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ABSTRACT

Macrophage-derived chemokine, C-C motif chemokine 22 (MDC/CCLZ22), is one of the
inflammatory chemokines that controls the movement of monocytes, monocyte-derived
dendritic cells, and natural killer cells. MDC/CCL22 is a ligand for CC chemokine receptor 4,
which is expressed in T-helper type 2 cells. MDC/CCL22 in serum and skin lesions is
elevated in atopic dermatitis, which suggests that chemokines produced from keratinocytes
are responsible for attracting inflammatory lymphocytes to the skin. Keratinocyte is a cell
type in the epidermis, the outer layer of the skin. Keratinocytes grow continuously by mitosis
until they reach the upper epidermal layers. A major signaling pathway in the interferon-y
(IFN-y)-stimulated inflammation response involves the signal transducers and activators of
transcription 1 (STAT1). IFN-y signals regulate phosphorylation of STAT1 and production of
MDC/CCL22.

We investigated the inhibitory effect and mechanism of action of dieckol in IFN-y-
stimulated HaCaT human keratinocytes. Dieckol inhibited MDC/CCL22 production, which
was induced by 10 ng/mL of IFN-y. Effective concentrations (5 and 10 uM) of dieckol
suppressed the phosphorylation of STAT1 in a dose-dependent manner. STAT1 is an
important key transcription factor in the IFN-y signaling pathway. Dieckol also slightly
suppressed the phosphorylation of the extracellular signal-regulated kinases (ERK) pathway.
ERK is one of the MAP kinases.

Results suggest that dieckol affects the inflammation inhibition effect by regulating

STAT1 phosphorylation and can prevent inflammation.

Key words: MDC/CCL22, keratinocyte, STAT1, dieckol, anti-inflammation
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(Shimada, Takehara & Sato 2004, Maeda et al. 2002, Jakubzick et al. 2004,
Jahnz—Rozyk et al. 2005).

AP ML (keratinocyte) = I ZHA T FAo] QlojA A A

2, gFoA dojrp= W Wk A AxE Ag5th AN EE N
o] thekst aAFEo] oA interferon—gamma (IFN—7), tumor necrosis
factor—alpha (TNF—@a)9} t&o] kA dAFd MDC, TARCS #2 A
(cytokine, chemokine) 5= wHISHA =, o]2]st QA9 BdF = 2bzt
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MDCS®} #2 AlRIIlo] AFFHo] IFgA 7= AT A3l olEnA
REAL 7S (pruritus) = 5O R Sk dx A A5 IF HI

sz, GeAA v, 719 8% @ dEAe G

oX,
i
riat
o
N
k
ol
ol
v

Y A9le sl FEsAE Behn QAT #4229 Hie] 4
Q) 99, Welsy A9 5 ofe] 7bx AFo| BFHOE ol ABOE

ol 4] Ut} (Sandstrom, Faergemann 2004). o}E3A Ao we H&S
A ekal Sl A I Aol A9 Immunoglubulin E (IgE) 9F & ¥ 7] <
oja WAst= A7t Wor, ojgst VAL 5% A=l diE =244 vk
Hupe= T AlZ7F #ofshs AAP whsol #A vk Bark Qioh &5 744
FAAME, THEZT (T lymphocyte) 59 vhFet Al32¢t MDC, TARCS 2
o] 7HA AAEE ofEy] Rl WA #ATE = Ao HiuEe v
(Soumelis et al. 2002).
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=5 signal transducer and activator of transcription 1 (STAT1) A3 A
71do] EAstE o] 945 REgo] dojdtta ®ad w Qlvk BEd, A AR
of IFN—7y =] Folgl& W, STAT1 HAF AAHERE o2} MAP kinase &
b FAst Fva A QA oI Als Ad VdE FEA AEe
MDC/CCL22, TARC/CCL173} #2 154 ARTIRIY Ao fEHM, I
A3l HFZolA AT o7 de] AL s FH=E e} TAES] HF
7V 7t HaE wE gltk (Madonna et al. 2008a, Ju et al. 2009).

