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Abstract

Terahertz (THz) technology is a growing scientific field characterized by a spectrum of 0.1 to 10
THz. Terahertz (THz) waves have unique physical properties and can produce a variety of biological
effects, such as stimulating cell proliferation, triggering apoptosis, increasing DNA methylation
level, enhancing cell membrane permeability, enhancing gene expression, and enhancing cellular
inflammatory response. This paper reviews the interaction between THz waves and biomolecules,
focusing on the effects of THz radiation on tumor cell growth inhibition, apoptosis induction, and
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methylation of biomolecules. This paper focuses on the biological effects of electromagnetic biology
to provide help and enlightenment for the research of electromagnetic biology.
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1. 5|8

KAR2EWE, WHERRA THz %, R/t TN LL A2 2 [ (1) F s v 1) — 8040 AT TR 2
0.1 B 10 KFFZE[1] [2], ZAHBTHEKIEEDY 0.03 2] 3 =K. K& RIH MR KR, SRy
B ZAMNMEANAEG R, Ko7 BERSOR I fE B PR T o IR R P HLAE AR R 2 AR . A
A LB MR RRL A AE 2] % AN o R R m S RS R, AR I T Bl 9 A7 A 2 35 I
WORIBEAIR RN 1] [3]-[6]o 4 LAEE RIS A BE R A M I, K& fm i v] DUB R S et oo, A R
TP ARLEEILIRILR , TS AU RO S AN D BE A AL DR [ 7] A4 EE LUK ZE R S N R, I
MELER G J5 LRI N . HAE 2000 4R, BREZSEEESE T — N4~ THz-bridge (THz radiation in Biological
Research, Investigation on Diagnostics and study of potential Genotoxic Effect) {1 EFRECGIH, 5# T 425k
X THz A=W R808 T 72 8] -

SR, KR 2E P CACA A 77 S5 2B R G HAE L - SEMA B LA 12 KRR 2205 PT RE B s ] e 1 5
&2 DNA $if75, XA 057 LAis DNA (2 S0 . R aidaid b 7 4n e 2 ae )y, maes SR
oo SR RIL : KRR 2X I TT BERY MR AL A2 1M, 101 DNA WAL RTAH SR B2 1, X L8 mT Lk e
Gty 5 R G5 AL R TT S, 8 7 5 0 5 TR R0 i (Rt 4 L ARE TR - BRI KA 2 U8 T R 51 S 4 L S U
JS2, S BER 50 E E (HSPs) B N . 3 e sk (5w ME AR A OG5 T8 U(DAMPs), 30 %% 40
PRABERNER TR SORAMMIE RS . AR &I PT REE I 52 i 240 B S A 1 A R R LA P SR o8 4
MO RS, BTSRRI . AR THISRE: K20 BA 5 MR 7 rh L2 k(i
BR-E R-AE) IR BIAUR A UL BC I RE R S o 4 KR RE B 5 IX Le Al Z2 B (R R B IR — B, 7]
PAR AR R . AR ELAE Y KRR GRS v SR A EAE L, SR 40 BEE v e, 7%
Wi BT IEIE, TS 5 SR . ARSI Y: KfZEam v SR E AR A, Bk
HIhRg. PEikis, KFMZEB AT B E RIS, 7T ETh R H BN U N . DNA MLV BEAR
K& RS A2 BRI DNA, (HE AT BLG IR R A I T 0 1IR3, IX AT A8 2 KI5 i ik PR Rk
HMAT N 1) [9]. e BARKHHZERRST AR LR Y], e e E mp B UE 24, (HE
BEATHEST, LATE D 1 e ARSI E WIS, 5 Jal e A A o o 3 BB IR 18] TR (107

