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Effect of Angelicae Gigantis Radix for Inflammatory Response in HaCaT Cells
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ABSTRACT

Objectives . Angelicae Gigantis Radix (AG) is a plant of the Ranunculus family. AG have been reported to have
various pharmacological effects on human health which include uterine growth promotion, anti—inflammatory,
analgesic, and immune enhancement, However, research on dermatitis disease is insufficient, Therefore, we
investigated the effects of AG on tumor necrosis factor—e¢ (TNF—a)/interferon—y (IFN—y) stimulated HaCaT cell,
Methods : To investigate the effect of AG on HaCaT cell, HaCaT cells were pre—treated with AG for 1 hour and
then stimulated with TNF—a/IFN—y. After 24 hours, media and cells were harvested to analyze the inflammatory
mediators, Concentration of human interleukin—1beta (IL—18), monocyte chemoattractant protein—1 (MCP-1),
granulocyte—macrophage colony—stimulating factor (GM—CSF), and TNF—¢ in the media were assessed by ELISA,
mRNA expression of human thymus and activation—regulated chemokine (TARC), IL—6, and IL—8 were analyzed by
RT-PCR. Additionally, the mechanisms of mitogen—activated protein kinases (MAPKs) and nuclear factor kappa—
light—chain—enhancer of activated B cells (NF—xB) signaling pathway were investigated by Western blot,

Results : The treatment of AG inhibited gene expression levels of IL—6, IL—8, and TARC and protein expression levels
of IL-18, MCP—-1, and GM—-CSF. Also, AG significantly reduced extracellular signal-regulated kinase (ERK)
phosphorylation and NF—¢B translocation in TNF—a/IFN—y stimulated HaCaT cell,

Conclusions : Taken together, these results demonstrate that AG can alleviate inflammatory diseases such as atopic
dermatitis by regulating the expression of inflammatory cytokines, Also, it suggest that AG may a promising
candidate drug for the treatment of inflammatory disease such as atopic dermatitis,
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olEy wXA (atopic dermatitis)S 7182, IE AX,
H3, 4% 58 F SA0R s Ao’ By gk B
A=, 749, A4St 5o F4bo] Futg 4 o}, Alse
A &N BAT2ET 0PELY =E AEHA AA
HE 9 3 ubato] 48 AE] 432 itE JraY
7} 22 heFgt Pl o) Wy o] AstET, o]2 |
olEDm DR, M g7, Fugs AT 2L o
24 9 Aol wugo] Zrela Y, ofEy] Frge

a0t fHEo] £I AFo| FNASE SAHE H97h got
T ot 3 AFOZ 2 Hlont, T HUA7A
A& EAY 4A7le] 2Eehe 97t S7stn Ao, wd
obEy] WRo] Bl 2YFoR U3 VA HEELS F
A A E Ao R BHTE A 40 We] gl BAA 9F
W Ao yehgod?, dA7tA @] Fgo) dot 3
o] g5t 9 A7]H Pel g BHoR 2 e

olE MEFE XEFH] AL AR A 7159 3
53 o) WA, JREY F% 9 ohEad] Hy, 4%
w3 ofslrt Fastet’, A4 WE g5 AW A=2E A9
sERo|E 9 3| 2EtelA, AR A ] g BE FA
AR 5& S Qo A7) AR A R 957 24
¢ g, BT 9 2% ok 9 9 AEA 28 59

o B o
H lo o

o o r

X o
A Bagg 2T 4 gonz®™ ury obud shekA
AE ol4s A7 $a7} F7hska Ao,

ZAAZMEZ= B 95% oS AAgh= AF F
TR Alxzz, 28 4L Tl AAE H3st 8 8
WA sk, Agustet A Ao o TS ey E=I
Aol E7El W AR e FF JAARE Akste] i
FAL GRS FFuee 2RI, B3], tumor
necrosis factor—a (TNF—g), interferon—y (IFN—py)o] 2]3t
A= AAFHAANZZEE A5 AolE7RRLY B A4A A
2HE FEE 5 AL, ol2Rt AFo] A&E A k3 of
£ 98, A4 59 PRATS WY RO A
Q) ;A olEn] & Th2 A%}l thymus and
activation—regulated chemokine (TARC)2} macrophage—
derived chemokine (MDC)= g% ¥.Q]2 Th2 A|E£9] o|5&
fESHs Aos dEA gon' ojEr vRy Fxe] By
oA ot AEH| ol TR YA BA7} ok Hu
HojgteH?,

