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Protective Effects of Chijabaegpi-tang on Atopic Dermatitis in
TNF-0/IFNy-induced HaCaT Cells
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Mi Hyeon Hong'?®, Chan Ok Son'??, Se Won Na'??, Yun Jung Lee"*’, Dae Gill Kang'*®, Ho Sub Lee'***
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Chijabaegpi-tang (CHG) is an oriental herbal medicine that has been used for its various pharmacological effects,
which include anti-inflammatory, anti-oxidant and immunoregulation activities. In the present study, we investigated
which skin inflammations are involved in the TNF-a/IFNy-induced HaCaT cells. We investigated the suppressive effect
of CHG on TNF-o/IFNy-induced HaCaT cell production of the following chemokines: macrophage-derived chemokine
(MDC)/CCL22; regulated on activation, normal T-cell expressed and secreted (RANTES)/CCL5; and interleukin-8 (IL-8);
thymus and activation-regulated chemokine (TARC)/CCL17. The pre-treatment of HaCaT cells with CHG suppressed
TNF-o/IFNy-induced nuclear transcription factor kappa-B (NF-kB). In addition, CHG inhibited TNF-o/IFNy-induced
phosphorylation of ERK and p38. TNF-o/IFNy suppressed the expression of skin barrier proteins, including filaggrin
(FLG), Involucrin (IVL) and loricrin (LOR). By contrast, CHG restored the expression of FLG, IVL and LOR. Taken
together, our findings suggest that CHG could be a therapeutic agent for prevention of skin disease, including atopic

dermatitis.
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ofEn] mY A (atopic dermatitis, AD)S F2 {Qof ¥ 4o}
71o] Igste WY E2 ALY g5/ mEAsgtoln], Mgt It

A5 39 2% ‘3—! ¥ E 59] el ’““"B*Oﬂ X FAE

ARIIR] LY¥A AydHozi AgFolm I ZALY
(calcineurin) SRIMet 2 FAx2APL gov, BaHQ o
o Dy Ato]F2ARF (cyclosporine)dt 22 HAl HA|
A, 4750 L FHK QW] AL}, o2d xage A
71X & Al Yehte BR8] AZst ENFoR TR HA Hot
dHT GO % IS AAE AA2 st A2y L AA

Thymus and activation-regulated chemokine (TARC/CCL17)
9} macrophage-deraived chemokine (MDC/CCL22)= CC
cheomokined]] £3t0] MRZAANZS LA hget *ﬂioﬂl\i 3
AEd®, TARC MDCE Th2 F=Zp7l g5x9z ol5g
stol ofEN MPPW 7L The AEo| WA AZFH nmeuoﬂ
%93t cheomokine® 2 A 9}, T3t ofEn WP FHx}
o @3 S=olA TARCS MDC7H gojsbA aslo] ggled,
ot olEm muQ Fsw FAWAT 9ee HoFA). met
A, DRZPAEAN TARCY MDC 449 Zat olEm 12
I e 934 RPN ansal A2dol I 4 Yck oA
B0 oot mRAAAZ|A TNF-o/IFNyo| {2k AT
WAl @ZA cytokine/chemokine59] ¥dS p38 U ERKe}
© MAPK, 12]3 NF-xB &4 oFd] ols] Haj fctn &
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A Aoy, oldt Z|MAA AAGN e fuAAN LN FEF
2 3 & 15l gelAE obatal gslct

