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(57) Abstract: The present invention concerns a detection marker which is specific to nanomaterial-induced cytotoxicity, and
provided are: a nanomaterial-induced cytotoxicity detection composition and kit comprising an ERK gene which is specifically over-
expressed when nanomaterial-induced cytotoxicity is present, an Egr-1 gene which is activated by the ERK gene, and an agent for
measuring the level of the mRNA thereof or protein of same; and a method for detecting nanomaterial-induced cytotoxicity by using
the composition and kit. The composition, the kit and the detection method according to the present invention allow straightforward
and accurate detection of cytotoxicity induced by nanomaterials comprised in, for example, the cells of nanomaterials.
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A A 1. ZnO =9 &te] 43 EF

[ 3] o] 1] A A} &1 H & 0] &3k ZnO 54 (ZnO characterization) 329

WA, =522 Zn0g 54 dolRn 7] Ya)l, 52 A A #An 4 (transmission
electron microscope, TEM) =4 & ¢ 3}9] ZnOE 10ng/ml 4 = ¥ == PBSOl
)M slo] dAn A A& w79 S ¢k 2] 200 A A Z1E] = (200 mesh copper
grid with carbon coating) ]l 2ul H = Holrmgl 3 60°C Qo] 155-7F Zel 3o
Tk A A G = ofgske] S8k A AHE-H ZnO7}F A #3] ZnO7}
ur=2] glsl7] Y8l ¥4 41 7] (Energy dispersion x-ray spectroscopy)=

(A& e 2] A2 54 S 23 (cell viability assay)

Human Keratinocyte (HaCaT) Al 32 2} Human epidermal keratinocyte, neonatal
(HEKn, primary keratinocyte)& 96well culture plate®l] 1X103 cell/100ul®] &5
1| 8131, HaCaT 2] 7 -9 10% FBS 2 1% penicillin/streptomycin©] 5 7}l DMEM
W 2] & 100ul A 7}8}3L, HEKn®] 7 -F- growth factor”} 501 7F 48 vl %] 100ul&
A7Vl 3=, CO,M 7] (incubator) ol A 24A] 7F &-oF vl 3l 5= Zn0E 5=
(dose-dependent) = *] 2] 8} AT}, 21 5=, A EAYSIE (cell viability) 57 -8
CCK-8(Dojindo 3] A} #|35)2 7} welloll 10ul%] % 718} aL, 44 7+ &< CO,
Hl %¥7] (incubator) ol A ¥l ¥ 2 ZnO7} FF 5 SA4 Ao S48 Hall st A&
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Zketalo] Al 22 96well plate = SOul’W 71 $-, microplate reader”| &
|-&-3Fo] 450nm 3 gho 2 FF = 23'5}93\‘:}. THESH ANGE K 2a
5 2bol] YEF A

5 2a R 5 2bE Farshd, ZnO7F Al ROl Al o] 54 & T sk Ade o

= At

o

[2 3 ol 3] Y=Y AHZnO-NPs)ell o] 3l W shsl &4 2ka 54 (ROS

measurement)

Human Keratinocyte (HaCaT) Al 325 6well culture plate®l] 10% FBS % 1%
penicillin/streptomycin®©] 3 7} DMEM WA & ©]-&3}¢], CO,
H & 7] (incubator) ol A 24A] 1+ & <F vl Sk 5-, 10ul ZnOE * & 3}31 ). 1 5,
ZnOol| 2] 3}y M3z ef A A ¥ o] X] = M| 3L A (cytosolic)
n}o] B & 2] ol(mitochondria) W 2] €4 44~ (Reactive oxigen species)S
= A3}7] 913 10nM 2, 7-dichlorofluorescein diacetate (DCFDA, Invitrogen)2} SuM
MitoSOX™ (Invitroen) & Z}+2}+ *| €] 3 2L CO,Hl 7] (incubator) ol A 20371+ vl F5F
5~ HBSS = washing ¢+ %, &4 2] 8}-of A SLI-2] 7] (fluorescense activated cell
sorter, FACS)E o]-&3}o] 1 914 gh-& =43}, 71 A9 = 390 YR $lv)
%= 39] ax= 10 pg/ml ZnO-NPs 2 304 “5-¢F #] &) ' HaCaT A 3ol A 2] A 1 ROS
FA LA A9E YERAT = 39 b DCE-DA 9 4ol 2] gk A 322 ROS
(Fiksh 4 B MitoSOX™ 4 Aol o] & 1) E F-= ¢ o} ROS (Z 74t st 9f
G 7o) o gkS YR o) g 2 o] th(+* (P<0.01) indicates a statistically

