released from dental amalgam 
restorations.8

Regarding the endocrine system, the sensitivity of pineal 
gland, pituitary gland, adrenal gland and thyroid gland as well as 
of the endocrine pancreas, testicles and ovaries to EMFs have been 
investigated.9-21 The thyroid gland is one of the most exposed and 
vital organs and may be a target for any type of electromagnetic 
radiation.22 It has been established that even a small change in 
thyroid hormone levels circulating in the blood are sufficient to 
alter the brain function of subjects.23-24

However, there is only one published paper that reports the 
effect of microwave radiation emitted by mobile phones on rats' 
thyroid gland hormones.25 Considering the lack of data on the 
effects of GSM mobile phone-induced electromagnetic fields on 
the TSH and thyroid hormones in humans, the aim of the present 

Abstract

Objectives: In recent years, the widespread use of mobile 
phones has lead to a public debate about possible detrimental 
effects on human health. In spite of years of research, there is 
still a great controversy regarding the possibility of induction 
of any significant physiological effects in humans by microwave 
radiations emitted by mobile phones. This study aims to 
investigate the effects of electromagnetic fields induced by the 
Global System for Mobile communications (GSM) mobile 
phones on the Thyroid Stimulating Hormone (TSH) and thyroid 
hormones in humans. 
Methods: 77 healthy university students participated in this 
study. The levels of T3, T4 and TSH were measured by using 
appropriate enzyme-linked immunosorbent assay (ELISA) kits 
(Human, Germany). 
Results: The average levels of T3, T4 and TSH in students who 
moderately used mobile phones were 1.25±0.27 ng/ml, 7.76±1.73 
µg/dl and 4.25±2.12 µu/l respectively. The levels in the students 
who severely used mobile phones were 1.18±0.30, 7.75±1.14 and 
3.75±2.05 respectively. In non-users, the levels were 1.15±0.27, 
8.42±2.72 and 2.70±1.75, respectively. The difference among 

the levels of TSH in these 3 groups was statistically significant 
(P<0.05). 
Conclusion: As far as the study is concerned, this is the first 
human study to assess the associations between mobile phone 
use and alterations in the levels of TSH and thyroid hormones. 
Based on the findings, a higher than normal TSH level, low mean 
T4 and normal T3 concentrations in mobile users were observed. 
It seems that minor degrees of thyroid dysfunction with a 
compensatory rise in TSH may occur following excessive use 
of mobile phones. It may be concluded that possible deleterious 
effects of mobile microwaves on hypothalamic-pituitary-thyroid 
axis affects the levels of these hormones.
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if the free T4 is in the normal range. These findings indicate minor 
thyroid decompensation with a compensatory increase in TSH 
secretion.26

Based on the study, the findings showed a higher than normal 
TSH level, low mean T4 and normal T3 concentrations in mobile 
users, it seems that minor degrees of thyroid dysfunction with a 
compensatory rise in TSH may occur following excessive use of 
mobile phones. It may be concluded that possible deleterious effects 
of mobile microwaves on hypothalamic-pituitary-thyroid axis 
affects the levels of these hormones. In this light, hypothalamus 
or pituitary gland does not play any role directly, because if there 
were any deleterious effects on hypothalamus or pituitary glands, 
TSH and T4 levels would be lower than normal, a situation that is 
in contrast with the study findings.

Burchard et al. investigated the effect of electromagnetic fields 
on blood thyroxin in dairy cattle.27 Based on the results obtained in 
this study, exposure of dairy cattle to 10 kV/m 30 µT EMF altered 
the blood thyroxin level. Although this study has some similarities 
with the current investigation, TSH level that is a much more 
sensitive criterion than T4 for assessment of thyroid function was 
not evaluated. The results obtained by Burchard et al. denote that 
EMF may have some deleterious effects on thyroid function; the 
same point found in the current study.

On the other hand, in another study conducted by Rajkovic 
et al. the sensitivity of male rat thyroid gland to an extremely low 
frequency electromagnetic field (ELF-EMF) was assessed.28 The 
investigators evaluated morphophysiological criteria to determine 
the ability of thyroid gland to repair after exposure interval. This 
experiment revealed that serum T3 and T4 concentrations were 
significantly lower in all exposed animals except in those that were 
recovered morphologically but not physiologically. The results 
from this study as well as those obtained in the above mentioned 
reports; generally confirm the concept that EMF alters the thyroid 
function.

In another study, Koyu et al. assessed the effect of 900 MHz 
microwave radiation on TSH, T3 and T4 levels in rats.25 In this 
study, exposures were made by a mobile phone simulator. It was 
shown that irradiated rats had significant lower levels of TSH, 
T3 and T4 hormones. While the current study could not detect 
any significant change in T3 or T4 level, Koyu reported significant 
lower levels. Furthermore, Koyu also reported a lower level of 
TSH in irradiated rats but in the current study TSH levels in 
mobile phone users (sever or moderate) was significantly higher 
than those of the control group. The findings regarding T3 and 
T4 levels are clearly in contrast with Koyu’s results. This may be to 
the point that the results obtained in animal model studies cannot 
accurately extrapolated to humans.

A much more recent study conducted by Sinha assessed the effect 
of leakage microwave (2450 MHz) radiation on thyroid hormones 
and behavior of male rats.22 In this experiment, hormonal blood 
levels of T3 decreased on the 16th day and T4 increased on the 
21st day. Sinha concluded that low energy microwave irradiation 
may be harmful as it is sufficient to alter the levels of thyroid 
hormones. As thyroid hormones are reported to interact with 
other neurohormones, the involvement of other neurotransmitters 
and hormonal systems in altered animal behavior following low 
energy, no thermal chronic microwave exposure cannot be ruled 
out.22 The main limitation of this study was the small sample 
size. Although the results should be verified in large scale future 
studies, these findings confirm the observations reported by only a 
few researchers who had previously assessed this subject.

Conclusion

Lack of ionizing radiation and the low energy level emitted from 
cell phones had initially led to this public perception that mobile 
phone use was safe. However, the dramatic increase in the use 
of cellular phones has generated great concerns about potential 
adverse effects.

Results obtained from this study, as the first human study 
on this topic, showed a significant alteration of TSH level in 
mobile phone users compared to those who had not used mobiles 
previously. Theses findings confirm early reports that showed 
alterations of TSH or thyroid hormones following exposure to 
EMF sources. Further large-scale research is required to clarify the 
extent of alteration caused by mobile phone use on the function of 
human glands.
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The objective of this study was to investigate the effects of two sources of electromagnetic fields
(EMFs) on the proteome of cerebellum, hippocampus, and frontal lobe in Balb/c mice following
long-term whole body irradiation. Three equally divided groups of animals (6 animals/group)
were used; the first group was exposed to a typical mobile phone, at a SAR level range of 0.17–
0.37W/kg for 3 h daily for 8 months, the second group was exposed to a wireless DECT base
(Digital Enhanced Cordless Telecommunications/Telephone) at a SAR level range of 0.012–
0.028W/kg for 8 h/day also for 8 months and the third group comprised the sham-exposed
animals. Comparative proteomics analysis revealed that long-term irradiation from both EMF
sources altered significantly (p , 0.05) the expression of 143 proteins in total (as low as 0.003
fold downregulation up to 114 fold overexpression). Several neural function related proteins (i.e.,
Glial Fibrillary Acidic Protein (GFAP), Alpha-synuclein, Glia Maturation Factor beta (GMF), and
apolipoprotein E (apoE)), heat shock proteins, and cytoskeletal proteins (i.e., Neurofilaments and
tropomodulin) are included in this list as well as proteins of the brain metabolism (i.e., Aspartate
aminotransferase, Glutamate dehydrogenase) to nearly all brain regions studied. Western blot
analysis on selected proteins confirmed the proteomics data. The observed protein expression
changes may be related to brain plasticity alterations, indicative of oxidative stress in the nervous
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system or involved in apoptosis and might potentially explain human health hazards reported so
far, such as headaches, sleep disturbance, fatigue, memory deficits, and brain tumor long-term
induction under similar exposure conditions.

Keywords Microwaves, Radiofrequencies, Wireless phones, Proteomics, Brain plasticity,
Hippocampus, Frontal lobe, Cerebellum

INTRODUCTION

Wireless technology emitting electromagnetic radiation (EMR) is spread worldwide
affecting directly or indirectly all social levels, all countries, and all ages since it
includes mobile phones, cordless DECT telephones, Wi-Fi, wi-max, baby monitors,
local TV, and FM broadcast stations. The concern about possible health hazards has
led to extensive research, concerning exclusively the effects of mobile phone
technology (devices and mast stations) at the cellular, lab animal, and
epidemiological level, using a variety of model systems and approaches but not in
a coordinated manner (Chavdoula et al., 2010; Fragopoulou et al., 2010a,b,c;
Fragopoulou and Margaritis, 2010; Hardell and Carlberg, 2009; Hillert et al., 2008;
Khurana et al., 2009, 2010), although there have been international efforts (i.e.,
interphone study; Cardis et al., 2011) to reveal the truth about the possible EMF
health risks. The importance of mobile phone (MP) radiation research lies in the
fact that there are currently 5 billion users on the planet and the vast majority is using
the MP in contact with the brain (Frey, 1998).