UTEEAER, KR 2 UESE RS T R 225 S 0 AR AR S AN D e RO D RS MR,  JF FR0N T AR 2%
LB A A S R PRSI PP B — AT BTIR AR L[ 11]e ASSCERIR 10 AR 224 B AR WL AT S 45
FFE AT I AR A 2R B AE AW 2 RONE M I R o ASCHE— PP IR0 . AT, DNA HIJE
e, FEBIBESENE . BRI . RAESR . G TS AR RN o« o A SR R 4 7E A2 P 2 U S A4
T
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Figure 1. Terahertz biological effects [9]
B 1. K2R EMF (9]

2. KkZEEaTR
2.1. BRI AFERIR

BEELPORMZZ RS . R T IR, A BRI R SRS . XA RN R B T A
SRR R ZE AR S Ja R R AR ST RE R A N IARE, SEUDIAIR T =i[12]. RS DIRE LT, Kbk
T RE TR AR, AR AL T AN AL S MR . thnT e T AN L A AR T R 1 O RAA I
T 2R 0T A R S5 AN [ A A0 2 RO R 2 S R OB BRI AN ] 5 3 5 A9 AR PR (B F
AN 3R H K,

PR B A R+ R N AT e AT AR IR, S RN AR S R BRI AR TE G o AR RSN
W] REDS SRR U5 A M) R GERIFRAMAR IR IR, U525 01 rh S B A 5 IR 9 M 4 W AT K,
TR A B RAAL[12]. [FIN th o A R R IK . AT RERZ B 70 7 I = 4E45H, 41 DNA M H R,
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SRR AR, XA E R AR L R AR AR
2.2. EYBNERERI

BEAEPOR R ZE RS TRE S BUEYALARITHE . SV SOME SR B R Y Bl S A RO . IX L N
SR A ONAE 2%

KR AR 255 55+ IR b I A T RE A (K 28 b SRR AR A L o R 24 T TR T p 3% 3,
LI SR A A S A A B A SRR 2T B AR S B0, Peltek SEN[I3]RUMTFC 7R, A 22 Mk £ 40 7
TS TR RIS AR N, P CIRBRM T L YRR M CRRIAALAE " SE MUK .

23. RESHHTM

PR T AE )RS 52 B4R S SR (AR . D2 B ik R I TR)) RO A= P s 14 o (U A=) 2 42 ) 1
A 2T ) (T AR o X 6 R 36 5 SO0 AR 24 4 S0 100 e S AFAE SR B PE[13]. Wang 558 A [ 141K FH K6 2% 0%
(0.02~8 THz, 2.4 mW/cm?, 22.5 )RSk TH FORE AL, 32 TR 1 44 448 I A 35 ) e R B 1 X3z —
Tsurkan 28 A\ [15]# FH K#F2E9%(0.5THz, DIRZEE 0.5~50 uW/em?, 3 758N IEMEL T 4K . Cherkasova
S5 N[ 161X #H28 T0 it I KAk 2245 541 (2.3 THz, ~FI45R LN 0.5~20 mW/em?, 0.6 708, 15024 ffa JIs 1) i 375
P, AANTBIE 1A YRk e\ GH L

3. KRS 5| RRNEYHN
3.1, KihzExt BRI R

M—ANSZRG IR ZHRE ) B — AT 2K B AME, BEEAEYER AR R 2T DR . B 90
()57 R FNIG G, ARG I RORAE K . A SR04 BB 1T 240, A s s A Bh T 5
S XA Bl A 2y R, B RAREUZ AR, (R . R 2GR S T DAVE A M N 41 48 P
IR GE M A0 AR, SATIAE S IE DL, X PR T B A 24 S B B T2 17] [18].