#6% (Angelicae gigantis Radix)= #]U2]Z} (Umbelliferae)
of &% thdA Exel IFHAY FY= 1~294 HIE E
5)7] o] st AxT AoltH?, ol oFesrgons
Azo I X, &4, JF, iS5l dig a5 A=
Ao BAEYTH?,

O AL jsoimperatorin, nodakenetin, angelinol,

fo

gigasol, prenyletin, nodakenin, decursinol, imperatorin,
decursin, decursidin, decursinol angelate, choline 522
A Yt?. o]5 % decursin nuclear factor kappa—
light—chain—enhancer of activated B cells (NF—«B) 7%
25 38 9454 cytokined] EE JAIst= A7) glom,
nodakenin& A7 B3 32H, I+ 59 anr 9= A

o2 BuEPF”, £3 %= DNCBE $¢E 58 =g
(BALB/c)ollAl d34¥H$S {X3l= immunoglobulin E
(IgE)9) e 2Astn?”, LPS9} IFN—y2 A3E RAW
264.7 RN ZEE YA CE nitric oxide (NO), TNF—¢2]
AAIE  inducible nitric oxide synthase (NOS) %
cyclooxygenase—2 (COX—-2)9] Hd-& gtz o=z At
T HAES B ol Q434 A, B3] 27 AL
A2 4 Aok 7ol RuEre stgok?. a8y o
O HYuk3 Ao 2 AMGEE AP Azl dig 4

= Y= A okt ofof] B A= Az AP gA 2
HaCaT M|2o| 455 #&3h= TNF—a2 IFN-7 S A=53
o, B 395 55 € 71AE E1stA} skt

T. A% 2

1. AeF

Sl A et = FU3 2 (Daegu, Korea)ollA uf
3ttt HaCaT cell& cell line service (CLS, Eppelheim,
Germany)ollA] Y4343, Dullbecco’s modified Eagle's
medium (DMEM)#} Dulbecco’s phosphate—buffered saline
(DPBS)& 43 (Daejeon, Korea)o|Al GtstH o, fetal
bovine serum (FBS)& Atlas Biologicals (Fort Collins,
CO, USA)°J|A, penicillin—streptomycin (P/S)2 Gibco (New
York, USA)ol|lA, TNF—e2} IFN—y+= R&D System (MN,
USA)o A F4stgiTt.,

3—(4,5—dimethylthiazol—2—yl)—5—(8—carboxymethox
yphenyl)—2—(4—sulfophenyl)—2H—tetrazolium (MTS)?l
CellTiter 96® AQueous One solution cell proliferation
assay A|2F2 Promega (Wisconsin, USA)oA] F¢5le] AR
8193, RNAiso Pluse Takara Bio (Dalian, China)ollAl,
SuperScript II Reverse Transcriptase kit2} SYBR green<
USA)ollA Ut Taq
polymerase= Kapa Biosystems (Massachusetts, USA)©]|A]
Fui3tg 2w, PCR primerse Genotech (Daejeon, Korea)
oA A&stgTh. GM—-CSF, MCP-1, IL—18%2t TNF-¢
enzyme—linked immunosorbent assay (ELISA) kite=
R&D system A A|EE AFESIETE. total-ERK-1,2
(T-ERK), phosphorylated ERK-1,2 (P-ERK), total—c—
Jun N—terminal kinase (T—JNK), phosphorylated JNK
(P—JNK), total—p38 (T—p38), phosphorylated p38 (P—p38),
NF-«B, phosphorylated NF—xB (P-NF—¢B), nuclear
factor of kappa light polypeptide gene enhancer in
B—cells inhibitor alpha (IxBe)9} phosphorylated 1xBe
(P-1xBa)2] &A= Cell Signaling Tech (Beverly, MA)oJlA],
Lamin B¢} Actin @A+ SantaCruz biotechnology (CA,
USA)lA A5k

Invitrogen (California,
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3. AZ Wi W AE B2 27

HaCaT AlZE 10% FBSS} 5% P/S7F £&H DMEM Hj
A& AHEsEA 5% COq, 37T, 95% & 27 A vjFstd
o, 2~3Y o2 WA E wA st