A number of reports have dealt with possible changes on gene/protein expression,
either at an individual gene/protein level or using the “omics” approaches. The
individual approach has focused mainly on heat shock proteins and their mRNAs
(French et al., 2001; McNamee and Chauhan, 2009), but other proteins and genes
have also been studied with conflicting, so far, results (Fritze et al., 1997; Cleary et al.,
1997; Nikolova et al., 2005; Zhao et al., 2007). In order to assess large numbers of
genes and proteins, high throughput approaches have been applied in the last
decade. These “omics” approaches, also used in the present work, have gained
ground in the study of EMF effects mainly on cell cultures. Belyaev et al. (2006),
analyzing by Affymetrix U34 Gene Chips cerebellum of brain samples after whole
body 2 h exposure of rats at 915 GSM in TEM cells, revealed overexpression of
12 genes and downregulation of 1 gene. The same (Salford’s) research group 2 years
later applied Microarray hybridizations on Affymetrix rat2302 chips of RNA extracts
from cortex and hippocampus of GSM 1800 exposed rats for just 6 h within TEM cells
(Nittby et al., 2008). Using four exposed and four control animals they found that a
large number of genes were altered at hippocampus and cortex. The vast majority
were downregulated. In a series of publications by Leszczynski’s research group,
consistently using human endothelial cell lines EA.hy926 and EA.hy926v1, protein
expression changes after exposure to 900 MHz were shown (Leszczynski et al., 2002,
2004; Nylund and Leszczynski, 2004, 2006; Remondini et al., 2006). These effects
have been recently confirmed by the same group in the two types of mobile phone
exposure protocols: GSM 900 and 1800 MHz (Nylund et al., 2009). Another “omics”
group exposing human lens epithelial cells has detected heat-shock protein (HSP) 70
and heterogeneous nuclear ribonucleoprotein K (hnRNP K) to be upregulated
following exposure to GSM 1800 MHz for 2 h (Li et al., 2007), whereas a third research
group exposed human breast cancer cells MCF-7 to an RF generator simulating GSM
1800 MHz signal at various SAR values and duration of exposures (Zeng et al., 2006a).
They analyzed the transcriptome and the proteome of the cells after continuous or
intermittent exposure and concluded that EMF exposure caused distinct effects on
gene and protein expression. The same authors suggested that the protein
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expression changes might depend on duration and mode of exposure and
therefore a number of biological processes might be affected (Zeng et al., 2006b).
Since the above in vitro effects cannot be easily translated into humans, in 2008,
Leszczynski’s group performed a pilot study on volunteers (Karinen et al., 2008)
and showed that mobile phone radiation might alter protein expression in
human skin cells. Gene expression changes as revealed using transcriptomics
had not effects on C3H 10T(1/2) mouse cells (Whitehead et al., 2006). However,
and as previously mentioned, such a limited and non systematic number of
publications using “omics” approaches does not allow for any conclusions to be
drawn concerning the impact of mobile phone emitted radiation upon cell
proteome, physiology and function (Nylund et al., 2009), as also pointed out by
Vanderstraeten and Verschaeve (2008).

Concerning research on wireless DECT base and handset radiation exposure
which is potentially harmful to millions of people, no actual experiments have been
conducted, besides the clinical studies reported by Söderqvist et al. (2009a,b),
Havas et al. (2010) and the epidemiological studies showing increased risk for brain
tumors (Hardell and Carlberg, 2009; Khurana et al., 2009). A recently published
article highlighted the importance of mobile phone epidemiology studies in
properly addressing DECT phone use as a strong and likely confounder (Redmayne
et al., 2010).

Given the limited available data on animal models, our objective was to
investigate the effects of two sources of EMFs on the proteome of the cerebellum,
hippocampus and frontal lobe in Balb/c mice.

These three brain regions were chosen since they are related to main
functions of the brain, such as memory, attention, reward, planning, equilibrium,
and motor control. Their common role is the correlation with cognitive functions
(Okano et al., 2000), which have been reported in a number of studies to be
altered after EMF exposure (for a review see Fragopoulou and Margaritis, 2010).
The hippocampus mainly controls spatial memory, the cerebellum is responsible
for motor learning, and the frontal lobe plays an important role in retaining
longer term memories associated with emotions. The frontal lobe does not seem
to be involved in any particular discrete perceptual sensory or so called motor
function, but in spite of that, it seems to have a very critical role on how we
use the kind of information that other parts of the brain are dedicated to
determine.

Our high-throughput approach challenges the gaps in the literature
investigating whether EMFs can provoke changes on the mouse brain proteome;
changes that could be correlated with EMF memory impairments reported so far
or with neurological diseases, such as Alzheimer’s and even with brain tumor
induction.

Three groups of 18 animals were used in the present study (6 animals/group): the
first group was exposed to a commercially available mobile phone, operating at GSM
900 MHz configuration and frequency and at normal speaking emission mode at a
SAR level range of 0.17 –0.37 W/kg for 3 h daily for 8 months. The second group was
exposed to a wireless DECT base at a SAR level range of 0.012 –0.028 W/kg for 8 h/day
during the lights-off period also for 8 months. The third group comprised the sham-
exposed animals.

The novelty of this work lies in the fact that no brain proteome studies have been
reported so far following EMF exposure and, in particular, of isolated brain regions in
any animal model. In addition, to our knowledge this is the first experimental report
of wireless DECT exposure effects on any biological model system and in particular
following proteome analysis.

EMFs affect mouse brain proteome 3
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MATERIALS AND METHODS

Animals
A total of 18 healthy adult male mice Mus musculus, strain Balb/c, were obtained
from the Hellenic Pasteur Institute Animal Facility and then transferred to our
animal facility in the Department of Cell Biology and Biophysics of Athens University
where they were left for two weeks to get acclimatized. Animals were housed equally
divided into 3 groups in Techniplast, USA Plexiglas cages, 1290D Eurostandard Type
III, 425 £ 266 £ 155 mm - floor area 820 cm2. The first and the second study
group were exposed to a commercially available dual band mobile phone and a
wireless DECT base, respectively. Free moving mice were exposed within their cages,
as reported previously (Fragopoulou et al., 2010b). The third group comprised the
sham-exposed group. All animals were kept under standard laboratory conditions:
(22 ^ 2)oC, (40– 60)% relative humidity, 12 h:12 h light/dark cycle (lights on at
7:00 am) and received food (pellets) and water ad libitum. Taking into consideration
the welfare of the animals, enrichment material was used within their home cages,
i.e., paper and plastic tubes. All experimental procedures were carried out in
agreement with the ethical recommendations of the European Communities Council
Directive of 24 November 1986 (86/609/EEC) and with the ethical rules of the
Bioethics Committee of the Faculty of Biology of Athens University. The 3R’s concept
of Russell and Burch (Refinement, Reduction and Replacement) was seriously taken
into consideration (Russell and Burch, 1959).

EMF Exposure Conditions and Field Measurements
Since the objective of this work is the exploration of any changes in the brain
proteome, special attention was given to ensure that the only factor affecting the
animals would be the radiation emitted from mobile phone or the base of the DECT
wireless device. Therefore, other fields or noise (i.e., magnetic field, other RFs of
various frequencies and noise levels) were measured and negligible and in any case
they were the same quantitatively and qualitatively with the sham-exposed group.

Mobile Phone Exposure
The animals of this group (n 6) were exposed to radiation within their home cage
three hours per day for 8 months. The exposure protocol of “3 h/day £ 8 months”
has been chosen in order to mimic a daily typical mobile phone operation by an
active person. The mobile phone was placed underneath the cage. A semi-Faraday
cage was specially constructed having one open surface to allow mobile phone
communication and at the same time to prevent radiation leakage towards sham-
exposed animals. The GSM 900 MHz electrical field intensity of the radiation emitted
by the mobile phone was measured using the Smartfieldmeter, EMC Test Design,
LLC, Newton, MA, USA placing the dual band omni directional probe (900,
1800 MHz) inside a similar cage housing the animals positioned at the same place
either at the end or in the beginning of exposure. The obtained measurements were
reproducible on a daily basis (minimum-maximum value depending on the sound
intensity). In order to simulate the conditions of human voice and activate mobile
phone ELF modulated EMF emission, radio station was playing as a source of
auditory stimulation throughout the exposure time. The measured electrical field
intensity was below ICNIRP’s recommendations (ICNIRP, 1998) within the range of
15–22 V/m in the various areas within the cage with the animals following
also the typical GSM power modulation by the sound intensity. The SAR value
(SAR s*E^2/r) calculated as previously described (Fragopoulou et al., 2010a,b)
was between 0.17 and 0.37 W/kg. This is a rough estimation of the whole body
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average SAR of individual animals. The aim was to achieve similar exposure
conditions occurring to a human user when holding the mobile phone next to
his/her ear with the only difference that the mice were receiving whole body and not
head-only exposure.

Wireless DECT Base Exposure
The animals of this group were exposed to a commercially available wireless DECT
base, which constantly emits radiation at a bandwidth of 1880–1900 MHz, very close
to the GSM1800 band, scanning all 10 allocated RF channels without any handset
communicating with the base. The DECT base was placed close to the mouse cage
and was programmed to operate for 8 h per day during the lights-off period for
8 months. This exposure protocol of 8 h/day has been chosen to correspond to
human occupational or home DECT base exposure. A semi-Faraday cage was
specially constructed to prevent radiation leakage towards sham-exposed animals.
Electrical field levels were measured with Smartfieldmeter as described above
and the values recorded were from 4–6 V/m depending on the position within the
cage. No voice modulation is required for DECT operation, but the same radio
station was playing for comparative purposes to the mobile phone exposure.
Therefore, SAR value calculated, as described above, ranged from 0.012– 0.028 W/Kg.

Sham-exposed Group
Mice were kept in a similar room as the exposed groups, under the same conditions of
living. The cages of the animals were inside a Faraday cage to prevent radiation entry
from the mobile phone and DECT base when in operation. A radio was playing at
the same station and the same volume as the one in the rooms of the exposed animals.
Non significant levels of Radio-frequency (RF) field deriving from the exposure sources
was detected inside the cage with the animals, as measured by the Smartfieldmeter.

BRAIN TISSUE REMOVAL AND HOMOGENIZATION

At the end of the experiment, mice were euthanized according to the bioethical rules
of the European Committee for animal protection, with cervical dislocation followed
by rapid brain tissue removal between 8 and 10 am. Parts of the brain (frontal
lobe, hippocampus, and cerebellum) were quickly separated, immediately frozen
in liquid nitrogen, and then stored at 80oC until sample processing for further
manipulation.