significant difference compared to control (no treatment)).

A Ao 2, 2" E8 B4 (western blot assay)

HaCaT Al 3£ & 60mm cell culture dish®l| &3+ 3~ 10% FBS & 1%
penicillin/streptomycin (P/S)©] & 7}¢F DMEM 1| %] & A €] ¢+ 3, CO,
1l %F 7] (incubator) ol A 24 A1 ZF vl 3} T}, 1 $-, FBS 2} P/S7} &0 U A] &2
DMEMH| #] (hyclone €] AFA|S5)E 2ml & 718k 5, 18A] 7} &<t CO,
1l 7] (incubator)oll A 1] &3} T}, o] 3, ZnOE 10ug/mle] & == ]| &}al
AP (time-dependent; 0, 5, 15, 60, 120, 240 )& 2] 2] 3k 3~ A 8] %1 A] 71|
)2} plate 1] 2] W A1 & A A &}aL 1x PBS 1mlS *] &) $F 5= scrapper& ©]-8-3}¢]
plate W] 2] A|3ZE Foj o] 1.5 ml tubeol] & 71 5, 14172 (centrifuge) 3}
&5 oS Y ar A Al (pelleny Wt ELTF A R RS A
A 3Z (pellet)©l] RIPA cell lysis bufferE %] ¥ Al 3 (pellet) ol W} A 2] & 3} 1L,
icedl] 103F 34 voltexing S+ F- 4°C 14,000rpmel| A 30431+
4152 (centrifuge) 3 S T}, o] wl] 253k S NS UFE 1.5 ml tube©l] & 7] L
BCA A %'H (gendepot F|ALA|F)E o] -&3fo] A3}

AFE AES A kol w0 wdgk o] A&o] HEFE A thE 1.5 ml
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tube 2 WH& 31, F 0] 5 U3} = F(total 1X) 2 H I (5X loading buffer)E 7}
5, ZF AZ5 95°Cof| A 557 v Y(incubation) 3} S T}, ©] $-, v A Ho) = ¢

H] 2zo] A Holn| = 4l (bisacrylamide gel)ol] 7] A& 27} 7L7L 27 ug®
29 (loading)3} 3L, A 7] % ‘& (electrophoresis) 3} % th(Bio-rad &) A} A 35).

A 719 50| Fit A7) A 5=S PVDF membrane(bio-rad ] A}FA| %)l F3

] 7] 3L (transfer), B 2] - (skim-milk;non-fat 5%) = TBST7} 1:12] T &H| 2 <34

S 3H5-ol] 2047} blockingS 3% U}, Blocking®] £ $-, Egr-1, f-actin primary

antlbody (sigma A|<%), p-ERK, ERK primary antibody (cell signaling A| 3%)& Z+7t
2000:1 5 2 A (skim-milk;non-fat 5%) = TBST7| 1:12] S #H| & &34
S gF=oll ¥ aL, 4°Coll A overnight A Z Tt 1x TBST ol 53-7F 3WH 4
A & (washing)= &}3L, Egr-1, p-ERK, ERK<= 2000:1 rabbit secondary antibody &
B-actin+= 2000:1 mouse secondary antlbody = e X]f(skim-milk;non-fat 5%) =
TBST7} 1:19] T3] 2 E3+d < 3HE-o| A 1A 7} 5 <F vl Y(incubation) 3 -
1031 3 A A & (washing) 3} 3L, fllm-% o] &3}o] Zhzto] Tl Al pandE LA
Egr-1, p-ERK, ERK ™ b-actin®l] ) & A7 Wil A band & 5= 201 HYERA LT
w3k 253 260l Egr-19] @ % B P-ERK 2] A ZboE el g 2kt
L ERA AT