guol z8 PYAEY ZAAYY AEL Buo) 95% o]4HL
X5t 9o, Balrt AREH 7|A S04 ZAlE o] AX}A O
2 w19 wgdEat ZAR”Z oA loricrin, filaggrin 59| I ¥AH
il wspl SXERy, Baho] niAle gAYl AREL AR S
Hostn mupol A3 SUS YRS A4S Y
ANz Bole ufo Qs wah mux m
A &EW A354 cytokine/chemokineo] HH ]5]931 A=z} bR
¥R FN3 Ze 340l dehinl, 0ysg
vels 2o MRAROR olojd 4 ALY, HetH, oy 1
HolA mEgY 7]‘58 A7 A2 otk mEE X&0
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)., H(ERR) HEF(FHFE) 5'}}011 AR EE AYgez RAHiE
F), Fu(EM), ZE(HE) & 359 oz FHAY. K&t
Aue 24 IA F fRAAAZNA AR GEA o] A FA
Z 9d3E =ugo] 9ot 1 o Y oA WEA] o
Ay OHE Aol 1ug AAE ZJdshe AAMHLEO
oten JANEMNE S5 4 9o} TNF-o/IFNyo] 9J3t x]xHh
ngo] g3 A % ofmo] ATt A= BUEA Gt

o] & AN mEo HATIHH F=2 AESH:=
HaCaT MZE o]&sfo] TNF-a/IFNy2 =Y FF5&HNA Al
AV S G =2 AotRS o, [EAAAZO] ofEx]
H5oY chemokined] E/gut mMEFHGWMAO] 3| &0 O)A]+=
FFA 3 7180 tiste] Lotr R} Fict.
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1. A]&29 Az

RX|At#io]&t (Herbarium voucher No. HBJ162-01) 1 ¥3F
4 groF g £33 3 Lo 29 M}A A 7145 AEst
201 A 3 R FESYT. @R E ol &sto] ofupEt o
, o]l evaporator (EYELA, Japan)g o]&ste] ZAd%s%a}
F9E 72 x5t YSET U

koo 2 mfo

ol

Table 1. The composition of Chijabaegpi-tang

3. AlAtuge] AESY B2t

HaCaT M ZojA X|Ajuum]ee] NEZEAHS BAMsH7| 95}
MTT BA¥2 o]&sto] BAM3Igct AZE 1 x 10°cells/ml2
24 well A= v{FE7]0] EF3t0] 24 AT ot odat & 2, &
%ol ZWY DMEM HiA|2 24 AJZF 5t vigdsto] NERIIE &
A3} stct X|APEEEERS =¥ (10, 50, 100, 200, 500 pg/ml)
2 24 A AYSF I, 5 mg/ml =BE9 MTT
(3-(4,5-dimethylthiazole-2-yl)-2,5-biphenyl tetrazolium
bromide) A]2Fg ZF well (0.1 mg/ml)o] 21 4 A|7F S9 v
stact vig & ASAS AASL 300 pl DMSO (dimethyl
ARBAE &3l &, 96-well viFE7]
of 200 nl/wello] &7 microplate reader (Tecan, San Jose,
CA)E 0]85}9 570 nmo|A] &L x2 ZA519ct. Phase-contrst
microscope (Thermo Fisher Scientific, Waltham, MA, USA)S
olgste] Wate HaCaT AZS Fejats ST AZ 54 B
sk 100812 AbFl FYstct

sulfoxide)2 @0} formazan

4. AR7F JFA XA 58 g4 AMYFS (Real-Time RT-PCR)

HaCaT AZE 6-well d]F&7]0] 5%10°cells/ml2 BF5t,
R AteRa] &S 1A]7F A A2 519t TNF-a (10 ng/ml) ¥ IFNy
(10 ng/m)S BZstel 24 AIF 5% A2 x}2stgion, 2
welld 1 ml9 Trizol €9 (Invitrogen/Life Technologies,
Carlsbad, CA, USA)E o] ANlzut2 m}i]stil total RNASE &
&5t9ct. 1 pg RNAE reverse transcription kit (Roche,
Indianapolis, IN, USA)Z o]&35}o] cDNAE 3435 &, SYBR
Green PCR Master Mix (Applied Biosystem, Foster City, CA,
USA) 9} StepOne™Real-Time PCR (Applied
Biosystem)2 Al235}9 real-time PCRE $3§5t9ct. PCRE 9
5ColA 108 S99 %7] WY %, 95°CoJA 15%, 60°CoA 1&,
40 cycles®] x7Ao=z 23885191, housekeeping SAA}Q
GAPDHE &Alo| £75to] RNAGZ BAsHth. #A AR
Alsfetol Abgstglonl, 7t primero] &7]A %

Table 20 JehARIct.

system

fo Jm r

o]A 9l primerZ

Table 2. Reverse transcriptase PCR primer sequence.

