3

Aol 9]

i

5|
3} 3]
CaT A=l A
Ha



AL =R oR AET

_]

= O
== A

l

o)

2008 9 12 ¢



A9 4

2008

o) 5}9)
12 4



e A7 7HA

i

F 431

3l

T
a-

-

ol vl = A

A

Ao}

——
o

5
N

o
B

=)

—_—

%

ol
Gl

ol

o
i)

]
—_

N

= A2 A, Dashlkhumbe

byamba AAYA L= Z2-& 7FA}

=
=

ofje} of

T
-

3

s} e

=]
SR

]

A

FA v s 5

)

A4

o
i

ool Al A

—_—

o s} ¥

N

"0

oy
=]

Z| A}



<ZH4)>
TEEL Q OF et
L /\-1%_ ......................................................................... 4
I x]]g_ =2 l:g-lg ......................................................... 8
J =L~ 8
D A e 8
Fh BFEFEZ e 8
L, GFAEBFA] coveererrre e 9
3. HaCaT M xzol gst&4d Az & ST A4 &2 - 9
4. HaCaT Mol stgtad A2 §+ 329 349 dd &2 o 11
5. HaCaT Alxe] 354 A F Al B A 54 - 11
6. AxshAl A F FEdo| ©)g HaCaT AE9
T A, BY 9 T, A EFRL A W)
C P PP P PRI 12
..................................................................... 13
E4ol ojg &49aF A4 - 13
TR FHMAT



14
- 16
- 18

21
. 23
- 30

g]

-
X

HaCaT Al

T

°©
pud

o] ApolEFFel A4 3}

o =

hya
-

hyA

bl g o) AfolEstl gl W e

DNCB$} BKColl ¢

3l HaCaT Al
3l HaCaT Al

°©

kel
T

A2
Az

=
=
=
=

BHA] A 2]

],
314

H3HA

A

/\gc-)]
?%}A

A

X

R

4. DNCB¢} BKCel €]
5. DNCB#} BKColl ¢

3.

- 35

o
o
np

gase)



AR
19 1. ATP synthase inhibitor as the positive control

for the detectlon of ROS .................................... lo

1% 2. The generation of ROS in HaCaT cells with
Chemlcals ....................................................... 13
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HaCaT AXo|A stst2 2ol ofa) A48 S404T0) o

Aol delt gtekEd Fo o FASd FY =EH  de
| Fo A AT (reactive oxygen species, ROS)o 2]3F 2+3} 3
2EY 27 Fasith. @dakaFol  FAmotA EAcete] kst
Alz=ge] - oJsfiA AAHA Fed F=3}  (photoaging)t I
AT HAT F drh AT HNkES
FAJAE (dendritic celDoll MHC-II & =33 W <9
s FVRAIIEA FAAEY @Adste]  #Aogth Py
X399 95% oldE AAsL HAASA  (proinflammatory)
Aol EZRIE BHlEt]  WoEE vj#@oe® AHI s
ZAAZHAE  (keratinocyte)oll A FstEdol| 9§ ST
A g tig A= obF FFsith

4AGAAZAN Hoted A ¥ BANAF AY H79

(|

Ao e ATFstr] A, A AEFHANEF HaCaT Aol
theret SEEdes A F 1) AT AL % 2) ®H
49 (IACM-1, E-cadherin, HLA-DR) 2@3} Alo]E7k¢l (IL-1a,
IL-1B8, TNF-a) #&H|9] W3} 3) thekgt gAkstAl (antioxidants) =
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A=Al s ATl o] AHE dATE HaCaT Ao
tefe seEds 1A Agade W ATl AH AT
g =7 = 2,4-dinitrochlorobenzene (DNCB),
2,4—-dinitrofluorobenzene (DNFB), 2,4,6-trinitrobenzene sulfonic
acid (TNBS), CoCly, thimerosalo] ZAddAFS AL,
A== Q! sodium dodecyl sulfate (SDS), benzalkonium chloride
(BKO)7F &4d4tagE AAdsgltt o8 71/ 3Ed 5 @32
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BKCE Adgsle] AAE ZA2LFo I thate] AFet)
HaCaT Al¥o] DNCB¢ BKCEZ 2443+ HEstde o 9 99
Wgo] BE ZF71slith. HaCaT AlZol DNCBS BKCE 48A]%F
Agsds W IL-la ®H7F F7Heloy IL-189F TNF-a9

= H

rr

HAE=HA Ut LAl glutathione, N-acetyl cysteine,
selenium, Vit. E, catalase® HaCaT A3Ee] 30% &<t AAHHE ot
% DNCB9 BKCE A d< Wl HaCaT Ao 44T A,
29 gd 2d, AlolEFRRD &#Hle] G 7AA ZFHTh
AERoR FgeEFe| 9% HaCaT AHxoAel SALATo

Qs B9 gdel wd, 21 [-1a 2E FAeATh 2y

ozl 7FA  @rtsAlZE setEde]  o)d HaCaT  AlEoNA 9
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HaCaT AlXolA ststzde] ola] Hdd 2443

A

I. A&

AT HEALS JHo 71 gigde 534 Aoz dAI
TE9 FTES AFL FTH FFoAY vHHIH Aoz dAF
HkLo] WAElE  AFH =9 A(irritant  contact dermatitis) @}
73k ALgtol Al A Ay HHlwkg-o 7 el

A 27" &9 2 A(allergic contact dermatitis) 0.2 & & rt!