RRARA Z WU FUR I, 5 I AR 25 5 0 mT DA RHLAS RS e R AH B i) 355, 4% KT . HeLa
gHffl. Hep-2 4UHUFN RH 40H0, FFATIRESI R AUABET (9],

Yunxia Wang 55 A\[19] & 2e5F /N AR TN (mNSCs) 34T T 5256, DS AR A 24 58 8 6B AT R 2
AR K WS RO [ (1 2 23 K P (25 mW/em? A 50 mW/em?),  BA K FfAS [ (47 2215 18] (5 20 B0 A 10 2051
WAL R, 2248 M) T /N R AR A . Al S8 nde 55 5 B2 AR (8]0 /N SR 2 41
(AR KA B B R AR o RIS, AhOf AT 7 AR T4 M 3 BB (1 5256 . 45 SR, ARAE/ N —FE,
Xof o1 8 40 L 14 184 B A AR R [20]

Xingkun Niu Z5 A [2110F 78 T H 2046 Il (MIRS) AR B 5 8 A (VS C) Xt 2 o 184 5 AL 7% A B
R, G5HRERWT, MIRS M VSC B BN T e eF 44 3 5 R AT RE /(18 2) [21]. et il 7 45
RGN, 5 IE TE AT A DG B R R IE KA T 22 AR A . MIRS A1 VSC 385 52 i 48 i N A5 = B
F55)& TGF-B+ ErbB Fl PI3K-Akt {5 5 iE 1%, I 5m 41 i () 36 58 AT 5 g

ORI 2% 0 240 L0 T PR 520 PT e R T 2 MR 3R, AR A L T | HR LN A] DA S 4 i 2 7Y 45
WAL, IR &I I AR P R8N PT e R A B TR A SR s, DRI, RO & IR AE % o7 v FH TR I 22 e Ve
R TR B3 — D B SR VA

3.2. KiFzx AT HIRAE
R A — A EE R T R 3). FAT, AR 2&H00 A0 ML TR A A E R
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Figure 2. MIRS enhances cell proliferation. (a) Schematic of cells experiencing MIRS and analysis. (b) Dependency of temperature
variation of cell culture media on the MIRS time. Inset is a zoom-in figure. (c) Plots of the relative cell proliferation rate against the
culture time after MIRS with different time. (d) Comparison of cell proliferation rate at different culture time after 1-min MIRS, Ctrl
represents there was no MIRS treatments. (e) Cell proliferation images taken at different times after 1-min MIRS. Cell culture was
fixed at the time of detection and stained with crystal violet. Scale bars are all 200 um. The fibroblasts used were all L929 cells [21]
2. MIRS R 4HAEIETE, (a)22 [ MIRS B RERMSH. (b)MEEFREET LI MIRS FHEIRKEIME. BAR—
MRARER . (c) MIRS [FAFIR B 4BRERTIE5E R 515 R AT B RIHL Bl (d) MIRS &3 | min /AN )58 77 A [E) 4R B 5 2R
EbEe, Ctrl FTRAFIT MIRS . (e) 1 minMIRS [FAEIRT B AIMIEERE R . MEEFIERNEEE, HAERESE
. EEBIRJ 200 um. FrFAAREFHELRRALE 5 1929 4ARA21]

A, R DA R 2 5 A TR RS A A FA OB T LA AR 1 R 2R O TR R AR . R TAL
HGRFEIS A5 FEUEAE A E[22] (23] [FIINF, FAISE] 1 A 2858 5 7T LA S 4RI T — e ahie, £
SR A ML R A AP IR, ARSI R IR BE 1 — e AR . G = R ST SE % (AFRL) [18]
[2410ESE, N R BRAF AN M i SE T 3 bR 22 55 T~ 2.52 THz A 2458 5 00 T (9 2 K 17 e LG A 184
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Figure 3. Cell viability upon THz irradiation. (a) The absolute number obtained by cell counting, while the horn was placed
at different distances from the surface of the cell suspension; (b) as in (a), calculated as a proportion of viable cells with respect
to the original cell concentration. (c) absolute number from the cell count, upon irradiation and without irradiation; (d) as in
(c), calculated as a proportion of viable cells with respect to the original cell concentration. Cells depicted in ((a), (b)) were
suspended in PBS, and those in ((c), (d)) in IMDM supplemented with FBS and antibiotics [26]