HaCaT AlZoA AGY =4S B35y 98] MTS assay=
Xlﬁﬂﬁl-‘}iq 96 well plateo] well & 1.5 x 10" cells/100 pl&
58 F 37TColA 2443 5 HESskIcE FBS7L 23
A g °}— DMEME o]-&3 AGE E%i 3| Msto] A2|et
T 24X 7t Fot vrAIIL), HEE £8] T MTS solutions
Well & 20 pl®] A2ske] 37CAA 2/\]71' ufjoFst & 490 nm

o0 FHEE ZRUT AZ AZLE PAT gy uE
BT, AE AEZ0] 90% VTS ehd o, %*301

slch grashant,

Table 1. Primer Sequence for RT—PCR Analysis.

Zo| W% ZAYHA L] AFWE] WAL 9% 11

4, A FHEL QS
(reverse—transcription polymerase chain
reaction, RT—PCR)

AG7F 924 AFo]E7}F¢19] messenger RNA (mRNA) H
dof "= FFE E457] 8] HaCaT cell& 6 well
plateol] 1 x 10° cells/well2 seeding3til 24A|17F St 9F
Fslget, I T AGE BEEE 1A B¢ AT F,
TNF—@/IFN—yZE 10 ng/ml A st 24A|7F St A=3}
A}, plate W mediaE A|A3t NEZE DPBSE 33 A8t
23514t 8% AlZ£E= RNAiso pluss ©]-&3519
RNAE F&3}9121, SuperScript II Reverse Transcriptase
kitE AFE3lo] cDNAE FAIsI9 T PCRE Kapa Taq PCR
Kitg& AME-3t9th. ZF RNA &, cDNA §4, PCR2 A=
ALe] mirdof wet £3sigtt. PCR 27 9 primer
sequence~ table 19| A &3},

3 cellS

Primer Primer Sequence (5'—3') Annealing Temp, Cycles Accession No,
F: ACTGCTCCAGGGATGCCATCGTTTTT
TARC 60T 44 NM_002987.3
R: ACAAGGGGATGGGATCTCCCTCACTG
F: GATGGCTGAAAAAGATGGATGC
IL—-6 59T 45 NM_000600.4
R: TGGTTGGGTCAGGGGTGGTT
F: ACATGACTTCCAAGCTGGCCG
1L-8 57.5C 46 NM_000584.4
R: TTTATGAATTCTCAGCCCTC
F: CGTCTAGAAAAACCTGCCAA
GAPDH 50T 30 NM_001256799.3

R: TGAAGTCAAAGGAGACCACC

5. 54 WY &3

AG7} Abo| EFEQl T o] g of n|X|= FFS 4517
213 HaCaT cell2 6 well plateo] 1 x 10° cells/well2
seeding3tal 24A17F B¢t AABSHATEH 1 & AGE BEERE
1A7r B2t Mg &, TNF—e/IFN—y (10 ng/ml)E A &stx
24N & A=8H T 24X & mediag 4,000 rpm,
4CoANA 587 AAE ST ASHE Ealsto], vjekd W
o] &45t= GM—CSF, MCP-1, IL-18¢ TNF—¢¢] 55
ELISA kit o]§3te &3ttt AF B2 A=A of
Fao et =Pt

(ELISA)

6. Western blotting ¥4

AGZ7F 85 9Al &%l mlAlE 71dE 243571 9,
HaCaT A ZZ 6 well plateo] 1 x 10° cells/well2 seeding
I3l 24A17F Tt A T AGE =R E A7 AAE
sttt o] TNF-¢/IFN—y 10 ng/mlg sty 58,
158, 30&, 60& AZHE=E AFT T cellE 3519
radioimmunoprecipitation assay buffer (50 mM Tris—Cl,
150 mM NaCl, 1% NP—-40, 0.5% sodium deoxycholate,
0.1% SDS)E °©|&3t Ax2& Q-SHEP“K}

£3E AEE 4ToA 302 A7 F 13,000 rpm,
4CoA 2087 4 £9 0]'9\'1.1— A2 Y& bicinchoninic
acid assay® AFIA T 39 TS sodium dodecyl
sulfate polyacrylamide gel electrophorosisE ©]-&35}4
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100 VoA 9027t Attt H719F * dHAS gelofA
nitrocellulose membrane® 2 transfer 3}Gh o|& A2
HEo]Z ZATS 7] 93] membraned blocking buffer
(5% skim milk in TBST)Z 1A]7}F blocking3t &, T-ERK,
P-ERK, T-JNK, P-JNK, T-p38, P-p38, NF-«B,
P-NF—«B, 1kBa2} P-1kBae9 &AE 1% bovine serum
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B A AT I 3 membraned TBSTE $AI5t A%FeE 23t
FAE 1:10,00022 3 45ko] 1A]7F FeF Ao ¥HgA]
At I membranes THA| TBSTE 1087t 63], & 147t

