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Introduction

Abstract

Purpose: In this study, we investigate the effect of Coptis chinensis extract (CCE)
on matrix metalloprotease 1 (MMP1) expression in dermal fibroblasts. Methods:
Human dermal fibroblasts (HDFs) were used to assess the effect of CCE on oxidative
stress-induced MMP1 expression. A water-soluble tetrazolium salt (WST-1) assay
was conducted to determine the cytotoxicity of CCE in HDFs. To investigate whether
CCE has a protective effect on oxidative stress-induced MMP1 downregulation, HDFs
were pretreated with CCE (2.5 and 5 pg/mL) for 9 h, and then with 200 uM H,0, for
3 h. Total RNAs were collected and the level of MMP1 expression was determined
using quantitative real-time polymerase chain reaction (qRT-PCR) assay with its
specific primers. Also, luciferase reporter gene assay for activator protein-1 (AP-1)
activity was performed with AP-1 luciferase reporter gene constructs transfected
into HDFs. Furthermore, c-Jun N-terminal kinase (JNK) and p-JNK protein levels were
detected by western blot analysis. Results: Lower concentration of CCE (<5 yg/mL)
showed little cytotoxicity in HDFs. Pre-treatment of the cells with CCE significantly
inhibited H,0,-induced MMP1 downregulation. Further experiments revealed
that CCE-mediated MMP1 downregulated was mediated via suppression of AP-1
transcriptional activity. Moreover, western blot analysis revealed that CCE inhibited
the phosphorylation and activation of JNK, which is known to enhancing AP-1
activation. Therefore, these results indicate that CCE regulates MMP1 expression via
JNK/AP-1 signaling pathway in HDFs. Conclusion: These results in this paper show
that CCE has a protective effect on oxidative stress-induced MMPL expression in
HDFS and may uses as a possible reagent on anti-aging cosmetics.

Keywords: Coptis chinensis, Dermal fibroblasts, Matrix metalloproteinase, Oxidative
stress, JNK/AP-1 signaling pathway
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24l (collagen types I, COL1A1)S &9 29} 7]5E 74
= A chl Al 2 R G3HS 3tk (Abergel et al., 1987; Mays
et al., 1988), wabAl QA w=3ke}t 214 wdlof &gt A 1
3 FEHS WE2 A3y 12 HEE 293 359 ©@eo
HaE1 FEo] A= w3tdAdo] Uehdth(Lavker, 1979;
Rinnerthaler et al., 2015; Smith et al., 1962), o]= W<l
A =3} oA k=3t o AYE ST A 18 2
AR T MMPI TEAE F7HA7]7] d-&o] ™ (Birkedal—
Hansen et al,, 1993; Ha & You, 2016; Kim, 2016), &4
Abdsof Qg MMP1 HE F7he ov] o7 ATl Bud
v ik, =317 1gE o) SdAaEs INKS 2434713
transcription factor AP—1 complex¢l c—FOS%} ¢c—JUNY] &
AL Feste] MMPIY HEE S7HA717] el A 18 &
A9 a7t ot A= A o] EI}E o] FF0] YA4H
th(Fisher et al., 1996; Lavker et al., 1995), W&tA JNK/
AP-1/MMP19] AZHLE Adste =35 JAT = Y= &
A5 ALl A FE3] o]ofA L YitHLam et al.,
2005; Lu et al., 2016; Newberry et al.,1997).

