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KE W 5% AL #4 (International Agency for Research on
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1 1§ (matrix metalloproteinases , MMPs ) K EEH e
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Br , BBl % 171 0 [ BR it 25 38 i 2 i il L A
GUTRATETA] o T X TS5 SR U, R A (]l o
) A TE 23 F2 52 B0 T vy 1 4 S SR B, 32 TV R e fit R
K

H B A WF5E 8 T NASA GeneLab $8 4 222
59 2 S0 22 2H 8RR T R A AT A
AR ) (4 A ) 2E L s SRR B, KA AT
gL kiR e , JE T T B A R ZH 2L
HEoki AT ReAE e A & A R R R EE 1948 1,
JHC b I 2H 2 e i 3R TR R GA KO R 2R BT R ik K
AR R Ry B R, 3 R SR X AE AR N s 45
S R SC B ZHAE F o 33X — BT 5 38 £k X F sk 4 2
B 8 A 2R A G A 2 B e A T AT 45
AT, s T R ZS 40 50 PT BE 1 B i (e )il AU , B B T
ALK T BE IS IH g o I — RN AE P2 L

BRULZAh , A 5T & B 25 AT Ie AL 1Y
s AR A B R ZS TRATHIT AL, WA K 25 KAT HATE]
it for S H A1 B 35 35 22 M 1 DNA #5145 2 R0 N
AL B R E W I (AR IR AR SR e B
ik e FLRZ A Py gL R SR i ) DNA EE 2741, 11 3¢
PRAF L o4 1) SE 48 PR A 4as il Ah e 43 24 R A . sker
KRR — R B PRIR , S3 B E E R = s, —
H ook I FEFE S, 4K 25 S RIS s T AL -
LA A IO ESE il I8 A S S S P UD U= =
LB KA TR S p kA BEEA T o0 AT, MR T ki
BEAR AR 53 F AL, (R ES T RA T X A A e 1
SEMA IR i — 9 o

— 7 I, WP SR 5 S S 5 | R Al B A5 495 1) 43 L
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S 9eg 1) [R) ST, e DR I B8 i sl /D> X Ji8] 6T 2H 25 i 52 493
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1986 41 Y] 75 i D1 FAZ H sl e AR 09 A% Tz 1oy HE
RN, T EUR L M X R R R TR AT, TS
4 b J R H IR R #L Sk R 98 (papillary thyroid cancer,
PTC) M &9 W T i o A B 5 Ak 4 5 R 2 T
JPER ST T X LIS AE SR A M L R AR 5, R ILTCIe
SEAE T R ER A ST R A He e AR g Ak K g
FL PRI #R A A= T AR S AH R 2 104 3k PRI AR SR S ARUAE A B
W25 o NET AR R EEAE AR SR R Y O B R ]
T Z2 b RS AR S G AT B R SR R AT Y A R
3T T DNA SUE , 24 DNA XU 558716 52 I, 8%
SR B Rk W AR T AR S . AHE L X
FARLC R AT 2= B AEFR AT W ABE AT 138 2 HH By
JEEAR T HAFIE A R ], BREE TR AT

M) LA S k)N , DNA XA W24 5 fm S 22 85 =2 M) 19
Sk o 3Kt FE I DNA XUE T 24 1T fE & 24 55
T e R NN RERE R —, X5 R
X 4 S 55 5 4 i S 9 A A S R E Y
5 Z 20, B BT o B R 20 D0 ) 434 A B, 5 58
AR RG] LIS B DNA RUEEWT 2405, S BB 5T U
I WL 1437 2 58— E R BT LIR30 DNA XUBEWT 2L,
T 171 7 R DR ZH KO- b s i A i S, DR] 0k 3 sk 4 5
PRI 25 0 )5 46 43 17 = B AT LLUR A9 3 5 37 %of N 288
LRI 2H 27 52 o

(=) 4 Fms

Yt SR 2H 27 2 T 5T PR AN B B8 — 40 N BT RE F%
S BT RNA 19728 o B s g 2 JE I ZH i %
TR, RS BT R S AH AT LA S R R 2H g D R [
Hf 38 T LAE R AN [ 25 51 RNA B 32 a8 A8 Ak K HLA% 3%
PO . H ATIE % S 2 24 40 B W i s 5 %)
N RR 52 ma (g 5 v, 2480 RNA P BoR 3E4 7
3T