¢ A, 'Rl

LY membrane

enhanced

chemiluminescence solution®] ¥HA]Zl & X-ray film<
ol-gste] @Attt FA FE 2 34 vjg= table 20 E

albumin &%) 1:1,0002.2 3]43}e] 47Co|A overnight 718}k,
Table 2. Summary of Antibodies Used in Western Blot
Name of antibody Origin supplier Cat. No antibody dilution

Actin mouse Santacruz SC—8432 1:500

T—-ERK Rabbit Cell signalling 4965 1:1000

P-ERK Rabbit Cell signalling 4307 1:1000

T-JNK Rabbit Cell signalling 9258 1:1000

P—-JNK Rabbit Cell signalling 4668 1:1000

Primary T—p38 Rabbit Cell signalling 9212 1:1000
Antibodies p—p38 Rabbit Cell signalling 4511 1:1000
NF—-«B Rabbit Cell signalling 8242 1:1000

P-NF-«B Rabbit Cell signalling 3033 1:1000

IkBa Rabbit Cell signalling 4814 1:1000

P-1xkBa Rabbit Cell signalling 2859 1:1000

Lamin Mouse Santacruz sc—374015 1:1000
Secondary HRP-conjugated IgG Rabbit Jackson 111-035-045 1:10000
Antibodies HRP-conjugated IgG Mouse Jackson 115-035-062 1:10000

7. $AEA

BE Aol e diks FF £ E2LA (Mean + SEM)
Uelgl e, Graph Pad PRISM Software (Version 5,01,
Graphpad Software, Inc., CA, USA)E AF&-3lY one—way
analysis of variance (ANOVA)Z EA3}% 1, Dunnett's
multiple comparison testE AA|5t HASIH O, P Fho]
0.05 v]9td A% Fo% AR st

2

=

]lI.
1. AGE = 54 £4

AG7} HaCaT ANZ9] BE&) n|X|& G B4517] 4
15.6, 31,2, 62.5, 125, 250, 283 500 pg/mle % 9
Qo) A MTS assay=S 333t}

AGE AZg 2, 125 pg/ml SE7HA] A2 Fido] Tz
A @gtort 250 pg/ml FEFE A2 545 24 o]9

bl

100 pg/ml 5% ©|5te] AGE
(Figure 1),

120

100

Cell Viability (%)

s

Nor 156 312 625 125

250

500

AG (pg/ml
Figure 1. Cell viability of AG in HaCar cells.

)

Cell viability was determined with MTS assay. Cells were treated
with AG from 15.6 to 500 ug/ml for 24 h. Values are mean =+
SEM of three independent experiments. “p ¢ 0.05 and *p ¢ 0.01

vs. Nor.
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2. AG7} HaCaT AlEANA 54 Alo|E71219]
AR Ao u X GF B4

AG7h HaCal MEo|H @zl Felsts Apo]E7telal
TARC, 1L-6 % 1L-89) 2% Wale] v]x i Je 43
2 A3 A3AE A5 e 2ol ¥]8) TNF—o/IFN-7 5

(A)
IL-6

IL-8

TARC
GAPDH
TNF-o/IFN-y (10 ng/ml) - + + + + +
AG (ug/ml) - - 125 25 50 100
(C) 1.5
2
1.0-
2
o
% 0.5
. f

0.0- "
INF-o/IFN-y (10 ng/ml) - + + + +
AG (pg/ml) 125 25 50 100

A2g 29 TARC, IL-6 H IL-89] FAA wdHo| F95HA
Z713keh (Figure 2), ¥ AG 100 pg/ml AAZE E3)
IL-69} TARCY |3z EdL2 |YstA JA=ENH
(Figure 2B and 2D), IL—89 AR} &L 7FAsH= AS
B2t (Figure 20),

(B)

-
o
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#H#

e
o

IL-6 / GAPDH
o o
= o

e
N

0.0
INF-o/IFN-y (10 ng/ml) - t t
AG (ug/ml) - - 125 25 50 100
(D) 1.59
=
=
%1,0—
o
~
)
ﬁO.S
et
0.0-
INF-o/IFN-y (10 ng/ml) - - - - +
AG (ng/ml) 125 25 50 100

Figure 2. Effects of AG on TARC, IL—6, and IL—8 mRNA expression levels in HaCaT cells.