TWO-DIMENSIONAL ELECTROPHORESIS

The tissue was homogenized in a glass Wheaton (tight) homogenizer in a buffer
consisting of 8 M urea, 40 mM Tris-HCL (pH 8.5), 2 M thiourea, 4% CHAPS, 1%
dithioerythritol (DTE), 0.2% IPG buffer pH 3– 10 (Amersham Biosciences) and
1 mg/mL of a mixture of protease inhibitors (1 mM PMSF and 1 tablet (Roche
Diagnostics) per 50 mL of wash buffer and phosphatase inhibitors (0.2 mM Na3VO3

and 1 mM NaF)). The homogenate was left at room temperature for 1 h and
centrifuged at 13,000 rpm for 30 min. The protein content of the supernatant was
determined using the Bradford quantification method.

Two-dimensional gel electrophoresis was performed as previously reported
(Anagnostopoulos et al., 2010). Samples of 1 mg total protein were applied on 18 cm
IPG strips with pI 3–10 NL or 4–7 L (Bio-Rad Lab, Hercules, CA), at their basic and
acidic ends, using sample cups. IPG strips had been prepared for IEF by 20 h
rehydration in a buffer of 8 M urea, 4% CHAPS and 1% DTE.

EMFs affect mouse brain proteome 5
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First dimension focusing, for separation by two-dimensional gel electrophoresis,
started at 250 V and voltage was gradually increased to 8000 V, with 3 V/min, kept
constant for 25 h (approximately 150,000 Vh totally). IEF was conducted in a
PROTEAN IEF Cell, Bio-Rad apparatus. After focusing, IPG strips were equilibrated
first in 6 M urea, 50 mM Tris-HCL (pH 8.8), 2% (w/v) SDS, 30% (v/v) glycerol, and
0.5% (w/v) DTE for 15 min then in the same buffer containing 4% (w/v)
iodoacetamide instead of DTE, for 15 more min. Second dimensional electrophoresis
was performed on 12% SDS-polyacrylamide gels (180 £ 200 £ 1.5 mm) with a run of
40 mA/ gel, in PROTEIN-II multi-cell apparatuses (Bio-Rad, Hercules, CA).

PROTEIN VISUALIZATION AND IMAGE ANALYSIS

After vertical electrophoresis, gels were fixed in 50% methanol containing 5%
phosphoric acid for 2 h. The fixative solution was washed off by agitation in distilled
water for 45 min. Protein spots were visualized by application of Coomassie Blue
G-250 staining solution (Novex, San Diego, CA) on 2-DE gels for 12 h. Gel images
were scanned in a GS-800 Calibrated Densitometer (Bio-Rad Laboratories, Hercules,
CA) using the scanning application/tool of the PD-Quest v8.0 software (Bio-Rad,
Hercules, CA). Protein spots of all gels contained in the analysis, were detected,
aligned, matched, and quantified using the PD-Quest v8.0 image processing
software, according to the manufacturer’s instructions. Manual inspection of the
spots was used to verify the accuracy of matching. Spot volume was used as the
analysis parameter to quantify protein expression. Normalization of each individual
spot was performed according to the total quantity of the valid spots in each gel, after
subtraction of the background values. Optical Density (O.D.) level (%) of each
protein from the sham-exposed or exposed groups was determined separately and
calculated as the sum of the volume % of all spots from all gels containing the same
protein. Selection of protein spots or entire gel regions for MS analysis was based
upon O.D. alteration between the two groups analysed. A minimum of 1.25 fold
change in the expression level was used as the selection criterion.

PEPTIDE MASS FINGERPRINTING AND IDENTIFICATION OF PROTEINS

Peptide mass fingerprinting analysis was essentially performed as described
previously (Mavrou et al., 2008). Briefly, all spots on the gels were annotated semi-
automatically using the Melanie 4.02 software, excised with a Proteiner SPII robot
(Bruker Daltonics, Bremen, Germany) and placed into 96-well microtiter plates. The
excised spots were destained using 180ml of 100 mM ammonium bicarbonate in 30%
ACN and the gel piece was dried in a speed vacuum concentrator (MaxiDry Plus,
Heto, Denmark). The dried gel piece was rehydrated with 5mL of 20mg/mL
recombinant trypsin (proteomics grade, Roche diagnostics, Basel, Swiss) solution.
After 16 h at room temperature, 10mL of 50% acetonitrile containing 0.3%
trifluroacetic acid were added, and the gel pieces were incubated for 15 min with
gentle shaking. Sample application to a target plate and analysis as well as peptide
matching and protein searching were carried out as described previously (Mavrou
et al., 2008). Briefly, tryptic peptide mixtures (1mL) were applied on an anchor
chip MALDI plate with 1mL of matrix solution, consisting of 0.08% CHCA (Sigma),
the internal standard peptides des-Arg-bradykinin (Sigma, 904.4681 Da), and
adrenocorticotropic hormone fragment 18–39 (Sigma, 2465.1989 Da) in 65% ethanol,
50% CAN, and 0.1% TFA. Peptide mixtures were analysed in a MALDI-ToF mass
spectrometer (Ultraflex II, Bruker Daltonics). Laser shots (n 1000) of intensity
between 40% and 60% were collected and summarized and the peak list was created
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using the FlexAnalysis v2.2 software (Bruker). Peptide matching and protein
searches were performed automatically with MASCOT Server 2 (Matrix Science).
Peptide masses were compared with the theoretical peptide masses of all
available proteins of Mus musculus in the SWISS-PROT database. Stringent criteria
were used for protein identification with a maximum allowed mass error of
10 ppm and a minimum of four matching peptides. Probability score with
p , 0.05 was used as the criterion for affirmative protein identification.
Monoisotopic masses were used, and one missed trypsin cleavage site was
calculated for proteolytic products.

WESTERN BLOT ANALYSIS

Frozen tissues were sonicated in RIPA (radioimmunoprecipitation) lysis buffer
(50 mM Tris, pH 8.0, 150 mM NaCl, 1% NP-40, 5 mM EDTA, 0.5% sodium
deoxycholate, and 0.1% SDS), in the presence of protease inhibitors on ice.
The homogenate was centrifuged at 20,000 rpm for 20 min at 48C. The protein
concentration of each brain extract was determined by Bradford assay and 50mg was
loaded onto 12% SDS-PAGE (sodium dodecyl sulphate polyacrylamide gel
electrophoresis) after boiling in SDS sample buffer, and electroblotted onto
nitrocellulose membrane (Bio-Rad). The membrane was blocked in 5% dried non fat
milk diluted in PBS-T (0.1%) for 60 min at room temperature and probed with
primary antibodies, mouse monoclonal anti-GMF (diluted at 1:100), goat polyclonal
anti-ApoE (sc-6384, diluted at 1:1000), and rabbit polyclonal anti-GFAP (ab7260,
diluted at 1:4000) using standard immunoblotting techniques. After the 1 h RT
application of species-specific HRP- (horseradish peroxidase) conjugated secondary
antibodies (anti-rabbit, Amersham-Pharmacia Biotechnology, Piscataway, NJ, USA,
at 1:8.000, anti-mouse, Dako, Denmark at 1:10.000 and anti-goat, Sigma, Germany
at 1:14000) appropriately diluted in blocking solution, the immunoblots were
developed using an enhanced chemiluminescence (ECL) reagent kit (Amersham
Biosciences, Piscataway, NJ, USA) or ECL Plus (GE Healthcare, Amersham
Biosciences) western blotting detection reagent. Unspecific protein bands were
used as internal loading controls. The molecular weight (MW) definition of unknown
bands was identified against a lane of MW protein standards (Fermentas, Hanover,
MD, USA).

Following exposure and development the negatives were scanned and processed
through image analysis “Gel analyzer” software (v.1.0, Biosure, Ltd, Greece) to
quantitatively estimate band densities. The immunoblots shown are derived from
different animals randomly selected.

NETWORK ANALYSIS

All protein identifications, both the ones solely expressed in exposed regions, and
those differentially expressed among exposed and sham-exposed regions, were used
for Pathway Analysis. For this purpose, the Swiss-Prot accession numbers were
inserted into the Ingenuity Pathway Analysis (IPA) software (Ingenuity Systems,
Mountain View, CA). This software categorizes gene products based on the location
of the protein within cellular components and suggests possible biochemical,
biological, and molecular functions. Furthermore, proteins were mapped to genetic
networks available in the Ingenuity database and ranked by score. These genetic
networks describe functional relationships between gene products based on known
interactions in literature. Through the IPA software, the newly formed networks are
associated with known biological pathways.

EMFs affect mouse brain proteome 7
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STATISTICAL ANALYSIS

To ensure confidence in our experimental approach we employed a design which
involved duplicate 2-DE gels per sample (i.e., to determine analytical variation) and
separate preparations for each replicate sample per experiment (i.e., to determine
biological variation), summing up to 36 2-DE gels in total.

Mean densitometry values of all spots corresponding to a specific protein from
each group were first checked for normal distribution using the Kolmogorov-
Smirnov/Lilliefor test (StatPlus 2007 software, AnalystSoft, Vancouver, Canada).
Data with normally distributed densitometric values were exported to Microsoft
Excel 2007 software and compared with the two pair t-test assuming unequal
variances. Means of spot intensities for proteins with not normally distributed values
were compared for statistical significance with the Mann-Whitney non parametric
test (GraphPad Instat 3 software, GraphPad software Inc, La Jolla, CA). Statistical
significance (a-level) was defined as p , 0.05. In order to control the False Discovery
Rate (FDR), individual a-levels for each spot were adjusted following the FDR
correction procedure (Benjamini and Hochberg, 1995).

The above analysis was performed in order to increase the sensitivity without
compromising the accuracy of the statistical output. As such, all the normally
distributed populations were tested using a t-test. If these had been tested using
Mann-Whitney some statistically significant differentiations would have been
missed. FDR was used to correct for multiple comparisons.

RESULTS

In this study we examined the protein expression levels in different mouse brain
regions after whole body exposure of Balb/c mice, separately to mobile phone and
wireless DECT base electromagnetic radiation.

