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[ Abstract] Objective To analyze the changes in the transcriptome of mouse fibroblasts after exposure to
extremely low frequency electromagnetic fields ( ELF-EMFs) using next-generation sequencing technology, and to
screen out related pathways and genes that might be involved in the regulation of fibroblast growth by ELF-EMFs.
Methods The mouse NIH/3T3 cells were divided into the radiation group and the normal control group. The cells in
the radiation group were placed in a 0.2 mT, 50 Hz electromagnetic radiation system, and the cells in the normal
control group was placed in the same coil system under the same conditions without power. After 24-hour culture in a
cell incubator, RNA was extracted. The next-generation high-throughput sequencing technology was used to sequence
the transcriptomes of the two groups,and perform gene function annotation and signal pathway database analysis on the
selected differential genes. Some highly expressed genes were screened out and verified by real-time fluorescent
quantitative PCR.  Results A total of 17 980 genes were identified in the transcriptome sequencing,and there were
140 significantly differentially expressed genes ( DEGs) ,of which 120 were up-regulated and 20 were down-regulated.

DEGs were enriched in enzyme catalytic activity, cell metabolism process, biological regulation, biosynthesis and so
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on. According to the Kyoto Encyclopedia of Genes and Genomes analysis, the DEGs mainly involved 55 pathways,
among which the most enriched 10 pathways were aminoacyl-tRNA biosynthesis, platelet activation, neurotrophin
signaling pathway,renin-angiotensin system,etc. ,closely related to cell biosynthesis. The DEGs that might be involved
in the post-irradiation stress of cells were further screened out, including mitogen activated protein kinase 12
(MAPKI12) , neurotrophic tyrosine kinase receptor type 3 ( NTRK3 ), angiotensin ]I receptor type 2 (AGTR2),
vascular endothelial growth factor ( VEGF) , etc. Real-time fluorescent quantitative PCR results showed that the
relative expression levels of MAPK12, NTRK3, AGTR2, VEGF mRNA in the radiation group were 2.389+0. 003,
2.481+0.350,2.354+0. 081,1. 559+0. 110, respectively ,which were significantly higher than 1. 011+0. 190,1. 011+
0.180,1.007+0. 150,1. 008+0. 153, respectively in the normal control group (t=12.540,6.309,13.710,3.078;all
at P<0.05). Conclusions After the mouse fibroblasts were interfered with ELF-EMFs, the expression levels of
MAPKI2 ,NTRK3 ,AGTR2, VEGF and other genes are significantly up-regulated, which mainly involve neurotrophin

signaling pathway,renin-angiotensin system and other pathways. These genes and pathways may be the main way that
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ELF-EMFs affect fibroblasts.
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EMFs £ fii (%) i (1] A1 38 B0 it O, AEIR A9 A2 Kk
B RL AR R ER Y 2T ZE A0 Mk A AR, L
20 MR ME A Tk 4 T B K 75 RRLET 2 A0 L Y AR W oA A T
A I LT e A AT R 2 R R T 4 A i ik
JICRE R, A T R 0 RS o B & B . H R, ELF-
EMFs X 2T 48 240 M 47 0 19 52 ) i oK B 5 . mRNA J2
— b LAY AR DY R AR B, AR R G B SR B B R A D
A" o R AR (9 B ET R A LA K v Y R
f ) Z 0 T LA AR WA B O AR Rl R A 2
0 £ 2 0 2 HE A L4 o) Bl A A M A 4 AT 4
ARWEFEANRT BEET 4k 20 i 52 ELF-EMFs + 40 )5 3 ] i 22
S 235 — LU SC A 510 i S T RE 2 5 A0 M i 5 )
PN 26 e FE T mRNA 238 5 1Y 22 AR oE A7 20 A AL &,
hAH SR MR A 1) 25 9 BIL ) BF 5 2 1t R

1 #MH5E7TE

1.1 #FK
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it RNA Mapping 25 5 F e PR 2H 1 B SO Ha 1 6 S
LRI IE X B 6 A FEA SR ] HTSeq 5 5 48 1 1
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(angiotensin I receptor type 2,AGTR2) Il %& N & 4 K
A F (vascular endothelial growth factor, VEGF) | B-AlL 3}
H I (B-actin) PCR 51 W) 77 5 W £ 1, ) BAK R K
20 wlo SO 2544295 C HiAE M 1 min; 95 C A8 15 s,
60 C B K M A& A 34 s JF IR 40U 47 14 J5 9 47 5 it

