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Investigation of Effects of EMF of LTE Bandwidth on an Artificial Human Skin Model

Kyu-Ri Kim, Kyung-Min Lim"
College of Pharmacy, Ewha Womans University, Seoul, 120-750, Republic of Korea

ABSTRACT. Skin is located on the outermost layer of body, which poses it to easy and frequent exposure to
toxic chemicals, physical stimuli and environmental contaminants. Depending on the stimuli, outcomes of skin
toxicity may differ, which include commonly observed, and evident skin reactions like skin burn, irritation,
sensitization, phototoxicity, or photosensitivity. Less common reactions like pigmentary disorders, urticaria, and
fibrosis can also occur. Effects of sunlight on the skin have been well established and with this, radiations
with longer wavelength are gathering interest for their effects on the skin health. In this study, we investigated

the effects of electromagnetic field (EMF) of LTE bandwidth,

1.742 GHz, SAR 6-8 W/kg on the skin by

using an artificial human skin model. The results indicated that EMF exposure does not have much effect on
epidermal cytotoxicity or obvious pigmentation in the skin, but it has a slight effect on skin epidermal
integrity and melanocyte activation. The mechanism and the final outcome of EMF exposure should be further
studied through more scientific studies and various molecular biochemical studies.
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FFALY BHG] A Yolh: WEPL P
¥1%(photosensitivity)olet @tk FunFels 1
1A whet BEA HRA gUHsg A
Qo Urolzitt [2, 3. 53] mio] vt eep,
Aojilel ago] el we A7t AyEed
AL A, Adely, Hwste mntg Qo
E3] wRo] it o, AAMY gl ool we
AT7h AW SHY, T A, Adoly, ¥
wio] Emalg Qo [4], HT e Wytoh
e, spgo] 71 BRefolEst HeMe] uFf G Fol
SrEA A oluth wbgol 11 AgAR kel WyA%
of A& ael oiak ghalo] mobxm gle] ofof

b A+7E agh AAolr [5].

Axpabs apge] Helol wet SAFaH(Extremely
ELF), HAl3-(Radio Frequency
Radiation: RF), w}o]Z 23} (Microwave Radiation)Z®
572 o+ dth gutyer SAFIHELF)= 3~
3,000Hz H$|8] Fup=(frequency) = 7Hga 27 of
A 1A A (high voltage power lines)o] 2]3f EHAJ

Low Frequency:
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=t} (6], E3] FAlaH(Radio Frequency: RF)= 3kHz
oAl 300GHz7}#| 2] WHelo] HA}7|1}(electromagnetic
field, EMF)2# ZEAA3}, JTA3}F, WiFi AlA

9, 94EA A2Y, Sde WV B4, e

o oggE FA7 52 Bate] AAe AA =%
1 oglon, ojeld A BA AHES &R
AR oAl Abgol FrhEel wet RAT =%
2 A%t A% gdel e wael Eoldm Yt
[7-10]

Aot B ARdTel wad A%z (BLP-
EMP) AZ o), %8k g 9@ Az sEda
5% ZPto] oe fyoB AL ML Aol ¥
o Hoic (1] | R Axhe] =2 SR L4,
AAA AT, A, W], AgeA, Axfw

o H

] FojAsk= 900 MHz9]
baol givl RAe] wBEUS
stresso] 9]3t lipid peroxidation (LPO)%] Z7} =
datet an &4 wsbh SlE Qe [18-20]. EIF
AT R M Earl FhEeE B AR Qo]
b B8l 24 she o] Bl Holw, AgE HA
7 A 90% ool Hul W A F YelA B
Hoj o Be ZA#%J#% A e xdon 9% @
oz Aol shlEYct (20, ¥l s
2|5t up9-2of 2,450 MH (zjﬂ_%?jji 5 mW/cm —15
mW/ em’) 25905 AUR 6/4LEd 24 A
Y 7| AN ZY A=A Zu)HelE (spinocellular skin
carcinoma) o] WALt AIE B ATl =
=% FEA¥E cellular immune reactiong A 3|§t
omM W fUANE ASAHtE mussc
[22]. I3} Pulsed electromagnetic fields (PEMFs)&
sebrafisho] ZAFH AFolAE Weldgrd B T
o] Tyrosinase—related protein 1 (TRP1) EAlS =7}
Al7]aL, dopachrome kinase(ERK)2] Phosphorylation