Protein expression was estimated by proteomics analysis using 2-DE with broad
(3–10 NL) and narrow (4–7 L) IPG strips. All brain tissue samples were analyzed in
duplicate. Hippocampi were pooled in order to assure the protein quantity (1 mg
total protein per 2-DE gel) needed for the analysis. In total, 36 gels were performed in
this study. Coomassie blue staining revealed a mean number of 843 ^ 73 and
587 ^ 45 protein spots within the pH range 3–10 and the pH range 4–7, respectively.
Areas of interest with reproducible spot intensity and/or pattern differences
observed in pI 3–10 2-DE gels, were mainly monitored in the acidic regions. Further
examination therefore, using 4–7 IPG strips guaranteed greater detail of spot analysis
in the specific areas.

A total of 432 proteins were found expressed in the studied materials. Concretely,
149 single gene products were identified in the cerebellum, 136 single gene products
were identified in the frontal lobe, and 147 single gene products were identified in
the hippocampus. These results seem to be in accordance with recent findings in a
rat hippocampus proteomics analysis (Fountoulakis et al., 2005).

TABLE 1 Number of differentially expressed proteins across three major brain regions, following
long term electromagnetic radiation exposure to conventional mobile phone (M) and DECT
wireless base (B).

Hippocampus Frontal lobe Cerebellum

Proteins B M B M B M

Upregulated 11 37 12 19 8 36
Downregulated 11 33 11 18 10 18
Total number of proteins changed 22 70 23 37 18 54

8 A. F. Fragopoulou et al.
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Statistical analysis under the criteria described above, revealed that 143 single
gene products were found differentially expressed among the studied brain tissue
samples, as shown in Suppl. Table 1. This table summarizes the identified proteins,
gives the spot numbers under which the proteins appeared on the 2-DE gels, their
identity, SwissProt accession numbers, theoretical pI, molecular weight, MASCOT
score, the number of peptides used per identification, protein coverage, and the
expression level, as calculated with the PD Quest 8.0 software. Proteins with
difference in expression at a level of 1.25 were considered upregulated, while a 0.75
difference designated downregulated proteins.

FIGURE 1 Representative 2 DE gel of mouse hippocampus. Arrows indicate the proteins
downregulated after the exposure of the mice to mobile (black arrows) and to base (white arrows)
compared to the sham exposed animals.

EMFs affect mouse brain proteome 9

Copyright Q Informa Healthcare USA, Inc.

E
le

ct
ro

m
ag

n 
B

io
l M

ed
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

A
th

en
s 

on
 0

1/
20

/1
2

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



T
A

B
L

E
2

D
if

fe
re

n
ti

a
ll

y
ex

p
re

ss
ed

p
ro

te
in

s
in

th
e

m
o

u
se

b
ra

in
a

ft
er

ex
p

o
su

re
to

b
a

se
a

n
d

m
o

b
il

e
p

h
o

n
e

ra
d

ia
ti

o
n

.

H
ip

p
o

ca
m

p
u

s
F

ro
n

ta
l

L
o

b
e

C
er

eb
el

lu
m

A
cc

es
si

o
n

N
a

m
e

P
ro

te
in

N
a

m
e

B
M

B
M

B
M

1
4

3
3E

_M
O

U
S

E
1

4
-3

-3
p

ro
te

in
ep

si
lo

n
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

A
A

T
C

_M
O

U
S

E
A

sp
a

rt
a

te
a

m
in

o
tr

a
n

sf
er

a
se

,
cy

to
p

la
sm

ic
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"
"

"
"

A
C

T
Y

_M
O

U
S

E
B

et
a

-c
en

tr
a

ct
in

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

A
H

S
A

1
_M

O
U

S
E

A
ct

iv
a

to
r

o
f

9
0

k
D

a
h

ea
t

sh
o

ck
p

ro
te

in
A

T
P

a
se

h
o

m
o

lo
g

1
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

A
IN

X
_M

O
U

S
E

A
lp

h
a

-i
n

te
rn

ex
in

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

#

A
L

D
H

2
_M

O
U

S
E

A
ld

eh
yd

e
d

eh
yd

ro
ge

n
a

se
,

m
it

o
ch

o
n

d
ri

a
l

p
re

cu
rs

o
r

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

A
L

D
O

A
_M

O
U

S
E

F
ru

ct
o

se
-b

is
p

h
o

sp
h

a
te

a
ld

o
la

se
A

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

A
L

D
O

C
_M

O
U

S
E

F
ru

ct
o

se
-b

is
p

h
o

sp
h

a
te

a
ld

o
la

se
C

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

"
"

A
L

D
R

_M
O

U
S

E
A

ld
o

se
re

d
u

ct
a

se
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"
"

A
N

X
A

5
_M

O
U

S
E

A
n

n
ex

in
A

5
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

A
P

O
A

1
_M

O
U

S
E

A
p

o
li

p
o

p
ro

te
in

A
-I

p
re

cu
rs

o
r

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

A
P

O
E

_M
O

U
S

E
A

p
o

li
p

o
p

ro
te

in
E

p
re

cu
rs

o
r

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

"

A
T

P
5

H
_M

O
U

S
E

A
T

P
sy

n
th

a
se

su
b

u
n

it
d

,
m

it
o

ch
o

n
d

ri
a

l
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"
#

A
T

P
A

_M
O

U
S

E
A

T
P

sy
n

th
a

se
su

b
u

n
it

a
lp

h
a

,
m

it
o

ch
o

n
d

ri
a

l
p

re
cu

rs
o

r
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"
"

"

A
T

P
B

_M
O

U
S

E
A

T
P

sy
n

th
a

se
su

b
u

n
it

b
et

a
,

m
it

o
ch

o
n

d
ri

a
l

p
re

cu
rs

o
r

-M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#
"

A
T

P
G

_M
O

U
S

E
A

T
P

sy
n

th
a

se
su

b
u

n
it

ga
m

m
a

,
m

it
o

ch
o

n
d

ri
a

l
p

re
cu

rs
o

r
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

B
A

C
H

_M
O

U
S

E
C

yt
o

so
li

c
a

cy
l

co
en

zy
m

e
A

th
io

es
te

r
h

yd
ro

la
se

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

B
L

V
R

B
_M

O
U

S
E

F
la

vi
n

re
d

u
ct

a
se

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

C
1

Q
B

P
_M

O
U

S
E

C
o

m
p

le
m

en
t

co
m

p
o

n
en

t
1

Q
su

b
co

m
p

o
n

en
t-

b
in

d
in

g
p

ro
te

in
,

m
it

o
ch

o
n

d
ri

a
l

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

C
A

H
2

_M
O

U
S

E
C

a
rb

o
n

ic
a

n
h

yd
ra

se
2

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

#
"

#

C
A

L
R

_M
O

U
S

E
C

a
lr

et
ic

u
li

n
p

re
cu

rs
o

r
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#
"

C
H

6
0

_M
O

U
S

E
6

0
k

D
a

h
ea

t
sh

o
ck

p
ro

te
in

,
m

it
o

ch
o

n
d

ri
a

l
p

re
cu

rs
o

r
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

C
IS

Y
_M

O
U

S
E

C
it

ra
te

s
yn

th
a

se
,

m
it

o
ch

o
n

d
ri

a
l

p
re

cu
rs

o
r

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

C
L

P
P

_M
O

U
S

E
P

u
ta

ti
ve

A
T

P
-d

ep
en

d
en

t
C

lp
p

ro
te

a
se

p
ro

te
o

ly
ti

c
su

b
u

n
it

,
m

it
o

ch
o

n
d

ri
a

l
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

C
N

T
N

2
_M

O
U

S
E

C
o

n
ta

ct
in

-2
p

re
cu

rs
o

r
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

C
P

N
E

6
_M

O
U

S
E

C
o

p
in

e-
6

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

C
R

Y
M

_M
O

U
S

E
M

u
-c

ry
st

a
ll

in
h

o
m

o
lo

g
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

C
S

N
4

_M
O

U
S

E
C

O
P

9
si

gn
a

lo
so

m
e

co
m

p
le

x
su

b
u

n
it

4
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

D
C

T
N

2
_M

O
U

S
E

D
yn

a
ct

in
su

b
u

n
it

2
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

D
D

A
H

1
_M

O
U

S
E

N
(G

),
N

(G
)-

d
im

et
h

yl
a

rg
in

in
e

d
im

et
h

yl
a

m
in

o
h

yd
ro

la
se

1
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

D
H

E
3

_M
O

U
S

E
G

lu
ta

m
at

e
d

eh
yd

ro
ge

n
a

se
1

,
m

it
o

ch
o

n
d

ri
a

l
p

re
cu

rs
o

r
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"
"

#

D
H

P
R

_M
O

U
S

E
D

ih
yd

ro
p

te
ri

d
in

e
re

d
u

ct
a

se
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

10 A. F. Fragopoulou et al.

Electromagnetic Biology and Medicine

E
le

ct
ro

m
ag

n 
B

io
l M

ed
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

A
th

en
s 

on
 0

1/
20

/1
2

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



D
L

D
H

_M
O

U
S

E
D

ih
yd

ro
li

p
o

yl
d

eh
yd

ro
ge

n
a

se
,

m
it

o
ch

o
n

d
ri

a
l

p
re

cu
rs

o
r

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

D
N

M
1

L
_M

O
U

S
E

D
yn

am
in

-1
-l

ik
e

p
ro

te
in

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

D
P

Y
L

2
_M

O
U

S
E

D
ih

yd
ro

p
yr

im
id

in
a

se
-r

el
a

te
d

p
ro

te
in

2
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"
"

"
"

D
R

E
B

_M
O

U
S

E
D

re
b

ri
n

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

#

D
Y

N
1

_M
O

U
S

E
D

yn
am

in
-1

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

#

E
F

H
D

2
_M

O
U

S
E

E
F

-h
an

d
d

o
m

a
in

-c
o

n
ta

in
in

g
p

ro
te

in
D

2
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"
#

E
N

O
A

_M
O

U
S

E
A

lp
h

a
-e

n
o

la
se

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

"
"

"