STAT12 IFN—y A=Fo =z 23] AM>E YFoA 23 E+= janus kinase
(JAK)/STAT <14k3}t 37g oA 8] AArlAtoln] (Han et al. 2002), Al fF
& do7]= IFN—77F IFN—y —5&4 (IFNGR)$} A#3tH STAT19]
atstE o] A ARl ATASAAE AAshA Ak STAT1 AzE g
WA JAKL/27F QatstEn #4d3kE JAKL/2¢] STATI1ol Adste]l oA
STATI1e] 143t H= #AHES 71Xk Akske STAT1 (phospho—STATIL:
p—STAT1) 2%A (dimer) & o]Fo] A2 3 YF=Z olFatA =i, 3
oA AARIZAFZA MDC 5 ofg] <1xe] wHds Asiva e o
(Ivashkiv, Hu 2004, Best et al. 2005).

Mitogen—activated protein kinase (MAP kinase)°l+= p38, c—Jun N-—
terminal kinase (JNK), stress—activated protein kinase (SAPK),
extracellular signal-regulated kinase 1/2 (ERK 1/2) & %< $F9 kinase

7b =AY, o]# 3§ kinasew AAFY AzAdY ArRE Fal darstE oA
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2012b, Kim et al. 2012), o]2]3t 7 A3E B2 2 A5elM = dieckolo]

[FN-7y =2 #5548 95 Wes 2o A2 PAZAM F7eks MDCE 37

ofN

1 STATI1 QAsE SAsh= 297 A=A E otz AdS %

oft
o)

o},



I A5 2 Agy

Human adult low—calcium high—temperature (HaCaT) keratinocyte A3
v AFdigta gebdEdigtde] ZEA wFHOo RN Alyutol AREF O,
eckol?} dieckol:> AFtistn ety ojgs uwyHORFE Ay wol
dimethyl sulfoxide (DMSO) ©fl 50mM?®] ==& 8]Aste] 5, Kyl ALS
gt A=A 2 AFE-® Human interferon—y (hIFN— 7 ; recombinant £.col)
+ Gibco (Grand Island, NY)olA, MDC ELISA duoset kit R&D system
(St.Louis, MO, USA), anti—STAT1 &A= Santa Cruz Biotechnology (Santa
cruz, CA, USA), anti—phospho—STAT1 &A= Cell signaling (Beverly, MA,
USA), B —actin &A= Sigma (St. Louis, MO, USA) oA T3] A& o] Al&
o} =3 STAT1 AAAZ A8 epigallocatechin gallate (EGCG) ¢+ ERK

AAAZ AHEE PDI98059+ SigmaclA 8l AR O™, Ao ALEE 1

N
=
Hl
=
02
=
=
Hl
0=
I
or
ok!
N

HaCaT ZAEAAYEE 10%29 8o} d% (fetal bovine serum; FBS,



Gibco) ¥} 1%9] antibiotics (100X antibiotic antimycotic; Gibco) & % 7}st
RPMI 1640 1X (cellgro, USA) WA & °]&3te] 37T, 5% CO, s =7} 45+
Gt oA weFR AES Al ik AE7F iR AL WA el oF 80%
AE7h & W 0.05%= 34 EYA (trypsin—EDTA)& o] &3] A& )
FHANA EEletal, AZ-EA EFNE RPMI #iA=Z T35 7, 4 &
2] (700rpm, 300%)3te] Al skt

AE BESES WST assays T84 73k A% (1.0x10°cells/mL) =
96well plateol] HF3st T F2u]F7]oA 18A1F &<t AweF stal, IFN— vy

(10ng/mL), eckol?} dieckol& 3.125, 6.25, 12.5, 25, 50, 100 M9 &%=

K

Oo]:

serum free RPMI vjx]of] A 3th Al85E A3t A= 244 7F =<l »

