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A Mechanism for the Up-regulation of the IL-8 Gene Expression in
Keratinocytes by All-trans Retinoic Acid

Yae Lee Chung, M.D., Tae-Won Kang, M.D., Sung Min Oh, Seung Yong Chung, Soo-Chan Kim, M.D.
Department of Dermatology and Cutaneous Biology Research Institute, Yonsei University College of Medicine, Seoul, Korea

Background: Retinoic acid (RA) has been reported to induce the up-regulation of inflammatory cytokines such as
IL-1, TNF- @ and IL-8 in dermal fibroblasts and keratinocytes. There is no evidence to support a direct interaction
between the RA-mediated transcriptional machinery and IL-8 gene transcription.

Objective: The aim of this study is to clarify the mechanism of the up-regulation of IL-8 in keratinocytes by RA.
Methods: The IL-1, IL-8, TNF- @ and MCP-1 mRNA expressions in HaCaT cells stimulated by RA were measured
by quantitative RT-PCR. The effects of a NF- £ B inhibitor and IL-1 receptor antagonist (ra) on the IL-8 mRNA
expression were measured by quantitative RT-PCR. Electrophoretic motility shift assay (EMSA) was conducted on
the RA-stimulated HaCaT cells that were or were not treated with NF- £ B inhibitor to measure the NF- # B binding
activity in each group. The phospho-I # B activity in the HaCaT cells after stimulation with RA was also measured
by Western blotting.

Results: An up-regulation of the IL-8 gene expression by RA was demonstrated in the HaCaT cells. The inhibition
assay revealed the involvement of the NF- £ B binding site of the IL-8 gene in the RA-enhanced promoter activity.
EMSA demonstrated that RA enhanced the formation of the DNA-NF- # B complex. There was no evidence to
support IL-1 as an intermediate stimulus between the RA-mediated transcriptional machinery and IL-8 gene
transcription. Western blot analysis revealed increased phospho-I £ B activity in the HaCaT cells after stimulation
with RA.

Conclusion: Our result suggested that the IL-8 gene expression of HaCaT cells after RA stimulation is caused by
the activation of IKK and the dissociation of I # B from NF- 4 B and the transcription of NF- £ B in the nucleus.
(Korean J Dermatol 2009;47(6):674 ~ 682)
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IL-13} 1L-8 §-A8xF wao] Zrlgo] ®yuH uf o’

A =4k & Yol A # =4t 48 (retinoic acid
receptor, RAR)9} Z3sle] ‘g E|x=lAty) #E] =21t 4=
g9 B S FADT o B} BRI 248
sto] 24§32 HA AN E 9 24 FHA 2R
E](target gene promoter)] #E]=<QAF WS- 9 A (retinoic
acid response elements, RARE)Oﬂ Astsle] B3 F2AA19

B S fEste oA 7% yehdg ! a8y 2
AP JA A A HE =14t 4"5} AL E7QL W o] of
W 7)-el 93 AAA ofF g A QA ek,
IL-82 &7 TAHIEY FstFAdd BAAY AlE
Atole] Aoy TFF &AJ3 E= histamine®] FH
2 243l 59 9L e A|ETIQICEA o A
Fo|A A= ol W og EujHc) 7t IL-8 =
ZXE 9 5'flanking regionol|= AP-1, AP-2, AP-3, gluco-
corticoid receptor, NF- «B, NF-IL-6 59| ZA}I1=}71 At
g 4 A+ ¥8 Y (response element)©] °)\01 IL-89] &
HE2 ZAH3} o] Fol|A NF-«Be IL-8 FAA &)
FAH SBE PO AT L8 L2 B He
ol=rt AR WE ool fonT dEolzo o
Sk IL-8 frzr e 71Hs wele A7 d8sit
NF- kB Aol E7FQIS] &S T3 W& A5k
S Wsle a3 MARIAte|t) thekst AT o3
A5 NF- £Bol] £0] ¢1E 1+4BE 14B kinase (IKK)o|
o3| Ql4tsl HHA He]w o] £3)(degradation) ¥ 3L, NF-
eBE AN Aoz oFael ozl /A FHAE)
e A4 BY O FAME IL-1 2 OIL-S,
TNF- = NF- «Bol| oJ3jA] &A38l= ™, o] thA| NF-
kBE AHAH o2 A3t A7t 2HA 1S F438HA
T2 Al E7IQLS A4S o224 dAFHeS T34
0. NF-kBE A}OlEﬂol A4 oldw HZ}—P:X}
nitric oxide (NO) 2 cyclooxygenase (COX-2)$} 2
o Aitw fdste] S-S JoT|H "1]55—7—'
At NEE Huste 9= 34 st ‘3113}
Ol‘ﬂ Aol A ZMNES HE=JANS F