AWFTEES RNA D PHEARSI AT A B, 8 X PR IE
B A AU PN B2 40 B (human lung microvascular
endothelial cells, HLMVEC) 1 %% & AH ¢ L A 9 Rk
MR R A Y 25 22 S SRR L DAL AR AR AN ]
A ZHMEOE T DN A 351495 JAE SN AN B 6] [] 58 548
H@%’ﬂﬁ(endothelia]—to-mesenchymal transition, EMT)
SEAppim D . X BEEE ISR X ST e S B
2 ML 3 2 AR K P 5O A0 0 T L R RE BG i R i2E
EMT, 1ij X 33¢ &6 38 % 14 3 — 25 00 53 7T LA F 5 H, 1%
BRI R WA FY AU o m R ps3
FE DRI A7 5 s 2H 27 o3 i, WS ML R A I pS3 Bk IR
M SRRENE O . 85 R R IR, mifR p53 B S =68
TR R A b 2 S B S A A I R WLl
Ui, Z 1 mRNA Y RIE K2 A p53 Ak DA 4 5 7%
&5 PPIRAS AR AT W 2 AR . X UL p53 BRI TE SR
S R i AT SO R EE AR Y BR T SR
FE R IR AR I DL AN 5% SR PEAE L2 Ah , e s 43
BT IR AT LLBIF 98 38 35 7K X5 i S5 36 97 2308 14 5% i)
an , A W 5T 3 F s 2H A e B A E R R
IR LA 58 X TR YT U XA B
TP UGER B E TS E 00 . A HL 084 I T
Mtz 36 2H 52 ) 1 IF 5 408 IR 3 2 BE T bulk F% 5% 2H
W, bulk % L0 7 v R AS IR & 2 S 2808 ik
PTG 5 B 20 i S S e, B 200 i e s 2 00 s R = 1]
e s 2H W 3 R RE 7 R4 /K P BEORE 4 i3 s HY,
6 58 S X A ) £H 2 DIl 52 i R S AR SR W5 19 &
JEJ5 I .

()& G ias
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2H 2l e SR H 2, B ST ZH A AT L R G T 24 A
WIETEZEAT RIS RERE R o 8 BT Bl 79 A= B
TR 535, T AR Fr A7 5 R ik i AR AL AR a0 SR 2
WRAEEE 1 BT 2 B, A5 o2k 15 DA B 7 AR 1 4
R T S FAT WO RE AR B AIG, W DL B 4155 R B A 5%
A%, PRI AT LA 45 1 5T 20 2 D7 R 98 S A v 1 47
XF A= Wyt R A s

H AT A VT 2 0F 58 LS 5 L 1 8% s 2 e — E 1
BE B S A A FE AR SCEE L ) A R R B,
Refim TG b 2 S EORNSEALE A B, X
5 S KURS: AN A= SE AR 05 AT O o T 2B VR AL S TE SE
PR R Y 1148 HERE B 500 AL, R XA SO0 T, AT
AE S (i P I 2 R e L 5 1 Fe R A v, R T s e 25
FEFEARRRE . BRILZ AN AW R LA X ST R b
J& , NIEIT B AR 48 A 0 A2 £F 4ifb r s Wy 3R A 15
SRS G I R7 A A ()i oo B2 C o 2 O N U B =R 25750 )
T R AV TESG T , 1l S0 4B R A HE 1 B Rk 1
il 72 A YT W, T LA SR AR BE M ya /D v R
BB AEFER A BT T 4k

(7R

AR 2 27 S X 2 M | 21 A s A= AR v i A
Yy NGy R A ARG TR A R ) 1 R GEE SR
A LAk PR E A0 M A b p AR AR AR . HETSC
TR G 5 N A R B A A R pE SR A (BTG
AT IE ) 2 AR G M R R AR S Fl b R
J& (idiopathic environmental intolerance attributed to
electromagnetic fields , IEI-EMF) BEAK Z 1a] A8
25t SRR LR, BURBEAR I A 2H A2 RRE
s H AR AR IRK 8, 2- 2k 5 L iRER JIH
T AT 2 S 58 B R KA. T X e AR )
PP S S A LS A A IR AL A R UL PR A e
A, B, 3X 2R S W) A K- AT e e o 1 2T 4k
WU (fibromyalgia, FM) {4 & s HIL T , 0] DAVE iR
GBI A A YRR SRR A . BRIEEZ S i A ST
FFAREH A e RE P PR UMY h Y728, 19 andgy
W R, 52 12/ N BRERRI T IS, SR ~-2=
BFETEE, 110 KIE WAGIMAS B — R . X Ui
WEARIT 2TE 12 7N PN I 35 22 A A R =G (EL
10 KWK SE 2 5 i Ko 3X A #E b b A g AT
ZH AR NE AL BN R e AR | AR | F A 4  FLIR AN
MR AFTEA I EH 272w B B3 25 5, PRI g
PP IR—FIAT LL e IRy T I AR IR i ik