E
N

O
G

_M
O

U
S

E
G

a
m

m
a-

en
o

la
se

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

E
N

P
L

_M
O

U
S

E
E

n
d

o
p

la
sm

in
p

re
cu

rs
o

r
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

E
R

P
2

9
_M

O
U

S
E

E
n

d
o

p
la

sm
ic

re
ti

cu
lu

m
p

ro
te

in
E

R
p

2
9

p
re

cu
rs

o
r

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

E
Z

R
I_

M
O

U
S

E
E

zr
in

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

F
A

B
P

H
_M

O
U

S
E

F
a

tt
y

a
ci

d
-b

in
d

in
g

p
ro

te
in

,
h

ea
rt

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

F
R

IH
_M

O
U

S
E

F
er

ri
ti

n
h

ea
vy

ch
a

in
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

F
U

B
P

1
_M

O
U

S
E

F
a

r
u

p
st

re
a

m
el

em
en

t-
b

in
d

in
g

p
ro

te
in

1
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

F
U

M
H

_M
O

U
S

E
F

u
m

a
ra

te
h

yd
ra

ta
se

,
m

it
o

ch
o

n
d

ri
a

l
p

re
cu

rs
o

r
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#
"

"
"

G
3

P
_M

O
U

S
E

G
ly

ce
ra

ld
eh

yd
e-

3
-p

h
o

sp
h

a
te

d
eh

yd
ro

ge
n

a
se

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

#

G
A

B
T

_M
O

U
S

E
4

-a
m

in
o

b
u

ty
ra

te
a

m
in

o
tr

a
n

sf
er

a
se

,m
it

o
ch

o
n

d
ri

a
lp

re
cu

rs
o

r
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"
"

G
B

B
1

_M
O

U
S

E
G

u
a

n
in

e
n

u
cl

eo
ti

d
e-

b
in

d
in

g
p

ro
te

in
G

(I
)/

G
(S

)/
G

(T
)

b
et

a
su

b
u

n
it

1
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#
#

#

G
B

B
2

_M
O

U
S

E
G

u
a

n
in

e
n

u
cl

eo
ti

d
e-

b
in

d
in

g
p

ro
te

in
G

(I
)/

G
(S

)/
G

(T
)

b
et

a
su

b
u

n
it

2
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#
#

#
#

G
D

IB
_M

O
U

S
E

R
a

b
G

D
P

d
is

so
ci

a
ti

o
n

in
h

ib
it

o
r

b
et

a
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

G
D

IR
1_

M
O

U
S

E
R

h
o

G
D

P
-d

is
so

ci
a

ti
o

n
in

h
ib

it
o

r
1

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

"
"

G
E

L
S

_M
O

U
S

E
G

el
so

li
n

p
re

cu
rs

o
r

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

G
F

A
P

_M
O

U
S

E
G

li
a

l
fi

b
ri

ll
a

ry
a

ci
d

ic
p

ro
te

in
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"
"

G
L

O
D

4
_M

O
U

S
E

G
ly

o
xa

la
se

d
o

m
a

in
-c

o
n

ta
in

in
g

p
ro

te
in

4
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

G
L

R
X

3
_M

O
U

S
E

G
lu

ta
re

d
o

xi
n

-3
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"
#

G
M

F
B

_M
O

U
S

E
G

li
a

m
a

tu
ra

ti
o

n
fa

ct
o

r
b

et
a

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

#

G
P

D
M

_M
O

U
S

E
G

ly
ce

ro
l-

3
-p

h
o

sp
h

a
te

d
eh

yd
ro

ge
n

a
se

,
m

it
o

ch
o

n
d

ri
a

l
p

re
cu

rs
o

r
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

G
R

B
2

_M
O

U
S

E
G

ro
w

th
fa

ct
o

r
re

ce
p

to
r-

b
o

u
n

d
p

ro
te

in
2

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

#
"

G
R

P
7

5_
M

O
U

S
E

S
tr

es
s-

7
0

p
ro

te
in

,
m

it
o

ch
o

n
d

ri
a

l
p

re
cu

rs
o

r
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#
#

#

G
R

P
7

8_
M

O
U

S
E

7
8

k
D

a
gl

u
co

se
-r

eg
u

la
te

d
p

ro
te

in
p

re
cu

rs
o

r
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

G
S

T
M

1
_M

O
U

S
E

G
lu

ta
th

io
n

e
S

-t
ra

n
sf

er
a

se
M

u
1

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

H
IN

T
1_

M
O

U
S

E
H

is
ti

d
in

e
tr

ia
d

n
u

cl
eo

ti
d

e-
b

in
d

in
g

p
ro

te
in

1
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

H
M

G
B

1_
M

O
U

S
E

H
ig

h
m

o
b

il
it

y
gr

o
u

p
p

ro
te

in
B

1
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

H
N

R
H

1_
M

O
U

S
E

H
et

er
o

ge
n

eo
u

s
n

u
cl

ea
r

ri
b

o
n

u
cl

eo
p

ro
te

in
H

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

EMFs affect mouse brain proteome 11

Copyright Q Informa Healthcare USA, Inc.

E
le

ct
ro

m
ag

n 
B

io
l M

ed
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

A
th

en
s 

on
 0

1/
20

/1
2

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



T
A

B
L

E
2

(c
o
n
ti
n
u
ed

)

H
ip

p
o

ca
m

p
u

s
F

ro
n

ta
l

L
o

b
e

C
er

eb
el

lu
m

A
cc

es
si

o
n

N
a

m
e

P
ro

te
in

N
a

m
e

B
M

B
M

B
M

H
N

R
P

K
_M

O
U

S
E

H
et

er
o

ge
n

eo
u

s
n

u
cl

ea
r

ri
b

o
n

u
cl

eo
p

ro
te

in
K

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

#

H
S

9
0A

_M
O

U
S

E
H

ea
t

sh
o

ck
p

ro
te

in
H

S
P

9
0

-a
lp

h
a

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

H
S

9
0B

_M
O

U
S

E
H

ea
t

sh
o

ck
p

ro
te

in
H

S
P

9
0

-b
et

a
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

H
S

P
7

C
_M

O
U

S
E

H
ea

t
sh

o
ck

co
gn

a
te

7
1

k
D

a
p

ro
te

in
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

IM
M

T
_M

O
U

S
E

M
it

o
ch

o
n

d
ri

a
l

in
n

er
m

em
b

ra
n

e
p

ro
te

in
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#
"

K
A

D
1

_M
O

U
S

E
A

d
en

yl
a

te
k

in
a

se
is

o
en

zy
m

e
1

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

"

K
C

R
B

_M
O

U
S

E
C

re
a

ti
n

e
k

in
a

se
B

-t
yp

e
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"
#

K
C

R
U

_M
O

U
S

E
C

re
a

ti
n

e
k

in
a

se
,

u
b

iq
u

it
o

u
s

m
it

o
ch

o
n

d
ri

a
l

p
re

cu
rs

o
r

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

K
C

Y
_M

O
U

S
E

U
M

P
-C

M
P

k
in

a
se

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

#

K
P

Y
M

_M
O

U
S

E
P

yr
u

va
te

k
in

a
se

is
o

zy
m

es
M

1/
M

2
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#
"

"
"

L
A

S
P

1
_M

O
U

S
E

L
IM

a
n

d
S

H
3

d
o

m
a

in
p

ro
te

in
1

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

L
D

H
A

_M
O

U
S

E
L

-l
a

ct
a

te
d

eh
yd

ro
ge

n
a

se
A

ch
a

in
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

L
G

U
L

_M
O

U
S

E
L

a
ct

o
yl

gl
u

ta
th

io
n

e
ly

a
se

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

L
IS

1
_M

O
U

S
E

P
la

te
le

t-
a

ct
iv

a
ti

n
g

fa
ct

o
r

a
ce

ty
lh

yd
ro

la
se

IB
su

b
u

n
it

a
lp

h
a

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

M
D

H
C

_M
O

U
S

E
M

a
la

te
d

eh
yd

ro
ge

n
a

se
,

cy
to

p
la

sm
ic

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

M
D

H
M

_M
O

U
S

E
M

a
la

te
d

eh
yd

ro
ge

n
a

se
,

m
it

o
ch

o
n

d
ri

a
l

p
re

cu
rs

o
r

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

M
L

R
B

_M
O

U
S

E
M

yo
si

n
re

gu
la

to
ry

li
gh

t
ch

a
in

2
-B

,
sm

o
o

th
m

u
sc

le
is

o
fo

rm
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

N
D

K
B

_M
O

U
S

E
N

u
cl

eo
si

d
e

d
ip

h
o

sp
h

a
te

k
in

a
se

B
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

N
D

U
A

A
_M

O
U

S
E

N
A

D
H

d
eh

yd
ro

ge
n

a
se

[u
b

iq
u

in
o

n
e]

1
a

lp
h

a
su

b
co

m
p

le
x

su
b

u
n

it
1

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

N
D

U
B

A
_M

O
U

S
E

N
A

D
H

d
eh

yd
ro

ge
n

a
se

[u
b

iq
u

in
o

n
e]

1
b

et
a

su
b

co
m

p
le

x
su

b
u

n
it

1
0

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

N
D

U
S

1
_M

O
U

S
E

N
A

D
H

-u
b

iq
u

in
o

n
e

o
xi

d
o

re
d

u
ct

a
se

7
5

k
D

a
su

b
u

n
it

,
m

it
o

ch
o

n
d

ri
a

l
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

N
D

U
S

3
_M

O
U

S
E

N
A

D
H

d
eh

yd
ro

ge
n

a
se

[u
b

iq
u

in
o

n
e]

ir
o

n
-s

u
lf

u
r

p
ro

te
in

3
,

m
it

o
ch

o
n

d
ri

a
l

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

N
D

U
S

8
_M

O
U

S
E

N
A

D
H

d
eh

yd
ro

ge
n

a
se

[u
b

iq
u

in
o

n
e]

ir
o

n
-s

u
lf

u
r

p
ro

te
in

8
,

m
it

o
ch

o
n

d
ri

a
l

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

N
D

U
V

1
_M

O
U

S
E

N
A

D
H

d
eh

yd
ro

ge
n

a
se

[u
b

iq
u

in
o

n
e]

fl
a

vo
p

ro
te

in
1

,
m

it
o

ch
o

n
d

ri
a

l
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"
"