=
<L

H
ok

% WST

iy
o

ZF well B 5L H7bste]l 1A17F kst H, VersaMax
ELISA microplate reader (Molecular Devices, CA) & 450nm% o2 A

g = S

3. Enzyme-linked immunosorbent assay (ELISA)

ZFA A M 2l HaCaT keratinocytes ©|A eckol®} dieckol®] MDC &4 <
AZ FdAst7] 98, ASE AEZ (2.0x10%cells/mL) S 96well plateo] #E3}

a1 18A%F R Al

-

O

gk, dujF & wFdE serum free RPMI #lAZ W
A&t IFN— 7 (10ng/mL) & eckol, dieckol (12.5, 25, 50 x£M)<S HjA]of 3]
Aall Agdt FH, kA 2447 < FrrA o R wjgFith HlE MDCE farAt
7} well?] 5 9S #3] human MDC/CCL22 ELISA kitE o]g3] 4= ok
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¥4 (standard curve)< human MDC standardE ©]$-3}%] 500 pg/mLel
AEE 2z 1/2% x4 02 34 (serial dilution) 3 o™ MDC A&

450nme 3ol A VersaMax ELISA microplate reader& ©]-g3] #4 Jt},

4. Western blot analysis

7F ZoF dujek v wiek & ZF wjokd Aol dieckolE 2.5, 5, 10 M2 %
%2 At 30% &b wigRTh wiek AlRto]l g & Zpzpe] wfekg Al
IFN—7 (10ng/mL)E Aelstal A=53k Akl SbA| X7k PBS® 23] A% g
% protein lysis buffer (basic lysis beffer 50mM, Tris—HCI (pH7.5), 150mM
NaCl, 1% Nonident P—40, 2mM EDTA, 1mM EGTA, 1mM NaVO3, 10mM
NaF, ImM DTT, 1mM phenylmethylsulfonyl fluoride, 25 xg/mL leupeptin)

£ 30% UW9E As @A Fuvh 2L @MAS 15mL oAz

I
I

o] o} AAEE (15000rpm, 4°C, 158)3F & Axut AR =5 A A

o
ofj

NS At @Al A2 hovine serum albumin (BSA)S ¥FO0 =%
3t Bradford assay (bio—rad protein assay kit)E E& dz 31, SDS—

PAGE (poly acrylamide gel electrophoresis) S o] €3] &k walzS WA

_l

2t %, o] PVDF membrane®] %At @9 dS &3 membraned 5%
skim milk/TBSTZ 1Azt &<k 224 blockingst &, zZ}z}e] 1z A
(pS—=STATI, pY—-STATI, p—JINK, p—ERK, p—p38, STATI1, JNK, ERK, p38;
1:1000, B —actin; 1:5000) & 4TC2 %04 overnight 3t F ¥F-22 AA 3]

7



ot TBSTE olg&38ll 1x FAE AH$ ¥, HRP-conjugated® 2xF @A)
(1:5000) & o]ga HA2oA 1A7F Tt wkSAF T tpA] TBSTZ 23 &4
= A A3 5, ECL 712 (western blot detection kit) & o] &3l 18 7F {24

7131 X-ray filmell #43A1A A¥E &1

5. Blo|M X FAtei0|ZA(Confocal laser scanning microscopy) Z A}

6well plate WHel H8 AHIHAE =1 1 Yol ZAIGAE
(1.0x10%cells/mL) & AZslo] 18A17F EoF dujkgich wiok & A x7} =2
Hol &= AW ZFeArt 39 72+ wello] IFN—y (10ng/mL) $} dieckol<