Cells were pre—treated with various concentration of AG for 1 h prior to treated with TNF—a/IFN—y (10 ng/ml) for 24 h, (A) mRNA expression
of IL—6, IL—8, and TARC were examined by RT—PCR. (B—D) mRNA expressions were measured using Image J software. Values are mean
+ SEM of three independent experiments. *p ¢ 0.01 vs, TNF—a/IFN—7 (—) and *p { 0.05. **p € 0.01 vs. TNF—a/IFN—7 (+).

3. AG7} HaCaT A|Z oA Alo]E7}Qle] Thula
W o u| &= G B4

AG7F HaCaT AN Zo|A @Fel Tolst= Ate|E7EIQ]
IL-15 , MCP—1, GM—-CSF % TNF—q o] iz dgo]
2= FFS B4 £ A3, ASAE ADskA g Fol
H3] TNF-« /IFN-y & AHZg #9 IL-18, MCP-1,
GM-CSF % TNF-q & do] f9sA Jrketdtt
(Figure 3). 284 AGE A=t 9] IL-18 9 oHd &
AFE TNF-a /IFN—y & A3t o B3 50, 100 u«
g/mlo| A {3t A4S Bgon (Figure 3A), MCP—-19]
il 9g2 TNF—¢ /IFN—y & A3 wof H|3] AGS
22 Fo] 50, 100 x g/mlfA H& gEFHoz {olTt
25 29t (Figure 3B). E3F, GM—CSFY] thifz whg
L AGE A=’ F#o] TNF—« /IFN—y & A3t o v]3|
50, 100 ¢ g/mloA G2J3 A4S 2ot (Figure 3C), 1

g AGE TNF-«a 9
(Figure 3D).

rgieh

4, AGZ7} MAPKs A% Ag A 29| QlAls} Ao
u|z]&= FF

AG7} HaCaT A|ZoA TNF-a /IFN—y &| A=l &%
MAPKs9] A5 AY AZof n]X]E& H3FS western blotOL =
S dn, ASAE AstA G2 el HF TNF-«
/IFN—y & 2§ £9 P-ERKE 5, 15804, P-JNK&}
P-p382 1584 oA S71st9tt (Figure 4). ¥,
AGE A3t oA P-ERKE TNF—«a /IFN—y S 2|3t
oo Bl3f S5Eo|A FJEtAl Akt (Figure 4B), 18
U p383t JNKO| QlAtstol= kS u|X|A] ¢kt (Figure
4C and 4D),
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(A) e (B)
] z
: s
:
= =
INF-ou/TFN-y (10 ng/ml) - + + + + + TNF-c/TEN-y (10 ng/ml)y - + + + = =
AG (prml) - - 125 325 50 100 AG (pg/imly - - 125 25 50 10
© D)
2504 1000
= 200 o — 8004
B 3
= 3
v
T 100 Ez. 004
Z a = 20
i o
INF-oIFN-7 (10 ng/ml) - + + + + + INF-ouTEN-y (10 ng/mty - + + + + +
AG (pz/iml) - - 125 25 50 10 AG (ppimly - - 125 25 50 10

Figure 3. Effects of AG on IL—13, MCP—1, GM—CSF, and TNF—a protein expression levels in HaCaT cells.

Cells were pre—treated with various concentration of AG for 1 h prior to treated with TNF—a/IFN—y (10 ng/ml) for 24 hours. (A—D) Protein
expressions of IL—18, MCP—1, GM—CSF, and TNF—a were measured by ELISA. Values are mean = SEM of three independent
experiments, "p € 0.01 vs., TNF—a/IFN—7 (—) and *p { 0.05, **p ¢ 0.01 vs. TNF-a/IFN—7 (+).

(A) AG (100 ug/mi)
TNF-@/IFN-y (10 ng/ml)
Time (min) - 5 1s 30 5 15 30 (B)
1.0
oy
I~
ool
o o
o N
L T — = = 0.4
=
0.0-
AG(100pgml) - - - - + + +
Time(min) . 5 15 30 35 15 30

o D) .