[ 3. THz X AAENHEMW. FHETEARERTEIRERL, BIHERTERGHETH; (b)W(),
PUEZRRAER T IRIGAARERIEEGIH B . (o) REFFIRBHE AT BEEXE; (DIA(0), LUEHMMEN T RiA4H
RREREEBITE . ((2), (0))BREEFET PBS A, ((0), (d)ZBREF TR FBS FHi4E RAY IMDM A[26]

X R B KA 2% 5 St RN P R 2 S B B BB T MM,AME%U SRR KR 220 T A e 5 2k
Yo FHEAER, S1RAEEMILR, W SECEYEEIBIR . X 0] fg 2 2 m A 4T A4l A )
Thee, EHZEMEN T, fkMT25].

Larysa Kovalevska %5 A\[26]F] ] 0.14 THz 4R SREE mm A, BARE R S EDRAM. WEHAF
TR, GRWE 3 FR[26]. TR FRE PBS I8 2 Meduim W, 45t THz fa 5 )5, FLANMiE #0kss,
B WA 4 Al AR P T . Wilmink G J 88 A AN 2.52 THz. Th#0N 227 mW/em? G55 1<
RS TEUE MMT Al Flow $AR S BIMIARKE, 5 T MR &4 T 5, K 2 4t i ie i I T FIaR
RGBT

3.3. KiFzExpSiE R

SR, SORRBURE, RUBEMMK 2R, EERBES TR X XRS5 PR B
DT, B R K R R A SR K IR £R SR 0. A PR 0 PN S AR SRR T, OF
YuJsiidt A Rz A o G A R P o VR S W B e L G R PRI RE 0 o R 2 S T 4 i
FIA )R8 S i s T A 20 B A R O SR T B A R K 7 S R A P AR o AR 2 R S T
CASEM SN ASE[27 8 I8 T8, S ANERIEIE, AT 15401 P B IR, X0 AR S S S A R Tl sE
BREHE,
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Palalle G. Tharushi Perera 55 A\ [28]# PC12 4H (B A # £ JUFERFE ¥ 8 5% 4 LR 40 i) 52 6% T~ 0.3~19.5
THz P B A FRER T o T8I w20 e G o 7 A B (TEM) WL SR 2I3E N pel2 AR — bk m BR(E A
217 23.5 nm) KL BFEERLIN 63 nm [29]). I ET UHERT H AT 2 E M 9. Erling Hu 26 A
[30]1f 1 0.1 THz %& 4 HT22 4HE[31]3:H fmd-64 bric, MEHAN RSN FLRE, 45 REWHER T
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Figure 4. Nanosphere internalisation of PC 12 cells following a 10 min exposure of THz radiation. Confocal laser scanning
microscopy (CLSM; top row) images illustrate the uptake of silica nanospheres (FITC) by the THz treated cells whereas the
untreated control does not exhibit any nanosphere uptake. No signal was detected in the FITC channel for the untreated cells.
Scale bar is 5 pm. Thin sliced transmission electron microscopy (TEM) micrographs confirm silica nanospheres (NS) being
internalized by the PC 12 cells (red arrow; bottom). Nanospheres are also seen lining the cell membrane whereas no nanosphere
internalisation was observed in the untreated control cells. Scale bar is 1 um [28]

4. EARHFZEIRGIRE 10 min /7, PC 12 MKRIKRAL. HREFCCRHMEMRCLSM; IFB—TEKER
T KfFzE SRR TS — SRR IR(FITORYIREY, MARLIEAIX RER A B REMAKIKAIRN. REEHIMA
B#E FITC BEHAREMEES. LLHIRA 5 um. EHESFEFREHRTEM) EMBAIESE T Z S LEEHAKIKNS)
W PC 12 tRRAAL(LL & ETL; REB). YRk AT MAMIRAR b, MERLEAX BT RBU BRI PARIKAK .
EEBIRF 1 pm [28]