% IL-1, TNF- @, IL-8, MCP-12] mRNA de} ‘ﬂg;ﬂ_% A
/\]7]- A& PCRE A3 ¥t 181 H
F2 #ostE AAFAAQ NF- kB9 ZFoH-E electro-
phoretic motility shift assay (EMSA)E 2}<13}a, NF- «B
AAAE ol 43ko] NF- kB7} AESA 2 W 189 %
Hol-E FJISI5e. 1210 A eltiol 1ene] A3
Z7HA NF-«B EA3E fTEsteA dolr st
b HE] =140l NF-«BE &3l IL-8 frxiz el 4
= o AFA] A=EY= HHAQ A2 dS 7
S AT wEtA F1F ASAZA 7Hsdol A
-19] 9802 NF-«B7} 84350 IL-8 FAA7}
=AE do} BH7] Y3l IL-1 receptor antagonist (ra)
|- &3t IL-19] FFE vjAlgE & #E=Qlbel] ot
2 HES RIS
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1) HaCaTMIXE HHZF

HaCaTA| ¥= 10% fetal bovine serum (FBS; Gibco BRL,
Grand Island, NY, USA)¥} 1% antibiotic/antimycotic (Gibco
BRL)S 3718 RPMI-1640 (Gibco BRL)S A FEujj kel o
2 o] g3t} 37C, 5% CO2 271 ujg]o) A H]ka}
WA Aol A-&31 T

2) HE|=Qlatel A2

10% FBS7} E3te ujokal oz wjok®l HaCaTA E7}
culture flask T2 2] 8()% o_-_E 2} A8, Z} culture flask
o] 0.1% ethanol, 10 ° M, 107’ M 2 10" °* M¢] #Ex=S
A (all-trans-retinoic acid, ATRA) (Sigma, St, Louis, MO,
USA)S 2% FBS7} 28wt o zhzh #7hste] 1470,
6A17E, 12A17E, 24X]7F B3t wl st Tk

3) AA|ZH M2 PCRE 0|38t AIO|EFI2I mRNAS]

Hat

(1) RNAR2Z| & M2k o3t HaCaTHIZZFE RNA
E 2735}7]) 938t TRIzol reagent (Gibco BRL)S A3}
o] AZALe] A Al whel st 4 gix2TE AY
Lo 2HE B3 RNAE 60°C water bathol| A 1027 7}
I A)A single strand®E #2]3F
photometer, Eppendorf, Hamburg, Germany)Z
RNAFTE ¥ &FEE S4315

(2) YHAl BF2(Reverse transcription): Z2+<] o
2o AP o2 RE EElste] A, BAF3 RNA 1 g
o] RNA PCR Kit Ver2.1 (TaKaRa, Shiga, Japan)Z ©]-&3}
o AALe] A Aol whel GARES-S At

(3) AlA[ZF 2 PCR (Real time quantitative poly-
merase chain reaction): cDNAS} 33 AlO|EFIQ]
AAY] primers® TIAFQI3F Light Cycler probes 1]l
Light Cycler reaction protocold] @z} ¥HE mixtureS 49
ThE Z47Ee) Bk S9N S capillaryol], 3 AE AAD 20
w1 A ohe, 95°C 18(13]), 95°C 10%(13]), [60°C 15
%, 72°C 8%1(403])9] thermal cycling condition®] 4] Light
Cycler (Roche, Mannheim, Germany)Z o©]-&3}o] A7k
3% PCRS I AIZ T AAIZE 5 PCROY| AHEH ZH A}
O] E7}219] primers & Light Cycler probest Table 13} 2+

& spectrophotometer (Bio-

o)g-3he}

A glucose-6-phosphate dehydrogenase (h- G6PDH) Tr

Ql
AAE 7 BAAR OI%OWE} #Z PCR % 4HE9]
ke h- G6PDH 7FE SAAES 5x10%) 4 5><1o 27HA) 10
o @9E dAHCR sMete] 7429 cycledl diE et
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Table 1. Cytokine primers and hybridization probe for quantitative RT-PCR