22 ddHozY Ao r A3 o] oEe Wit

—

Brh Ao nh9aE ol 4% BEVRY RLA ¥Re] FFaE

Ag

7+ A A M| E (keratinocyte), A4 E(dendritic cell)
HITEA| E (mast celD9} @5 ¥s T IEZ JA{3= TAHXE,
A M L= A E(natural  killer cell) So] AE ZLHSA As

argtol 9 S AoE WHAM Aok AZ Bol

,‘
o|\

2,
o



AT E regulatory TAEIE RS RGL dAgarAy 95 w2
2710 FAAA A welgol Feld Yrk! TAZ WAy A9

SEubg Wk ol AN Wb E: AAY WYurgol

g A F(reactive  oxygen species, ROS)o]  AyA|A  HEol

e d A MEAZDAHapoptosis) AEE AL T4 EE

=

Ax AL AsE d4stete] FaRlg dstoly F oy F4s
T3 oy HRAIAES e o’

AETEgel T JHdME AL Fo] #HAAT oz
AZtE e oy 7HA Barh gtk gds AR 719 THEs
Aol EFFQIS HH|ElE= effector AIER E38HA HEd, E0)8E
AbolEgFele]  wal  interleukin(IL)-12vF  IFN-y&  EH]gt=
Th1AZ$} 1L-4, IL-5, 1IL-6, IL-10, IL-132 &#8]&= Th2A4 %,
aEan IL-177 IL-21& #HshE Thl7AEZ=2 oeAl "k
A A G E(antigen presenting celD)ol4]  Thl1/Th2 ¥Fgo]

glutathioneol 9J8l ZAFE ol BuHA™ YA(nickeDol



FYUSS Holt LARIAEARY BANM R 2
sEdZ WE vehie 24 W dlrone] F7bstm Absh/a

glutathione B]&°] Z7}8t= Aol B aumArh!' Polyaromatic
hydrocarbon®] 4 paraphenylenediamine< cytochrome
P450-¢]&4 Atz o8 ddEr|HEvF-Ae] UEve ow
HAF AP B daFo] o8] FAGAEANAN MHC-TIE 3¢
AEzgAFLdol F7kst= Aol HuHWA redox ZE 7|A&

2AGoRHA  FAGAE T THE=RS Hol Idd ALs

MAPK®} extracellular signal-regulated kinase (ERK) 1/29]

AstE fEslal, o]t  glutathioneo] 9Js] AHEH = Ao

HuEdnh olek o] H=FyFEHe LAl FTad dde =
TAGAE7E BAsE = 2Tl BAYE Aem A4H=

o3 Hago] g’

ZAPZAELE Z99 95% oS AAstE 7MY Tag AEx=E
A E2]  7]A(extracellular matrix)2] T4, A%, ¥3, I
o] (antimicrobial defense), @45 2 FFAF 53 £ IFH9

75l T 9ge v AEIgAEE =94 9, FeEd,



nAAEY 22 2Ed2 FEdRe] A= Fo IL-17  tumor

necrosis factor(TNF)-a %<2 HAYSAH =ZS EH|st IEW

qgo]  Fastelet AABY. AD  SARATIN A4S
FRaFel AEFNRGY BAA  FasPe: wugel

Rz} gep B AT A A ATA e de] o

By Aol EFR BHE TAoE Auna s AR AA AL



oI. As 2 9y

1. AEF 2 AEEF

2294 A

5

F<¢l HaCaT AXE 10% fetal bovine serum}
10ul/ml penicillin/streptomycin (Sigma, MO, USA)S #7}3F RPMI
1640 (Gibco, BRL, Grand Island, NY, USA)S A}&3to 5% CO,, 37T

A7)0 A wlatE A Aol ekl

2. Al %

7} 3}5rEd

gz ow 2,4-dinitrochlorobenzene (DNCB),
2,4—-dinitrofluorobenzene (DNFB), 2,4,6-trinitrobenzene sulfonic
acid (TNBS), NiSO,, CoCl,, thimerosal, hydroquinone< A}&3}%1 1L,
o]} wlwslr] Y3 AZFEFZE sodium dodecyl sulfate (SDS),
benzalkonium chloride (BKC)E Al&sioith EE 42
Sigma©l A T U8k AHg-aF 3T DNCB¢} DNFBE
dimethylsulfoxide (DMSO)°l o] Al&ada, Uwx 3eEde

ZFol o] ALgHALh



. A4 3HA]
32 a A 2 glutathione, N-acetyl cysteine (NAC), selenium,
vitamin E (Vit. E), catalase® A}&3t3R oW, E5%  Sigma©l Al

