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	 Low field electromagnetic radiation that is emitted from cell phones may induce 
morphological aberrations and change in gene expression of heat shock protein 70 (Hsp 70). 
Using Real Time PCR (RTPCR) and protein concentration methods, we studied changes in 
levels of Hsp70 mRNA and protein synthesis after exposure to the physical stimulus. We also 
evaluated the suitability of using chick embryo as a model to study alteration in heat shock 
proteins expression and translation using specific egg incubator set up. Zero-day fertilized 
chicken eggs were used and a popular mobile phone and service provider was selected with 
1800 MHz frequency, power of 0.47 W/kg body and SAR 1.10 w/KG (head). The total daily 
exposure duration was 50 minutes in each 24 hours with variable maximum exposure time. 
Experimental samples were divided into controls with no exposure and experimental samples. 
The developing embryos were removed and different organs were isolated for estimation 
of Hsp70mRNA and protein. This physical stimulus caused a sequential increase of mRNA 
corresponding to the period of exposure. Liver tissue demonstrated higher levels of mRNA 
than heart tissue. Nonetheless, this increase in mRNA was not matched with an increase in the 
amount of protein of the corresponding mRNA in both tissues at different exposure times. Total 
protein in all tissues remained unchanged due to slow down of the clearance process and as 
an indication that the cell is struggling to preserve housekeeping proteins signaling attempt of 
survival.

Keywords: Cellular Stress; Chick Embryo; Electromagnetic Waves; Extracellular Mrna; 
Hsp70; Mrna Hsp70; Real Time PCR.

	 Continuous exposure to low-field 
electromagnetic waves (EMW) remains to 
be a disputable public health hazard. People 
are continuously and silently exposed to low 
electromagnetic radiations whether at home or at 
work. Numerous studies have been conducted to 
provide conclusive evidence of the adverse health 

effects of electromagnetic waves exposure that 
were inconclusive. Nonetheless, several studies 
have provided enough scientific elucidations 
linking the continuous exposure of higher fields 
to conditions like childhood leukemia, dizziness, 
headache and sleep disturbances1, cancer2, and 
effects on the nervous system3. The accumulating 
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evidence from animal and cellular models remains 
controversial with regard to the biological effects 
and the concomitant changes on the organisms 
and the recovery process. Moreover, there is 
still evident absence of clear consensus on the 
ideal experimental model and conditions that can 
elicit a proper measurable effect. This lack of 
proper model has created inconsistency on how to 
accurately measure the biological effects of EMW 
and therefore the potential health hazard. One way 
in which the biological effects of electromagnetic 
fields can be measured is by using animal models 
that can be exposed to the stimuli at different 
frequencies for various lengths of time after which 
the biological changes can be investigated and 
quantitated.
	 Cells respond to a variety of stimuli in 
which the precise biological effect is a reflection 
of the nature of the applied stress which depends 
on duration of the exposure. Among these effects 
are altered transcription of specific genes and 
translation of various proteins including heat shock 
protein 70 (Hsp70). Heat shock proteins play a 
major role in maintaining cellular homeostasis 
particularly in situations of stress. They are 
constitutively expressed but can be upregulated by 
cell stresses including heat (hence the name ‘heat-
shock protein’), oxidative stress, infection, and 
so on4. HSPs play an important role in immunity 
and inflammation; recent work indicates that they 
modulate the function of regulatory T cells. These 
proteins have the potential to interact with a wide 
array of proteins and protein factors to facilitate 
proper folding patterns of specific proteins in 
addition to potentiating downstream effects. Hsp70 
translocate into the plasma membrane following 
cellular stress and is released into the extracellular 
environment in a membrane-associated form that 
activates macrophages5. Extracellular heat shock 
proteins (eHSPs) in general help to modulate the 
immune system by activating the neutrophils6, 
chemotaxis7 and cytokine production by the 
immune cells8. It also increases enzymatic activities 
of ornithine decarboxylase and cytochrome oxidase 
both of which are measures to combat sudden stress 
trauma9.
	 The regulation of heat shock protein genes 
transcription is regulated by heat-shock factor 
(HSF) which interacts with heat shock elements 
(HSEs) in the heat shock protein promoter regions 

