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ABSTRACT 
 
Some animal studies have suggested that mobile phone radiation may cause increase in blood-brain barrier 
permeability. We have hypothesized (Leszczynski et al. Differentiation, 70, 2002, in press) that the mobile phone 
radiation-induced increased expression and phosphorylation (activity) of stress protein hsp27 might be the molecular 
mechanism regulating blood-brain barrier permeability and, possibly, cell apoptosis. Here we present evidence 
suggesting that mobile phone radiation indeed affects hsp27-dependent cytoplasmic distribution of F-actin and stability 
of stress fibers. This observation supports our hypothesis that mobile phone radiation-induced changes in hsp27 
expression/activity might eventually lead to increase in the permeability of blood-brain barrier.  
 
BACKGROUND 
 
 The question whether microwave radiation, that is emitted by mobile phones (radio-frequency modulated 
electromagnetic fields: RF-EMF), might exert any detrimental health effects remains unanswered. Several recently 
conducted reviews of the to-date published research have concluded that there is significant and credible scientific 
evidence to the fact that RF-EMF induces biological effects [1,2,3,4]. However, it still remains to be determined 
whether these biological responses could cause health hazard.  
 
 The possibility of the induction of cellular stress response by the non-thermal levels of mobile phone radiation 
has been shown just recently. In vivo, Daniells et al. [5] and de Pomerai et al. [6] have shown that overnight irradiation 
of nematode worms with RF-EMF (750MHz) at SAR of 0.001W/kg causes increase in expression of heat shock protein. 
Fritze et al. [7], using rat model, have shown increase in expression of stress protein hsp70 in brains of animals exposed 
for 4 hours to RF-EMF (890-915MHz) at SAR of 1.5W/kg. In vitro, Kwee et al. [8] have shown induction of stress 
protein hsp70, but not hsp27, in transformed human epithelial amnion cells exposed for 20 min. to RF-EMF (960MHz) 
at SAR of 0.0021W/kg. Thus, because of the known broad spectrum of physiological processes that are regulated by 
stress proteins [9], it is possible to suggest that mobile phone radiation-induced activation of cellular stress response 
might affect variety of physiological processes, among them brain tumor development and blood-brain barrier 
permeability. Having this in mind, French et al. [10] have put forward hypothesis suggesting that repeated exposures of 
cells to mobile phone radiation over a long period of time might affect tumor development due to the hypothesized 
chronic up-regulation of the expression levels of cellular stress proteins. However, occurrence of such chronic 
stimulatory effect on the expression of stress proteins induced by mobile phone radiation, as suggested by French et al. 
[10], still remains to be experimentally demonstrated.  
 
PREVIOUS STUDY 
 
In our earlier study [11] we have demonstrated that the 1-hour non-thermal exposure of human endothelial cell line 
EA.hy926 to SAR of 2W/kg (900MHz GSM signal) leads, among others, to: (i) changes in phosphorylation status of a 
large number of proteins, (ii) among them, transient increase in phosphorylation of hsp27 stress response protein, which 
was prevented by SB203580, a specific inhibitor of p38 mitogen-activated protein kinase (p38MAPK), (iii) transient 
changes in protein expression levels of hsp27 and p38MAPK. 
 
Over-expression and phosphorylation of hsp27 has been shown to regulate polymerization of F-actin and formation and 
stability of stress fibers. This, when occurring in endothelial cells lining brain's capillary blood vessels, might be of 
importance for the functioning of blood-brain barrier. Stabilization of stress fibers and cytoplasmic distribution of F-
actin was shown to cause: (i) cell shrinkage, that might lead to opening of spaces between cells, (ii) increase in the 
permeability and pinocytosis of endothelial monolayer, (iii) increase in formation of the so called “apoptosis-unrelated” 
blebs on the surface of endothelial cells, which eventually might obstruct blood flow through capillary blood vessels, 
(iv) stronger responsiveness of endothelial cells to estrogen and, when stimulated by this hormone, to secrete larger than 
normally amounts of basic fibroblast growth factor (bFGF) which might, in endocrine manner, stimulate de-



differentiation and proliferation of endothelial cells and possibly led to the associated with cell’s proliferative state - cell 
shrinkage and unveiling of basal membrane.  
 
The possibility of the effect of RF-EMF exposure on blood-brain barrier permeability has been suggested earlier by in 
vivo [12] and in vitro [13] studies. However, there are also reports where authors claim that the non-thermal levels of 
RF-EMF radiation do not affect blood-brain barrier permeability [14,15]. The no-effect, which is claimed by Fritze et 
al. [14], is not so straight forward. The authors have observed stress response and increased permeability of the blood-
brain barrier immediately after the end of irradiation. This effect was, however short lasting. Therefore, it remains 
unclear what would be the blood-brain barrier response to the repeated exposures to mobile phone radiation because the 
effect of repeated exposures was not examined. The increased blood-brain barrier permeability due to increase of 
pinocytosis was suggested by Neubauer et al. [16] who have demonstrated increase in pinocytosis of cerebral cortex 
capillaries that were exposed to 2.45 GHz microwave radiation. Finally, the recently reported study by Töre et al. [17] 
has shown that 2 hour exposure of rats to RF-EMF (900MHz) at SAR of 2W/kg (averaged over the brain) causes 
increase in the permeability of blood-brain barrier. The molecular mechanism and the cellular signaling pathways 
involved in the induction of blood-brain barrier permeability are still unknown.  
 
