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ABSTRACT                        Electric and magnetic fields are known to interact with living systems. Our aim 
was to determine the impact of electric stimulation on human immune cells at the level of gene 
expression. THP-1 human monocytes were treated with direct electric impulses and with the 
electric field of a commercial cell phone. The relative expression of 21 genes was determined 
by real-time quantitative PCR and calculated by Ct method with GAPDH control. The smaller 
electric field and electromagnetic field of cell phone have a slight, not significant but consequent 
down-regulation of the pro-inflammatory genes. The higher electric field induced significant 
up-regulation of same genes. Acta Biol Szeged 57(1):43-46 (2013)
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Materials and Methods

Culture of THP-1 human monocytic cells

Electrostimulation



Quantitative reverse transcriptase polymerase 
chain reaction (QRT-PCR)

Table 1. Genes, primers and the resulted relative gene expression of the monocytic THP-1 cells after different electric treatment. The 
investigations are repeated three times, and in all cases parallel, untreated cells were used as a control. The housekeeping gene was 
the GAPDH. Three squared impulses of direct current of 80 and 160 V/cm were applied with the duration of 2 msec and the repeti-
tion period was 2 sec. The cell phone was the Samsung Galaxy2 Mini because its relative electromagnetic emission was the largest. 

Genes Relative expression
Name Primers Direct pulses (80 V/cm) Direct pulses (160 V/cm) Cell phone

Mean SD Mean SD Mean SD

CCL1 CTTCACCAGGCTCATCAAAGCTG
TCTGGAGAAGGGTACCTGCATG

0.63 0.47 4.6ab 1.00 0.38a 0.14

TNFAIP6 GCTGGATGGATGGCTAAGGG
TCCTTTGCGTGTGGGTTGTAG

0.34a 0.16 2.66ab 0.22 0.18a 0.15

IL-17A ATTGGTGTCACTGCTACTGCT
TTCCAAGGTGAGGTGGATCG

0.26a 0.15 2.46ab 0.85 0.13a 0.11

IL-1B CCACCTCCAGGGACAGGATA
TTTGGGATCTACACTCTCCAGC

0.78 0.17 1.74ab 0.82 0.94 0.23

CXCL10 ACACTAGCCCCACGTTTTCT
GAGAGGTACTCCTTGAATGCCA

0.29a 0.10 1.38b 1.35 0.21a 0.19

Tyro3 CTCACGGTAGAAGGTGTGCC
AAACATGGTGCTCTGGGTCA

0.72a 0.06 1.27b 0.10 0.82a 0.19

Axl GTATCAAGGCCAGGACACCC
GAAGGTTCCTTCACTGGGCG

0.80 0.01 1.17b 0.14 0.76 0.03

ICAM1 TGTGACCAGCCCAAGTTGTT
TGGAGTCCAGTACACGGTGA

0.82 0.08 1.09 0.06 0.79 0.10

IL-12 AGGGACATCATCAAACCTGACC
GCTGAGGTCTTGTCCGTGAA

0.60a 0.21 1.03 0.16 0.29a 0.23

IL-27 TGGTTCAAGCTGGTGTCTGG
GGTGAGATTCCGCAAAGCG

1.45a 0.42 0.71b 0.24 1.30a 0.14

CXCL9 AGTGCAAGGAACCCCAGTAG
TCACATCTGCTGAATCTGGGTT

1.28a 0.20 0.75ab 0.25 0.29a 0.16

TGF- ACCAACTATTGCTTCAGCTCCA
CTTGCTGTACTGCGTGTCCA

1.07 0.04 0.09 0.95 1.44a 0.28

TNF GCCTCTTCTCCTTCCTGATCG
GCTTGAGGGTTTGCTACAACAT

1.41a 0.10 1.90a 0.64 1.49a 0.31

IL-8 ACTCCAAACCTTTCCACCCC
TTCTCAGCCCTCTTCAAAAACTTC

1.11 0.11 1.52ab 0.25 1.39a 0.04

Gas6 AAAAACTCAGGCTTCGCCAC
TCGTTGACATCTTTGTCGCAG

0.82 0.13 1.12 0.13 1.18 0.14

Kynu GCTGAGGCACTTCAGGGAGTG
TGACCATAGGCTGCTATTTTGG

1.04 0.02 0.92 0.05 0.92 0.15

ProS TGCCCCGAAGGCTACAGATA
GCACACTGAAACAACCTCACAA

0.95 0.07 0.81 0.09 1.04 0.10

CKIP1 ACCTGCAACCGACGATTCTT
CATTCCATGAAGTCAGCGATATGT

1.08 0.07 1.04 0.16 1.25 0.07

TNFAIP3 GCTGAAAACGAACGGTGACGG
AGAGACTCCAGTTGCCAGCGG

1.01 0.07 0.99 0.11 1.22 0.13

TNFAIP6 GCTGGATGGATGGCTAAGGG
TCCTTTGCGTGTGGGTTGTAG

1.09 0.16 1.18 0.22 1.39a 0.15

IL23 TGCCAGCAGCTTTCACAGAA
GCAAGCAGAACTGACTGTTGTC

0.93 0.11 0.81 0.12 1.27a 0.05

GAPDH CAGTCAGCCGCATCTTCTTTTG
CGCCCAATACGACCAAATCC

a p<0.05. The expression were compared with the GAPDH control
b p<0.05. The expression were compared with the expression after 80 V/cm



Data representation and statistical analysis

Results and Discussion
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