2.5, 5, 10 gMe 5= 20 < Agst H, Wi E 25 AAZRG. Axz7}

N

B28 A Fekol 3.5% paraformaldehyde (PFA)E Yol 30% < AXE
WGgAI71aL, e aldehyde #A171E 918l 0.1M glycine= 15% &<k A2
0.1% Triton X—100& 10&3F Aesk Al*e] 3% BSA/0.1% triton X-—
100/PBS & A& 1A1:F 52t vh-gA AT Al A9 vhg& S8 14}
A anti—STATI1S 1:2009 vl&= 3As8] AHaglst T 4TCo|A overnight
ek, PBSTE ol&sf AlHg Awadtiel] 232 DyLight488 conjugated

donkey anti—rabbit secondary &S 1:3009] vH]E&Z 3]s 308 F<F ofF

hadl

oA WAl H, thA PBSTE AAgeh alo] gast AwIere v

__?__
A4S 98l VECTASHIELD Mounting Media with DAPI (Vector Laboratories,
Burlingame, CA)E Aglstal, WiyFolE o]&sl &golt Sefiel A =et
2N

A5 F2Zt} FV500 confocal microscopy (Olympus, Tokyo, Japan) & AF&

8
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1. 2N ES| HE WESO 0jxl= dieckolo] 3

Dieckol Zd ¥+ A¥9 phlorotannin & 3yl 22, YU Ado o
24 (monomer) Q] eckolo] 2FAS o]F 1 Y= EAo|t}t (Park et al. 2013).
Eckol phloroglucinol®] 3%AE o]F1 S+ EHolY, A= dieckol

phloroglucinol®] 6|2 o] Fo|x E&o|tt (719 1).

[

A3zl eckol¥t dieckolo]l ojwdt & vA=AE sk Al oA,

(0]
r
N
il
)

HaCaT keratinocyteo] + =45 AP w MxE AT JFS T+

¢

A7) Sl A AES F7F WY syl WST assays 33tk Al 2ol

rix

IFN—y (10ng/mL) ¢} eckol, dieckols &% W=ZE 3|4sto] a|st 5 24A17F
B3t Wikt WST AlekS &sll Axe 548 543g. 1 A9, 549

< v dieckol¥

>,
krtl
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™
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Y
5%
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=
BN
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Figure 1. Chemical structure of eckol and dieckol
120
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I
3 80 -
°
=60 -
%
T40
G
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Eekol - 313 625 125 25 50 100 - - - - e
Dieckol ; -- oo 313 625 125 25 50 100 (uM)

Figure 2. Effects of eckol and dieckol on the cell viability in HaCaT human
keratinocytes. Cells were pre-incubated for 18hrs and treated with indicated concentrations
of eckol and dieckol (3.13, 6.25, 12.5, 25, 50, 100 uM) for 24hrs, and cell viability was

determined. The cell viability was confirmed by WST assay.
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2. MDCQ| M/ doj CHst dieckole| x| = at

ZAA[ A M EZ7F [FN— ¢y &2 FE8F dZFA 228 dtom gAY

rir

A E7HQ1 4
3t T/ MDCE Aol tiall A eckold}t dieckolo] ojwgdt g 3E LER|=H]
£ ¥olr7] 918l ELISA assay® T3 th HaCaT Al3EolA IFN-y o] A=
of o8] MDCE 233t thekst Amgele] A== Aol &#A S (Qi et
al. 2009), oldl &A IFN-7y (10ng/mL)Z 9454 A=S + T MDCY A

3

ftlo

FEIT. A= 2 A ¥ eckold} dieckols oE] &% HE A3t

A3, eckol skl A#glel MDC Aol aAl dFS F# &2 ",

o
[0

dieckol < LY+ 5E MDCE YAshH: ATS HAdu (18 3-A).