7N A M

VAR , AT B W% N A 2958005 LA K
e R G A HR R A T A i B DU R Y
K, NATTR AR P i S L i2E AT 2H 24, mr
PAFIH 168 rRNA 73 35 R ZH 0 Py 52 AR i A= 4
HYWTIY . H T E A BFSE 8 0 4 AR 53 B H R

8 I 2% 8 X A W) 2H 2H RS2 e 451 A S A
UVA I UVB B B i) 52 SRR REST 321803 ROk, K Bz
FWAR G IS B RAAE P 2 A il ok A2 T A8 AR T A2 AR
PR B ) R ACTTT S, AEL A AR A B ARy 28 AR 2 R
W e R AT T AT T TR 2k 1, i LR AT
B2 BT R A 2 A, W g
SN E M E YA . A WEFEIE S 16S TRNA I 7
S AT R B, 2 R R A SRR A R R S L il A
Y IR A A T AR A, S IR TS AR DG 22 QLA
(RN RS IR G R S RSP R N R
BURTEREAR . BT R I, i B R AN 2
FEMARE P 24T R BT, b2 S B E MR P RE
S5, TR I A (heat acclimation, HA) I A] DLYs 4% R,
WEHR 5 R W IMARFFAE " o A B oE R, 7 @ 57
ot FL R S AT A1 2R E AR i ER /N B,
Jir 38 TP A SRR A D H, o B AR R
BRI A0 T B o Fu o BRI S A A B B R T
S5O S 25 R OG T 1 1R B D) 5 AR S L D
BREBESREEMC, X451 8R 7 iE
SR AILE , IF AR AR SIG YT 5 DR A BRSOV
TR SRR

FI 1 I 75 28 0 22 i F 900 1 ik i 16 3 %) AR
(TG EEN: 0 AT R ORI S e a7 NUI R ST = E i
DU v, 14 B % B 1 AR ) AR S A B T O
KA BNIRIT T PR it AV R A SR 45 5 T A e
S 4405 0 S 5 | A R R A s B AR BRAE LT L A B
TIT R 24 R 2 T R L oA 4 S T U
SiE SR Y AR BT

= RkERE

BRep B AR R By A T R R NS i h Y, 1
P AATTOR e 22 i 2 PR e L L AR S b, R 5 1 A T
X T FL B S AR BR G T 1) IZ R . T4k,
AT A A P 5 AR ) TSR A R ) A T TR ) 22 2
Beds , WEFE N G AT v i B R R b T Benl LR
e b T A5 0 BUR LR P A AT T B X
L8 I JiE Sy {6k FH 22 2~ 25008 o A PR G R A e N A it
FRAGFZNFT T 1 At o e s m PP EoR AT T,
AT LRI e 4 M L ZH 2 A A b B BRI 2R S H
FOBCT AR o [R] AR 2 AR e S 50 B, vy il
P HOAR By 2 57 A 2, AT DA R — S REAS 2E 1
AR ZH 22 TR s , BT A T 22 2 2R 2R A T

T AR — Be it [a] ks A S AR AE A%
GEEIR T IR T H AR X AR R 2, ANE
BCREAR, 5% T HU R S ) A= R e ) A AN %
ENTTINENETE S PN & DR W & S I PS
T AR 2 BT 58 R AR SR A RN LA, [ N Y
WHFE LD, A SE N AR E T . i, BT
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The research progress on the effects of electromagnetic radiation on

human health using multi-omics analysis
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Abstract: Due to the rapid development of modern communications technology, people are utilizing

portable electronic devices more frequently in their daily lives, which has led to concerns about whether
electromagnetic radiation (EMF) can be harmful to health. Many studies have demonstrated that exposure to
EMF can influence an organism’s or a person’s health. For instance, EMF exposure has been identified as a
Group 2B carcinogen and has been associated with a high incidence of numerous disorders. On the other hand,
EMF exposure can also be used as a treatment for some diseases, such as radiation therapy and thermomagnetic
therapy for cancer. By compiling research findings based on multi - omics big data analysis, this review
summarizes the effects of EMF on human health in various omics environments and their biological mechanisms
from six aspects respectively: cellular bioinformatics, genomics, transcriptomics, proteomics, metabolomics,
and microbiomics. These discoveries can assist individuals to reduce the risks of EMF in their daily lives and
have better understanding of the impacts of EMF on human health.

Key words: electromagnetic radiation; health; multi-omics