E4 WA 262 a1, 20nm ZnOE A 2 Sk 74 ol Bl ERK
e of kgl o] AIZbE = FbekeE Al Sl S 0 Al whebA, e E o]

A 54 o] 27 I R Egr-1 3= ERKO] 18 9H=
kel sl

o

014

do

A Ao 3. MAPK S A A F4] (MAPK inhibitor assay)

ZnOE A €] 3}7] 304 %l ol MAPK (mitogen-activated proteinkinase) ] #l| A
(UO0126: ERK inhibitor, SB600125: p38 inhibitor, SP239063: JNK inhibitor- sigma
A E WA A e 8kaL, 304 5 THA] A 22 FBS©F PIS7F 50 A4 &2
DMEMH]| A & 2ml %] ¢ 8}aL, ZnOE ] €] 3 5- 24| 7} F-of] v x| & A 7] &} 2
PBSE 1ml * ] 3}¢] scrapperE ©]-&3}0] 7o)l 5 1.5ml tubeol] & 71 A=
A Q) slar, AA] o] 29} 72 WH O 2 western blot assay S A] 8 5} 31 U

ZnO®F MAPK ¢} A A &] & A] A 2] o] W2 Egr-1 % b-actin®] Ao w2
band & %= 7 H I 8ol YERN I TE B8k, ZnO9F MAPK ] A A| €] 5] A ¢ o]
w2 Egr-19] W 28 = 9 W 1 100 L ER AT

T 7 WA =102 331skd, ERK 9 Al A 01 U0126< =] 2] 8- 2] Egr-1 ¥4 2

ke o] & 4] 3] @ié}% A& gl ¢ ok mpebA, 2o Wil Rl Egr-1
18] F7h= ERK Al 2ol o gk 2191 ¢ <= Q)

A Ao 4. ZnO-NPs § % Erg-1 T2 W& A} 371 8491
=]
R

(A 1] FAHE o] &4 &4 4 (Luciferase activity assay)
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[92]

[93]
[94]
[95]

o

1000 ©] 2= #| ©] (base pair, bp)2] Egr-1 3 2 X E] (promoter) S o3 4] ¥H-&
3lo] 4 A DNAE £ (genomic DNA)ZH-E] 342 3} 3L luciferase A A&
7} pGLA4.17 luciferase reporter vectorol] #| ¢k & A& o] &30 A3 7]51
A (E. coli)oll &4 &%) (transformation)A] A T} 0. 2 L 21t} Human
Keratinocyte (HaCaT) Al 3£ & 60mm cell culture dish®l| &%+ %~ 10% FBS ™ 1%
penicillin/streptomycin (P/S)& 3 7}¢F DMEM 1| %] & A €] ¢+ 3, CO,

1l ¥ 7] (incubator)ol| A 24A] 7t v &8} 1t} 1 5~ FBSS}F P/S7F &0 91 A] &2
DMEM H| A] (hyclone &) AFA]35)E 2ml 3 7}38}aL, 100ul®] OPTI-MEM HJ 4] o]
Jug®] 34 WE]2 71851, v} 2744 2 97ul9] OPTI-MEM 1] A ]