Dieckol9HS o] &3] thA] MDCe 3¢ ojd

ol
o%
o

FiA grobny] 9l

dieckol?] %5 ¢ Axro vtA AAsE 7 A

ol

Yot AoE B 204 M
I 10 MM E A=TE B2 AEzoA AFdE MDC BAAZFS 100%= Rk
S ujo] vy wW 22k oF 90%, 40% A% MDCO AAS AAst:E a3

Bt} A 54 M 2.5 xME dieckolE A dt FolAE= A=A A7 ol

il

HlelA MDCe A= AAlsts a7t a4 veuA e e 1

fait)

3—B

FAA o 5 otk
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Figure 3. Effects of eckol and dieckol on the protein production of MDC in HaCaT
human keratinocytes. (A) Cells (2.0 x 10° cells/mL) were pre-incubated for 18hrs, and
MDC production was determined from the culture supernatant of cells stimulated by IFN-y
(10 ng/mL) and treated with quercetin (positive control; MDC), eckol and dieckol for 24hrs.
(B) Cells (2.0 x 10° cells/mL) were pre-incubated for 18hrs, and MDC production was

determined from the culture supernatant of cells stimulated by IFN-y (10 ng/mL) and treated
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with EGCG (positive control; STAT1) and dieckol for 24hrs. MDC production was measured
by ELISA. The measurements of MDC were done in triplicate. Error bars indicate + S.D.

*P<0.05; **P<0.01; ***P<0.001.
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3. DieckolO| STAT AMSHME M| OjX|= Hsk

Interferon Al AFAE o] AxEo A= 51 48 A= STAT
Az AAE A4 A7l= Aol &elA Stk (Rauch, Muller & Decker
2013). T8 STATI1o] Aatglsld 12 <8 MDC7F AR HEtH: oA A9
R a¥o] 9ty (Ivashkiv, Hu 2004, Best et al. 2005). ©]& EUZ dieckol°]
STAT1 Azdg AR #o43] MDCE JAS=AE LolR 1A western
blot< ©]&3l STATI19 <Atstel dieckole] mA&= J3FE Fls|wopch
IFN=- 7 2 2F3< o Q4ksls = STAT1S 997 BdZdS 100%2 RS

o, dieckols A3t FoME AP FL7F =255 AASE Ax: w2 A

S g F YU Dieckold 10xM=Z A st 2% o 85% gt FFS

e ga AFS vehl 2 FAT 5 ek W dieckold 2.5 uME

Aesh Aol AasE pS-STATIY s F=sh A=A AelEs 27
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o
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(p-STAT1/B-actin)
)
o o
| 1

Band density RATIO

N
o
|

O_

pY-STATI 91/84 kDa

pS-STAT1 | 91 kDa

STATI 91/84 kDa

f-actin | “— ——— | 12 kDa

IFN-y - + + + + + (10 ng/mL)
EGCG - - o - - )
Dieckol - - - 25 5 10 (uM)

Figure 4. Phosphorylation of STAT1 in interferon-y-stimulated HaCaT human
keratinocytes. Cells (5.0 x 10° cells/mL) were pre-treated with epigallocatechin gallate
(EGCG; 10 puM) and dieckol (2.5, 5, 10 uM) 30mins, and phosphorylation of STAT1 was
determined in cells stimulated by IFN-y (10 ng/mL) for 15mins. The phosphorylation of
STAT1, level of STAT1, and B-actin proteins were determined by western blotting of whole

cell lysates with the indicated antibodies.
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4. HaCaT ZHE A dMZ0|A STAT1C| & L 29| 0] S0f CHSt dieckol?| &1}

A Z Ao Qloja] STATES A5 o] —AE2 719 Fdof Bojdts= Qg
Bl 24935l e o] STATIS AZAN S =4 g A7Ed Jg=z =4

itk A+ EallA] A EE STATILS 24 (tyrosine) 712 QlAts Ayt=z
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el AEAoNA & YF-=2 o]sstm & o EA|ek= DNAe] Aghsf Al
AdstA @k ol e dwo] HYE FA STAT1Z DNAC] AE F7HE Al
Eo & el STAT1 A7F FHHW T3 #dE o] IFN-stimulated
genes (ISGs) T ISG factor 3 (ISGF3) ¢} #& o8] FxA}e] wao] &