on the DNA10. On exposure to stimuli e.g. low -field 
electromagnetic waves stress, HSF is converted to 
the active form and bind to target HSE sequences 
on the DNA molecule ensuing fast transcription 
of the heat shock protein genes11. There are recent 
report linking HSP 70 with promoting cancer 
cell survival, tumorigenicity and anti-apoptotic 
activities such as blocking apoptotic signaling 
molecules12.
	 The evidence to support that the exposure 
to low-frequency EMW radiation might induce heat 
shock protein synthesis is still equivocal as there 
have been very few confirmatory studies on the 
validity of previous reports about the nature and 
extent of heat shock protein expression. However, 
reports of heat shock proteins that are induced in 
chick embryo as a consequence of low-frequency 
magnetic radiation have been validated13. The 
relative values of cellular Hsp mRNA transcripts 
in mammalian cells were found to be hundreds of 
folds higher after heat stress14. When comparing the 
amount of HSP resulting, there is only 2 to 4 fold 
increase suggesting that the translation efficiency 
of HSP mRNA under heat stress is modified15. 
Moreover, ribosomal recruitment by more Hsp70 
mRNA is expected to slow down protein synthesis 
of housekeeping genes implying that in situations 
of stress, cytotoxic activity is more focused to fight 
and adapt to the stress conditions rather than to 
grow. It has been elucidated previously that levels 
of hsp70 is upregulated when cells endure stress 
as a result of ionizing radiation. Moreover, it has 
been confirmed that levels of hsp70 in increased in 
correlation with tumor progression and resistance 
to drugs and is associated with bad prognosis16. 
Hsp70 plays a major role in obstructing apoptosis 
by interfering with the execution pathways 
downstream. It is an inhibitor of pro-caspase-9 
and can also bind to the apoptosome Apaf-117. 
Moreover; hsp70 can inhibit the translocation of the 
pro-apoptotic molecule BAX to the mitochondria in 
addition to its ability to bind to the cell membrane 
to abstract apoptosis through interfering with the 
pro-apoptotic stimuli.
	 Heat shock proteins can be used as 
biomarkers to detect cytotoxicity and environmental 
stress effecting normal cellular functions. In this 
study we used levels of Hsp70 mRNA and protein 
expression to quantitate severity of stress induced 
by irradiation of breed zero-day fertilized chicken 
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eggs embryo with 1800 MHz frequency, power 
of 0.47 W/kg body and SAR 1.10 w/KG from a 
popular mobile phone and service provider.

Material and Methods

	 Breed zero-day fertilized chicken eggs 
(Gallus gallus domesticus) were collected and 
incubated in an egg incubator (Brower Houghton 
Iowa, USA model TH 120)18. Eggs were divided 
equally into two incubators for the treated and 
untreated samples. In the exposed group, a mobile 
phone was placed inside the 30-egg incubator in 
call receiving mode, while in the control group 
the mobile phone was not used. A popular mobile 
phone and service provider was selected with 1800 
MHz frequency, power of 0.47 W/kg body and 
SAR 1.10 w/KG. Check embryo model has been 
used previously to study the effects of EMW on 
living biological systems19.
Experimental Design
	 The total daily exposure duration was 
50 minutes in each 24 hours starting from day 1. 
The eggs (chick embryos) were sacrificed at day 
10 (total exposure time 500 minutes) and day 15 
(total exposure time 750 minutes). The developing 
embryos were removed at 10 and 15 days, liver 
and heart tissues were dissected, fixed in formalin, 
homogenized and processed for the estimation of 
Hsp70 mRNA and protein concentration.
	 After tissue homogenization, total 
RNA was extracted and Hsp70 mRNA was 
quantitated. Gradient based ultracentrifugation was 
employed to fractionate tissues into various cellular 
organelles after which cells were lysed and Hsp70 
concentration was assessed.
RNA extraction
	 RNA was extracted from supernatant of 
the homogenized tissue using the Qiagen RNeasy 
Mini Kit (QIAGEN, CA, USA) and concentration 
was determined. cDNA synthesis was performed by 
using High-Capacity cDNA Reverse Transcription 
Kit (Applied BioSystems, Austin, TX). cDNA was 
then quantified using Nano-drop reader (Thermo-
Fisher Scientific, USA)20.
Quantitative RT-PCR
	 TaqMan reagents were used to perform 
qRT-PCR. qRT-PCR was then carried out in the 
ABI 7500 Fast real time PCR machine (Applied 
Biosystems, Austin, TX). The relative expression 