IL-1

Primers

Amplicon size
Hybridization probe

GenBank access number
TNF- &
Primers

Amplicon size
Hybridization probe

GenBank access number
IL-8
Primers

Amplicon size
Hybridization probe

GenBank access number
MCP-1
Primers

Amplicon size
Hybridization probe

GenBank access number

Forward 5'-GTATGTGACTGCCCAAGA-3'
Reverse 5'-CAAGCACACCCAGTAGTCT-3'
190 bp

5'-AGTGCCGTGAGTTTCCCAGAAGAAGA-3'
3" Label: Fluorescein
5'-GAGGTTGGTCTCACTACCTGTGATGGTT-3'
5' Label: LCRed640 3' Label: Phosphorylated

NM_000575

Forward 5'-CAGCCTGTAGCCCATGTT-3'
Reverse 5'-ATGGCAGAGAGGAGGTTGAC-3'
261 bp

5'-GAGGGCCTGTACCTCTATCTACTCCCA-3'
3" Label: Fluorescein
5'-GTCCTCTTCAAGGGCCAAGGCTG-3'

5" Label: LCRed640 3' Label: Phosphorylated

NM_000594

Forward 5'-TGCCAAGGAGTGCTAAAG-3'
Reverse 5'-CTTCTCCACAACCCTCTG-3'
200 bp

5'-GTCCACTCTCAATTCACTCTCAGTTCTTTGATA-3'
3' Label: Fluorescein
5'-ATTTGGGGTGGAAAGGTTTGGAGTATG-3'

5' Label: LCRed640 3' Label: Phosphorylated

BC013615

Forward 5'-CGCTAGCCAGATGCAAT-3'
Reverse 5'-TTGGGTTGTGGAGTGGGT-3'
255 bp

5'-CGAGCCTCTGCACTGAGATCTTCCTA-3'

3" Label: Fluorescein
5'-TGGTGAAGTTATAGCAGCAGGTGACTGGG-3'
5' Label: LCRed640 3' Label: Phosphorylated
M28226

Ao o7 Uyo] Hln I

4) EMSAZ 0|28 NF-«B #ME &3

(1) HaCaTMZZ5E| nuclear extract MZ: T75
Ze}xF0] )& HaCaTHIEE PBSE 23] A3} PBS 1

mlE Y& & scraper® A XE F9] 1.5 ml eppendorf tube

o &ZATH 1,200 rpm O 2 587 94 Byd & AEas
A A pH 799 10 mM HEPES, 1.5 mM MgCL} 10
mM KCl, 0.5 mM DTT, 0.2 mM PMSFZ FA% bufferd)
400 15 B3 A F591 & IF ol 1087 T 1
3 4°Co A 3EZF 12,000 rpm .2 P4 B8)st T thA] A
ZdS AASAT. pH7.99 20 mM HEPES, 20% (V/V)
glycerol, 420 mM NaCl, 1.5 mM MgCl,, 0.2 mM EDTA, 0.5

mM DTT2} 0.2 mM phenylmethanesulfonyl fluoride (PMSF)
2 FAE bufferd 100 plE ¥l vortexdF & 208E7F d&
ol TRt} 4°Col A 387 12,000 rpme.E G4 B3
& A=A (nuclear extract)S TMFE 2 pug/ plE W S
—70°Col B3t

(2) Gel-shift assay: Nuclear extract 10 xg¥} 5 X in-
cubation buffer 5 pl, SFF 25 ulS 4L & 4°Col A 158
7+ Wkxsta P22 ZA® NF- £B oligonucleotide (Prome-
ga, Madison, WI, USA) probe 2 x#1E i1 A2o|A 2087t
W28t} NF- £B2] probe2 NF-kB oligo (1.75 pmol/ul)
2 119} T4 polynucleotide kinase 10X buffer 1 x, r32P-ATP
1 11, dH20 5 218} T4 polynucleotide kinase 1 #15 499 &



£ 10 118 37°Col A 1087 & Fol 0.5 M EDTA 1 21
o2 H$-& AXAAY. 89 119 TE buffers: H7}3F &
unincorporated nucleotideZ A As}t7] Ystd G-25 spin
columnEHA|A 1,300 rpmlE SE7F ARy & 5=
7 FHste] e

NF- kB8] 97| €& tha3 2t NF- £B: 5'-AGT TGA
GGG GAC TTT CCC AGG C-3', 3'-TCA ACT CCC CTG
AAA GGG TCC G-5'. ProbeZ 7} 3 A-o|x 2083F
B3 2 0.1% bromphenol blue (BPB) dyeZ z+ AZujr}
2112 Y31 6% non denaturing polyacrylamide gelol] 150
V, 10 mA9 A 2A17F 7195 A AT A7)0 EUH
vacuum gel dryer (Bio-Rad)o|A AZAIZ] & X-ray filmol
=3t ZHEAA