3.4. KiFzHx EERIZAIR N

BRI RILZTE DNA Yafilh (1383 4% (5 SAE A W44 v e B0 128 e Dh e PR 2 1 R (ML o i PRI 9k ¥ 2 By
BES, Bxaim T, fe. BOmirE. BEEEeim. . R0E AR, JE9i0 RNAL 254
FEPESE . FEDN SRR [32)FE N M) R A ke s RO EE A . Boian S 58 A[33]f1H 2.52 THz & il 23
ZIN BT L e o i R ) R KO R AR AR A [33] [34]. AR AR | Tl R R0 S i) ] T S kR R GA 0
BN R[35] [36], XFARRIIEEFREWI . HERHRIIZEANGT BA RIGFIIAZEAT S, Shang 5 A[37]K
PR 24 J S ] RSB B2 % Sk K 55 DNA R B F R 42 SR AR A 28 o 4 i ) JE TR 3R 08

Lyubov V Titova %5 N[381HF 7T T 1o 5 B AR 24 Bk ot N T4 BN SR kAR 43k 3R TA s . SEat
RS R AR 22 (TH2) Bk P yE B 0.2 31 2.5 THz, BEE/K P25 1 F1 0.1 ZFE(mj), FREER AN 30 4
B ERLR, R KR ZE kP 5] 442 AN FEERRIE KT R . 1mj Bk g RN 442 MR,

DOI: 10.12677/japc.2025.141004 40 Ly PR R=Svi


https://doi.org/10.12677/japc.2025.141004

Wrre %

0.1 mj fikhBEE 2 397 NFEEI(JF 5) [38]. Avital Korenstein-Tlan 28 A [391#ET 7 — W 5E, A5 7 7E 0.1
THz MR S IR N N RGN B (3 A5 AR e o o SRR 1R) 43 5100 1. 24 24 he SR A A1 9% 6 J5A7 24 48 (FISH)
FARKM 11, 10, 11, 17 SYEAEEE AL, DL S e ta ik 35 22 00 & s [ Fps =, 45 R0,
1158017 54k %f 0.1 THz fE4 SBUK, B#E 2 /NS 24 /B, ERERRAIE NS 30%. 1 5 F1 10
SRR 11, 17 /1 SR EEME RS LR TR TR 2 /M RA T2, 40N E4
RLAE 555 THa 0T 5 24 /NN R 3 525 (1AL (B0 50%) . F8& T 0.1 THz 485 1T 5] & ik 40 i 1) st 1%

AFENES
Down-regulated genes Up-regulated genes
THz pulse THz pulse
energy=1.0 W 1l energy=0.1J

151 22

UVA pulse 110
energy =
0.024 W

Figure 5. Intense THz-pulse-induced gene expression in human skin. Venn diagrams summarizing differentially-expressed
genes in EpiDermFT tissues exposed to either 1.0 mJ or 0.1 mJ THz or UVA (400 nm, 0.024 mJ) pulses, as described in
Materials and Methods. Genes with a False Discovery Rate (FDR)-adjusted p-value, 0.05 and log2 fold change. 0.6 (1.53
change) were considered differentially expressed. Left diagram: down-regulated genes. Right diagram: up-regulated genes.
The complete lists of the affected genes, the fold change and p-values are given in Supplementary Tables S1, S2 and S3 [38§]

5. EAEERH, BIMNKMFZENESHEERE, Venn BIRZETRET 1.0 mJ 3¢ 0.1 mJ THz 5k UVA (400
nm, 0.0204 m)AKAE) EpiDermFT AAREFRIANEE, WG AME. #RLZURFDRBEENER p E,
0.05 # log2 fEHIZEAL. 0.6 (1.53 MEWWINARERTE. £E: RETEHER. AE: LEERE(38)

3.5. KihzaxRAER M AT

PERE SR AE B A0 A R (g G . B3 BRAM SR ) 1) B SRB BIHL I [40]-[42], BRRERGMIA
B Ay, IR HUE 2B FF R E - BRI, R 2858 S E fd A 980 s v Jy T B AR AR A .
IR 2458 53 T ARSI G e S R DD RE[43] [44], BUFE R AMMIIGE . AWFER, 75 480 I B Hp ke S
ER . FIRS, Kf2z4m S vl RE AR 7, fln, Jdid (et mygEaang A gUs 8, XaTeef T
TRTT HE L GO PR -