FA}E

o] oxidative

)

7} p38 phosphorylationS Z7FA|AH MaR 2 &5
Sholct. webd, BMEZ} e A4S SA8E 2
3}3l hypopigmentation—related I|H-Z3}0] uiul=x
ot} gray hairE A5 4 = 92 A OEZH,
ohE s = A AAts & et e
AAstA [23]. SAFIE o8] ¥R A HiL
s T 2UEY nHEAE SIS 4= ko] AR
so] Zupat wEgEo] we 1 ool g ohe
AYe AARRIH

2 AFolMe AR (RF G)o] wj7fA|zo] dof
o g dFstaak AW Ae 2Wsia w4

5] O T;H%“E I:IE] ]-_Q_E]J:_ Aﬂ/\/{é o] o]
Melanodern™ g $43to] Hajuol] thet 5jna17 o
$2 A, FHoe dzEIR K
gt} AAatsl AolNe olF v FFS
shsiet,

'™M

Shs
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AAA ol 3o HEEd Melanoderm™ (MatTek, Ashland,
USA) 2 normal human epidermal keratinocytes
2} normal human melanocytes® 3D FZH|UYS =
ol B QlETRdel JguRRas 87T,
5% CO2 incubatoroA] 24A|7} pre—incubation 3
QRNRE ST ABEA Wl wsk 258 949
DA AR oS UH 23 S sk
media changeS X3 & 4847+ —r7]§ AR}k
LrEgee ZASAT. wh dAs 2A F
formalin §9of do] fix 3t & ZXAHIE 2354
E]— Keraskin™ (Biosolution, Seoul, Korea) %

aREA e AA NEAANER FHE 9)
3, SEs FUT AARY eras A
I Qg JlEzIEES 37T, 5% CO2 incubatord]
A 24A)17F pre—incubation & AFA|ZS 19 24
A7t Az} (LTES 9)L 2AFSHS o

[O ottt

2. BRI =&

Melanoderm™ ©f LTE Signaling exposure FI}<¢
o 1.747 GHz 7]7|o]A] SAR 8 W/kg A|7|& Azlu}
2 ZASHA 007 AFR) ALPRS 74 B
Fajoc, mEwdel A W BS99 o A

it} g2 rd Zkzk ARRS "ol 7|25t o mE
A& Aol R 3 N RS A FH[GE
60 pi disho] 27} &7 oF3 SAYRLS A Qg A
ATL AT wd Ao YRt SHUETS 3
7C, 5% CO2 incubatorofA] Zujofslil, AP+
Axputo] l=FAl7]17] 98 dish F74& Fi HA
gt Z1A oA o] &3t AA 2AFSEGITE o] ol g
QA S5 e YUSR WA BAS Aokl 10
Agek AR AMelAeh, AY AT go] 27

formaldehyde 50 mL7} & conical tubeC*]] A

of IAAZ F HEE NS AWkl Wekdo] of
sh2 paso

rE ol o
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Al 2Eof

of AH&H LTE =% 7|4 &A= RIL =&
AEEAe o] =F AlLEE 2], F
g xS ET SH2AE Afstr] Sl
AAE 71A 2 chamber WY CO2 Wk I &L
Z3t7] 93l incubator®] gas7} chamber
SE A £, cavity B HAo] AR
Al7]= water pump~ LTE =E%<¢t vjx]9
so Hosigith
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Results
1. RF 0t (LTE ¥%) & 9gt

me MATE 2 A7

So Axs B wiel A

® ATo| 4 RF
% e Assh Qg yEY

dte fEY 4
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o] Melanoderm™ & 834 Zols] Ry 514
t}. Melanoderm™o] LTE Signaling exposure 3