]_

ol
32

Fetth. FaHA F Vi BE olwge] e Agaidli,

ey

rlr
o|\

Fool mo] AbgsraTh

HaCaT AMzol tpFgt se=4dS 143 AgstelS Wl propidium
iodide(PD)-24/Annexin V-249% M3E7} 95% o]  Z}7}9]

B384 FEE WA ST T AHESRAE D,

f

Y

3t 1. The concentration of chemicals for the ROS generation

Chemicals Concentration
DNCB 20 uM
DNFB 32 uM
TNBS 400 uM
CoCly 300 uM
NiSO, 600 uM

Thimerosal 40 pM

Hydroquinone 200 uM
BKC 20 uM
SDS 400 pM




oel 7HA 3tetEdS HaCaT AlXEol A=d = Axre T34
A Al 5-(and 6-)-chloromethyl-2',7'-dichlorodihydroflurescein
diacetate, acetyl ester (CM-H2DCFDA, ©¢]3} DCFDA)E 30uM
FEZ Astal 37TelA 2023k ¥-EAIZTE AlE & FACS
Calibur (Becton Dickinson, Mountain View, CA, USA)E o] 83}
PI-54 METAA B N5 E ST o)A AFolA ATP
synthase inhibitor7} FAAATNA DANALAZES AAEYP '

HaCaT AlEolME 24dades Adstes A At (Td .

128

——— DCFDA
g v ATP synthase inhibitor
2 ul
& ; L,
;l' ul-l.'
Ly
“io® 10" 10° 10° 10*

1% 1. ATP synthase inhibitor as the positive control for the
detection of ROS. The production of ROS was induced in HaCaT
cells with the treatment of 20uM ATP synthase inhibitor(DCCD,

N,NO-dicyclohexylcarbodiimide) during 1 hour.

10



agEE 2 dFdAe 44T Y Z2dds %
FHANELOE HaCaT Al¥Ee] ATP synthase inhibitor (DCCD,
N,NO-dicyclohexylcarbodiimide, Sigma)E 20uM=Z 1A]17F &3t
%, DCFDAZ 30uM = 2087 Aste] ZHMLE 4L

31597 .

4. HaCaT A%d] 3}3EQ Az ¥ ¥4 4 43 #F
HaCaT Al3el 5uM DNCB9} 5uM BKCE 24A13F &<k AH2e &

ICAM-1 (mouse mlgG;, Santa Cruz Biotech), E-cadherin (from

HE-CD1 cell line soup), HLA-DR (FITC-labeled anti—human

HLA-DR, BD)o] W&z =xo] ]3] FACS Calibur (Becton

ol

bt

il
A

Dickinson)& o] &35t @A A& %!

5. HaCaT AlXEo) 3sEF A F Alo|EFS A A
HaCaT A ¥ 5uM DNCB ¢ 5uM BKC & 48 A7t AHg =

HaCaT A oA EH|EE= Alo]EF}1Q IL-1a, IL-1B, TNF-aol

)& ELISA kit (R&D systems, MN, USA)E o] &3}o] A 8519},

11



6. FastA AAE F SEEDY 9% HaCaT AE
24%4F A4, ¥d Fd 2@, AlEAY AP ws
a4
HaCaT Aol @2FatAIQl glutathione, NAC, selenium, Vit. E,

catalaseE 40+% &< AAE F DNCBS BKCeol 2] HaCaT

3 2. The concentration of antioxidants for experiment

Antioxidants Concentration

Glutathione 3mM
NAC 5mM
Selenium 0.1uM
Vit. E 5mM
Catalase 500U

12



m. 23

1. HaCaT M XA tg3t ssEE o ENLFT A
thefst getE o] HaCaT AlZoA] 444 a2FE& A3t d
2). & 27 = DNCB, DNFB, TNBS, CoCl,, thimerosal, A}=+&2

Z SDS, BKC7} @42 A2%S A5

UeUs
UeUs 2 — DCFDA
g DNCB — DCFDA DNFB Positive control
Positive control DNFB32 uM
DNCB20 uM\
- g o
E '*-. E \ A
" v
-}?u\k -. \/\k
“io 10 0% 70 o 1o o 10 0 T0
Erety gty
Ut/Us
R ——
| TNBS s # CoCly Restitws souiea
DCFDA
ATPsynthase inhibitor CoClz 300pM
TNBS 400uM
10 10
. UtUs g .
2, NiSO, DCFDA Thimerosal —— pcrpa
li\t(')ss::‘)“ve 2‘(’:{;"'“; Positive control
G s Thimerosal 40ug
. £
H &
f
o “10° o 10 T0° 1

Empty Empty

13



DCFDA 8 .
Positive control BKC :)!C/IF sD .
SR Positive control
g BKC 20pM
5 »
E i
&
10 70+ 1o o T
| SDS vuss
—— DCFDA
Positive control
SDS 400pg/ml
@
£
<
&

% 2. The generation of ROS in HaCaT cells treated with
chemicals. The production of ROS in HaCaT cells was induced by
various allergens, including DNCB, DNFB, TNBS, CoCl,, thimerosal
and irritants like SDS, BKC. (Ut/Us: isotype control, DCFDA:

CM-H2DCFDA, Positive control: ATP synthase inhibitor)

2. HaCaT Al¥|A DNCB$} BKCel 9% s=d HiLEF

A4

2

o,

>
P

N
o
oZ

%
_OL
rlr
ot

.?l_',
o
{0
ol

S FERAME B2 &

==
=

O

2N rTE AT FEEdE =79 DNCBY ASE4Q

BKCE A¥3lo] F7HE4dS 313tk DNCB9F BKCE  5uMeollA
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3

ol

20uM7HA] 24412 &9t AEste] @t aE e 44

A

+o
g9 A7E A9t DNCBE 5uM, 10uM, 15uM, 20uM = of A

=4 gzl HlsE &

o,

Az Aol F7hsEtH g 3A). BKCE
5uM, 10pM, 15pM, 20uM FEolA &4 tzEol vla BYdaF

Ardo] S7ekltH (™ 3B).

1. Unstained 1. Unstained

—— 2.DCFDA —— 2.DCFDA
3. Positivie control 3. Positive control
—— 4.5uMDNCB —— 4.10uMDNCEB
Count
S 10 107 o To* “ro® 10’ 707 0° 7o+
FLL-H (DCFDA) FLLH (DCFDA)
5 DNCB . DNCB
1 51,1M 1. Unstained ZOHM 1. Unstained
—— 2.DCFDA —— 2.DCFDA
3. .Positive control 3. Positive control
——  4.15uMDNCB —— 4.20uMDNCB
Count ‘ount
M _,\\'u,\ i
10 10 10° 10 10* “1io 10 10° 10 10
FL!-H (DCFDA) FLH (DCFDA)

% 3A. The generation of ROS in HaCaT cells treated with DNCB.
The production of ROS was induced in HaCaT cells, which were
treated with DNCB at 5-20uM concentration for 24 hours.
(Unstained: isotype control, DCFDA: CM-H2DCFDA, Positive

control: ATP synthase inhibitor)
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. BKC . BKC
Ut/Us Ut/Us
51.1M DCFDA 1 OIIM DCFDA
- Positive control 5 Positive control
" BKC SpM @ BKC 10pM
= | i’ = L
LW
e
i, o,
M, i,
e L = v _,\\
J . At 8
“io® —1“0“ 10° 10° 10* “ia°® ‘1“0“ 10= 107 10+
Evribes Evrdes
s BKC s BKC
. Ut/Us - Ut/Us
15uM DCFDA 20uM DCFDA
-~ Positive control — Positive control
BKC 20pM BKC 40pM
E . £ i
2 'y 2
by w«‘-’LfII| P A" w N’l!l\ y
\hg b hl‘vi.
Ny ¥
\'.""\-. s A "-,.J\l_k_\ \.'\M
=ia® 10" 10° 10° 1o* “io® 10" 102 10° i0*
Empty Empty

1% 3B. The generation of ROS in HaCaT cells treated with BKC.
The production of ROS was induced in HaCaT cells, which were
treated with BKC at 5-20uM concentration for 24 hours. (Ut/Us:

isotype control, DCFDA: CM-H2DCFDA, Positive control: ATP

synthase inhibitor)

3. FArstA AA2] ¥ DNCB$ BKCol €@ HaCaT AE9
g4AEF A ¥s
HaCaT Ao g4kskAIQl glutathione, NAC, selenium, Vit. E,
catalase® 40% & AAZ F HaCaT #lZol DNCB¢ BKCE

A ZATH2™ 4A, 4B).

ol

Asge ™ LT AL oA

i



Us Urts
g ——— DCFDA{SuM) 8 ——— DCFDA(S uM)
ATPsynthase inhibitor ATP synthase inhibitor
= DNCB 20pM . DNCB 20pM
| ) DNCB+GSH ¥ M\ DNCB+NAC
\'H\A‘ "-._‘* A\
“io* 0" O g To* “o* e o' To-
Emgty Emgty
UtUs - — UrUs
g = DCFDA (5 uM) - — DCFDA(SuM)
ATPsynthase inhibitor ATP synibaseinkihor
DNCB 204\ § = DNCB20pM
DNCB+ Salestua  ; DNCB+ Vitamin-E
&
1

B .
éi g?gm"wd with DCFDA & ﬁg&;&"&‘a with DCFDA
5. Cat (500U) +DNCB 30uM — ?, +DNCB 30uM

WA

13 4A. The effect of antioxidants on the ROS production in HaCaT

cells treated with DNCB. The production of ROS was not inhibited

by the pretreatment of antioxidants(glutathione, NAC, selenium, Vit.