]
el 1.54
R L0 £ z
o -
= ~ 104
3 E #
S 05+
=% ﬂl- 0.54
0.0- 0.0-
INF-o/IFNoy (10ag/ml) -  + + + + + + INF-o/TFN=y (10 ng/ml) - + + + + + +
AG (100 pg/ml) - - - - + + + AG (100 pg/ml) - - - - + + o+
Time(min) . 5 15 30 5 15 30 Tme(min) . 5 15 30 5 15 30

Figure 4. Effects of AG on phosphorylation of ERK, JNK, and p38 in HaCar cells.

Cells were pre—treated with various concentration of AG for 1 h prior to treated with TNF—a/IFN—7 (10 ng/ml) for indicated times. (A)
Phosphorylation of MAPKs were detected by Western blot, (B—D) Phosphorylated—protein expressions were measured using Image J
software. Values are mean * SEM of three independent experiments. "o ¢ 0.05, #p ¢ 0.01 vs. TNF—a/IFN—7 (=) and *p { 0.05 vs.
TNF—a/IFN=7 (+).



5. AG7} NF-«B A3 AY AR u|X& 4

TNF—a/IFN—y 2 =3t HaCaT A|Zo| A AG7} NF-«B
9] translocation®]] "]A = &S western bloto 2 T2
A%, A=SAE AstA g2 ol H& TNF-e/IFN—r &
A 2)g #2] NF-,Be 158, P-NF—xBE 583} 1580 3
Aol FYstA F7tstgth. stAT AGE A FE W, 60+&
oA NF—xB2] translocation®] 3-2J5HA A=A (Figure
5B), P-NF—¢B9] translocationg 58] Zr4dt= AFS

(A)

A Z ] dFHt-gof vX = I&F 15
B oy Folstzl ekt (Figure 5C).
3 [kBed L AIFAE AHYsHA] 2 7ol vl

TNF—¢/IFN-7& AL o, 5, 15, 30204 23t
ZAEJL, P-1kBe2 &dLE 584 F718d ot 72
SR okt (Figure 5A). SHATF AGE 5, 1584 IxBa
W2 9-0l5HA Z7MAH 2™ (Figure 5D), 15, 30, 605-0] 4]
P-IxBae9] Hdo] F7tste AFE B2 FskA] &gk
t} (Figure 5E).

AG (100 pg/ml)

TNF-o/IFN-y (10 ng/ml)

Time (min)

NF-xB

P-NF-xB

Lamin B

IxB

(B)

1.0+

0.5

NF-x B / Lamin B ratio

0.0 -
TNF-o/IFN-y (10 ng/ml)
AG (100 pg/ml)

Time (min)

+

30 60

+

5

0 15 30 60

(D)

1.0

0.8

0.6

0.4+

kBa / Actin ratio

0.24

0.0-
TNF-o/IFN-y (10 ng/m1)
AG (100 pg/ml)

+

+ o+ 4+

Time(min) 0 § 15 30 60 5 15 30 60

Figure 5. Effects of AG on translocation of NF—B in HaCaT cells.
Cells were pre—treated with various concentration of AG for 1 h p

©

041

034

0.2

0.1

p-NF-x B / Lamin B ratio

0.0

TNF-o/IFN-y (10 ng/ml)
AG (100 pg/ml)

Time (min) 0

+ +

+

15 30 60 5 15 30

(E)

0.8+
0.6
0.4

0.2

PIx B / Actin ratio

0.0
TNF-o/IF N-y (10 ng/ml)
AG (100 pg/ml)

Time (min)

+

+ o+ o+

5 15 30 60 5 15 30 60

rior to treated with TNF—a/IFN—7 (10 ng/ml) for indicated times. (A) The

degree of NF—«B protein in nucleus and |kBa protein in cytosol were analyzed by Western blot. (B—D) NF—«B and |xBa expressions were

measured using Image J software. Values are mean = SEM of t
(=) and *p ( 0.05. **p € 0.01 vs. TNF—a/IFN—7 (+).

hree independent experiments. *p € 0.05, *p < 0.01 vs. TNF—a/IFN—7
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v, 1 #