Coptis chinensisS &= FEA o] AR 2 A E= oFz
2 A= o, 29 AE FAHEN AREE o] Lrh(Lee et
al., 2006). Coptis chinensis= H|2H]|3 (berberine)2} 22 3
ABHAE 23betal ol ZEE 4, FEE, Y, AE, @Y
7k 59 FEREE 7MY ALR UEA Qlth(Hattori et al.,
1992; Lee et al., 2003), 2 AFof &3} Coptis chinensis
FEEZ A ZoA ke AEE Foll St S 9
of 7t A2 &4ol gt B3 dabr} Yoka gefsitiMa et al.,
2018). ®ut oz} Coptis chinensis 3+ZEL SME YAE
o Al melanogenesis associated transcription factor (MITF)
& 24ty dad AAEE 24t v Az i o
Tr 21 =ojglth(Lee et al., 2017). o|EA &3] Coptis
chinensisl Hgt A17F APPoje EFst FEMNL D T
L3t adtef i g7 uirh HAh, wEba 2 dAfolr=
Coptis chinensis F25% MMPI! W& 2o ot ExLA| x5}
2 71-E ol o7t M2& s} SPEE AR ENY 7He
A& grs] Lz} gt

Methods

Table 1. Sequences of the primers for gRT-PCR

1. QIZHEIT| M FOLM[Z HHQE

Q17+ A 1] A §-o} A E(human dermal fibroblasts, HDFs)+=
LonzaAHBasel, Switzerland)ollA F+43t592™, Dulbecco's
modified Eagle's medium (DMEM, L0103—-500; Biowest,
France)oll 10% fetal bovine serum (FBS, S1480; Biowest)©]
E5He iR E AMESle] 37T, 5% CO, AZujg7]ol A wjest
k.

2. Coptis chinensis ZEE9| N =

2% Coptis chinensist +47](SMX—5800LM: Shinil,
Korea)E ©]g3to] ET3slet & 70% ethanole 718k,
60TColA 30 min F9 7183t Coptis chinensis F&&
< Azxstet, Y FEE2 oJ3A(Whatman No.2; GE
Healthcare Life Sciences, USA)E £l 12} £&3tx, oju}d
FEE2 AYEE $ 52 A2 84 A9 52 Az &5
E2L dimethyl sulfoxide (DMSO, Sigma—Aldrich, USA)el| &
of Agel ARt

L M=Z=Y =4

Coptis chinensis &89 NZEAL WST-1 assay (EZ—
cytox cell viability kit; Itshio, Korea)& ©|-&3}o] &2l3sl4
th. HDFsE 4x 10% cells/well® 96—well plateo] £F3}o]
24 h =<t 8|93t &, Coptis chinensis +22& 0.5, 1, 2.5,
5, 10 pg/mLA Astgct 24 h A2 3, WST-1 assay &
A& iAo Hste] AzujFzlolA 1 h REAIHTE iMark
microplate reader (Bio—Rad, USA)& ©]-&3}t9] 450 nme] i}
oA FFEE 5453Th Reference F3=+ 650 nmo| =
oA ST F Y 2HtS BRI

4. MMP7 mRNAZ| 5 H3|o|

Coptis chinensis £Z%°| 93t MMP1 mRNA @& W3}
£ gRT-PCRE o|-&sto £43tlrt, WA, HDFsE 60 mm
culture disho] 2x10° cells® £F3}9 24 h S vjkst &,
2.5 9 5 png/mLe| Coptis chinensis 5222 9 h AA 3}
Gt o] &, WX E AAS ¥, 200 uM H,0,E 3 h A4S
ot A|ZE 483 3, TRIzol reagent (Life Technologies,
USA)E o] &3} total RNAs £&3}1, MaestroNano®

microvolume spectrophotometer (Maestrogen, USA)

i

3

I (o
rot

O
NoxR

Gene Forward primers
MMP1 5’-TCTGACGTTGATCCCAGAGAGCAG-3’
B-ACTIN 5-GGATTCCTATGTGGGCGACGA-3’

Reverse primers
5-CAGGGTGACACCAGTGACTGCAC-3’
5-CGCTCGGTGAGGATCTTCATG-3’

qRT-PCR, quantitative real-time polymerase chain reaction; MMP1, matrix metalloprotease 1.
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Coptis chinensis