& 24 5= Q) A Al (transfection reagent) ¢! lipofectamine 2000(invitrogen ﬂ AL A&
3ul 4] & 3= 53L0] At Fol| =& ZFzF A 31 203-7F 7)1 v H e o 5 A 9 E
mixture= <= 9| H 60mm cell culture dishol] &8} 11 2 E50] *Zl‘%q\‘:} 5A1%F
F-ol] 7] 2] WX & A A 3}aL, 10% FBSHE E¢] 1= DMEMY| A & 2ml #] 2] 8} a1
48 A1 (F $-oll ZnOE & = = A 2 8} aL 244 {F $-of] W %] & A| A 3} 3L 1x PBS
Iml-S *] 2] 8+ - scrapperE ©]-&3}9] plate W 2] A3 E ol o] 1.5 ml tube©l]
71 5, 432 (centrifuge)dl o] A5 NS e 3L 1A ¥ Al 3 (pellet) WF Xk,
e /‘ﬂd‘(pellet) of| luciferase %1-& cell lysis bufferg® * 2] & 3}3L, icedl] 1037}
3 voltexing S ¢+ $- 4°C 14,000rpmel| A 3043+ 14 -] (centrifuge) 3} $1 T
21 %5 A% 50ulel] 200ul®] luciferased]] 2] &lof Hl & Wl 4= Q)= luciferins

# ] 3} 3 luciferase reader”] (Glomax2000, promega A 3%)& ©o]-&3lo] FHLEE
SASATH & 119] ¢ A2 5ol upel Egr-19] JAFZRA o] o] Fo] %] 31
NS Felat vt = 119 coll A ZnO-NPsell 2] 8] pEGR(-998/+170)/Luc 2]
SRR E 7} A48 a1, A 3= pEGR(-998/+170)/Luc® A Askd 31,5
10 1g/ml ZnO-NPs = 24A] 5t B Qb A 2] ¥ 9l at, FA| dl eh A &40 1| v B =
:T;g E] N ﬂ'

[2Ed 2] 99 ¥ 3 £4 (immunoflourescense assay)

HaCaT A 3£ cover glass7} ]} 6 well culture plate®l] 53t 5, 10% FBS %
1% penicillin/streptomycin (P/S)& 3 7}$k DMEM W %] & A 2] ¢k 3, CO,
il % 7] (incubator) o] A 24A] 7 vl ¥ &} AT}, 21 %=, FBS 2} P/S7} & ©] 1 A]
DMEMW| #] (hyclone EJAMA|)E 2ml 3 71k -, 1841 7+ &<t CO,
71 (incubator)oll A W 8t vk, 21 §-, WX & B4 2] 7] 8Fal 1XPBS = 31
washing ¢+ -9l 1ml 3.8% formaldehyde & 1047} A 2] 8L TFA] Al A Sk 3~ Th-A]
2o HPH 0 2 31 washing 3}l 0.1% triton-X100=- 1ml #] €] 821 A # washing
5-29% BSAE F7sle] 1475 ¢ 37°Coll A blocking 3l 34 th. tFA] Al 7] washing
-0l 1:500°] ¥ =5 Egr-1 primary a%t A & 1% BSA7} & ¢+ 0.1% triton-X1009]]
LA ZF 37°C9l| 4] incubation®} 3L A 4] washing -$-¢1| 1:500¢] ¥ =% secondary
A 2 A gl slar 37°Col A 30i-7F A 2] $-, TFA] A A washing 9-¢1| cover glass <]
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[96]
[97]
[98]

[99]
[100]
[101]

[102]

[103]
[104]
[105]

7|5 25 2] 3l slide glass 9 ©l mount solutions- ©]-83}of 314 A] Zl T},
T al g A g o) &ske] AaE #lskit) = 112 doll A Egr-19]
AL ol R D22 Fojo] Byr19] GAZA 450] Aol
AeS 4 AT 12 119 doll A Egr-1 %32 HaCaT Al & 2417} 52t

ZnO-NPs = A}=53h §- A &3 Aab3 Wolm, Al 252 Egr-1 '6*?4]9} gt

, 21 & 5= Cy3 anti-rabbit (red) ¥ & & 3F-ol] 2] 3] 7% 5 %} DAPI
(blue)= &S 34| 8}7] S af 2aF A eF e 3 7FE AT} (+:P<0.01, *#%P<0.001
compared with untreated samples).