E, catalase) 40 minutes prior to the treatment of DNCB. (Unstained:

isotype control, DCFDA: CM-H

N-acetyl cysteine, Cat: Catalase

2DCFDA, GSH: glutathione, NAC:

)

17



Ue'ls UvlUs
2 ——— DCFDA(SuM) 2= ——— DCFDA(S ulM)
Positive control Positive control
- BKC 20pM = BEC 20pM
i A_ \ BKC+GSH ¥ o f \\ BKC+NAC
by b
b
e Y )
D‘O' 10* 107 10* "0 10% 10" 104 w0t -0
Emgity Emrgty
UtUs — Ui
g ———— DCFDA(S uM) g = DCFDA(S ulM)
Positive control Pasitive control
= BKC 20pM\ 8 ad = BKC 20puM
2 BKC+ Selenium | - 4%~ BRC+Vitamin-E
SN
A J e\
=00 “10% 10° 104 10" 10"
8 cined g ined
i ai
i H?Zg ained with DCFDA 5 HTC tained with DCFDA
- 2: EET&M) +BKC 20uM - g: 5&1&%] +BKC 20uM
< i Caunt
H‘L\ T
Vi Vi
T FN
. Py, N
=5 10! 107 o 1o = 10 10 10 10
FLI-H (DCFDAY FLI-H (DCFDAY

19 4B. The effect of antioxidants on the ROS production in HaCaT
cells treated with BKC. The production of ROS was not inhibited by
the pretreatment of antioxidants(glutathione, NAC, selenium, Vit. E,
catalase) 40 minutes prior to the treatment of DNCB. (Unstained:
isotype control, DCFDA: CM-H2DCFDA, GSH: glutathione, NAC:

N-acetyl cysteine, Cat: Catalase)

4. DNCB¢ BKCel 9J§t HaCaT Al¥¢ ¥4 3¢9 2¢dy
FASAE AAZAE W] B I LA W3
5uM DNCB¢} 5uMe] BKCE HaCaT Al¥o] 24A17F A3 &

ICAM-1, E-cadherin, HLA-DR?] ®do] controle] #H]3] E5F

18



7Tk o] W gAakstAQ) glutathione, NAC, selenium, Vit. E,
catalase® A= & DNCB& BKCE HaCaT AlXeol] #7839

o ¥ &9 2o Wl AFE R G2 5A, 5B, 50).

8 ]
LIsotype LIsotvpe
___| 25timulated with S00U/ml IEN _ | 35timulated with 00Ul IEN r
JDNCB SuM for 24h JDNCB SuMfor 24k
__ | 4GSH+DNCB SuMfor 24h 4 NAC+DNCB 5uM for24h

Count

10 10? 10* 10° 10
FLLH
8 2
LIsatype 1Isatype
_| 2.Stimulated with 200U/mIIEN r __{ L5timulated with 500T/mI IFN r
J.BEC 5uM for 24h JBKC 5uM for 24h
| 4.GSH+BKC 5uM for 24h ___ | 4NAC+BKC 5uM for 24h
107 10? 10 10° 10* 10*
FLI-H FLI-H

19 5A. ICAM-1 expression of HaCaT cells treated with DNCB and
BKC. Glutathione (GSH) and NAC did not affect ICAM~-1 expression
of DNCB/BKC-treated HaCaT cells. (GSH: glutathione, NAC:

N-acetyl cysteine)
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®
LIsotype IJs?type ) ) )
| 25timulated with 300UmI IFN r == lSIJ!llll]l_led with 300U/mITEN r
3DNCB SuMfor 24h JDNCB 5uMfor 24
—| 4.GSH+DNCB 5uMfor 24h | 4NAC+DNCB 5uM for 24h
0 n? n* 10° g 10*
2
LIsotype LIsotype
— | 2 Stimulated with 500Ufml [FN r | 2.5timulated with 300U/ml IFN
JBEC 5uM for 24h | BKC 5uM for 24h
— | 4.GSH+BKC 3uM for 24h — | 4NAC+BKC 5uMfor 24h
Count
10? 0 10! 10° hil

19 5B. E-cadherin expression of HaCaT cells treated with DNCB
and BKC. Glutathione (GSH) and NAC did not affect E-cadherin
expression of DNCB/BKC-treated HaCaT cells. (GSH: glutathione,

NAC: N-acetyl cysteine)
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g 1Lsotype @ 1Isotype
2 Stimulated with S00U/mlIEN r 1.5timulated with S00U/ml IFN r
—| JDNCB suMfor 24h — | 3DNCB SuMfor 24h
4.GSH+DNCB SuMfor 24h 4NAC+DNCB SuMforM4h
Count Caunt =
-] .. o . o
00 ia' 10° i’ 10* 10° 10 100 100 100
FLI-H FLI.H
2 g
LIsotype LIsotype
| 1.Stimulated with S00U/ml [FN r | 15timulated with 300U/ml IFN
3BKC 5uM for 24b | 3BEC 5uM for 24h
| 4.GSH+BKC 5uM for 24h 4 4 NACHBEC 5uMfor 24h
Count ‘aunt

i 10 10! 10* aﬂﬂn ; 10’ e 10° 10 0"

FLIH FLI-H
19 5C. HLA-DR expression of HaCaT cells treated with DNCB
and BKC. Glutathione (GSH) and NAC did not affect HLA-DR
expression of DNCB/BKC-treated HaCaT cells. (GSH: glutathione,

NAC: N-acetyl cysteine)

5. DNCB$ BKColl 23 HaCaT A9 Alo)EFQ A
FIAsAE AANHNE WO Ao EFR] A W

5uM DNCB¢} 5uMe] BKCE HaCaT AXEel 1A17F 24417,

48217 FeF AFEdE W HaCaT  AlxelA IL-1a7b

AAEAoHTH  6), IL-1% TNF-ao AL FFEHA

2% ekthH(data not shown). ©] w ZAisAlE HAE] F DNCB
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BKCE HaCaT Alxo] A2lsde uf IL-1a A Wales #Z2EA

&qkth(data not shown).