5) NF-«B 2HA A2 £ IL-8 mRNAS| &

NF- «B9] AAAZE= Bay 11-7082 (Biomol, Plymouth,
PA, USA)S AFE3ISTE 10 «ME] Bay 11-7082E dEl=
AqF Fof 1A]7F Holl HaCaTH|Eo| Fi AHAZE HF
PCRE Al&38te] IL-8 mRNAS] WHARE gl

6) IL-1ra A2 & |L-8 mRNA &3

IL-1 &A1 A3 Yaf IL-1ra (R&D systems, Min-
neapolis, MN, USA) 50 ng/mlS #E|:=Q3F 2] 24417
ol kgt HaCaTA| 3] w2 Tttt IL-1ra A2
24N ZF Fo HE=QA 10 M 2 10 ME FAF F
QoA A3t Y E IL-8 mRNA 28-S A7 A=
PCRE AlA3) AT

7) Phospho-l« B-a &#E O|E8 Western blot

BB W=R1AHS A ate] 1247, 244121 Bl oFgF HaCaTA|
XE 100 #19] SDS sample bufferE o] &3] M EE ajg
171 3 ZA] scrapers ©]|&3}o] A|XE vlgto] A wWo] W

>

A
IL-8 mRNA
47 —e— 10°RA
-o-10 RA
- :
£
©
35
o
(]
2
©
]
14
Control 1
0 T T T 1
0 6 12 18 24

Time (hrs)

Aoz 9: 22 M A FE) = 2H(All-trans Retinoic Acid)dl 8+ IL-8 &9 714 677

3 micro tube®E 244 10~15%7F 20z Eas =
95~100°CHER 587 7tE4sl] A5 RAsATh o] &
SEZF QAR P8 SDS-PAGE geldl] AlEF28S 20 1]
A o] nitrocellulose membrane®] A o]3}3 T} SDS sample
buffer® ZAE& 625 mM Tris-HCl, 2% w/v SDS, 10%
glycerol, 50 mM DTT, 0.1% w/v bromophnel blueo|t} &
o] & nitrocellulose membrane2 25 ml TBSZ 5%7+ A
L0 B 5 25 ml9 blocking bufferE o]-&3}e] AL
oAl 3A]7t & ¥ Phospho-14B- @& (Cell Signaling
Technology, Beverly, MA, USA)2} 10 ml primary antibody
dilution bufferE 7} 3 3 4°ColA ¥ EE0] FuH
b Ttk ool TBS-Tweens ©]-&3to] 53t 33¢
dl A& 3k T HRP-conjugated secondary antibody (1 : 2,000)
9} HRP-conjugated anti-biotin antibody (1 : 1,000)¢} bloc-
king bufferE ©]&3ste] 147t 2ol H5s 1 BH
% TBS-Tweens ©]-§3to] 3x1& Al# 33T}

Blocking buffer®] ZA1& 1XTBS, 0.1% Tween-20 with
5% wiv nonfat dry milkE 150 ml A & o2, 15 ml
10XTBS9} 135 ml waterE 2o 4=tk 1 § 75 g9
nonfat dry milkE © ¥1 2 4& thS 0.15 ml Tween-20
(100%)5 431 th. Primary antibody dilution buffer®] %A
< 1XTBS, 0.1% Tween-20 with 5% BSAZE 20 ml¥ A =+
£ o 2 ml 10XTBSS} 18 ml waterS 41 3 1.0 g9
BSAZ Yl 41 uf 20 1 Tween-20 (100%)S 2ATh. Al
238 membrane2 10 ml LumiGLO (0.5 ml 20X LumiGLO,
0.5 ml 20X Peroxide and 9.0 ml Milli-Q water)S 7} 3 1
B AFeolA] ot £50] FHA #F $ membrane©]
n22 g 3= UdA =g §H4L2 AA F 8d
(saran wrap) 2.2 A & 10%7t X-ray filmol| dAsIH T

B
IL-1 mRNA
3_
—— 10°RA
. . --o- 10" RA
e o] ™ —%- 10" RA
c
©
>
[op
]
2
kS
& Control 1 ~
0 T T T 1
0 6 12 18 24

Time (hrs)