Herbal medicine Herbal name Dose amount
HE Glycyrrhizae Radix 40 g
®F Gardeniae Fructus 15 ea
&M Phellodendri Cortex 80 g

2. WEZAA Nzo] ujeF

A &S]y keratinocyte?l HaCaT A|EZZF=Z Dulbecco's
modified Eagle medium (DMEM, Gibco, Grand Isaland, NY)of
10%(v/v) fetal bovine serum (FBS, Gibco, Grand Isaland,
NY)z} penicillin® A7}t & 37°C, 5% CO0.9] 7] (Model
3154, Forma Scientific Inc, Marietta, OH, USA)o|A] w5t
o A2 2~39 HAoz AUl ste] FAlstA.

Gene Name Primer sequence
MDC Forward-CCTGCCAAAAGGCAGTTA
Reverse-TGGGGGAAGAAAGGT
TARC Forward-GTCTTGAAGCTCCTCACCC
Reverse-GGATCTCCCTCACTGTGGCT
Filaggrin Forward-CAGTCAGACTCTAGTACCGCTAAGG
Reverse-CACTACCATAGCTGCCATGTCTC

Involucrin Forward-CCCATCAAAGCAAGAGGAAA
Reverse-AGCTGCTGATCCCTTTGTGT

Loricrin Forward-GTGGGAGCGTCAAGTACTCC

Reverse-GAGACGCCTCCGTAGCTCTG

5. gl 2% d Western blot £4

XZE PBSE AMA3F 3, RIPA buffers Atgslo] Hzs &
ol AlA duldg ZEshgich. &8s @ AIZE 13,000 rpmog
4ColA 15 #3+ A Zste ESF FE5HZ  ol&std
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Bradford& ©]|&35}o] ThelAl Zak8 SDS-polyacrylamide gel
2 7] J&oto weits

membranes (Amersham Bioscience, Buckinghamshire, UK)Q
2 transferst®@ct. 5 % skim mik7} $-8% Tris-buffered
saline containing 0.05% Tween 20 (TBS-T) £9%of] Ar2ofjA] 1
AJZt blockingsttt. Blocking & 1A} gA|et §HSAIZ1 & 24 &
A9l horseradish peroxidase-conjugated anti-rabbit IgGS gt
SA]7]1 ECL detection reagentsS AL-g35to] Thllzlo] utyd A g
£ ot

Hybond-P+ polyvinylidene difluoride

6. i NzA fef

AzAox Aoz o]Fsh= NF-xBY &¢I F4sH7 $dl
NE-PER Nuclear and Cytoplasmic Extraction Reagents
(Thermo Fisher Scientific, Waltham, MA, USA)S o]&35to] &
25igict. 2eld at N x™2 -80°Coll Easieict.

7. EAHASAY (ELISA)| 93 MDCe TARCO] &4

Chemokine (MDC, TARC) ELISA kit
(Invitrogen, Carlsbad, CA)S AM&d] ME 459 o] EX|st=
MDC ¥ TARC ¥H|ZFE microplate reader (Tecan, San Jose,
CA)Z ol§stol 540 nmolH FF=2 5735tect.