IL-1apg/ml; HaCaT cells treated with BKC IL-1a pg/ml: HaCaT cells treated with DNCB

13 6. 1L-1a secretion of HaCaT cells treated with DNCB and BKC.
After 48 hours treatment of DNCB and BKC with HaCaT cells, the

secretion of [L-1a increased, but [L-182} TNF-a did not.

22



i<y
I
2
i
2
SL
rr
3
A,
o
>
ke
rO
ot
)
[t
&
[
=
i
.
[oS]

=}

0Q

@

=

=
aQ

=}

w

(@]

@,
®

ojFo] Ax FWel HIAIT FH FetE o] AH3

oSi‘L
o,

A

[
il

Z}=38te] IL-1a, TNF-a, GM-CSF G©°] &H|% i o] Alo]EF}]I
ofgl] FAGMET 23t IL-16, IL-6, [L-12 -2 Afo] EFFI}
ARZEe] Eu7E Frksta, A BW g9¢l MHC-I, MHC-II,
A EF-2ZE-Z (cell adhesion molecule), HZA}=5 & (co-stimulatory

molecule)®] Fdo]l Frist, o] I AHYss THE

oL
b~
QL
k1
o
(o,
R
il
o
)
flo
o|\
A\
L
ol
L
il
B
o,
offl
ot
-
N
ox
=
bl
rlr

H S}A] 7] T A gFd o] Eo] sl ZNIAEE S A 7=
" 7}7) (sensitization phase) FA L AR AN E I} 7 Fof A
TAYUITIAZ o]Fsle AT E T FHo] o]Fojxof st}

Az AxY AAJ4ANEE A

_Y

Al #AF+= E-cadherin ©]



astolop  sta,  FAEGFE AETF VAAETSE T3]
3= matrix metalloproteinase(MMP)-3, MMP-9 5]
wH EojoF 81, CCR7 o] &do] 7l 0] FAaf T A EH|H =
CC chemokine ligand(CCL)19 % CCL21 © ®kgslojof o}, 3
CD80, CD86 I #2 wxaAS=4d F@ol F7t=ojoF &t} o]
4PN LY A9 AEZHE ®BHHE TNF-a9t IL-1B7}

A AE B3 ofFol FTLI o

i
filo

Fid= R
CD8+ &Y Eo] T AZ/} 7NNIAAZE EA8E el oA
stetEdo]l HFE=E A9t %7 (elicitation phase) A o]

ojupzdl FAZALI W] EAFE FU Fol T Ao

AststAY T Axet A3 HFdte] T AE 7ed gATo=A

0

o]N

H-S-o] AEE A HAh*

24



[e)

T

ol A
ol A

of A ¢ ICAM-1 %

ol A

-
X

)

AL
-

289 4 Al
X /(-“

BE

)

ZHF Lol IL-1 o]vf TNF-az2 Alo]E7FQl o] of

—_—

H=

ol

o

FAe 2 AFelA

=
=

ol

A

Sropn i

i

T

5]

R
o
L

NiSO,4

AT NiSO,

°©

s
N

84

S

3 ]| A
873

AYA
-

A3 HaCaT Al
oA DNCB 2} BKC

i

DNCB, DNFB, TNBS, CoCl,, thimerosal 2} 2t=&2<l BKC, SDS

DCFDA = =34
hydroquinone

T
:_ﬂl

717 =}

7

=/

—_—

0}

B
il
2y
N
o

25



FYHaF-HEY A0l e Ao AT F gon ol

stz el old  AAFYATAN  ANRNE  BHUeFL

AAPe el mat

i
=)
it

F5l7] 98l Aks ARl glutathione, NAC,
selenium, Vit. E, catalase & AF&3F31T}. Glutathione & WE# <
g2ra Al 2 hydroxyl radical (OH), peroxyl radical (ROO), alkoxyl
radical (RO), hypochlorous acid (HCIO) 5ol AH Aoz 283}
AN AFS AATTE NAC 2 glutathione A9l AFAZA

=91t} ? Selenium & A9)A A} &

i

MY glutathione ¢ 5%
Zr A G A oA BAstE gLt F o3 AEAEAY] fFEE
A A g}h* Vit. E = lipid peroxidation & ¢ A8} peroxyl radical
(ROO)E AA'E? Catalase & hydrogen peroxide (Hy,0.)E

AAE ATk absiAlR 30 B T AAY s

N

W

AL FO] FAEA Fe olfre AZEA Frh FAksHAIE
2T B A7l wxe AgAzte]l FE5HlS
M % Ak dHARE catalase 9 AF FEE 50U/ml ol A
500U/ml & F7/HARE Ze ZA3}E HQom=w off AFoA
AHESE AEE A7 AEskA] e Ao R AZbete Zlo] Bdeitial

A8

=
z

c}.