Activated (phosphorylated) hsp27 has been shown to inhibit apoptosis by forming complex with the apoptosome 
(complex of Apaf-1 protein, pro-caspase-9 and cytochrome c), or some of its components, and preventing proteolytic 
activation of pro-caspase-9 into active form of caspase-9 [18,19]. This, in turn, prevents activation of pro-caspase-3 
which is activated by caspase-9. Thus, induction of the increased expression and phosphorylation of hsp27 by the RF-
EMF exposure might lead to inhibition of the apoptotic pathway that involves apoptosome and caspase-3. This event, 
when occurring in RF-EMF exposed brain cells that underwent either spontaneous or external factor-induced 
transformation/damage, could support survival of the transformed/damaged cells.  
 
HYPOTHESIS 
 
Based on the known cellular role of over-expressed/phosphorylated hsp27 we have proposed a hypothesis [11] that: the 
activation (phosphorylation) of hsp27 by mobile phone radiation might be the molecular mechanism (i) regulating 
increase in blood-brain barrier permeability, which would explain, observed in some animal experiments, increase in 
blood-brain barrier permeability, and (ii) regulating apoptosis through interference with the cytochrome c/caspase-
9/caspase-3 pathway (Figure 1). 

 
Fig. 1. Hypothetical flow of events that might occur in cells in response to mobile phone radiation. 

 
OBJECTIVE 
 
The present study was undertaken to determine whether physiological responses of endothelial cells, which are 
associated with the hsp27 expression and phosphorylation and might affect permeability of blood-brain barrier (stability 
of stress fibers, cell size/shape), occur in the mobile phone radiation exposed cultures of human endothelial cell line 
EA.hy926.  
 
MATERIAL AND METHODS 
 
Human endothelial cell line EA.hy926 cells, grown on microscope cover slides, were exposed for 1h to 900MHz GSM 
signal at an average SAR of 2W/kg (range 1.8 – 2.5 W/kg). Temperature of cell cultures remained throughout 



irradiation period at 37+0.3oC thus the effects reported here are of non-thermal nature. Cells on cover slides were fixed 
either immediately or 1h after the end of irradiation. The expression of hsp27 was determined by indirect 
immunohistochemistry in order to confirm that the cells respond to irradiation in the same way as in the previous study 
[11]. The appearance of cells (size, shape) and cytoplasmic pattern of F-actin distribution (stabilization of stress fibers) 
was determined by staining of the cells with fluorescent-dye (AlexaFluor) labeled phalloidin. 
 
RESULTS AND DISCUSSION 
 
As expected, 1h exposure of cells to mobile phone radiation increased expression of hsp27. However, in order to 
increase hsp27 expression by heat shock was required 3h incubation of cells at 43oC (1h exposure had no effect). This 
observation, together with the measurements showing that temperature of medium was throughout RF-EMF exposure 
period at 37+0.3oC, suggest that the observed here effects are of non-thermal nature.  
 
The stability of stress fibers, as determined by the pattern of staining with phalloidin-AlexaFluor, increased after 1h 
irradiation and did not decline during the 1h of post-irradiation incubation. Induction of the stability of stress fibers 
caused cells to shrink. In cells expressing high levels of hsp27, the cell edges were brightly stained with phalloidin-
AlexaFluor, what indicates re-localization of F-actin to cell ruffles. These cells rounded-up and cells contacted in-
between only through thin pseudopods. In cells expressing lower levels of hsp27, network of stress fibers was seen 
throughout the cytoplasm but not in the ruffles. 

 
Fig. 2. Expression pattern of F-actin in EA.hy926 cells detected using phalloidin-AlexaFluor 
staining (green fluorescence) and hsp27 using indirect immunofluorescence (red color). Left panel: 
cells exposed for 1h to sham, cells exposed for 1h at 2W/kg (2SAR), and cells exposed for 1h at 
2W/kg followed by 1h exposure to sham. Right panel: cell expressing high level of hsp27 has F-
actin in cell ruffles whereas cell expressing low level of hsp27 has F-actin in form of stress fibers 
distributed throughout cytoplasm (notice difference in stress fiber density over the nuclear region 
in both cells). 

 
The observed here, hsp27-related changes in cytoplasmic distribution of F-actin are apparently outcome of two 
phenomena: hsp27 over-expression and hsp27 phosphorylation. These observed changes support the hypothesis that the 
hsp27/p38MAPK stress signaling pathway might be the molecular mechanism regulating mobile phone radiation-
induced permeability of blood-brain barrier.  
 
CONCLUSIONS 
 
The proposed above intra-cellular mechanism for the mobile phone radiation-increased permeability of the blood-brain 
barrier is a hypothesis but as such it is reasonably supported by the evidence concerning both effects of microwaves on 
stress response and effects of hsp27 (increased expression and activity) on cell physiology. Furthermore, it appears that 
the physiological changes caused by hsp27 phosphorylation indeed take place in endothelial cells (stress fibers' 
expression, cell size/shape changes). These events, when occurring repeatedly (on daily basis) over the long period of 
time (years) might become health hazard because of the possible accumulation of brain tissue damage.  
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