level of hsp70 was calculated using the comparative 
delta Ct method by normalizing the cycle threshold 
values of hsp70 with those of GAPDH21.
Protein analysis
	 Differential centrifugation (Beckman J2-
21 and ultracentrifuge, USA) was used to separate 
organs from the sacrificed chick embryos. Protein 
quantitation was then carried out using standard 
electrophoretic techniques. ELISA analysis was 
then performed using Hsp70 antibody obtained 
from SimpleStep (abcam, Cambridge, UK).

Results

Heat Shock Protein 70 mRNA Analysis
	 Liver and heart tissues expression levels 
of Hsp70 mRNA were quantitated using real time 
PCR (qRTPCR). Analysis was done after 10 and 
15 days exposure to EMW. mRNA levels remained 
almost unchanged for the control samples while 
significant increase in the expression of HSP70 
mRNA in the exposed groups was observed. 
The liver tissue expression of mRNA was more 
significant particularly after longer exposure to the 
physical stimulus (Fig. 1). Amount of increase of 
mRNA in the heart tissue decreased steadily with 
longer exposure to EMW radiation. Under normal 
circumstances levels of mRNA in various tissues 
were equal and increased only after adequate 
exposure to the stress stimulus. It is interesting 
to notice that mRNA levels in all tissues were 
identical demonstrating the universal role Hsp70 
plays in cellular hemostasis across all tissue types.
	 Both heart and liver tissues are increasingly 
expressing higher levels of Hsp70 mRNA as 
exposure to EMW is prolonged further (Fig. 2) 
Higher levels of Hsp70 mRNA are produced in 
the liver tissue than in the heart tissue emphasizing 
the pivotal role liver plays in survival mechanisms. 
Such augmentation to express higher amounts of 
Hsp70 mRNA is an attempt to synthesize more 
amounts of the protein to help offset the stress 
stimulus.
Cellular protein analysis
	 Cellular organells of hepatocytes and 
cardiomyocytes were extracted using differential 
centrifugation after carefull homogenisation at 
4°C. Diferential fractionation was caried out using 
refrigerated centrifuge Beckman J2-21, at 600xg 
for 10 min with sucrose gradient. (Fig.3). shows 
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that cardiomyocytes cytoplasmic protein synthesis 
increased by 26% after 10 hours of exposure 
to the stimulus while the mitochondrial protein 
synthesis and after the same period increased by 
11%. Exposure of the heart tissue to the same effect 
for 15 hours did not show same level of increase 
in protein synthesis as compared to the normal 
control. Similar pattern of protein expression was 
also observed in the liver tissue. After 10 hours 
exposure there was 24% and 13% increase in 
cytoplasmic and mitochondrial protein respectively 

(Fig.3). Similarly and compared to the normal 
control a noticeable decline in protein synthesis in 
both organelles of the liver was observed although 
the decline was less extreme than that of the heart 
tissue. Longer exposure durations provokes the cell 
to progressively adapt to survival tactics which will 
progressively become overwhelmed with apoptotic 
processes on prolonged exposure to the physical 
stimulus.
	 Longer exposure to EMW results 
in deceleration of Hsp70 protein expression 