A2/XOo  7W7b
0w i

8. &

£ XY RE Ast: 7 AYZ 7o) WK mEHEAE
RA|StY o0, Graphpad InStat ver.5.04 (Graphpad software,
Inc. San Diego, CA, USA)2 o]&5to AFEE]9 00, mean+SD
o2 ®A5IYULt. Student t-testZ A|3§5to] p<0.05 0]THe] HL
S0o]X4o| Qr Aoz AZstor.
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1. XA1eB ] &te] HaCaT A2 Tfdt AlE5%4

R Armeto] MEZEA WHolE 31517 95t MTT assay
WAE o]8oto] NEEHE Flstct. AAMInE-Z 10, 50,
100, 200, 122]3 500 pg/mle] HE2 P2 1 BE FIyZ
oA AzE/do] Ueptx] dth(Fig. 1A). Ed, 34 ZUA
TNF-o/IFNyE A25tgE Z Qo= Nz AFEo] X|ArHm]eto]
3] = QENoR ZIIEHJOH NE g Ry} Hn
o SASHAl UERETHFig. 1B). wahA o] A2 F/4o] ¢l
37 5= AN S35t

rr mjo

2. R|Areimleto] MDCO TARCY] Ao ]x]: J&k

ofEn] AZ4rS Z AMAMEL chemokine?] ¥Z9 MDCe}
TARCO] mRNA @3yt Az o WALFS 53 s71Ys) AAT
NLA A 33 64 AUy gAHAEZPHOo T ZA5IY
tt. 32 ZAat, TNF-o/IFNy A}30] 95 MDCQ TARC mRNA ‘¥
do| Z7t=9l(Fig. 2A), N Zuj¥d U MDCe TARCY| &%

=71l QirkFig. 2B). 12l AlxMime srolExos MDCe

TARCY] mRNA st Azelge]  5E8 oA A7 chFig. 2).
Ausoz AxMLTe [N MDC U TARCE &t
qoz oMgozA ofEy myd FAZ Wl AN T
QIsteict.
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CHG(ugm)

Cell viability
(Fola of control)

Optical density
(Fold of control)

cn TNF-alFNy (20ngfm) )

CHG (ug/ul) SR - I U]
Fig. 1. Effects of CHG on cell viability and Th2 chemoklne expression
in HaCaT cells. (A) Cell viability was measured was using the MTT assay.
HaCaT cells were treated with various concentrations of CHG extract for
24 h. (B) Phase-contrast photograph of changes in HaCaT cells cellular
morpology. Magnications x 100. Cells were pretreated with CHG for 30
min, and then stimulated TNF-o/IFNy for 24 h.
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Fig. 2. Effects of CHG on Th2 chemokine expression in HaCaT cells.
Cells were pretreated with CHG for 30 min, and then stimulated TNF-a
/IFNy (T+1) for 24 h. (A) mRNA levels of MDC and TARC were measured
by Q-PCR. (B) Culture supernatants were collected, and ELISAs were used
to measure production of MDC and TARC. The results were confirmed by
repeated experiments. Data are presented as the mean + SD of three
experiments. **p<0.01 vs. control; ##p<0.01 vs. T+l (TNF-o/IFNy) alone.

3. AAfME o] NF-xB 2] nlAlE 3
9% e AWel AARZUAY NF-xBY 23 p-lxb
rofus] %) g AT
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Bajste] A AZolN W WS ul@sdon], WAYWE  mRNA Wi Chm wdo] oF HYL, AAPMEte] ofF
M¥e 3| NF-xBel 3 U REPYe wimsigich 1 A, 2E: g slsigch Sd), 100 pg/mle] HEH &S 3%
TNF-o/IFNy A}20] oJ3] NF-xB 3 U ©him wrado] 37be9l 212 Mtk mepy & Auts xApgo] myo] 2e)d g
2, p-Ikbadl F9E AEPoIM ¥37t ZtEUch Talt A S =AZ 4 ULS FaAsk