< o]&slte] A260/A280 T A | RNAY 5= ¢
£ E4313t o] & &9 total RNAE M-MLV reverse
transcriptase (Life Technologies, USA)E ©]&3}9] cDNA
2 FAstaT. T E cDNAE Y 829 primeret SYBR
Green PCR Master Mix (Thermo Fisher Scientific, USA)
£ 53511 StepOnePlus Real-Time PCR System (Thermo
Fisher Scientific) 7]7]& ©]&3}l9 qRT-PCRE 333
t}, B—ACTIN mRNAE loading controlZ2# AR&ste] MMPI
mRNA H& & B389t} RT-PCRO ARS-H primer?] &
B Table 13} Zt},

5. AP—1 &M =X
Coptis chinensis®] 229 2Jgt AP-1 AL luciferase assay=
S5 2A=At 2 AL 93 12—0—tetradecanoylphorbol—
13—acetate (TPA) responsive element (TRE)Zt= AP-1
binding site regione A|d promoter”’} AYH luciferase
reporter vector (pGL—TRE; Promega, USA)2} normalization
plasmid (pCMV—B—gal; Promega)—%. *]—3’6‘}%‘5} WA, HDFs
£ 2x10° cells® 60 mm dishol] £33 & 24 h FF vjgst
At 1 o2 Lipofectamine 3000 (Inv1trogen, USA)E 9]
43t 1 pge pGL-TREZ} 0.2 ugd pCMV-B—gals Al
o] transfectiondt & 24 h 37} vjs}ct Transfection®
Ajzze]| H,0, (200 uM)3} Coptis chinensis FEE5& 2.5 9 5
ug/mLA 2 2|3te] BjFst 5 passive lysis buffer (Promega)
= o]83f &SN & AR st 4 AEZEY AF5dE ¢
ek, o] & luciferase B/ &Is7] S8 2 Az F35H
L Juciferase reagent (Promega)®} ¥H3-A]# Luminometer
(VeritasTM: USA) 7|7]1& o] &3 luciferased] ¥ A=E =
Aok, ZF AE29] Transfection &S BAs17] Yo 22
A2 M-S o—nitrophenyl—B—D—galactopyranoside (ONPG)<}
"2 XA B-galactosidased] AL 2439, 2HE g2
o]-&3te] luciferase 2 g 2T

6. JNK |:|-HHon| M =X

Coptis chinensis F&&°|| 23t MMP! mRNAS] od 74
b INK b 4t eislo] A 2Hlap) $ls) Qs
JNK} JNK T2 o] dH5-& Western blotZ E3) &2t t.
HA, HDFsE 60 mm culture dishol 2x10° cells® £33}
o] 24 h B widFst & 2.5 9 5 ug/mLe Coptis chinensis
F2E2 9 h AAY sgch o] ¥, wiAE AAZ F, 200 uM
H,0,E 3 h Agstgrt, A& RIPA lysis buffer (150 mM
NaCl (Biopure, USA), 50 mM pH 7.5 Tris—Cl (Biopure),
1% NP—40 (Biopure), 0.5% sodium deoxycholate (Biopure),

0.1% sodium dodecyl sulfate (Biopure), protease inhibitor

http://www.e-ajbc.org
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Figure 1. Cytotoxicity of Coptis chinensis extracts in HDFs.

HDFs were treated with 0.5-10 ug/mL of Coptis chinensis extracts.
After 24 h of incubation, a WST-1 reagent was added in each well
and incubated for 1 h. The absorbance was measured using a
microplate reader at 450 nm and a 620 nm reference filter. Each
bar represents M+S.D. from three independent experiments.
“0<0.05 compared with control; HDFs, human dermal fibroblasts;
WST-1, water-soluble tetrazolium salt; M+S.D., meanztstandard
deviation.