"

N
F

L
_M

O
U

S
E

N
eu

ro
fi

la
m

en
t

li
gh

t
p

o
ly

p
ep

ti
d

e
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#
#

"
"

N
F

M
_M

O
U

S
E

N
eu

ro
fi

la
m

en
t

m
ed

iu
m

p
o

ly
p

ep
ti

d
e

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

O
A

T
_M

O
U

S
E

O
rn

it
h

in
e

a
m

in
o

tr
a

n
sf

er
a

se
,

m
it

o
ch

o
n

d
ri

a
l

p
re

cu
rs

o
r

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

12 A. F. Fragopoulou et al.

Electromagnetic Biology and Medicine

E
le

ct
ro

m
ag

n 
B

io
l M

ed
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

A
th

en
s 

on
 0

1/
20

/1
2

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



O
D

O
1_

M
O

U
S

E
2

-o
xo

gl
u

ta
ra

te
d

eh
yd

ro
ge

n
a

se
E

1
co

m
p

o
n

en
t,

m
it

o
ch

o
n

d
ri

a
l

p
re

cu
rs

o
r

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

O
D

P
2

_M
O

U
S

E
D

ih
yd

ro
li

p
o

yl
ly

si
n

e-
re

si
d

u
e

a
ce

ty
lt

ra
n

sf
er

a
se

co
m

p
o

n
en

t
o

f
p

yr
u

va
te

d
eh

yd
ro

ge
n

a
se

co
m

p
le

x,
m

it
o

ch
o

n
d

ri
a

l-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

"

O
D

P
B

_M
O

U
S

E
P

yr
u

va
te

d
eh

yd
ro

ge
n

a
se

E
1

co
m

p
o

n
en

t
su

b
u

n
it

b
et

a
,

m
it

o
ch

o
n

d
ri

a
l

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

#
#

P
D

C
6I

_M
O

U
S

E
P

ro
gr

a
m

m
ed

ce
ll

d
ea

th
6

-i
n

te
ra

ct
in

g
p

ro
te

in
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

P
D

IA
3

_M
O

U
S

E
P

ro
te

in
d

is
u

lf
id

e-
is

o
m

er
a

se
A

3
p

re
cu

rs
o

r
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

P
E

B
P

1
_M

O
U

S
E

P
h

o
sp

h
a

ti
d

yl
et

h
a

n
o

la
m

in
e-

b
in

d
in

g
p

ro
te

in
1

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

"

P
G

A
M

1
_M

O
U

S
E

P
h

o
sp

h
o

gl
yc

er
a

te
m

u
ta

se
1

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

P
G

K
1_

M
O

U
S

E
P

h
o

sp
h

o
gl

yc
er

a
te

k
in

a
s

e
1

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

P
IM

T
_M

O
U

S
E

P
ro

te
in

-L
-i

so
a

sp
a

rt
a

te
(D

-a
sp

a
rt

a
te

)
O

-m
et

h
yl

tr
a

n
sf

er
a

se
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

P
P

C
K

M
_M

O
U

S
E

P
h

o
sp

h
o

en
o

lp
yr

u
va

te
ca

rb
o

xy
k

in
a

se
[G

T
P

],
m

it
o

ch
o

n
d

ri
a

l
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

P
R

D
X

1_
M

O
U

S
E

P
er

o
xi

re
d

o
xi

n
-1

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

P
R

D
X

3_
M

O
U

S
E

T
h

io
re

d
o

xi
n

-d
ep

en
d

en
t

p
er

o
xi

d
e

re
d

u
ct

a
se

,m
it

o
ch

o
n

d
ri

a
l

p
re

cu
rs

o
r

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

"

P
R

D
X

6_
M

O
U

S
E

P
er

o
xi

re
d

o
xi

n
-6

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

"

P
R

S
7

_M
O

U
S

E
2

6
S

p
ro

te
a

se
re

gu
la

to
ry

su
b

u
n

it
7

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

"

P
S

A
6

_M
O

U
S

E
P

ro
te

a
so

m
e

su
b

u
n

it
a

lp
h

a
ty

p
e-

6
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

P
S

B
4

_M
O

U
S

E
P

ro
te

a
so

m
e

su
b

u
n

it
b

et
a

ty
p

e-
4

p
re

cu
rs

o
r

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

P
U

R
A

_M
O

U
S

E
T

ra
n

sc
ri

p
ti

o
n

a
l

a
ct

iv
a

to
r

p
ro

te
in

P
u

r-
a

lp
h

a
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

P
Y

C
_M

O
U

S
E

P
yr

u
va

te
ca

rb
o

xy
la

se
,

m
it

o
ch

o
n

d
ri

a
l

p
re

cu
rs

o
r

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

Q
C

R
1

_M
O

U
S

E
C

yt
o

ch
ro

m
e

b
-c

1
co

m
p

le
x

su
b

u
n

it
1

,
m

it
o

ch
o

n
d

ri
a

l
p

re
cu

rs
o

r
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"
"

#

Q
C

R
2

_M
O

U
S

E
C

yt
o

ch
ro

m
e

b
-c

1
co

m
p

le
x

su
b

u
n

it
2

,
m

it
o

ch
o

n
d

ri
a

l
p

re
cu

rs
o

r
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

R
O

A
2

_M
O

U
S

E
H

et
er

o
ge

n
eo

u
s

n
u

cl
ea

r
ri

b
o

n
u

cl
eo

p
ro

te
in

s
A

2
/B

1
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

S
A

M
5

0
_M

O
U

S
E

S
o

rt
in

g
a

n
d

a
ss

em
b

ly
m

a
ch

in
er

y
co

m
p

o
n

en
t

5
0

h
o

m
o

lo
g

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

S
C

O
T

_M
O

U
S

E
S

u
cc

in
yl

-C
o

A
3

-k
et

o
a

ci
d

-c
o

en
zy

m
e

A
tr

a
n

sf
er

a
se

1
,

m
it

o
ch

o
n

d
ri

a
l

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

S
E

P
11

_M
O

U
S

E
S

ep
ti

n
-1

1
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

S
E

P
T

2
_M

O
U

S
E

S
ep

ti
n

-2
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

S
E

P
T

5
_M

O
U

S
E

S
ep

ti
n

-5
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

S
E

P
T

8
_M

O
U

S
E

S
ep

ti
n

-8
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

S
H

3
G

2
_M

O
U

S
E

E
n

d
o

p
h

il
in

-A
1

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

#

S
N

A
B

_M
O

U
S

E
B

et
a

-s
o

lu
b

le
N

S
F

a
tt

a
ch

m
en

t
p

ro
te

in
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

S
N

A
G

_M
O

U
S

E
G

a
m

m
a

-s
o

lu
b

le
N

S
F

a
tt

a
ch

m
en

t
p

ro
te

in
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

EMFs affect mouse brain proteome 13

Copyright Q Informa Healthcare USA, Inc.

E
le

ct
ro

m
ag

n 
B

io
l M

ed
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

A
th

en
s 

on
 0

1/
20

/1
2

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



T
A

B
L

E
2

(c
o
n
ti
n
u
ed

)

H
ip

p
o

ca
m

p
u

s
F

ro
n

ta
l

L
o

b
e

C
er

eb
el

lu
m

A
cc

es
si

o
n

N
a

m
e

P
ro

te
in

N
a

m
e

B
M

B
M

B
M

S
O

D
M

_M
O

U
S

E
S

u
p

er
o

xi
d

e
d

is
m

u
ta

se
[M

n
],

m
it

o
ch

o
n

d
ri

a
l

p
re

cu
rs

o
r

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

#
#

S
R

R
_M

O
U

S
E

S
er

in
e

ra
ce

m
as

e
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

S
T

X
B

1
_M

O
U

S
E

S
yn

ta
xi

n
-b

in
d

in
g

p
ro

te
in

1
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"
"

S
U

C
B

1_
M

O
U

S
E

S
u

cc
in

yl
-C

o
A

li
ga

se
[A

D
P

-f
o

rm
in

g]
b

et
a

-c
h

a
in

,
m

it
o

ch
o

n
d

ri
a

l
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#
#

S
Y

N
2

_M
O

U
S

E
S

yn
a

p
si

n
-2

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

"
#

"

S
Y

T
1

_M
O

U
S

E
S

yn
a

p
to

ta
gm

in
-1

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

#

S
Y

U
A

_M
O

U
S

E
A

lp
h

a
-s

yn
u

cl
ei

n
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#
"

T
A

G
L

3
_M

O
U

S
E

T
ra

n
sg

el
in

-3
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

T
C

P
B

_M
O

U
S

E
T

-c
o

m
p

le
x

p
ro

te
in

1
su

b
u

n
it

b
et

a
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#
"

T
H

IL
_M

O
U

S
E

A
ce

ty
l-

C
o

A
a

ce
ty

lt
ra

n
sf

er
a

se
,

m
it

o
ch

o
n

d
ri

a
l

p
re

cu
rs

o
r

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

T
H

O
P

1
_M

O
U

S
E

T
h

im
et

o
li

go
p

ep
ti

d
a

se
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

T
K

T
_M

O
U

S
E

T
ra

n
sk

et
o

la
se

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

"

T
M

O
D

2
_M

O
U

S
E

T
ro

p
o

m
o

d
u

li
n

-2
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#
#

T
P

IS
_M

O
U

S
E

T
ri

o
se

p
h

o
sp

h
a

te
is

o
m

er
as

e
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

U
C

H
L

1
_M

O
U

S
E

U
b

iq
u

it
in

ca
rb

o
xy

l-
te

rm
in

a
l

h
yd

ro
la

se
is

o
zy

m
e

L
1

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

#
"

"

V
A

T
A

_M
O

U
S

E
V

a
cu

o
la

r
A

T
P

sy
n

th
a

se
ca

ta
ly

ti
c

su
b

u
n

it
A

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

V
A

T
B

2
_M

O
U

S
E

V
a

cu
o

la
r

A
T

P
sy

n
th

a
se

su
b

u
n

it
B

,
b

ra
in

is
o

fo
rm

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
"

V
A

T
F

_M
O

U
S

E
V

a
cu

o
la

r
p

ro
to

n
p

u
m

p
su

b
u

n
it

F
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

#

V
D

A
C

1
_M

O
U

S
E

V
o

lt
a

ge
-d

ep
en

d
en

t
a

n
io

n
-s

el
ec

ti
ve

ch
a

n
n

el
p

ro
te

in
1

-
M

u
s

m
u

sc
u

lu
s

(M
o

u
se

)
#

#
"

V
IN

C
_M

O
U

S
E

V
in

cu
li

n
-

M
u

s
m

u
sc

u
lu

s
(M

o
u

se
)

"

14 A. F. Fragopoulou et al.

Electromagnetic Biology and Medicine

E
le

ct
ro

m
ag

n 
B

io
l M

ed
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

A
th

en
s 

on
 0

1/
20

/1
2

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



The exposure conditions as explicitly described in “Materials and Methods” had
an impact in the differential protein expression of a large number of brain proteins as
follows.