Apam) et g elo] J8) TNF-o/IFNyo] oj2 NF-xB 810.29] o]
S3t p-ibad] ¥317t @A oF El9ickFig. 3A). £8 A
YRR 0|83 AMIME TNF-o/IFNyZ SEH NF-xB
A 22sh 37K G AR o8] & U o] 5o] Axst
A A= 9ckFig. 3B). ol=lg Aab KMol TNF-o/IFN
Y2 §&% NF-xB 3 U o]5it p-Ikbo9 E|ES AAFTCZH

AZNSHY ZA2Q NF-xB AZHLE AT £ 93e &
shqict.
T+I(20ng/ml) - + =+ + +
CHG (ug/mi) - - 10 50 100
[FIKB]|—--—-_ —_/|
CE
ﬁactlll _J|
NF-kB p65 ——
NE
Lam'nB|--—---’
B T+1 (20 ng/mi) - + -
CHG (pg/mil) — =
NF-xB
P65
DAPI
Merged

Fig. 3. Effects of CHG on TNF -a/IFNy-induced NF-kB S|gnaI|ng
pathway. (A) Cells were pretreated with the indicated concentrations of
CHG for 30 min and then stimulated with TNF-o/IFNy for 30 min. The
level of IkBa protein in cytosol and NF-kB protein present in the nucleus
were determined by western blot analysis. (B) Immunofluorescence
fluorescence microscopy showing NF-kB in HaCaT cells. Representative
images from three independent determinations are shown. Scale bar, 10um.

4. AR o] ERK L p38 MAPK o] ulxl: 43

MAPK: HAflxtel NF-xBS @4st A7l Axt2 A|xpaa
g9 932 Lolwuxt ERK % p3s MAPK 4e sralstgich
1 ZAyb, TNF-o/IFNyS @5 Aa5t99E of ERK € p38 MAPK
4t 7D, AN AR s9e Ui ERK U p3s
MAPK o] 5 &R0z of =QicFig. 4). olgt 2& 2
e ARPMYGe ¥9F ol ERKY p3s MAPKY sy
A2 R Fotol olgol A 2 AL BAKAL.
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Fig. 5004 Axngo] ogh 2 4% sls £8t]
Rl YFS LotE7] 9o mfgHzd Ao osjix =2
A guel AMAY J15e eAsHl st mugEciamg
mRNAS} ThiR wg glstgich 1 AW, tiazol uls)
TNF-a/IFNy A}=0o] 9]} Filaggrin, Involucrin @ Loricrin9]
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Fig. 4. Effects of CHG on TNF-a/IFNy-induced activation of ERK and
p38 MAPKs in HaCaT cells. HaCaT cells were pretreated with CHG for
30 min, and then stimulated with TNF-o/IFNy (20 ng/ml) for 10 min.
Phosphorylation and total protein expression of ERK and p38 MAPKs were
detected by Western blot analysis using specific antibodies. The band
densities are expressed as percentage of TNF-a alone. Data are presented
as the means + SD of three experiments. **p<0.01 vs. control; #p< 0.05,
##p<0.01 vs. T+| alone.
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Fig. 5. Effects of CHG on TNF-a/IFNy-induced expression of Filaggrin,
Involucrin and loricrin in HaCaT cells. Cells were pretreated with CHG
for 30 min, and then stimulated TNF&/IFN&G for 24 h. mRNA levels of
Filaggrin, Involucrin and Loricrin were measured by Q-PCR. Cells were
pretreated with CHG for 30 min, and then stimulated TNF-a/IFNy for 24
h. Protein levels of Filaggrin, Involucrin and Loricrin were measured by
western blot analysis. *p<0.05 **p<0.01 vs. control; #p<0.05, ##p<0.01 vs.
T+! alone.
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A RO g FHHE)C2 Fol FH1 AFE)O] Ye A
of AHgelo] gt 2yt xAPH Ry otEm] mB o] gt A
A a5 #AF HAAQA FYo] o] Fo|XA] It ofo & A
T+ TNF-o/IFNy2 SE3 A DEZANzoA ofen] mjigd
I HE 4% YA 2 mRguoEd Jjdans §sto] ARk
mgo] ofen mRY &3 FF L I 71Fo tisl Lotr ot
HA] A ApRmgo] o3t RN RO =4 L NE BES
HAe RASt MzH3E ans sttt MTT assays &3l
mRZPaAze] 548 #QAg Ad} 500 pg/mlo] FEZHA] Al
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E/do] WALA] AYow, phase-contrast® ESJAE TNF-a
/IFNyZ 7248 AE AE0l AxMme Axajo] o) F7iee
Boic ol AAMMTY 3 JFUWARY TNF-o/FNyo] o3t
AZ Bs 2w Hd ¥ 4 A