Fig. 1. Expression level of IL-8 and IL-1 mRNA in HaCaT cells stimulated by 10~%, 1077, and 10~® M retinoic acid for 24 hours.
(A) Expression of IL-8 mRNA were increased for 1~24 hours after 10°, 1077, 10® M retinoic acid stimulation, (B) Expression
of IL-1 mRNA were increased for 1~6 hours after 10 % 1077, 10~® M retinoic acid stimulation.
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NF-kB NF-<B
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Fig. 2. Down regulation of the IL-8 mRNA expression in
HaCaT cells pretreated with NF- #B inhibitors. * p<0.01

} NF-kB

} NF-xB

Fig. 3. NF- £B binding activity in HaCaT cells by EMSA after
treated with all-trans retinoic acid for 12 hours. (A) Without
NF- £B inhibitor, NF- #B binding activity was increased after
12 hours in HaCaT cells in 10" °, 10”7 M retinoic acid treated
group, (B) After addition of NF- «#B inhibitor, NF- £B binding
activity was not increased after 12 hours in 10 % 107’ M
retinoic acid treated group (P: probe only, N: normal, EtOH:
ethanol, RA: retinoic acid, C: competitor).

T HaCaTAH|Zo|A W& E Alo]E7}] mRNA =74 A3},
10°% 1077, 107 M B% 0|4 IL-8 mRNAE 1, 6, 12, 244]
Ztoll Z7bE 2 th(Fig. 1A). IL-1 mRNA9] ¥ 1, 647t
o S7FetA T Al At o H (Fig. 1B), TNF-a %
MCP-1 mRNAE Z&8o| F71EA &t

2. NF-«B AHMHME F0{&t £ [L-8 mRNA &A[Zt &
2 PCRY Zut

NF- B A A (Bay 11-7082) o] & 10 ° 2 10 ' M
HE =1 o 12A7F $ HaCaT AMEo|A 2 E IL-8
mRNA 24 237} 10 % 10’ M T 504 IL-8 mRNA
o] frolstA A3t Ath(Fig. 2).

3. NF-«B YHIH F0f M=o E M X2 F
HaCaTMIZ0OIM2 NF-«BZE EME EHE QA&
EMSA

1) NF-« BOI|l CH&H RIM(Bay 11-7082) 504 M1}
200 10 * % 10 7 M HEI=QIA Xa| 12A12H &
HaCaT MZEOAM 2SE NF-«B ZE SMT

10°92 107 M #Ex=e2 Fof 1247 3 HaCaT A

ZoA NF-¢BZE 4% =24 A3 10 510 ' MF &%
TA Fxo v 3l NF-«BEE &4=7 S7HE A

rok

NF-«xB

J NF-«xB

Fig. 4. NF- £B binding activity in HaCaT cells by EMSA after
treated with all-trans retinoic acid for 24 hours. (A) Without
NF- £B inhibitor, NF- #B binding activity was increased after
24 hours in HaCaT cells in 10 %, 1077 M retinoic acid treated
group, (B) After addition of NF- B inhibitor, NF- £B binding
activity was not increased after 24 hours in 1076, 1077 M
retinoic acid treated group (P: probe only, N: normal, EtOH:
ethanol, RA: retinoic acid, C: competitor).
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Fig. 5. Effect of IL-1 receptor antagonist (ra) on the IL-8
mRNA expression in HaCaT cells stimulated by retinoic acid

(Fig. 3A). ¥l NF- «Bell tigt AAAE FAYS F5
ol = NF-«B A% A== & H37} It (Fig. 3B).
2) NF-«B MM F0{ %2 10 ° % 10 ' M &l
E|=QIAF M2| 24A1ZF £ HaCaT MZO0A sl
NF- ICB st SN
10°°92 107 M #E=Q £ 24A]7J 5 HaCaT Aﬂ
SZ A NF-¢BZET SA T Z A A%, 10 °10 ' M F
oA NF- xBZ%E AT} 2715 Qiﬂ(Flg. 4A). HJUS_OH
NF- ¢Bo] i3t JAAE FAFPS 74 9ol= NF-«B A3
g-/\-h:oﬂ‘— = tﬂi}7} H/\}\}\E]‘(Flg 4B).