Fig. 1. Quantitative Real-Time PCR: mRNA expression analysis after 10 and 15 days exposure respectively (H: 
Heart, L: Liver). The control samples are shown with darker color while experimental samples are shown with 

lighter colors

Fig. 2. Percentage of mRNA change between control and experimental samples (darker color) and 
between the same tissues (H: heart, L: liver), after exposure from 10 to 15 days (lighter color)
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Fig. 3. Hsp70 expression in different cellular compartments;  CD: Control, SD10H and SD15H: Heart tissue 
exposed for 10 and 15 hours respectively, SD10L and SD15L: Liver tissue exposed for 10 and 15 hours 

respectively

Fig. 4. levels of Hsp70 concentration in mitochondria and cytoplasm of heart and liver tissues after exposure for 
different time intervals. Calculation was made by comparing changes in the defined tissue organelles as oppose to 

the control samples

particularly in the heart tissue. Although compared 
to the untreated control, increase in expression 
is still observed but the pace of expression has 
slowed down in the mitochondria indicating the 
tissue is striving to maintain steady level of Hsp70 
expression. In comparing the same two tissues 
during the two periods the decrease becomes 
evident. In heart cytoplasm the decrease was from 
26% to zero and in the mitochondria of the same 
tissue there was 10% decrease. Similarly, in the 

liver tissue and after longer exposure, there was 
7% decrease in Hsp70 of mitochondria and 4% in 
the cytoplasm respectively.  This finding might be 
suggestive of protein leakage in to the extracellular 
space as a result of membrane damage due to 
longer exposure to the stimuli. Similarly in the 
liver tissue, the initial surge in Hsp70 decreased 
with longer exposure although to a much lesser 
extent. Realizing the important role the liver plays 
in quenching stress effect provides a plausible 
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Fig. 5. Decreasing Hsp70 concentrations in mitochondria and cytoplasm of liver and heart tissues in response to 
longer exposure stress stimuli. MH: Heart Mitochondria, CH: Heart Cytoplasm, LH: Liver Mitochondria and CL: 

Liver Cytoplasm

Fig. 6. Extracellular and intracellular Hsp70 under different stress conditions 
(eHsp70: Extracellular Hsp70, iHsp70: Intracellular Hsp70)

explanation to the observation that the decrease 
in liver Hsp70 is less dramatic than what has been 
shown with the heart (Fig. 4 and Fig. 5).
Extracellular and intracellular Hsp70
	 During stress effect, cell membrane 
becomes more porous and permeable allowing 
some molecules and proteins to leak into the 
extracellular space. With increasing amount of 
stress induced Hsp70, considerable amounts of 
the protein would cross the cell membrane to 
the outer space. It is postulated that this process 
is well controlled in order to stimulate several 

proinflammatory pathways22, 23, 24. From (Fig. 6) 
the ratio of extracellular Hsp70 is probably kept 
at a minimum at all occasions but increases in 
stress conditions due to extracellular membrane 
deformations as well as in order to play a role in the 
anticipated anti-stress response. An average of 26% 
of total cellular Hsp70 is translocated into the other 
side of the membrane (Fig. 7). The mechanism 
of how this process occur is not yet very well 
understood but there are accumulating evidence 
verifying the role this protein plays extracellularly 
to modulate inflammatory responses at least in 
times of stress.
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	 Extracellular Hsp70 concentration was 
calculated by subtracting the amount of total 
cellular protein from the amount of iHsp70 
concentration. The cellular Hsp70 concentration 
was calculated by adding the concentrations of 
both cytoplasmic and mitochondrial Hsp70 with 
small window for error.