At} (Brierley, Fish 2005, Beurel, Jope 2008).
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IFN-y IFN-y IFN-y
+EGCG 10pM + Dieckol 5SpM + Dieckol 10uM

Figure 5. Effect of dieckol on the translocation of STAT1 phosphorylation in interferon-
y-induced HaCaT human keratinocytes. Cells (1.0 x 10° cells/mL) were pre-incubated for
18 hrs. Then cells were pre-treated with EGCG (10 pM), dieckol (2.5, 5, 10 uM) and were
stimulated with IFN-y (10 ng/mL) for 20mins. Immunofluorescence stain of phospho-STAT1
was stained with DyLight488-conjugated 2™ antibody and the fluorescence was identified
using confocal microscopy (FVV500, OLYMPUS). The scan images were acquired at constant
PMT, gain, offset, magnification (40x oil immersion objective with 1.5x zoom) and

resolution.
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5. ZHHAMLM Z|AL] MAP kinase M HE7|H0| CHst dieckole] &1}
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FaESHAE western blot& o] &3l Azt ¥ JAbE FEE LotH Skt A=
= W7 AlFEFeE AIZRRL ORFE ASAlE A Elskal 3607 7kA1 9] ZF Al g ol A
W ¥ = kinase®] QA4S AEE F743 43}, phosphor—JNK<2 phospho—
p38 W& ¥ %] 9k wtHo phosphor—ERK (pERK) 2 A-$ A=+ & 579
Azl A 7 2 AREE AEE BT (9 6).

e A¥S E&A STAT1IY tjEo] ERKZF IFN—y xp=o] 9Jafja] <13}
He e dAPa, webd STATIY Atstel JAassE B3R dieckolo]
ERK9] Atstol = A asE Hol=AE western blotg &34 AT =}
FAE AHYsH & F IFN-y 2 AF% o5, ERK JAA=z <&z
PDI98059E 10 M=E At i, dieckols 2} &% HEZ A st £ 02 L}
ERK?®| 148l H o] xpolE otr ottt ERK SAIAlE Aelst +¢ 4% 10
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% 43kDa
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Time 0 5 15 30 60 120 240 360  (minutes)

Figure 6. Phosphorylation of MAP kinases in interferon-y-stimulated HaCaT human
keratinocytes. Cells (5.0 x 10° cells/mL) were pre-incubated for 18hrs. And cells were
stimulated by IFN-y (10ng/mL) for indicated times (0~360 mins). The phosphorylation of
INK, ERK, p38 MAPKs and B-actin proteins were determined by western blotting of whole

cell lysates with the indicated antibodies.
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Figure 7. Phosphorylation of ERK in interferon-y-stimulated HaCaT human
keratinocytes. Cells (5.0 x 10° cells/mL) were pre-treated with PD98059 (ERK inhibitor; 10
uM) and dieckol (2.5, 5, 10 uM) for 2hrs, and phosphorylation of ERK was determined in
cells stimulated by IFN-y (10 ng/mL) for 5mins. The phosphorylation of ERK, level of ERK,
and B-actin proteins were determined by western blotting of whole cell lysates with the

indicated antibodies.
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Figure 8. Effects of Kkinase inhibitors on the protein production of MDC in HaCaT
human keratinocytes. Cells (2.0 x 10° cells/mL) were pre-incubated for 18hrs, and MDC
production was determined from the culture supernatant of cells stimulated by IFN-y (10
ng/mL) and treated with kinase inhibitors (SP600125; JNK inhibitor, PD98059; ERK
inhibitor, SB203580; p38 inhibitor) for 24hrs. MDC production was measured by ELISA.

The measurements of MDC were done in triplicate. Error bars indicate + S.D. *P<0.05.
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HaCaT keratinocyte®l] IFN—y & 2535 FUE& o, 95 45 -3l A
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o o AeA, B3 i ARE T dFS nA=Ad ds AR
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S JAlskEdHl 23E Bol= Ao] dieckoldl= FR1F A, MDC A& ¢
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