26



1]

g A

hyA
-

. AF AT HolFE DNCB9

Alzegel pe] ol Slolm e sEH o)

A

-

| .

ol Aol A

BKC9]

[y

2 w9

Aol

protein carbonylation®l] A=

p
T

A5

1

| .

F western

R4

T

o]
B AARE BKC

o

=

[e)

=

carbonylation

protein

1

o 4] 2,4-dinitro hydrazones (DNP)

hya
-

HaCaT Al
blotell 4]  DNCB

HaCaT

53!

‘,._md

—f

AV

o =

hya

AoT  Hol

1

o] HaCaT Al

74417]

=
=

o

=

[e)

=

ataL, ©]

9

873
873

o

=

=

o

b

ol A

e}

-
X
O~

Aol E71]1 €]

SEA] X

ol A
A

]

YA
kil

A4 2

=

Al
ul

iyl

o

27



AL o] A M EFS  HaCaT  AlEoNA oheFsk

TS AAsAT. ddEAY AsEd 5 e

FTRANE BNATES AdsE DNCBF BKCE 83ty

HaCaT Al¥ol DNCB¢ BKCE 24417 Adstde o
HaCaT A¥°] ZHaYd ICAM-1, E-cadherin, HLA-DR9]
o] BF F7hekqlTh

HaCaT Al¥ol DNCB9 BKCE 48417 Agsde o
IL-las 43T

g}AF3kA| 9l glutathione, NAC, selenium, Vit. E, catalaseZ
A2 ¥ DNCB® BKCE HaCaT AlEo} wHSAZAS u

DNCBe+  BKCel gt 2Ad4dage Ad=s AAsSHA

xetola, ¥ Fgd Idy IL-la AEES dAEHA
SN

28



ol A

Aoz Hob Al

1
) .

a}
=

-
|

45

Kol
T

29



N

IR

1. Mark BJ, Slavin RG. Allergic contact dermatitis. Med Clin North
Am. 2006;90:169-85.

2. Cavani A, De Pita O, Girolomoni G. New aspects of the
molecular basis of contact allergy. Curr Opin Allergy Clin
Immunol. 2007;7:404-8.

3. Gober MD, Fishelevich R, Zhao Y, Unutmaz D, Gaspari AA.
Human natural killer T cells infiltrate into the skin at elicitation
sites of allergic contact dermatitis. J Invest Dermatol.
2008;128:1460-9.

4. Ring S, Schiafer SC, Mahnke K, Lehr HA, Enk AH. CD4+
CD25+ regulatory T cells suppress contact hypersensitivity
reactions by blocking influx of effector T cells into inflamed
tissue. Eur J Immunol. 2006;36:2981-92.

5. Edele F, Esser PR, Lass C, Laszczyk MN, Oswald E, Strith CM, et
al. Innate and adaptive immune responses in allergic contact
dermatitis and autoimmune skin diseases. Inflamm Allergy Drug
Targets. 2007;6:236-44.

6. Trouba KJ, Hamadeh HK, Amin RP, Germolec DR. Oxidative

stress and its role in skin disease. Antioxid Redox Signal.

30



2002;4:665-73.

7. Bickers DR, Athar M. Oxidative stress in the pathogenesis of
skin disease. J Invest Dermatol. 2006;126:2565-75.

8. He D, Wu L, Kim HK, Li H, Elmets CA, Xu H. CD8&8+
IL-17-producing T cells are important in effector functions for
the elicitation of contact hypersensitivity responses. J Immunol.
2006;177:6852-8.

9. Brandt K, Bulfone-Paus S, Jenckel A, Foster DC, Paus R,
Riickert R. Interleukin—-21 inhibits dendritic cell-mediated T cell
activation and induction of contact hypersensitivity in vivo. J
Invest Dermatol. 2003;121:1379-82.

10. Kidd P. Th1/Th2 balance: the hypothesis, its limitations, and
implications for health and disease. Altern Med Rev.
2003;8:223-46.

11. Kaur S, Zilmer M, Eisen M, Kullisaar T, Rehema A, Vihalemm
T. Patients with allergic and irritant contact dermatitis are
characterized by striking change of iron and oxidized
glutathione status in nonlesional area of the skin. J Invest
Dermatol. 2001;116:886-90.

12. Anderson C, Hehr A, Robbins R, Hasan R, Athar M, Mukhtar

H, et al. Metabolic requirements for induction of contact

31



hypersensitivity to immunotoxic polyaromatic hydrocarbons. J
Immunol. 1995;155:3530-7.

13. Kawakubo Y, Nakamori M, Schopf E, Ohkido M. Acetylator
phenotype 1n patients with p-phenylenediamine allergy.
Dermatology. 1997;195:43-5.

