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2 2% 2NFYL AZEE DA F 7] Az Axd Y 428 §55 A EZN FH54S Hrbeie
Aot H EF A Bl FEAR S XY HasbelE e mgo] EbEI 9l FHEA
Bl JAME 71E] FEAHO] obd M2 in vitro A@He] &TFHI Ut B ATl e 32k A
A FErAQl KeraSkin™& o] &dle] £ AXd B4 FASAS H18IA 2% FASAHAEZHS
mitomycin C (MMC) ¢ methyl methanesulfonate (MMS) &= T% |&F 02 NI EAT 43 Ao =
A A xEEel 4— mtrophenol (4—NP) ¢} trichloroethylene (TCE)olA & & oJ&FH o8 HEEZA S
AZE RO 4232 PFAEA ot wetA JAFIREDS o] 835 LA o] FA4EFT 22 EHLEL

Y in vitro FRAFA Bt {8 AR ALEHTH

Abstract: Micronucleus test is genotoxicity assay for detection of micronuclei in the cytoplasm of interphase cells. The
reduction and replacement of in vivo toxicity testing on animals require the development of in vitro models to predict
the genotoxicity or other tests for cosmetic products. In this study, we evaluated a genotoxicity assay for topically ap-
plied chemicals using a three-dimensional human reconstructed skin model, KeraSkin™. Two genotoxins, mitomycin C
(MMC) and methyl methanesulfonate (MMS), induced significant dose-related increases in cytotoxicity and micronuclei
induction in the skin model. In contrast, two non-genotoxins, 4-nitrophenol (4-NP) and trichloroethylene (TCE), induced
cytotoxicity but not micronucleus formation. In conclusion, micronucleus test using human skin model may be useful
for predicting in vitro genotoxic potentials of cosmetic products.
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v gotE o] &
ZE |83t in vi-
tro @AA| O] A E = vl-g- X} TK (thymidine
kinase) A9, AX|F ZEEA| o] 83} in vivo &
NEo] MAAF o= AHstal 1o OECDOA %=
Y 7tol=ERlE mEI TH1-4]. ICHIIA = 7]&
o] FH5A Zrol=Ael in vitro TR MSAEE
0|83t AN EH in vivo TE ZA A FHAE]
’dA1E(comet assay)= F7Fste] FHEA 7Hol =gkl
ICH S2R1-S A3 oH[5], =] oJekF T2 54
NAZEA A A 2014-1365) A= o]et 7
TASE 2EEY AgHE Aarsta doie).

A8 (micronucleus)-> A 32| FalojA E2]H
NOZ, in vitro 2N P ZH7F vl FAIZ
g @AY Alxd W 43 Y 7S AR
A olA i (aneuploidy)? FAA 1Y
(clastogen) < B A3t GAA| &gl it
ARl ZAE AFshs AlFHolT7-10].
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FTEAYS AT  Je oAy sEWAIAEH] A
e 3 Qlom 53] AA| QA 379} FARE Q1ET
Brds o] 83 A5t @ds] 33 Folt) AEy
Frds 2835 #d AFEE 5 5, B 9 T
B2 AleEo] BaE i 9Jom OECD B ZE 7}o]

=IO 2= TG 431, “In vitro skin corrosion: human
skin model test” (adopted 2004.4.13.)2} TG 439, “In vitro
skin irritation: human epidermis test method” (adopted
2010.7.22) Al@Ho] JAAHAL FHAYE ECVAM
(European center for validation of alternative method)®l|
M= oy W g Ase Fdl AEA s A
EE Ao Z AASATHI1-12]. Tl E 20073
FE JIF3E RS o] st IRASAIH &
StaA AT S 213Y5ke] KeraSkin™-S ©]-&3+ 3
A5 sEUNAANEY dS5dTE 78 o Ao
[13-16].

AAT R} AT AgT R

thatabadEss| A, Al 4298 A 3 &, 2016

22 5 goju}t 7eg JHA AL Qo] HRA=
EAFEOAY A7) 3 F &
I AT 17-21].
sPES 955 Fall S5 tAREY] vl 1
< 7H IR0l A 9
AEHAAEL S4F A Fotel ol =83 A
7 24

B AFNME in vitro 2A1E 7ol =842 OECD
TG 487, “In vitro mammalian cell micronucleous test”
(adopted 2014.9.26.)5 Fra1s}oq[22], 133 FR2 | A
in vitro 2AAF& 715A8E Frskgoh

2. Mz 3 WY

21, Alge™

At 4 ARG ZE BIAAA AT AT
] 521 KeraSkin™ (Biosolution, Korea)2 AH&-3}$3 T}
KeraSkin™-& A HRZEAZE 12 mm Millicell”
(Millicell cell culture insert, MerckMillipore, Germany)©ll
HEete] SSAHEZ wifS flal 743 B A w)
(submerged culture)dtal ZtE3st B35 I3 14U3
7]-<8 ] K(air-liquid interface culture)dled A Z3F3 T

2.2, NE=H

Aol AMRH EEL 7€ B E sty
[23], =730l & & T 252 genotoxin 2F-2] dermal
non-carcinogens= AH-8-3} THTable 1).