(234 3" ES

£ 2] (western blot assay)
A Ao 29} -2 H o = A
]

A
= A3 F A EE 1~ 50 pg/ml 52
ZnO-NPs = 2A] 7+ 5 QF A 2] ¥ Q1 31, ZnO-NPs A= $- Egr-1 & 0] anti-Egr-1
FAE ol gkl A=w BEloR SAHY, T ANRE 2119 a R bel
LERI T, thebA] i AP 2 Zn0 A 2 of] W Egr-19] Tl Wi = 9
2 2 119] a, boll A 242} 8218 4= 9T}, B8t p-ERK, ERK, p-JNK, JNK,
p-p38, p38 & b-actin®l] Tk A Tl A bandE = 129] a, b, coll 22}
LEF ATt &= 129] a, b, coll A HaCaT A ol A MAP 7] volA] 23] =52
AA Gl FEE 9 A E o] &to] A2t BBl o R A Q.

=]
A&
u

‘“>\

[2 & o 4] MAPK & A A £4 (MAPK inhibitor assay)

ZnOE #] 2| 3}7] 304 %l ol MAPK(mitogen-activated proteinkinase) < Al| A
(UO0126: ERK inhibitor, SB600125: p38 inhibitor, SP239063: JNK inhibitor- sigma
AEE WA A2 8ka, Zn0E 2 3k F 305 5 vhA] Al 28 FBSS} P/ST)
0] #| %2 DMEMW A& 2ml #] 2] 3} 31, ZnOE A 2] &+ 5~ 2A] g} 2ol vl #| &
A A8}, 1x PBSE 1ml A 2] 3} scrappers ©]-83Fo] 7o W 5 1.5ml tube®]]
=71 74# A Q] slar, A A] o] 29} 72 1WH O 2 western blot assay S A] 8 5} 31 U

ZnO%} MAPK ©] Xﬂ Ale] & A A el mE Egr-1 ® b-actin®] A|ZHoiH w9 =
bandE = 139] Aol LERU AT &= 139] AS #3151, ERK ¢ A A <1 U0126<
ﬂ ,14 '3]— ;Lg] Egr—l D}Hﬂ ;d Hl—‘&] o] zﬂ x1 3] 7L/\ o]_l: 74 ﬁ-o] 61- 2= o)\c}}q\q_

Z1E U, INK, p38 2 Al Al = Egr-1 ¥ 2 123 of) Oﬂﬁo WA A] AT (*P <
0.05; #*P < 0.01, ***P < 0.001 compared with no treated samples). W-&}A, 2~ =1 &
Tl ol Egr-1 3 F 7= ERK Al 21 o] o] gk 31913 ¢ = Q)

[2 & o 5]ROS & A #A| F4] (ROS inhibitor assay)

ZnOE A | 8}7] 24| Xk A of] A nl ke A3z o] &H4its) B2 Q1 N-acetyl
cystein(NAC)S 10uM/ml1 2] & =2 WA A 8] slaL, Al 2 FBSS} P/S7) & 1A
%2 DMEMU| A & 2ml A 2] 3} 31, ZnOE *] 8| ¢+ 5 1A 5} F-of] v %] &

A A sk, 1x PBSE 1ml A 2] 8}¢] scrapperE ©]-83}0] 7o)l 5 1.5ml tube®]]
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w7 A& A9 skar, AR o 29} 72 HFH © 2 western blot assayE A 8 3} S T
el =E A NACE A9 8131 v, &= 139] B9k COl A Egr-13} p-ERK®]
e

[106]
[107]
[108]

[109]

2l
el METF A A A 7HA S Th whebA, 2R Tl Ql Egr-13
g o] ROS| 9] 3o F7halw 31dS ¢ = At} (B: HaCaT, C:
HEKn). o] uj] g]o] ¥ 3Z 2l E = Two-way Anovas ©]-&3}0] H] 1l 38| WHE;
A9 9] B-actin-g 1 F 4 H o gk L ERK-GF sk H o gk VEld Tk

(***P<0.001 ).