Discussion

	 Heat shock protein70 (Hsp70) is a 
multifaceted chaperon protein that is conserved 
across species and it is involved in many cellular 
metabolic processes. Its prime role as an anti-
stress agent has been exploited heavily in an 
attempt to further elucidate its mode of action and 
identify its cellular distribution25, 26, 27. In this study 
Hsp70 was investigated for its cellular organelle 
distribution and pattern of deferential expression 
under stress conditions induced by EMW. Previous 
studies have demonstrated the overexpression of 
Hsp70 mRNA under various stress conditions 
but have not explained the magnitude and the 
subcellular compartmental localization of the 
protein modification. Moreover, and in order to 
investigate the differential tissue and cellular mode 
of expression of Hsp70, an inexpensive and readily 
available chick embryo experimental model was 
used which proved to be reliable for this type of 
experiments.

	 Chick embryos grown in lab-based 
incubators were exposed to EMW for various 
lengths of time. The check embryos were sacrificed 
and organs separated by dissection in the anatomy 
lab of College of Medicine and Health Sciences at 
the National University of Science and Technology 
(NUST). Chick embryos were divided into two 
groups that were exposed either for 10 days or 15 
days to the stress stimulus. Liver and heart tissues 
exposed to EMW have shown significant increase 
in levels of mRNA and Hsp70.  EMW significantly 
altered the pattern in which Hsp70 is expressed and 
translated almost in all studied tissues. There was 
18% increase in the expression of mRNA in the 
heart tissue after 10 days of exposure compared to 
the control group. This level of mRNA expression 
was more evident with prolonged exposure to 
EMW reaching up to 32% after 15 days compared 
to the control unexposed group. Similar results 
were observed with the liver samples where 15% 
and 38% increase was calculated after 10 days and 
15 days of exposure respectively.  Moreover, the 
magnitude of increase of mRNA after 15 days as 
opposed to 10 days was 14% in the heart tissue 
and 23% in the liver tissue. This corresponds to 
an increase rate of approximately two folds and 
two folds and a half in the heart and liver tissues 
respectively after longer exposure to the stimulus. 
Differences in mRNA levels after response to 
the effector stimulus may be attributed to the 

Fig. 7. Ratio of extracellular Hsp70 from the total protein. Ratios were calculated by deducting total protein in 
cellular organelles (cytoplasm and mitochondria) from total protein calculated the specified tissues
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difference in copy number in each tissue giving 
an insight in the role this protein plays under 
specified conditions. This increase in mRNA was 
not paralleled by an equivalent increase in Hsp70 
protein concentration in both tissues and under all 
given experimental conditions. Levels of mRNA 
and Hsp70 in the liver tissue were higher than in 
the heart tissue demonstrating the important role 
liver plays in combating cellular stress using Hsp70 
as one of many mechanisms employed to attenuate 
stress effect.
	 Total protein in both tissues remained 
almost unchanged for both exposed and control 
group possibly because cells under stress conditions 
and in order to survive need to quench the effects 
of stress by activating more of the housekeeping 
genes. Hsp70 is an anti-apoptotic28 agent that will 
promote cellular survival. Initially when cells 
are exposed to stress stimuli they respond in part 
by producing surplus amounts of Hsp70 mRNA 
through activating the heat shock transcription 
factors (HSFs). Moreover, the stimulation of 
Hsp70 expression is dependent on various genetic 
and environmental factors that orchestrate their 
effects in order to control the stress shock29. This 
stimulation can last as long as the stimulus is active 
and may generate excessive amounts of Hsp70 
mRNA to the extent that it will start competing 
with the housekeeping genes mRNAs for a place 
on the cytoplasmic ribosome for translation. This 
competition and the limited number of cellular 
ribosomes results in lesser amounts of Hsp70 
mRNA translation into a full functional protein. 
Moreover, Hsp70 gene transcription is active albeit 
processing into messenger RNA is slow due to the 
excessive number of housekeeping genes being 
transcribed at the same time. This suggests that the 
translation efficiency of Hsp70 mRNA under stress 
conditions is intensely modified for as yet unclear 
reasons30.
	 In recent studies31, 32, it was observed that 
the ratio between extracellular Hsp70 (eHsp70) and 
intracellular (iHsp70) may indicate the severity level 
of the stress applied33 Our study and in unpublished 
data, has demonstrated increasing concentrations 
of eHsp70 as the stress stimuli sustains for longer 
period particularly in the liver tissue. Cells undergo 
structural and morphological alterations at different 
levels including the cell membrane which becomes 