. Hippocampus. 11 proteins were upregulated, whereas another 11 were
downregulated after the animal exposure to a wireless DECT base, compared to
the sham-exposed animals. In addition, 37 proteins were found upregulated and
33 downregulated after the exposure of the animals to a mobile phone compared
to the sham-exposed (Table 1).

. Frontal lobe. 12 proteins were upregulated and 11 proteins were downregulated
after exposure of the animals to a wireless base. The mobile phone exposure
caused 19 proteins to become upregulated and 18 proteins downregulated
(Table 1).

. Cerebellum. 8 proteins were upregulated and 10 proteins were downregulated
after exposure of the animals to a wireless base, whereas 36 proteins were
upregulated, and 18 proteins were downregulated in the mobile phone exposed
animal group (Table 1).

FIGURE 2 Total Pathway network for differentially expressed proteins in the three brain regions
(hippocampus, cerebellum, frontal lobe) after mice exposure to EMFs taking into account Table 2
data. The diagram was constructed with the use of the Ingenuity Pathway Analysis software as
described in the “Materials and Methods” section. The more references existing in literature about
the functional relationship of the shown proteins, the more intense the interconnecting blue lines
appear. Major protein categories altered after EMF exposure are HSPs and proteins of the brain
metabolism.

EMFs affect mouse brain proteome 15
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. Summarizing, it seems that the mobile phone has a higher impact to all three
brain regions isolated and studied, compared to the wireless DECT base, in the
specific frequencies and intensities used. Furthermore, it is interesting that
approximately, the same number of proteins becomes upregulated or down-
regulated for a given brain region except the cerebellum where the vast majority of
affected proteins (36) have been upregulated.

Fig. 1 is a representative image of a 2-DE gel 3–10 pI of hippocampus sample
showing proteins that were downregulated after exposure of mice to wireless DECT
base (white arrows) and mobile phone (black arrows) compared to sham-exposed.
Differentially expressed proteins are shown annotated by their SwissProt symbols
and arrows. Corresponding images of the rest analyzed samples are given as Suppl.
Figures 1, 2, and 3.

Table 2 shows in detail the differentially expressed proteins between the studied
samples and different exposure protocols (whole body exposure of mice to a wireless
DECT base 8 h/day £ 8 months or whole body exposure of mice to a mobile phone
3 h/day £ 8 months). The status of each differentially expressed protein is indicated
by arrows as the mean expression level from the samples reproducibly analyzed.

The pathways which engaged all differentially expressed proteins in exposed and
sham-exposed mouse brain regions were studied using the IPA software. The IPA
analysis revealed four statistically significant networks between the exposed and
sham-exposed regions (Fig. 2). A thorough look in the obtained results indicates that
a group of plasticity-related neural proteins have been affected in the different brain
regions, which were identified and their detailed expression levels have been
calculated by the appropriate software as described in the “Materials and Methods”
section (Table 3 and Suppl. Figure 4). Protein spots significantly upregulated in brain
regions obtained from mice that have been exposed either to wireless DECT base or
to a mobile phone were identified as contactin-2 precursor, glial fibrillary acidic
protein, neurofilament medium, and syntaxin. From the proteins that were
downregulated after irradiation, it is worth mentioning GMF (glia maturation factor
beta), which was found by proteomics to be downregulated 300 fold (0,003 fold
decrease) in the hippocampus after wireless base exposure and just 8 fold
downregulated (0,125 fold decrease) in mobile phone exposed animals (Table 3).

Western Blot analysis using the appropriate antibodies in both exposed and
sham-exposed regions of single animals was applied to confirm the differential
expression of two upregulated proteins (apoE and GFAP) and one downregulated
(GMF). Optical density measurements of the bands revealed that there was a 1.42
and 2.48 fold increase in the amount of GFAP after mobile phone radiation in frontal
lobe for each one of the two randomly chosen animals tested compared to the mean
value of the protein for two sham-exposed animals (randomly chosen). Similarly, a
3.53 and 3.04 fold increase in the amount of apoE in cerebellum after wireless DECT
base radiation was found and a 0.29 and 0.36 fold decrease in the amount of GMF
after wireless DECT base exposure was detected for each animal, respectively, as
compared to sham-exposed animals (Fig. 3a, b, and c).

DISCUSSION

This is the first report not only on mouse brain proteome effects induced by EMF, but
also on three major regions, namely the hippocampus, cerebellum, and frontal lobe.
Therefore, there is no reference baseline to compare the actual results. The closest
reports but at the gene level from Slalford’s-Belyaev’s groups have analyzed
expression changes firstly in cerebellum (GSM 900 MHz, Belyaev et al., 2006) and
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secondly in hippocampus and cortex (GSM 1800 MHz, Nittby et al., 2008) in rats.
They found significant alterations after a single 2-h and 6-h exposure, respectively.

In this work, we investigated separately the effects of chronic (8 months) daily
whole body exposure of mice Balb/c to electromagnetic radiation from: (a) a typical-
medium SAR level mobile phone (MP) GSM 900 MHz (3 h per day) and (b) the base
of a wireless DECT (8 h per day), on the proteome of brain tissues. We showed that a
large number of proteins become overexpressed or downregulated in three selected
brain regions, namely, the frontal lobe, hippocampus, and cerebellum. Most of these
changes occur in the hippocampus, whereas, the majority of the changes have been
induced by MP, as shown in Table 1. This first observation could be explained by the
fact that there are more concentrated functions in the hippocampus compared to the
other two regions and that the hippocampal region may be more active
metabolically. There is also a possibility for existence of SAR hot spots in the
hippocampus formation relative to the other brain regions (Lai, 1994; Belyaev, 2010).
The second fact (MP .. B) may be explained by the higher SAR value of the MP
radiation, albeit the exposure duration was less (3 h vs. 8 h). As shown in Table 2, the
overexpression/downregulation profile of the 143 proteins in the three brain regions
may be helpful in understanding the behavioral and physiological effects reported
for electromagnetic radiation on brain function including blood brain barrier
disruption, memory malfunction, oxidative stress, etc.

In an attempt to group the 143 changed proteins we could conclude that:

. 11 of them have changed in all 3 brain regions, more distinctly, synapsin-2 and
NADH dehydrogenase. Some of them are indicative of oxidative stress in the
nervous system (Martin-Romero et al., 2002). Recently, a detailed molecular
mechanism involving NADH oxidase, by which mobile phone radiation exerts its

FIGURE 3 Western blot detected expression of ApoE, GFAP, and GMF proteins in sham exposed
(S), mobile phone exposed (M), and DECT base exposed animals (B). Representative samples are
shown. (a) Equal protein amounts of homogenized brain tissues were separated by gel
electrophoresis and immunoblotted with antibodies against apoE, GFAP, and GMF.
Representative bands from all the membranes and samples are shown. ApoE and GFAP are
overexpressed after radiation whereas GMF is greatly downregulated. (b) Detailed GFAP detection
in frontal lobe is presented for two single animals. Unspecific band was used as an internal loading
control. A clear overexpression is shown following exposure of the animals to mobile phone
radiation. (c) Quantification of protein content for GMF, ApoE, and GFAP in different brain tissues
using scanning densitometry. Each bar represents amount of protein for a single animal. Two
animals are shown for each group.
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effects, has been proposed (Friedman et al., 2007). By using Rat1 and HeLa cells, it
was shown that EMF exposure resulted in rapid activation of ERK/MAPKs
(mitogen-activated protein kinase) mediated in the plasma membrane by NADH
oxidase, which rapidly generates ROS.

. 50 of them are hippocampus-specific including, hsp90, septin 8, anexin, ezrin,
dynactin (all synapses related proteins), GMFbeta, proteasome subunits alpha
and beta involved in apoptosis (Singh and Khar, 2006).

. 25 proteins were specifically changed only in cerebellum, including beta
centractin (Weng et al., 2008), mitochondrial hsp60, contactin 2, dynamin,
programmed cell death interacting protein, and vinculin.

. 22 proteins are frontal lobe-specific, including drebrin (involved in neuronal
plasticity; drebrin A regulates dendritic spine plasticity and synaptic function in
mature cultured hippocampal neurons), Neurofilament Medium, and a number
of metabolic proteins.

. Lastly, some proteins have been affected by radiation simultaneously in two
brain regions namely hippocampus-cerebellum, hippocampus-frontal lobe and
frontal lobe-cerebellum (16, 7 and 10 proteins, respectively). These include ApoE
(hippocampus-cerebellum, related to memory function), NFL (also hippocampus-
cerebellum, related to neuronal integrity), and a number of mitochondrial and
metabolic proteins (Aspartate aminotransferase, Glutamate dehydrogenase and
others) that could be related to the recent observation on human brain after
exposure to 50 min cell phone exposure in which the non thermal effects were
associated with increased brain glucose metabolism in the region closest to the
MP antenna (Volkow et al., 2011; Lai and Hardell, 2011).