ste] galN71 F AR H3AL @

(Biopure))& ©o]&
A 5x sample buffer [0.25% bromophenol

3
Aot 42 Aede
blue (Biopure), 0.5 M dithiothreitol (DTT, Invitrogen),
50% glycerol (Biopure), 0.1% sodium dodecyl sulfate (SDS;
Biopure), 0.25 M Tris—Cl (pH 6.8; Biopure)]®} &3t3t1
100TColAl 7HEe 5§ dHdS &5t 29 WA
10% Tris—HCL SDS gel& o|-83] A7|g&Fste] 27] H=2 &
23+ & nitrocellulose membrane (Whatman)2 %At ¢
Zo] A% membrane 5% skim milk (Biopure) &0 4
LA 1 h B¢ BFgAI7l & anti—JNK, anti—phospho JNK
(Cell Signaling Technology, USA) @ anti—B actin (Sigma—
Aldrich) BAHE 4C9lA 12 h o]} W-AIZIT}, primary %
A2t v2-A17] membrane 0.05% Tween 20 (Biopure)
7} 235 PBS £9(PBST)C& 443t & HRP-conjugated
secondary FA|¢ AL0)|A 1 h ¥H-AFH T, PBST A &,
membrane
LA} 1S A|A ChemiDoc™ Touch Gel Imaging System
(Bio—Rad) 717]1& ©]-&3t9 membrane’d®] Taid LdA}S
ghelskgict,

enhanced chemiluminescence (ECL; Bio—Rad)

7. SAHIEA di
A A2 A WY =93 APoRRE FAg+2EH
A2 Yelfgich, p0.05% Student's t—testE® T3 AE3A
oo ARghe] fo4S Ueh Tt
429



Effects of Coptis chinensis Extracts on Matrix Metalloproteinase-1 Suppression through JNK/AP-1 Axis

400 # *

w
Qa
o

N w
[o)l o
o o

Relative MMP1 mRNA
expression (%)
= N
ol o
o o

[N
a1 o
o o

0
CCE (ug/mL) 0 0 25 5
H,0, (200 pM) - + + +

Figure 2. Coptis chinensis extracts inhibit H,0.,-induced MMP1
expression in HDFs.

HDFs were treated with the indicated doses of Coptis chinensis
extracts for 9 h, and then with 200 uM H,0,. After further
incubation for 24 h, gRT-PCR was performed to evaluate the
expression level of MMPZ1 in HDFs. Values are presented as the
MMP1 level normalized to the B-ACTIN level. Each bar represents
M=S.D. from three independent experiments. #v<0.05 compared
with non-treated cells; "p<0.05 compared with H,0, treated cells;
CCE, Coptis chinensis extracts; MMP1, matrix metalloprotease 1,
HDFs, human dermal fibroblasts; qRT-PCR, quantitative real-time
polymerase chain reaction; M+S.D., meanzstandard deviation.

Results and Discussion

1. Coptis chinensis &892 ME=4 HI|

Coptis chinensis F&&% NEZ=/4& B7187] A, W
oF=l HDFsoll Coptis chinensis %52 0.5, 1, 2.5, 5, 10
pg/mLe FEZ 24 h §¢ A2g F WST-1 assayE 53
a4t 5 pg/mLOI'G‘]- 59 Coptis chinensis F&E°] A
H Az e FYH AEZ PEEY Fa7E BEER G
(Figure 1). ILEib} 10 ug/mLe] Coptis chinensis FZ&&°] A
g AZo M= 17% o] Ax AE& v TR
(Figure 1). @2bA 0.5-5 ug/mL %= Q] Coptis chinensis
FEE2 HDFsolA AlZE540] gl 222 IEm, oF 4
FolA 2.5, 5 ug/mL 5% Coptis chinensis
ARE APt

F2E2 27}

2. Coptis chinensis FE82| M3t™ AEY A0 25 S7t=l
MMP1 mRNAZS =& Ho}t

0] HDFsol|A] A5t AEd| Ao &
3 Z7Fe MMPI mRNAY] U@L 2-st=X] H71= St} o
BAZ Y 45t AEHAE fete &2F 444 (ROS)
% ol HO,= MMPIS) T3S F7HA fR=3E 9o
7= Ao 2 Z 43 A dthk(Brenneisen et al., 1997). Coptis
F&E°| ROS ) T7tE= MMPL F3dE oA

Coptis chinensis $%

chinensis
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Figure 3. Coptis chinensis extracts repress AP-1 transcriptional
activity in HDFs.