[2 & 4] 6] 2t 7H4 RNA (small interfering RNA, siRNA) £4] (siRNA assay)

Human Keratinocyte (HaCaT) Al 32 2} Human epidermal keratinocyte, neonatal
(HEKn, primary keratinocyte)& 60mm cell culture dish®| -3+ 9, 10% FBS ™
1% penicillin/streptomycin (P/S)E 3 7}¢k DMEM H| X & #] ] ¢+ -, CO,
1l ¥ 7] (incubator)ol| A 24A] 7t v &8} 1t} 1 5~ FBSS}F P/S7F &0 91 A] &2
DMEMH|| A] (hyclone &]A}FA|<5)E 2ml 3 7F38}aL, 100ul2] OPTI-MEM HJ] #] o]]
10nM 2] -5 =7} ¥ %25 Egr-1 siRNA 9} H] 1l control$] scambled siRNAE 4] 31
v} 27FA] 2 97u19] OPTI-MEM Wl %] of] & 2 =] A A (transfection reagent)o]
lipofectamine 2000(invitrogen ] A} A 3)= 3ul 4= - 50| A $-of] =& 2+
2131 205-7F 719530 21 3, siRNA mixtureS <=5 ¥ 60mm cell culture dish©]]
wFekal 2 5o FAv 5A 7 F-0l] 7] 9] mj A& A| A SFaL, 10% FBSRE
L] 9l DMEMHI A 2 2ml | 2] 8} 1 484 7+ F-¢l] ZnO= Egr-19] 79+ 14 7F
A 2] 8kaL, TNF-a8] %= 12415k A 2] § 5-of] v A& A A sfaL
TRiZol(invitrogen A|3&)< 500ul A 2] 3} 3L scrappers ©]-&3}¢ & 01 d 915
tubeol] AT, 1 5-, Z+2+2] tubeol] 100ul®] chloroform= *] ¢ 3} aL LO}?’ﬂ

B 5o £ 3 QA7 S o] &3} 12,000rpmoll A 1557 2] 31 3 9 &2
who 8olS U2 tubedl] % 7] 3L, 250ul9] isopropanolS A 2] $F 9 Aol A
1034 At} 1 5, A 942 7] & o] -&-381o] 12,000rpmoll A 1041k
2] gk 5 o8 23 A A 8} 31 DEPC-waterol] 70% ol &2 37131 &S
S00ul A1) 3L hA] 28 W 2 SEAE AL A e L o T

=

A ZERNA)o] T3] & w744 L 2 DEPC-waterE 30ul® 3713} T, ©]

- lugo] ¥ =5 A Akele] RNAE Wil I AAL 845 o] &351o] cDNAS
$+4d 3FaL Taq polymeraseZ ©] &3] -9k a. 4 4| W3- (polymerase chain
reaction)= 3|31, 2% agarose gel< ©|-&3lo] A7 52 - MESE
gl &kl vt

% 149] A, Boll A Egr-1 siRNAE #1 2] §F &0l A TNF-a &l o] &4 5}
ZolE % O & TNF-a9 W3l o] Egr-19]] o] alo] 245 = 2912 gFol &kl ) (A:
HaCaT, B: HEKn). = 149l 4] Egr-1 siRNA 5= 5= scrambled siRNA = Lipofectamine
™ 20002 ©]-&3}¢] HaCaT A £ =2 =] ¥ 931, TNF-a mRNA 18] =52
12A] 7} &<} 10 ug/ml ZnO-NPs % A}=3F $- RT-PCR (a) 2 ELIZA (b)%
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[110]
[111]

[112]

[113]
[114]
[115]

=4 A1}, (#+#P<0.001 indicates a statistically significant difference compared to

no treated sample (a, b))

[AEd 7] &4 2% HYEZ 524 (enzyme-linked immunosorbent assay,
ELISA)

Human Keratinocyte (HaCaT) Al 32 2} Human epidermal keratinocyte, neonatal
(HEKn, primary keratinocyte)& 60mm cell culture dish®| -3+ 9, 10% FBS ™
1% penicillin/streptomycin (P/S)& 5 7}¢ DMEM vl A| & #] 2] ¢+ -, CO,