M =0 ofEn mREE Y0l WS oA vhg o=
o7 o 7|5 &40l VAR A7 = Jlo] 44y
M ZE o] &3t ol En TR Y A9 a4 E3F Foix|aL
At A Aol MEH, AGE H|THA|Z tir gEl 27 5
Zdo|A JNK 9 NF-xBe] EA3IE kA & =27] vt
22 JRA T Buslgom? RAW 264.7 A ZJAE
g9z avs et Rusigeoy” ZAPgNE
HaCaT AlZo|A 9] §AF A= YA gt 2 A=
7o WY A FE AMGEHE ZAFPPAEZE ©]&std
| BA3lo) ¢ EolF oz AGY FY 7|5E BAS =ROoF,
AG7} TNF—@/IFN-y & Z=35 HaCaT M| ZoA I3
O|EFIQIY [{AA WA Ato]ErIQIe] whuld Ity o
MAPKs¢t NF-¢B A3 Ag 29 u|X= F&F tis) &2
Ei=y

1= QA9 7Y v EAstE 7R R, AU +=&
£4 9 R J35) 29 HYLS ot g 9 o,
®7)9] 950 ZAAFNEE LAY, ZAPA
HlzZo] ggstel o o] AR W EAFS B8 L2
Fedo] YR Y=ol F2L FE F glon], Aol o
S oley] Hugs 2L 454 ¥ Ago] fud £ 9
o PPN EE QR AFT} A2 9 o
Amlz} Aol E7I1E Ateta, Bl 4 % WS
dorle Aoz deiA glon'”, 53] TNF-e9 IFN-7]
R ATE @54 Aol Ehele] M gAFH Y Bulg Sl
DR 4%L 7143} s, ofEy Ry 22 fRYe
YN Ao mudn

&, obEw] WEEL Thid Th2 AE Ato] o} Wejsty]
TFo] FUAHA EXAAQ] Hi GFo] FYst= ¢y E7]
Ao R olEn mEY Ty TA A= FHAY HF ol
Z718t3, A"zt £AYA L Thi ¥h-go] Yehdeh? wiw
olEy FA v WA= Th2 Alo]E7}elo] #HitEoe|
El=d|, ol gE27] 9§ §8 ¥ ot AW WY
8h8-2 AT, ofEm DRy mR 22 oA dFukg
o] doju A AR A 2= FLS ATt A A
sl 752 oM, EFol Bt E5A AlEIQIY W
o] Uepdth’!' ™ E3 o}2n) 15 o) w7 Mo Fojst
o7 ZAF YN EZ= ¢ 27 FH 3 L2EGA Fo =&
=¥ TARC, IL-1A8, TNF—e¢, IL—4, IL-6, IL-8, MCP-1
% GM-CSF9} Z-& 94574 Alo|B7helg Buls) 2 3A)
9] 34 £E2 AN, 454 URARL Fursicn
deiA Yok, olget &4 AtolE7IQl £ TARCS MDCE:
Th2 Amzlloz wHR g2z Jeg zPstn
IL-6% Z- AP APA Lol A INOSE COX-29] HEFS =7}
AA gEukge] 383 93 9 -8 TAZ L 5
79 setEAdo| HAstAY 3| AENIS BH|E A}
3IFIE BAIEIY, TNF-o9 22 23] &) 2u|g
AEURS-S RS 7152 ) B AT AGTE A5
Ao E71219l TARC, IL-6 ¥ 1L—82] §-34}F @& njx]&
AL Felg A} AGE IL-6, TARC ¥ IL-8 §&=}
S AN FH,

TNF-e= @35 2719 g £92 5575 F=5H,
B4 93-S Aoy T o)) Qtelm™ GM-CSFe
FAZHANEZE FEsto] A5 AR FA]of Hojst,
Z AP A ES] 1424 (hyperproliferation)S J3Hgho 2 4
ofEn WY Fxto] mRoA xR FHECTHE A0
2R, IL-18% WA B43), FnFe) 55
To] YoM Z e frste, Amsilel S EAstete]
A% R A=) e ot EF IL-18%
AHrSol A Fadt HARIAQl NF-¢BS] SA3E 3
MCP-19] #d& ZF7MA7]ed, MCP-12 3 yRofA
dZol LAt AN Z} Tl rt FY AS o Ha
=] gRo] dfsiy AsE fusted Fad 43S sk
Amzlelolh B AxelA AGTF @54 Alo|E7kole] Tha
A FHo) nNE FFE E4% A3, AGE IL-18, MCP-1
2 GM-CSFe ©¥id Haxs FosiA AAAH Y
TNF-e¢9] Hdol= FFE XA gt o= AGZ 23
FAAZ ] IL-18, GM—CSF & MCP-19] ¥d A& 53
5SS JATES u|gitt, o] AAE FTHI| HH
AGE TARC, IL-6, IL-8, IL-15 , MCP-1 @ GM-CSF
o e ASA AIEA B Almsile] ddS AR
24, 45 I Az 23 Y &S IR, otEn b
AL A3t 5 Stk AL u|sich