2.3. Ng=E AR

6-well plate®l] B =< KeraSkin™-& PBSZ 13] A
2] & PBSE A|ASIAL 3 ug/mL cytochalasin B (Sigma,
USA)7F 234 09 mLe] Wi A= nAgE 3 4%
g AFELES 27 10 ul? AFTFof| =X T
ANFEDE XS 24 h vl & AFEAL S o4
g A X ste] lFT ol ZF 48 h B AFEES

wE3Th

24, M= 3| 3 S20|E 4|

EZ %] 3 KeraSkin™0l| 0.1% ethylenediaminetetra-
acetic acid (EDTA, Sigma, USA)Z A &]3le] #Agtel )
=& Fe8tal 7)ol trypsin-EDTA (Welgene, Korea)
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Table 1. List of Test Compounds

Compound Abbreviation CAS No. Supplier Feature
Mitomycin C MMC 50-07-7 Sigma Genotoxin
Methyl methanesulfonate MMS 66-27-3 Sigma Genotoxin
4-Nitrophenol 4-NP 100-02-7 Sigma Non-genotoxin
Trichloroethylene TCE 79-01-6 Sigma Non-genotoxin

(A) Intact Keraskin

(B) Pad of Keraskin

Figure 1. A cross-section through the (A) intact KeraSkin™ and (B) “pad” of KeraSkin™. Generally, only stratum corneum and

stratum granulosum were observed in this keratin pad. H&E stain.

£ 15 min *g|3te] IFEZ2Z2 02 HE I EHAE
£ 353l a9 AEs 840 HUkd wix =
S| Aste] typsin-EDTAS F3HA17]aL HA2e] 8t
A AP Ak Alx Fge 20 T wee
O EAL3: 1 T 3 mLE 34 3le] AR st
T A 20 T wiEkS} ofMIEA 99:1 &5 4

= Vst 1SR QAR & Ao Axd
gds Eehol= Fh Yol HESIA 10% Giemsa
(Sigma, USA) £ © & 20 min 7+ G4t 43 9] &
e B
2.5 2

<elol=d 2000709 MEES A3tal o] F bi-
nucleated cell®} micronuclei’} HAE ME 5 =3}
& binucleated cell T A28 o] AAE A3E2] H]-E(% of
micronuclei / binucleated cell / 2,000 cells)S A3}
o} AIEZ=A-S MTT assay (Sigma, USA)E A A5}

AlZAYEES SABAT

3. dnp A 1

3.1, KeraSkin™2| SEl
KeraSkin™-2 ALt A4 I B ZAMEZE F7] Fol

EE3AA B3E et AT, 53 AET, A
A5 #5909 479 Eate NESS Bista Ao
(Figure 1A). A PEZ S KeraSkin™ FEHo| X35}
AA| skl vt & 1FHH 225 20 Alo] A &
2 A3k 0.1% EDTA] 93] Agte =9
WA Fog RE =M (Figure 1B), o] F A& Z4H7
trypsin-EDTAS *]gjsle] @ A|ZE 3534 ch

JA——| =
NZFF MMCE =X3F Al 7oA Giemsa stain-
Q2T AAE &9
2 MMCE A2k Aol
e GRS thFigure 2).

= [
Syl wdol cytochalasin BE *2]slal A&
FTEERE 24 h A0 R 23] ¥ =X HF 3
H Z=3E 24 hell AEvREAs AFH st Sefol=
A ZFsEaL 20007] A2 A Ads BESAT. FAS
57T glE E4 25 MMC, MMS¥} non-genotox-
in 2F 4-NP, TCE< AH&ste] tdh=3 22 235 o
At
&

A54 B2 MMC (0, 1, 3, 6, 10, 30 ug/mL),
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Figure 2. Examples of micronucleus identified in binuclear human keratinocytes isolated from KeraSkin™ tissues. Cells stained with
Giemsa. (A) Control KeraSkin™ and (B) MMC treated KeraSkin™.
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Figure 3. Cytotoxicity and micronucleus induction in Keraskin™ following treatment with test chemicals. Solid lines indicate %
micronuclei (left axis), dashed lines indicate % survival relative to untreated tissues (right axis).

MMS (0, 200, 400, 600, 800, 1000 ug/mL) *] 2] ol A]

I A3 A vgo] FrleATh AA H
5520 MMC 30 ug/mL¥} MMS 1000 ug/mLoN A Z}
7} 16.4%SF 153%2] &3 A4S Yelfdoh vk
non-genotoxins¢! 4-NP, TCE A X A& A ZAYE&
] 50% o]k AEEA-E UElll= 55 THHIAE
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