1l ¥ 7] (incubator)ol| A 24A] 7t v &F&} 1t} 1 5~ FBSS}F P/S7F &0 91 A] &2
DMEMH|| A] (hyclone &]A}FA|<5)E 2ml 3 7F38}aL, 100ul2] OPTI-MEM HJ] #] o]]
10uM @] -5 527} ¥ %25 Egr-1 siRNA 9} H] 3 control$] scambled siRNAE 4] 31
vz 7EA] 2 97ul2] OPTI-MEM Wl #] ol] & 2 <] A| Al (transfection reagent)o]
lipofectamine 2000(invitrogen ] A} A 3)= 3ul 4= - 50| A $-of] =& 2+
24131 2037 71535 T}, 21 $- siRNA mixture= 5= H] ¥ 60mm cell culture dish©]]
wFekal 2 5o vk sAgE F-ol] 719 wj A& A A kAL, 10% FBSRE

£0°] 90 += DMEMH| A & 2ml %] 2] 8} 31 48 A1 7+ 30l ZnOZ 1243+ A 2] &k F-0]]
W A& 15ml tubedl] X2 - A& 2 714] -70°Cel| X<k}, 96well plate®l] coating
bufferE ©]-&3}o] 244 7F &<t coatmg# 3} 31 TNF-a A & coating buffer#] ﬂ H
platedl] 2] 8}aL 2417k 5-QF T} Z1 5, washing= 3131 55& A7 A=

50ul * & 8}of 2A] 7k <t l:rjl, 0] %~ washing=- 3} 7] 42 W2 5 A9 %ﬁ}%
Q13131 micro reader”| & ©]-&3o] FFLE AU TH 2 159 A, B

G EE 93238} 3k 4 O = Egr-1 siRNA X @] A&l A 1 -¢ o] &4 &7
== 212 F8to] Al 9] & 1] ¥ = TNF-a %8l o] Egr-10]] 2|3}
v;]z__xé};]_l—f 7/301 ﬁ.o] o]_ D:L oﬂ% u].,o_o] Hl—‘&]};]b 74 o] @-o] o}oﬂr/} (¥#%P

<0.001 indicates a statistically significant difference compared to no treated sample
ZnO-NPs + Scrambled siRNA. (** indicates a statistically significant difference
compared to ZnO-NPs + Scambled siRNA ( P<0.01)).

[2 8] 8] W 24 38 &2 (immunohistochemostry assay)

T 8 = v9-20) 1% citrate/HEPES buffer (pH 7.3)°ll 80% glycerol©] 3 7}
& oo 50mg/ml ZnOS A7}l aL FEnp-g-2 Sof v 33,47} A2 39}, 1
T, vh 2o A 95 A H 8 ar ?jxﬂ(d%Cchadal E3lo] o] 23
s}sh A5 A A 8Lo] Egr-19} TNF-a9] 4&& dn| g o= E}OJ st = 169
LR B9} 2o, ZnOE A 2] 8k 21539 vk J) el A A g ok A g 2152
v}$-2~ 13 v} Egr-13} TNF-2] '%3&lo] & A3 A) F71d A& gelalo] A%
et opr) e} A A 481 3= -2 Ao A2 AFukSo] ojifi=

=
9le shol a9l

h s

-

o H“

PR mz
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[Fig. 1]
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[Fig. 2a]
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[Fig. 2b]
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[Fig. 6]

Zno

-
<
=

e===anegative charge
D ositive charge

&0
[~
X

604

‘Analysis of P-ERK expression.

60 120
Time(min)

20nm ZnO O

Con 30 60 120 30 60 120 30 60 120 30 60 120 (min)

Egt-1

U126 ) ) )
SB600125 (+) () (+)
SP239063 () (+) &)

HEEX (13 H91X)ISA/KR



WO 2013/073844 PCT/KR2012/009615

6/11
[Fig. 8]
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[Fig. 9]
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(Fig. 11]
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[Fig. 12]
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[Fig. 14]
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[Fig. 15]
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