ol Ex] d tj&AQA Th2 chemokine®l TARC/CCL173}
MDC/CCL22: gz 829]2 Th2 N2 o] r}fst BARAE
o Wit g AZRY2 fEste Ao dA Yot =H
otEM mE A EXte] FHoA tF FEEol otk muP T
o uj/igAYgol FEHULY. et £ AFIHE A|AHm g
Ao gg 45 $HeE A% HRAEAZN ofEn mEH
oA 23’dE= ti&AQ chemokineo] s AstAct. 1 ZHal,
oY ZFRIA 2o A TNF-a/IFNyo] 2|3 TARC € MDC mRNA %
Fo wd B o ohuz AU BHF 94X vtz ok A

M

Rpujgio] os) oM e Rtk ¥ AWL Fotol AxAme)
oz aits gostgon, og e it Axvyz A5®
duphrte] SES AMAZCZA ofEy muY Mol
Hs4e gg Aoz Azwd.

NF-xB: TNF-o/IFNy9} Z-& tjokst 2o &A4ste|s &
Q3 MALQIRto|c). ThoFst AEA Ao o5 MZA o] NF-x
L Mo o534 Hi p-lk-Bast EafiEo] A5 uj/fEA]

BRe St 9. o]d Muo] w29 TARC ¥ MDCO|

el yo it

% . & dFdNe °l§ g ‘0}71
146]1 NF—KB, p—IK—BOLQ] b wst, a2l FAduF S %6}
NF-xB 3 U] o]zo] thgt A|xIujgfo] FFZ —TLO} . a
3}, TNF-o/IFNyo] 93] S 5% NF-xB 8 U 23 U o], 17
T Ik-Bao] R3l& Ax Lol RIAIZL) o2 B A|xpum
o] NF-xB &4 ¥ p-Ik-Ba &3S dA] A]ZJo2H TARC ¥
MDC 23’3& Adliste &3t 7HXY ol Zupxog A|Atufu]gf
o] ofEn] mydozo] XPL AXst=r PgFL A Ao A}
9o E3 HREZAIAANRAAN TNF-o/IFNyo] o5 {Ed
TARC @ MDC AJ4do] MAPK7} #aigjo] glom, o] TNF-a
/IFNyo] 9}3] $£% p38 % ERK 4ol A\xfmsgio] fapso
2 Jqge AT 4 Ak

249 U3 g 5L olEx UyY U YT ge [y
Aste Godicty 48X ot Filaggrin, Involucrin, 2]
Loricring mE3HE J4ste o Doy ol T
At 71540 ot miuy IHI|H FFE 77]7<l“ Ao
2 g3A P’V olo] £ AN E XAuugto] 2aly Y
o tlAle gl disi A¥stict. I Zal, mRZAA RN
INF-o/IFNy: Hsgeumae oxazion ot Axtng
of el Ak o2 Fa Uxo| 2R A5 A
715, 249 g gudE 9L ua Aoz Aadch

oo Ashs FYstY, AAAYFE ofem A Y
ArEe oA AZIL HEAE A5 $¢ L AN 2w A 2
o2 yepton], ol AAMMmgo] NF-xBet p38 U ERK 22
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