QB RRAS ol G LTE tfed Hajufe] 3% gk A7 - 7

w20l 1.747 GHz 7]A|9|A] SAR 8 W/kg A|7|&
AATE 1047 A & Qg uRndo] WAz
< 34 BEeYY. ol FAHREL 37T, 5%
CO2 incubator oA ZHjoF 3}t Melanoderm™
2 wjFdoe] AFE +F Melanin Ao Y=
o] A7 Wste=d AzEE 8 W/kgo &2 1047 4
& HolE A §ehE7t (Fig.1A) ¢ wr]o] gt
image analysiso| 4] (Fig. 1B) 2 Z}o|& uEhA]
oFoket.
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Melanoderm™ &=

s
SRE
1097 24F % AgmRRdel AsPRg 24
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Fig 1. Melanoderm™ell tjst 1091ke] Axtar 2ALe] &3 ((A)SeE7tel (B) image #4

S %3 Lightness #7}. Data are presented as the £ SD (n

= 4)
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3. ABWEEY Melanoderm™ ©|§3tof
RF Ot (LTE g9l 9% o7

- 7} AdoA w2 =do] LTE Signaling exposure
Z0}4:¢] 1.747 GHz 7]AolA SAR 8 W/kg A]7]
2 8d Fet =AY Ay, AAm =F 44
A Melanoderm™o] oJfFo]7] Wi, 4% o] 6UH|
BEL o3]e Wbt A4S Hlshen (Figure
. ol FAfute] ofsf Wehd Alzo] 2ol
Hagt Aog o4 fEn 7 Ao LTEY 9 Al
I 54 % d57F dasit

H&E

control

4. AZEMBY Keraskin™g ©|§8t
RF O (LTE ¥ €% g+

Axpke) FaFe SUHIAIZ]7] flsto] ALQAS H
A ARk leEAT] = oS EE RYS ARG
Adste uae slstad st B el
AHE&E Keraskin™ & 17k Axpujel 2P A=
2 ol gsto] PEste] alzte] WR ENE T HAG
Aor deAd k. AFFEHEPQl Keraskin™ o
AAat =2 (RF (1.7 GHz) 6 W/kg (~12 mW/cm2)
24 hr ZAF (=F 12 mJI*60 sec*60 min*24 hr =
1,036 J/cm2) 9 A (UVA) FA] A F-5¢ 9
% 9y QEe BAsUn UAHoR Aze A

2 ZASE WST-12 ool AFuR F W
NES AEE WSS Brke 23, Aold ko §7
oh= Aakglo]l AR =Fof oA wFAxZ HEE
of Fogt anE vAA e sttt (Figure
4A), TS AR =% Keraskin™ HZ E44
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Y PR LR
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Fig 3. Melanoderm™el| tj gt 8Yzte] Hxta}k 2AF &3 ((A) Melanoderm™ §<k3 7t} (B) image #41< &8
Lightness 8 7}). Data are presented as the + SD (n = 4)
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(Figure 4B),
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hFSt Fube oA M), AAAE E A
A ARgATE F7hg we, Axlet =&7]3] =3
7R 9l Aot 20119 59 WHO AbahA|
AAFLLTARC)IME Fojds dAuts 7y, Hol
Ya 53 2 29 SWsEH@BZ EEsH
A AAAZ o2 AAlgke] digt HZHe] =R

QA °§f¥> l et A 9 ALE FXAT= A7
Qe [71,[8]. Ad dAtoll =W FAFT AR
Zo biological system¥} A}E2AFL3}o] A7to]| A3k
= "AEs AeE HiuEgu
electromagnetic fields (ELF-EMFs) = A% o]%
B3 AT AR 9 AEdA WSS THsel 1u
L 909l cell processo| oL ZFrlu HuEQch
[24],[11], E3F, 2T Ao 2w SA39 A%
of ofat Mzl SEHo| HIH AL} (25,

2 A7olE AR 5o LTE geie] do] 3
of ojwdt FFE A= o]-8-5}o
A-tsait.
LTE Xﬂ]}ﬂ'%
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