Yoonha Hwang %5 A [45]F~F % H T2 260 mW/em? [ H H L 7 I0%(FEL) ™~ 42 () THz ¥%(2.7 THz, 4
us ik 5E, 61.4 wji/fikil, 3 Hz B S FSEER /N BRI E K 30 2080 FIHBOCHM LR A BRE &
X7 /N B 0 2 P DX 3 b e 4 i i3 AT R A PR CR B, L% TH z I 59 T PR 20 B T e 10 8 s
SERRM, THz BBkt RS 6 /ANSEJE, ISR AT 1) o MR B IR i A o0t R ZE B SR 38 . 3 3 BH Jik o oK
RS S PGS R S BUR R S SO . R M S OB F SeE AA,  RT DE A I A PR A
— /N PR RS B S SE SR o I ER KRS 10 pg Pt GR-1 HUAA(553122, BD) S 40 5% 6 ] Alexa T4}
647 (A-20186, Invitrogen), X7 /)N B A A IR b MR A 33047 25 e bric (] 6) [45]. Qi zhang %5 A [46]WF 5%
0.1 YRR 25 % ST /I SRR SR 5 BOG TS 28 (CTA) ISR, R 3l S Ak 7 G 6 88 8145 RT 28 S S PRI ) o T
FAERFE, 0.1 PO S0 BRI IS R 10/ BU(ED CIA /N BR)BA P18 AN G e 1 5 R
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Figure 6. (a) Distribution of neutrophils in the ear skin of a live mouse before and after THz wave irradiation, Gr-1 + neutrophil
(red), Tie2 + blood vessel (green) and autofluorescent hair follicle (magenta). (b) Magnified images of the skin area marked
by dotted line in (a). (¢) Gr-1 + neutrophil density in the THz wave irradiated and non-irradiated skin. Scale bars are (a) 250
um and (b) 50 um, respectively [45]

B 6. (a)ERAMELHIBEIRT. Cr-1 +hMERIZERE(ZI ), Tie2 +IIE(EGRE)ME SRAEE (RO FERIKF R
BN (b) (2).F ELARIC IR BRI AR Bl 1§ () Gr-1 +Fp MR ZBBEEE . EEBIR 9 B179(a) 250 um F(b) 50 um
[45]

3.6. Kz x4 T EIEHI RN

PREETC I TS 2 0BT AL S S TS BAC TR B (LA, DA S IR S a) e 52 3] A S A
MR R T . M TR T MERRMIEE R R RELE, HFaF—RIVEEER, S IA.
171 B AEF)[47]. B R TR L T REIC T ML 4R IR RGN S5 M AT Re sz 1) 50
[11].

KRG A FiE 158 TR AR, O BB A, ERN Rl 50 - B T E (¥ S A AN (8
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Figure 7. Effect of terahertz radiation on activity of the primary hippocampal neuron. Primary rat hippocampal neurons were
isolated and cultured as described in materials and methods. (a), primary hippocampal cells showing neuronal staining with
MAP2 (green). Nuclei were stained with DAPI (blue) (scale bar = 50 um). Cellular activity was measured by CCK-8 assay
immediately or 1 h after indicated terahertz radiation. The cellular activities were shown in (b) and (c) after exposure to 0.12
THz with power of 10 mW for 10 min and 30 min, respectively. Moreover, cellular activities were also presented in (d) and
(e) after radiated by 0.157 THz with power of 50 mW for 10 min and 30 min respectively. Sham-radiated cells under the same
conditions were used as the controls. Three independent experiments were conducted. Data were shown as mean £ s.e.m. “p <
0.05, **p < 0.01 vs corresponding group [48]
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