more leaky expelling Hsp70 to the extracellular 
side. In addition, membrane-bound Hsp70 might 
also become detached and therefore shed into the 
extracellular space24. It is possible to postulate 
from the above that the role of eHsp70 is to act as 
an anti-inflammatory agent and possibly helping 
in immune responses modulation and cytokines 
recruitment.
	 In order to evaluate the effect of the 
stress stimuli in inducing expression of Hsp70 
in specific cellular compartments, we proposed 
to examine cytoplasm and mitochondria as an 
example in both heart and liver tissues. Our 
results have shown considerable variations within 
the cellular compartments of the same tissue and 
across different tissues that were examined under 
increasing exposure to EMW. In mitochondria 
of the heart, there was a decrease of 10% in the 
concentration of Hsp70 after 15 days of exposure 
compared to exposure for 10 days while in liver the 
decrease was only 7% between the two exposure 
intervals. Mitochondria are involved directly in the 
process of apoptosis initiation and this is opposite 
to the potential rule of Hsp70 as an anti-apoptotic 
protein even with longer exposure. Moreover, 
Hsp70 genes are not part of the mitochondrial 
genome therefore, it depends on the cytoplasm for 
its Hsp70 load. The cytoplasmic Hsp70 levels have 
shown a similar trend although more pronounced 
than in the mitochondrial. The calculated drop of 
Hsp70 concentration in the heart was 26% between 
10 and 15 days of exposure and it was a mere 4% 
in the liver tissue. In conditions of stress, the liver 
activates several housekeeping genes to voice 
survival signals and in an attempt to maintain 
its role as a major protein synthesis organ, the 
housekeeping genes mRNA will occupy much 
of the locations on the ribosomes for translation 
resulting in less Hsp70 is synthesized. Continuous 
synthesis of mRNA will continue as long as the 
effector is active leading to an accumulation of 
Hsp70 mRNA surpassing the capacity of cellular 
ribosomes and instigating deformations of the cell 
membrane where Hsp70 will become translocated 
to the extracellular space. Translocation of Hsp70 
has two dual purposes, serves to activate the 
immune system and at the same time reduces 
cellular molecular pressure that would alleviate 
apoptotic signals.
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Conclusion

	 This study demonstrates the reliability of 
using chick embryo models to study the effect of 
EMW on Hsp70 expression and tissue distribution. 
Our results demonstrate that the increasing 
synthesis of Hsp70 mRNA did not correspond with 
higher Hsp70 synthesis verifying the processes of 
transcription and translation at least in this case are 
not well orchestrated. Nonetheless, the observed 
differential expression of mRNA and Hsp70 in 
different tissues and cellular organelles of the same 
tissue indicate the multitude of roles Hsp70 plays 
not only across different tissues but also across 
different organelles of the same tissue. It is very 
interesting to attempt to measure the increasing 
concentrations of Hsp70 in the extracellular space 
which definitely would shed more light on the 
role of Hsp70 in modulating anti-apoptotic events 
not only inside the cell but also outside. The 
intracellular role of Hsp70 can be extrapolated from 
the current result as to promote the anti-apoptotic 
signals and provide enough of the protein to escape 
into the extracellular side. Hence the extracellular 
effects of Hsp70 are parallel to the intracellular 
effects in terms of enhancing survival but in a 
completely different mechanism.
	 More studies need to be conducted to 
further elucidate the mechanism of Hsp70 as an 
anti-apoptotic protein and to additionally verify the 
significance of the differential distribution across 
organelles and the role extracellular Hsp70 might 
play in attenuating immune system in response to 
EMW.
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