14. Briganti S, Picardo M. Antioxidant activity, lipid peroxidation
and skin diseases. What's new. J Eur Acad Dermatol Venereol.
2003;17:663-9.

15. Tan PH, Sagoo P, Chan C, Yates JB, Campbell J, Beutelspacher
SC, et al. Inhibition of NF-kappa B and oxidative pathways in
human dendritic cells by antioxidative vitamins generates
regulatory T cells. J Immunol. 2005;174:7633-44.

16. Matos TJ, Duarte CB, Goncalo M, Lopes MC. Role of
oxidative stress in ERK and p38 MAPK activation induced by the
chemical sensitizer DNFB in a fetal skin dendritic cell line.
Immunol Cell Biol. 2005;83:607-14.

17. Wittmann M, Werfel T. Interaction of keratinocytes with
infiltrating lymphocytes in allergic eczematous skin diseases.
Curr Opin Allergy Clin Immunol. 2006,6:329-34.

18. JH Je, TH Lee, DH Kim, YH Cho, JH Lee, SC Kim, et al.

Mitochondrial ATP synthase is a target for TNBS-induced
32



protein carbonylation in XS-106 dendritic cells. Proteomics
2008;8:2384-93.

19. Jakob T, Ring J, Udey MC. Multistep navigation of
Langerhans/dendritic cells in and out of the skin. J Allergy Clin
Immunol. 2001;108:688-96.

20. Bennett CL, Noordegraaf M, Martina CA, Clausen BE.
Langerhans cells are required for efficient presentation of
topically applied hapten to T cells. J Immunol. 2007;179:6830-5.

21. Nishibu A, Ward BR, Boes M, Takashima A. Roles for IL.-1 and
TNFalpha in dynamic behavioral responses of Langerhans cells to
topical hapten application. J Dermatol Sci. 2007;45:23-30.

22. Cavani A. T regulatory cells in contact hypersensitivity. Curr
Opin Allergy Clin Immunol. 2008;8:294-8.

23. Kohen R, Nyska A. Oxidation of biological systems: oxidative
stress phenomena, antioxidants, redox reactions, and methods for
their quantification. Toxicol Pathol. 2002;30:620-50.

24. Koren E, Zverev I, Ginsburg I, Kohen R. Supplementation with
antioxidants fails to increase the total antioxidant capacity of

several cell lines in culture. Biomed  Pharmacother.

2008;62:179-88.

33



25. Rafferty TS, Beckett GJ, Walker C, Bisset YC, McKenzie RC.
Selenium protects primary human keratinocytes from apoptosis
induced by exposure to ultraviolet radiation. Clin Exp Dermatol.

2003;28:294-300.

34



Abstract

The role of ROS produced by HaCaT cells treated with
chemicals

Dong Hyun Kim

Department of Medicine
The Graduate School, Yonser University

(Directed by Professor Min-Geol Lee)

Reactive oxygen species (ROS) may participate in the
pathogenesis of allergic contact dermatitis. Although most
studies about the influence of ROS on allergic contact
dermatitis focused on dendritic cells, the role of ROS on the
activation of keratinocytes, which represent the majority of
epidermal cells and produce proinflammatory cytokines, still
remains to be elucidated. To study the role of ROS on
chemicals—treated HaCaT cells, human keratinocyte cell line,
we investigated 1) the production of ROS by various chemicals
2) the expression of surface molecules ICAM-1, E-cadherin,

HLA-DR) and the secretion of cytokine (IL-1a, IL-18, TNF-a)
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and 3) the inhibition of ROS production, surface molecule
expression, and cytokine secretion by antioxidants. In the
present study, we have shown the production of ROS by
chemicals—treated HaCaT cells. Allergen, including
2,4-dinitrochlorobenzene (DNCB), 2,4-dinitrofluorobenzene,
2,4,6-trinitrobenzene sulfonic acid, CoClg, thimerosal, and
irritants, including sodium dodecyl sulfate, benzalkonium
chloride (BKC), produced ROS. Among ROS-producing
chemicals, DNCB and BKC were selected to be the
representative of allergen and irritant, respectively. After 24
hours treatment of DNCB and BKC with HaCaT cells, the
expression of ICAM-1, E-cadherin, HLA-DR were all
increased. After 48 hours treatment of DNCB and BKC with
HaCaT cells, the secretion of IL-1a increased, but IL-18 and
TNF-a did not. The production of ROS, the expression of
surface molecules, and the secretion of cytokine was not
inhibited by antioxidants (glutathione, N-acetyl cysteine,

selenium, Vit. E, catalase).
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In conclusion, we have shown the production of ROS by
chemicals—treated HaCaT cells, surface molecules expression
and IL-1a secretion. However, the role of ROS produced by
hatpens—treated HaCaT cells 1s not well understood yet,
because several antioxidants did not inhibit the production of
ROS by chemicals—treated HaCaT cells. In additional
experiments, we need to find antixoxidants or the inhibitors of
ROS-generating sources to inhibit the production of ROS by

chemicals—treated HaCaT cells or primary keratinocytes.

Key Words : keratinocyte, chemicals, ROS, contact dermatitis
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