#&1 PCR35[#F
Table 1 PCR primer sequence

J: FPKM ( Fragments Per Kilobase s\ nEw SAFI(S-37) HBRE (be)
Million Reads) er_% E/‘J %:‘éﬁi& ﬁi; MAPKI2 I 1] : CGCCGTGTACCAAGACCTG 19
*/_ﬁ 7’% /f‘t 5 JZ 1 : GAGGCGCAACTCTCTGTAGG 20
1.2.6 2%}512% ﬁ*ﬁ&ﬁ‘%ﬁi %Fﬁ NTRK3 TE [ : TCTTTGCCCAGCCAAGTGTAG 21
EdgeR %%ﬁ‘f[ﬁ%%%@ﬁj E,(J % IZI , é,é JZ 1] : TCCTTGAGATGTCCGTAATGTTG 23
i‘iﬁ % ﬁj\ *ﬁ 7‘H] %ijl: )L;E E Iy‘]b % ( false AGTR2 1E 1A : CGCAACTGGCACCAATGAG 19
discovery rate, FDR) 4 87 5 . 2576 1, [ 1] : AGGGAGGGTAGCCAAAAGGAG 21
‘F*/]T\‘ \{E XTJ‘ mRNA i& //Tjﬁ ﬁ‘% i;!._a . % E % VEGF IE 17 : AGGAGTACCCCGACGAGATAGA 22
ﬁ{% %& logz Fold Change >0.585 ﬁ < JZ 1] : CACATCTGCTGTGCTGTAGGAA 22
-0.585 , FDR<0. 05, i% :‘C—J-_ % jE1'i % B-actin 1E M : CGTTGACATCCGTAAAGACC 20
JZ 1] : TCAGTAACAGTCCGCCTAGAAG 22

i 10 235 SR v ) 22 S AR RO e 22 S Y

Guvh s o TEAE R A K A o g

T PCR: 3R A Wl ik 5 s MAPK A 22 3 24 500G 19 48 0 5 NTRK il 228 7 128 T 20 R 30

2 4 s AGTR - 1L 5 S5 3K 2% 1 324 ; VEGF « IfL 45 P4 J2 28 4 I F ; B-actin: B-JILBh &

PR 3k 14 22 5 00 A i DL EAT JR R 3R
EFEFENN R BH LT

Note: PCR : polymerase chain reaction; MAPK : mitogen activated protein kinase ; NTRK : neurotrophic

receptor tyrosine kinase; AGTR :angiotensin Il receptor; VEGF ;vascular endothelial growth factor
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Figure 1 Transcriptome expression levels of the two groups after exposure to ELF-EMFs A :.FPKM density distribution map of genes B: Gene

FPKM distribution boxplot
FPKM : Fragments Per Kilobase Million Reads

C: Correlation matrix showing correlation coefficients between samples

Deeper color represented higher correlation
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Figure 2 Volcano plots displaying differentially expressed genes between the two groups after exposure to ELF-EMFs The dashed line was the
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threshold used for differentially expressed genes screening, and beyond the dashed line was the significantly differentially expressed genes; color red
represented the significantly up-regulated genes,and color blue represented the significantly down-regulated genes,and color gray represented non-significantly
differentially expressed genes FDR:false discovery rate; FC;fold change Figure 3 Gene expression cluster diagram of the two groups after exposure
to ELF-EMFs Each grid represented the RPKM value of each gene in different samples. Color red meant that the gene expression was higher than that of
median after median normalization, and color green meant that the expression of the gene was lower than that of median after median normalization. The darker
the color,the closer it was to color black, and the closer it was to median Figure 4 Enrichment map of related pathways after exposure to ELF-

EMFs VEGF :vascular endothelial growth factor;NOD :nucleotide-binding oligomerization domain; MAPK ; mitogen-activated protein kinase

&2 2/ MAPKI12 NTRK3 AGTR2 1 VEGF mRNA #8 X} 3K i% = Lk % ( meanzSD)
Table 2 Comparison of the relative expression levels of MAPK12 ,NTRK3 ,AGTR2 and VEGF mRNA between the two groups

(mean=SD)
AN L R mRNA A0 K5 &

451 FEA

MAPKI12 NTRK3 AGTR2 VEGF
TF 3 % B 41 3 1.0110. 190 1.011+0. 180 1.0070. 150 1.008+0. 153
HL T A S 4L 3 2.389+0. 003 2.481+0. 350 2.354+0. 081 1.559+0. 110
R 12. 540 6. 309 13.710 3.078
P i <0.05 <0.05 <0.05 <0.05

TE: (IS REAS ¢ K 50)  MAPK A 2273 245 S0 09 2 11 308G s NTRK - b 228 J% PR I M O 2 7K s AGTR - il 8 3K 3% 11 5244 ; VEGF - il 48 9 B 4R 1<
M7

Note ; ( Independent-samples ¢ test) MAPK :mitogen activated protein kinase ; NTRK : neurotrophic tyrosine kinase receptor; AGTR : angiotensin I receptor;
VEGF :vascular endothelial growth factor
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