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Epidemiology
Human studies
Animal studies
In vitro studies

Health effect

Physiological effect on organ/organism

Physiological effect on cellular level

Biochemical effect on cellular level

Biophysical interaction
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• Epidemiological evidence
• epidemiological studies lack reliable dosimetric evaluation that 

would be in quality comparable with the quality of cancer-related 
information

• latency
• cancer only; what about other ailments

• Human volunteer studies
• lack of biomarkers of response
• too much relying on the subjective observations

• Animal studies
• useful for experimentation but how reliable data for human health 

risk assessment

• In vitro studies
• needed for discovering the mechanisms
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Lack of biophysical mechanism has at least three major consequences:
• continuing uncertainty whether the observed biological effects are real,
• it is not possible to predict the potential long term physiological effects,
• it is not possible to predict the potential impact of new frequencies and 
modulations

Two possible mechanisms of the RF-EMF: thermal and non-thermal.
• distinction is useful for basic research studies
• not so for health effects - for health impact are important effects themselves, 
independently of their thermal or non-thermal nature
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MicroDosimetry Cell Dosimetry ”model” of cell
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Friedman et al.
Biochem. J
2007

Leszczynski et al
Differentiation
2002
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Leszczynski et al. 2002

Friedman et al. 2007
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”OMICS” genomics genes

transcription

transcriptomics mRNA

metabolites

modified
proteins

proteins
translation

proteomics

post-translation

regulation of cell physiology

metabolomics

systeomics
systems biology

phosphoproteins
glycoproteins

phospho-proteomics
glycomics
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Unlike the genome, the transcriptome and the proteome are highly 
dynamic and change rapidly and dramatically in response to 

perturbations or even during normal cellular events

strong stimulus

robust response

weak stimulus

response will very much depend on the
transcriptome and proteome expressed 

by the cells at the time of exposure

Nylund R. & Leszczynski D.
Mobile phone radiation causes broad changes in gene and protein expression in human 
endothelial cell lines and the response appears to be genome- and proteome-dependent. 
Proteomics 2006, 6:4769-4780
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Published studies that have examined effects of EMF using HTST approach

Cells EMF exposure End-point Effect Reference

Human HL60 cells 60 Hz magnetic field gene expression no Balcer-Kubiczek et al. 2000

Human mammary 
epithelium & HL60

60 Hz magnetic field gene expression no Loberg et al. 2000

S. cerevisiae 50 Hz magnetic field gene & protein expression no Nakasono et al. 2003

E. coli static magnetic field gene expression yes Potenza et al. 2004

Human HL60 cells 60 Hz magnetic field protein expression & phosphorylation yes Pipkin et al. 1999

Human fibroblasts GSM gene expression yes Pacini et al. 2002

Human U87MG 
glioblastoma

1900MHz gene expression no Qutob et al. 2006

Human EA.hy926 900 MHz GSM gene & protein expression yes Nylund & Leszczynski 2006

Human & animal  cell 
lines

900 MHz GSM
1800 MHz GSM

gene expression yes Redmondini et al. 2006

C3H10T(1/2) 1900MHz gene expression no Whitehead et al. 2006

TK6, HL60, 
Mono-Mac-6

1900MHz gene expression no Chauhan et al.  2007

Human EA.hy926 900 MHz GSM protein expression & phosphorylation yes Leszczynski et al. 2002

Human EA.hy926 900 MHz GSM gene & protein expression & protein
phosphorylation

yes Leszczynski et al. 2004

Human EA.hy926 900 MHz GSM protein expression yes Nylund & Leszczynski 2004

Human HL60 cells 2.45 GHz gene expression yes Lee et al. 2005

Rat brain 915 MHz GSM gene expression yes Belyaev et al. 2006
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Ingenuity Pathways Analysis software and database
23.900 genes & 1.4 million relationships...
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NON-THERMAL EFFECT #1 - stress response

Problem: 
Cells respond to RF-EMF levels that do not cause significant heating but the mechanism of the 
response is unknown.
Plausibility and Gaps in the Knowledge:

• Hsp - good model for detecting cell response
• studies published: too few and too limited (looking at 1-2 Hsp)
• there are dosimetry-reliable studies at low SAR showing changes in Hsp
• these changes were recently suggested to be possibly cell type dependent

Research Needs:
• to use stress response (panel of all stress proteins) evaluation as tool to determine the effect 
at low SAR
• to use stress response proteins to study the cell-type dependent response
• to use human primary cells and tissues/cells of human volunteers
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NON-THERMAL EFFECT #2 - high-throughput screening (HTST)

Problem: 
Cells respond to RF-EMF levels that do not cause significant heating but the mechanism of the 
response is unknown.
Plausibility and Gaps in the Knowledge:

• knowing the extent of molecular level effects in combination with the known cell physiology 
will allow formulating more precise mechanism hypotheses for  testing 
• knowing responding genes and proteins  will allow predicting potential long-term 
physiological effects and examining them
• will allow to develop, if needed ,preventive measures.

Research Needs:
• to use HTST to discover gene and protein targets of RF-EMF
• to develop new hypotheses of biophysical mechanism
• to predict possible long-term effects
• to compare existing exposures with newly developed exposures
• to use human primary cells and tissues/cells of human volunteers
• more info about use of HTST: Leszczynski & Meltz, Proteomics, 2006, 6: 4674-4677
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THERMAL EFFECT - blood-brain barrier

Problem: 
Increase of temperature in brain cortex induced by RF-EMF exposure - BBB leakage?.
Plausibility and Gaps in the Knowledge:

• it is not known if the temperature is distributed uniformly or whether there are 
compartments within the tissue/cell that might be heated to higher temperature
• explanations using skin physiology or fever as examples are invalid without comparable 
scientific evidence
• dosimetry does not consider (i) compartmentalization and (ii) movement of charged 
molecules is not free but is strictly regulated by the surrounding molecules (active transport). 

Research Needs:
• develop models and dosimetry on single cell level where lipid bilayer delineated organelle 
compartments will be taken into consideration
• determine what impact has the rate of brain heating on brain physiology
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Summary...

Human volunteer studies
• defined sub-populations to compare
• exposure - whole body or local
• samples - blood, body fluids, solid tissues
• examined endpoints 

• protein expression & protein activity (e.g. phosphorylation)
• metabolites
• gene expression

We need studies that could answer whether cells from different 
people respond differently to the exposure using "feelings"-
independent test

In vitro cellular studies - there where volunteer studies not possible

Sufficient amount of data (“critical mass”) to make comparisons 
and to find if there exist commonly affected proteins, metabolites or 
genes
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HERMO-SKIN

Effect of mobile phone radiation on 
protein expression in human skin

Anu Karinen Sirpa Heinävaara, Reetta Nylund & Dariusz Leszczynski

STUK - Radiation and Nuclear Safety Authority,
Helsinki, Finland
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INTRODUCTION

• Our previous in vitro studies have shown that exposure of 
human endothelial cell lines for 1 hour to 900MHz GSM signal 
at SAR of 2.4 W/kg induced changes in protein expression and 
protein activity (phosphorylation).

Leszczynski et al., Differentiation 2002, 70, 120-129
Nylund & Leszczynski. Proteomics 2004, 4, 1359-1365
Nylund & Leszczynski. Proteomics 2006, 6, 4769-4780 

• However, it is not known whether similar response could occur 
in mobile phone users.

• In the present study we wanted to determine whether the 
exposure of the skin of human volunteers to 900 MHz GSM 
signal will induce changes in protein expression. 
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CONCLUSIONS

• there might be proteins in human skin that respond to mobile phone 
radiation

• eight significantly altered proteins found in 10 volunteers
• larger sample of volunteers needed  because of variability

• this result agrees with results  of our earlier in vitro studies
(published in 2002, 2004, 2006)

• we have analyzed only small fragment of proteome but the numbers of 
affected proteins agree with our previously published data

• at this point it is not possible to determine whether these small changes 
might have any effect on skin physiology

• this feasibility study indicates that the proteomics approach may be 
successfully used to discover proteins that respond to  mobile phone 
radiation