The AP-1 (pGL3-TRE) luciferase reporter plasmid was co-
transfected with pSV-B-gal plasmid in HDFs. Cells were treated with
the indicated doses of Coptis chinensis extracts for 9 h, and then
with 200 pM H,0,.. After further incubation for 24 h, the cells were
lysed and luciferase activities in whole cell lysates were measured.
Data are the average of three independent experiments with M4S.
D.. #p<0.05 compared with non-treated cells; "p<0.05 compared
with H,O, treated cells; CCE, Coptis chinensis extracts; AP-1,
activator protein-1; HDFs, human dermal fibroblasts; M+S.D.,
meanzstandard deviation.

9= A Hrslaat, HDFsol| Coptis chinensis +&%
AxE] & &, 200 uMe] H,0,& A zste] Atsty 2Ed A
o3 MMPI mRNA ¥ #3512 E4s9ith, A, 1,0, A
ZolAE MMPI mRNA $&o] H,0,& #2|5t2] @2 f=
& Y] 326.24%% Z7}E)ITh. Coptis chinensis £&5(2.5
9 5 ug/mL)o] AAEE AZgAE= HO,0 2=iA S7t=E+=
MMP1 ¥3o] s zojEHoa zhasl oAk Uehjgtt E
3|, 2.5 ug/mL Coptis chinensis 3%&%°] A d N ZoA=
MMP1 mRNA ¥&o| 243,24%2, 5 ug/mL Coptis chinensis
250 AH AEJME 163.24%2 MMPI mRNA ©& 0]
H,0, A& & t¥] 43S E1sHAHFigure 2). ol#g 2
I= Coptis chinensis F&E0] AL AEH A0 93] £71
¥ MMPI mRNA® HdE 283t S BolEr),

5y

ﬂémlomsﬂ

3. Coptis chinensis
yed 9 9feld 3°]°ﬂ —1311 AgE %‘“ 2= HDFso|
A] mitogen—activated protein (MAPK) cascade (Son et al.,
2011)2 E3] MMPs2} Z2 collagenase?] @de £ZA|A 1
B 1 extracellular matrix (ECM)2] HAr ¢l o3k whafigke
22X 3= 28 (Fisher & Voorhees, 1998). ojd] MMPs
ALY AAF 2H S AP-19] 93 2E ==, 444F
o 9%t MAPK A S A2 42 AP-1 AL QA &4
< XA A MMPs9] HAL 20| A% 2HHHKim et al.,
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Figure 4. Coptis chinensis extracts suppress JNK phosphorylation and activation in HDFs.

(A) HDFs were treated with the indicated doses of Coptis chinensis extracts for 9 h, and then with 200 uM H,0,,. After further incubation
for 24 h, the cells were lysed and subjected to western blot analysis with anti-JNK or anti-phospho JNK antibodies. (B) Relative quantified
expression of p-JNK/JNK. B-actin used as loading control. Data are the average of three independent experiments with M+S.D.. #p<0.05
compared with non-treated cells; "0<0.05 compared with H,0, treated cells; CCE, Coptis chinensis extracts; p-JNK, phospho-JNK; JNK,
¢-Jun N-terminal kinase; HDFs, human dermal fibroblasts; M+S.D., meanzstandard deviation.