On the lack of any similar work available in the literature it may be useful to
provide an overall discussion of the possible scenarios related to the non targeted
action of electromagnetic radiation upon the mouse brain proteome; the observed
changes in protein expression in a number of mouse neuronal tissue-related proteins
following long-term exposure to EMFs reflect the interaction of the microwaves
(directly or indirectly) with brain tissue constituents. Considering some of the
affected proteins we note the following.

(1) The impressive protein downregulation of the nerve growth factor glial
maturation factor beta (GMF) (300 fold in DECT base and 8 fold in mobile
phone), which is considered as an intracellular signal transduction regulator in
astrocytes (Zaheer et al., 2007), may have an effect in the maintenance of the
nervous system. As mentioned by the same authors, since “overexpression of
GMF leads to interactions between neural cells, astrocytes, microglia and
oligodentrocytes”, we speculate that severe downregulation induced by DECT
and MP radiation may inhibit the normal function of these cells. In addition,
since this protein causes differentiation of brain cells, stimulation of neural
regeneration, and inhibition of proliferation of tumor cells, its decrease could
perhaps lead in the long run to a tumor induction. Immunoblotting, in GMF,
confirmed in general the proteomics data.

(2) GFAP overexpression by 15 fold in both types of radiation is in line with other
single protein expression reports following MP exposure of animals (see below)
and is indicative of glial intermediate filament overproduction. This may in turn
cause neurotransmitter uptake dysfunction and induction of gliosis (Ammari
et al., 2008), which is a key step towards the epidemiologically suggested brain
tumor increase on long use of mobile phones (Hardell and Carlberg, 2009;
Khurana et al., 2009). The glial cells support neurons, release growth factors, and

EMFs affect mouse brain proteome 19

Copyright Q Informa Healthcare USA, Inc.

E
le

ct
ro

m
ag

n 
B

io
l M

ed
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

A
th

en
s 

on
 0

1/
20

/1
2

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



remove debris after injury or neuronal death. Astrocytes help form the blood
brain barrier that prevents toxic substances circulating in the blood from
entering the brain. It was proposed many years ago that overexpression of GFAP
is the response of astrocytes to oxidative stress (Morgan et al., 1997), which is
being reported to take place in brain tissues after exposure of guinea pigs to
mobile phone radiation (Meral et al., 2007). Since GFAP is a sensitive biomarker
for neurotoxicity, our findings may indicate neuronal tissue injury caused by
electromagnetic radiation or a probable injury of the blood brain barrier,
reported to be an effect of exposure (Nittby et al., 2009; Sirav and Seyhan, 2009).
Immunoblotting with anti-GFAP confirmed in general the proteomics data.

(3) ApoE is a class of apolipoprotein found in the chylomicron and LDLs that bind to
a specific receptor on liver cells and peripheral cells. It has been studied for its
role in several biological processes not directly related to lipoprotein transport,
including Alzheimer’s disease (AD), immunoregulation, and cognition. So, the
overexpression in the cerebellum and hippocampus after mobile exposure
might be related to the memory deficits reported by our group (Fragopoulou
et al., 2010b; Fragopoulou and Margaritis, 2010; Ntzouni et al., 2011). This is in
agreement with the observation that ApoE4 knock-in mice exhibit an age-
dependent decrease in hilar GABAergic interneurons correlated with the extent
of learning and memory deficits as found by the Morris water maze task
(Andrews-Zwilling et al., 2010).

(4) Synapsin-2 and syntaxin-1 overexpression by both radiation types (MP and
DECT) in hippocampus may indicate a compensatory neuronal response to
radiation by making more synapses.

(5) Synaptotagmin levels in the hippocampus are in line with the above-mentioned
GMF dramatic downregulation. This protein species is known to function as a
calcium sensor in the regulation of neurotransmitter release and hormone
secretion.

The significance of the present results may be noticeable in relation to the
epidemiological, clinical, and other experimental data reported so far concerning
behavioral deficits and brain structural/functional alterations induced by EMF in
rodents. Although at the epidemiological level Schüz et al. (2006) found as an
outcome of the Interphone study no overall increased risk of glioma or meningioma
observed among cellular phone users, however, for long-term cellular phone users,
the same authors suggested that the results need to be reconsidered before firm
conclusions can be drawn. In fact, recent data by Hardell’s group have provided
solid evidence for a long term effect on brain tumors (Hardell and Carlberg, 2009;
Khurana et al., 2009) which might be supported by the protein expression changes
found in our results. Along the same lines, reports dealing with EMF-induced brain
networking dysfunction can be explained. For instance, in a clinical study with 41
volunteers participating, it was reported that 890 MHz mobile phone-like signal
alters the integrity of the human blood–brain and blood–cerebrospinal fluid barriers
(Söderqvist et al., 2009). There is also a relationship of MP radiation with behavioral
problems in prenatally exposed children (Divan et al., 2008).

Our data using the cordless DECT base as a source of EMF may appear surprising
due to the low SAR level, as deduced by measuring the field within the animal cage,
approximately 20 mW/Kg, but one explanation could be the intensity windows effect
(Blackman, 2009; Belyaev, 2010). Interestingly, Salford’s work with rats, applying
similar low SAR value (0.6 and 60 mW/Kg), but using mobile phone radiation for just
2 h per week for 55 week, demonstrated significantly altered performance during an
episodic-like memory test (Nittby et al., 2008).

20 A. F. Fragopoulou et al.

Electromagnetic Biology and Medicine

E
le

ct
ro

m
ag

n 
B

io
l M

ed
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

A
th

en
s 

on
 0

1/
20

/1
2

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



It is well established that, in general, the primary action of EMF on living tissue
involves an increase of reactive oxygen species (ROS) as demonstrated in exposed
sperm (Agarwal et al., 2009; De Iuliis et al., 2009) and under continuous stress
conditions in Drosophila flies (Irmak et al., 2002). The ROS accumulation and
induced oxidative stress may lead to a signal transduction pathway (ERKs kinases)
(Friedman et al., 2007; Lee et al., 2008), whereas at the same time ion channels are
disturbed (Friedman et al., 2007; Minelli et al., 2007), Heat Shock Proteins are
activated (Friedman et al., 2007; Blank and Goodman, 2009) and conformational
change of enzymes (Barteri et al., 2005) is taking place. Thus, on the basis of the
literature data and our findings an EMF-impact mechanism can roughly be proposed
involving ROS formation followed by stress activation, which may lead to the
overexpression of HSPs (Fig. 4). Through this event several indirect changes may
occur that alter the physiology of the brain cells, including DNA damage (Lai and
Singh, 1996), translation-transcription interference through protein conformation
changes (Challis, 2005), a possible cellular metabolism dysfunction, membrane
dyspermeability (McNamee and Chauhan, 2009), and memory deficits (Fragopoulou
and Margaritis, 2010). It is clear that the effects of EMFs are very difficult to predict in
the cells, and that SAR values do not provide any information about the molecular
mechanisms likely to take place during exposure.

Unlike drugs, EMFs are absorbed in a variety of different, diverse, and nonlinear ways
depending on the “microenvironment” receiving the radiation, the orientation of the
molecular targets and their shape, the metabolic state at the moment of exposure, the
energy absorbance at the microscale of the cell, and the modulation of the waves. On this
basis it is rather difficult to replicate experiments under different conditions and cell

FIGURE 4 Schematic drawing depicting a suggested mechanism of EMF interaction with living
matter. It is considered, on the basis of the available data and the present work, that the end result of
protein expression changes may have derived through a cascade of events starting from ROS
increase and ion channel disturbance, followed by oxidative stress and signal transduction
changers. Key role in the events may be played by the heat shock proteins activation.
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systems, which may explain the discrepancy of the results among research groups.
Especially in the case of proteomics analysis used to approach the effects of EMFs
in this article, it is even more difficult, since 2D electrophoresis is inherently variable
from one run to the next, especially when being performed in different labs. However,
the 2-DE approach is still largely refractory to high-throughput methods due to a
number of reasons and can be judiciously coupled to several types of biological
experiments to provide meaningful data. Indeed, efforts to improve reproducibility
have largely centered on robotics, improved visualization methods as better spot-
detection algorithms (Ong and Pandey, 2001; Rogers and Graham, 2007) and as
clearly stated by Ong and Pandey (2001), 2-DE-based approaches can still be effectively
used when applied with a clear under-standing of its strengths and limitations.

CONCLUSIONS

Our differential proteomic analysis results suggest that conventional MP and DECT
base EMFs affect the proteome of hippocampus, cerebellum, and frontal lobe
following whole body exposure of Balb/c mice. Since this is the first report showing
mouse brain proteome changes induced by EMFs, there is no reference baseline to
compare the actual results. However, it is more likely that the observed proteome
changes reflect EMF impact and not variability between individual mice, since it
has been found just recently that genetic background in both out-bred mouse
stocks and inbred mouse strains has a negligible effect on the brain proteome
profile (Földi et al., 2011). Based on the currently available literature it is assumed
that EMF may function as a stress factor creating ROS and inducing oxidative stress,
whereas at the same time ion channels are disturbed and Heat Shock Proteins are
activated. This, in turn, may affect gene over/under-expression, possibly through
transcription factor activation/deactivation (Kar et al., 2011) in a random manner,
since EMF impact is non targeted although stress-related events within the cell are
most likely affected. As an end result, functions related to stress response may be
triggered. The altered protein expression in this report may reflect such a cascade of
events, in which some proteins are related to neural plasticity whereas others
belong to the general metabolic processes. The reported herein effects can be
considered non thermal since the actual SAR values calculated are well below
ICNIRP’s (1998) guidelines. In any case, it is seriously considered by pioneers in the
topic of EMFs that the relatively low field strengths capable to affect biochemical
reactions is a further indication that cells are in a position to sense potential danger
long before there is an increase in temperature (Blank and Goodman, 2009).

Further work is underway to reveal the onset of the proteome changes after short
term exposure conditions (data under analysis). Also, it is necessary to use
multidisciplinary and multilevel approaches in order to delineate the mechanisms
of EMF interaction with living organisms.
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