4. IL-1raZ} YIE[:OIA0 2|5 IL-8 mRNA 2H§0f 0]
X= H&k

IL-1rad 2] AZol] HEwA2S 10°° 1077 M T s}
IL-8 mRNA2] 28-S v w3lAS W IL-1raZS X8 5}A] ¥
=] e} IL-1ra A $ 59 1 ZA IL-8
mRNAL3o] & 27} glE Ao s BAEHATHFig. 5).
5. Phospho-l « B-a &H & 0|28 Western blot

1070 M HE=eI o] 124315} 24413 Bl A
& selal

A U A48 H 14BY T2/t F7HEE AL gl
A} (Fig. 6).
o &

ZAY[ZAEE B9 E %L —s}% AZE dd 228
AH o] 7|8t olyzet § F9] AJo]EF}O1S Hu)
st W 75 05%19}% 1 @UPE}” FASE T
oW AAYPHEE IL-1, TNF- a9 22 °17<]- /\]-O]Eﬂ
Q& EHI3He] IL-8o]uk MCP-1, IP-107} 2-& AR 7)1
RS FEgorn B4std GFTHNESC A5 PR
2ol dtef AFHES JoAT,

HE=Qite] Sarze e F gle ASA 9%

Aoy 9 AAFAMEAA FE =AM All-trans Retinoic Acid)el] 93+ IL-8 &3] 714 679

RA 12 hrs RA 24 hrs
C10°M10'M C EtOH 10°M 107'M

<« Phospho-IkB

— ~’_

Fig. 6. Western blot analysis revealed increased phospho-I B
activity in the cytoplasm of HaCaT cells at 12, 24 hours after
stimulation with 10°% M retinoic acid (C: control, EtOH:
ethanol, RA: retinoic acid).

o2 3eEAd 93t A FHQ A=A HE A u]
| o Aol el Ao A3 g
7174 e] IL-1, TNF-a, IL-8, IL-10 59 *}O]?j}fﬂ'é]
it A ol HE7 Aol A1
&£ 7170 N E ok wo] vralA Q1A e g
AFANNE BE AL Fo] F IL-1, IL-822 /‘}0157}
19 F7HE Rl =d, IL- 1° A= Z7)dw F71s)
U IL-82 HE = Fof 2443 SO % Frlele B
< BAT

g E=¢libo] fra HAS
A7 414 ok AR 8
=04 FEA(RARe, B, 7)¢ HEHXZoE X 8%
(retinoid X receptor, RXR @, B, 7)ol A¥sla o5
Aol 5olgk DNA @7|AFoll Agtsted 2|t=e] ofst
HArrzAd BolstA g 2, RARS 7] RXRT A]
2 33le] o] o] A (heterodimer)E FA3l=t], o] o] ¥
AL 54§34 9% ZeeEo] Edsit Sol@
28 ug oo ARPo=A 54 e FHS
AAA s B NG, dEeolst F A0 o3 &
A7 48 22 F HA WHo s A2 AAER Ie
iSLslel - AN 2 W S 2
o &, gEx=Ae AP-19] WHgEte fHiAte] disiA
e GBS S, o RARS] AP-1 AARA 2
A F Ul c-JUNY Agste] AP-10] ¥R ¥ (re-
sponse element)d]] 23l AL WA hEFHQ o7}
collagenase promoterO]E}2829 nlx|eto 2 RARY A Ho]
A3 gle 98 FAAER #E =] g HARIAL
£ A3 A7NAY dANHoER A EEE 24
A "o

Jo o ng,
mE & re

sk Wont ¢ 7t
Qe ¥ 5849 A
|

1__1_.1__

NF-kBE Al E7113} 2Ed 2 X 4 SH A4
ol o5 BB e FA49 BE FFE v)Y

02X AFSHSI WHUkS dAHQ] HES dh= A
Alelzpoltt. B33} AEje] NF- kB= 14BZl= NF-«B
o] A Ao &3] MEA Ul Ui%ﬂi Aot dAgsiEE
14BE 1B kinases (IKK)ol 93] QARSI HA] H&j=

NF- «BE & ¢to g SEoj7} & %x}sﬂr Ao} o]y ek
NF-«B A2+ og] tpfst 250 os) Alxzrit Sols)
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A BAstE o] A BH) HE g2 a3S Yepdoy
[L-8& C-X-C ARF}o| £35l= 8.4 kDao] ARTFSIC
2 G/ AAE, AFEAE, dBWIAE, SUAE
AYPYHE, AL 5 Tde AEd SGAEY o
A7AFF 59 FEATANE AT 1L-89] HE 2
ol FEAE 9EHHS9 A=0 & IL-1, TNF, bacterial
lipopolysaccharides, H}o]# 2>, 12-O-tetradecanoylphorbol-13-
acetate, double-strand RNA S| o} IL-8 -FAA] 3
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