2005: Wenk et al., 1999). TFehA] Akshal AE# 26 o5 &
=¥ HDFs¢| Coptis chinensis &% A TZH MMPI
o] a4t AP-19 E4T AdEo Y=A FAsH7] A8
pGL3-TRE luciferase vector7} @2 A3kE HDFsol| Coptis
FEES AAY T &, ASH AEFHAE RFTAA
AZ W luciferase B4& 43, AP-1 A S S4st
aot. WA H0,& AZe oA 4H8A AE A7 FrE o
AP-1 (TRE promoter)2] &Alo] 372.45% Z7}3HS &2135H%
th, 28 zANA Coptis chinensis 3+&E& 2.5, 5 ug/mL
A2)g ZolME 22 199.24% 9 152.43%2 #AHE 9
stAch(Figure 3). WekA Coptis chinensis F+&E°] AH8Hd
2Eg 20 93 F7HE AP-19] 4 FAaAA MMPIS] &
AL AaA7)= As FgUststt

chinensis

4. Coptis chinensis FE&29| JNK & H3}

&2 Az ) S444L INK T o] QAEE 3 JNK
A& EFA%H(Finkel, 2011), o|uf AMsty AEH 20| o3|
Z71E AP-19] AL BExAzzAAel JNKo|| 28] 2Hd

th(Karin, 1995). WetA Coptis chinensis &% 23] #H
3t AP-1840] JINKIHEH AZH7| - AFEo] =X
gelsty] el Areta 2EH A7 fEH HDFso|AJNK o
A9 gdE Flsttt UA d5CE HO0,& AT oA
A2 A JNK S o] dgo] oF 2u) o)t F7E
S oI5t ol &2 AN Coptis chinensis FE&
< 2.5, 5 ug/mL A2 FollA= JAatshE JNK gl E o)
dol] FroEFog A ¢ 0,84 olstE HagE s
tH(Figure 4), o8|t A¥ AIE 3|4 Coptis chinensis 3

20| A3 AEH L0 o) F7hE MMP1E) E¥ & JNK/

http://www.e-ajbc.org

AP-1 Axis& AAANZ2ZH AE27]A9| E3E Hudhe=
a5l e AAR,

Conclusion

Coptis chinensis® &)= ¥ 24| (berberine) E3}5}
I Qe ole AR I, FES, FY NG, gL 5
o] FYAEE 7HA T2 ¢ XHEW ol AMgE o kot E3 T}
ER %*}ﬁ}xﬂi”ﬂ TAE &4 2ot vlARzNY 75
thoket ZgEo] A2 Qltt, SHAT Coptis chinensis
SEof W P23t Ao dsfire obF FesiA gzl A
o] gt} wakd B =Ro|A Coptis chinensis &E0] A3}
A AEY A7 fFEE AT FotM Eoq A F7HE MMPI

mRNA &g 249 Wit 3 ol gt Aot Ay &
EF 20| 93 F7HE JNK/AP-1 Axis A3 7|4 A A7
OS2 MMPI mRNA HdE& JAsH= AL FAstct, ozt
A B AJLAINE E8) Coptis chinensis FZEL QA w3}
o WA westo] 2 SRR gt =315 AT 4 Y=
NZ& gatst 9 st sPEE EAEH o8 7FeAS AX
atglct,
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SX: Coptis chinensis 252 723 S4t, FAT, T, AE, A3t 59 8-S 7HA 2 529 A% =N %
o] AMgE|o] grt. SFAIRE Coptis chinensis 250 W3t =3} 2Rg) tisiAl= oF4] HestA g#zl Ao| §ict, wabA &
AtellMi= Coptis chinensis 5252 matrix metalloprotease 1 (MMPI) 4@ A gt BRI 714 ghs]aL vof
7t 2L 3t SPE AREMN 9| 7R WSl At Sk, W Coptis chinensis 282 ABH AEg| A0 oJg) F7}
H MMPI A A 55 718 $l8l IR dRotMIEE ARSI WA, F2E0] digt Al2E4E71E Sl water—
soluble tetrazolium salt (WST—1) assay*§ 02 MZAIEE| G v|X|A] ¢ 55 AEatt HO, (200 uM)7H A =H
QXA aEo|| Coptis chinensis F=a< AHE $=2 A3t & MMPI mRNAS| W W3S quantitative real—time
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MRK, ULERKA, BERIWIBZIAK/AP-IHESESEREERATMMPIRE, &L RARERRK
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