MAPKst MZ W AsHg AAR, o 2o 23 &
3= 3 NF-¢BF 22 AARIAES E436te d5uks
Qo T3ttt MAPKs: ERK, JNK @ p38& o]Fo|A]
om, WAk A QlAkE} WS T WA RN F
23 Aghe At weba MAPKs Alsdg 2Ee ¥
5 f5 B4 ozt T 4= Stk £ AFollA AGTE
MAPKs AZHGH 2 nXe FFS dotd Fat, AG7H
P-ERKS 4&S& FaA

NF-xBE Ao|E7IRIS] A4S 2Edte HARIZAR, ¢
vt o2 NF-4Bx= AZE WolA inhibitor?l IxBS} 2
sto] B|gA AR EAStA| T, RAF o2 [xB7F QJAHE}
= 1xB7F #3E T, NF-«BE AlZHofA 3 ¢toz oF
g & oko @ o|%a NF-,BE DNASH Agste] g%
AAE BHSAA AFH Al EAIY TR FATTY,
B Ao AG7} NF—£B9] translocation®] "]X|&= IS
B35 A1}, AG7} NF—4BY translocationg Z4AAl7]=
AL st ol AG7} ERKQ <Ql4kstel NF-«B9
translocationg AAstaL, o|2 Q3 HFA Ao]EFIIS
HHS 2], olEn gRGn e AF ATS 4spA
F Stk AL 9ulgit,

Ay Azes TEE EW, TNF-¢/IFN-y& ZA=g
HaCaT Ao AGE IL-6, IL-8 ¥ TARC -4} @adS
ZarFHen, IL-18, MCP-1 ¥ GM—CSF2| thifzl a3
FE AAFT, E3, ERKY 4kstel NF-4Beol 3 4
translocationg #rAAA FSEHS-E JASHATH o4 2




Hif $2E0] Y5 ZAZHAZY g8l vAE 9% 17

2 A7elA el 9 28 53E Av ] f8) HiEv
HaCaT MZfA A58 AtolE7HR1e) f2A} #@A I} Afo] =
7helo] Thil A W ol WX ¥, MAPKs AlE A Z =}
NF—B A% Ag B2 vlals 932 Bt gt 22
AES At

1, EiEe TNF-a/IFN—yE A28 HaCaT ANZA
IL-6, IL-8 ¥ TARC FHA H&S FostA TaA|
At

2. EE= TNF-¢/IFN—yE A3 HaCaT A|ZoA
IL—-18, MCP—-1 @ GM—CSF9] iz dtg =k G 9
SHA| A FH T

3. Eif= TNF—a/IFN—-y& A3 HaCaT A|ZofA
ERK9] Q14t5HE F-28tA Al

4, BEFEe TNF-«¢/IFN-y& AHeg HaCaT A|ZjA
NF-xB9] translocatione -F-2|8}4 ZAA|FH T,

oje] AitZ EiFt HaCaT AZo|X HFA AMo|EF}
219l IL-6, IL-8 ¥ TARC $-3#} @&} IL-18, MCP-1
9 GM-CSFe| ©id HHE 314 A]7]31, MAPKs A8 A
ZA 204 ERKY Q4SS (-8t AAIstH, NF-«B 4&
A AZA NF-,B9 translocations A5l 42 H
Ao A Fho B3V &S SHAHL. ol EEIY
oley mRg F4F TAM G4 &9 ZA E = v
AL AAFETE,

el 2

o] Aot AR (e EFARL)S] AYoz FFAT
Ao 2 ¢S got =815 A7 (No. 2020R1A2C2005836).

o] =B 20219 AR (W&H)] Yo =2 st=A1A
@] Y ol £3E 7|2ATAIIY (2021R111A1A01
043143).
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