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Abstract

MMPs (matrix metalloproteinases) are zinc dependent proteolytic metalloenzymes. MMP-13

belongs to the collagenase subgroup and plays important roles in extracellular matrix circulation, cancer cell migra-

tion, cell growth, inflammation, angiogenesis, etc. It can degrade collagen, gelatin and aggregated proteoglycan.

The expression of MMP-13 in photoaging can be affected by multiple signaling pathways such as MAPK, NF-xB

and TGF-p. In cancer cells, MMP-13 can be degraded through extracellular matrix, leading to invasion and metasta-

sis of tumor cells. It may directly regulate several signaling pathways that control tissue homeostasis. In this paper,

the research of MMP-13 in skin-related diseases is reviewed.
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MMP-13 typically consists of a highly conserved signal peptide domain, a propeptide domain, a catalytic domain, a proline-rich hinge region, and a C-

terminal hemopexin-like domain. The structural organization of spherical catalytic domains: three o-helixes, five B-sheets, connected by eight loops.

The calcium ion is in green, the zinc ion is in purple.

Ell MMP-13454 7~ &= B (i L 454918 19 SR (- 2544 [E] 5k B Swiss Institute of Bioinformatics & W)
Fig.1 Structure of MMP-13 (the crystal structure diagram of MMP-13 catalytic domain is available at

Swiss Institute of Bioinformatics official website)
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Wrinkle formation in photoaging

UV HE S G 38 e 410 i 3o 4 7 A 448 B P 8005 2 R oy (peroxisome proliferator-activated receptors a/y, PPAR o/y), i a3 14 S0(ROS) it & A1 B Al
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UV irradiation can inhibit peroxisome proliferator-activated receptors a/y (PPAR o/y), leading to excessive accumulation of reactive oxidative species
(ROS) and activation of multiple growth factor receptors or cytokine receptors on the cell surface. Subsequently, the mitogen-activated protein kinases
(MAPKSs) including extracellular signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK) and p38 kinases are activated to up-regulate the expres-
sion of the transcription factor activator protein-1 (AP-1) complex and promote the expression of MMP-13. AP-1, epidermal growth factor receptor
(EGFR), cytokine receptor (CKR) and TNF-a can inhibit TGF- expression and increase MMP-13. Transient receptor potential type 1 (TRPV1), TLR2
and TLR3 in Toll-like receptors (TLRs), and nuclear factor kappa B (NF-«B) activated by excessive accumulation of ROS activate MMP-13 by increas-
ing the expression of inflammatory factors. Cathepsin G (CTSG) can increase fibronectin fragments and increase MMP-13 expression, promoting the
formation of wrinkles.

E2 UVIBIMMP-135 25 Z 1L aHLH
Fig.2 Effects of MMP-13 pathway in photoaging
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Table 1 Substances that exert anti-photoaging effect by inhibiting MMP-13 and their mechanisms

B

Mechanisms

L
Substances

fEH

Function

2% SCHR(PMID)
Reference (PMID)

Anti-inflammatory ef-
fect

Antioxidant effect

MAPK signaling path-
ways

TGF-p/Smad signaling
pathways

Transient receptor po-
tential type 1 (TRPV1)

Peroxisome proliferator-
activated receptors
(PPARs)

Serine protease family

Mechanism not clarified

Aloe vera gel extract (AVGE)

Anacardic acid (AA)
Peach flower extract

Rosa multiflora flower (RMF)
extract

Cinnamaldehyde (CIN)

Perilla frutescens leaves extract
(PLE)

Fucoxanthin

Ethanol extract of terminalia che-
bula fruit

Curcuma mangga Val. extract
(CME)

alpha-pinene (AP)
Cultivated ginseng (CG)

Chitooligosaccharides (COS)

Penta-1,2,3,4,6-O-galloyl-B-D-
glucose (PGG)

Lactobacillus plantarum HY7714

Naringenin

Kaempferia parviflora extract (KPE)

Bouea macrophylla ethanol extract
(BME)

Retinoic acid (RA)

7,8-dihydro-8-0x0-20 deoxyguano-
sine (8-0x0-dG)

Skin-derived precursors

A mixture of extracts of Kochia
scoparia and Rosa multiflora (KR)

Adipose-derived stem cells (AD-
SCs)

TIP
50-iodoresiniferatoxin (I-RTX)
Wy14643

B-keto-phosphonic acid (KPA)

Lactobacillus plantarum HY 7714

Fermented agricultural
by-products (FRB, FSB and FSc)

Luteolin (3,4,5,7-tetrahydroxyfla-
vone)

Galactomannan

(2E,5E)-2,5-bis (3-hydroxy-4-me-
thoxybenzylidene) cyclopentanone
(BHCP)

Low molecular weight (LMW)

Pomegranate juice concentrated
powder (PCP)

Cassis polysaccharide (CAPS)

Inhibit the increase of IL-1p and TNF-a

Suppress UV-induced COX-2 and TNF-a
Inhibit UV-induced IL-1p and TNF-a release
Inactivate NF-kB/p65, JNK and/or ERK

Reduce the ROS production

Inhibit ROS generation and AP-1 activation

Reduce UV-induced ROS

Inhibit UVB-induced ROS formation and then at-
tenuate a provocation of the MAPK pathway

Relate to the antioxidant properties

Inhibit NF-kB nuclear translocation

Suppress UVB-induced activation of NF-kB, c-Jun,
and c-Fos and the phosphorylation of MAPK

Decrease the expression of phosphorylated JNK,
p38 MAPK, and ERK1/2 proteins, attenuate the
regulation/activation of c-Jun and c-Fos

Reduce UVB-induced phosphorylation of ERK

Prevent JNK/AP-1 activation
Block ERK2 kinase activity
Reduce the expression of c-Jun and c-Fos

Inactivate the MAPKs/AP-1 signaling pathway

Reduce c-Jun protein expression through RAR-me-
diated pathway

Attenuate MAPK activation, lead to inhibition of the
activation of ATF-2 and c-Jun

Inhibit the downregulation of TbRII mRNA and
protein through triggering the TGF-f3 pathway
Increase TGF-B expression

Activate TGF-B2 and inhibition of NF-kB signaling

Block calcium-mediated TRPV1 downstream signaling
Inhibite TRPV1
Agitate catalase

Inhibite CTSG activity

Inhibit the expression of MMP-13
Inhibit the expression of MMP-13

Inhibit the expression of MMP-13
Inhibit the expression of MMP-13
Inhibit the expression of MMP-13
Inhibit the expression of MMP-13

Reduce the expression of MMP-13

Decrease MMP-13 transcription level
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£ Y SO M AT A T AR, X R A T RE 2 E
I FMMP-1311 R I8 R SR . MMP-133E B %
JH I 3 A U 1) 2 4 20 23 A K IRl T- (connective tissue
growth factor, CTGF) M VEGF(vascular endothelial
growth factor)/CTGF & & ¥) B IUVEGF, MM {2 i3k
ZIN BRRZ R A T P 0L A Bl 2 00 T 78 ) A X,
WA 25 2 23 WL RS 4F 24E 4 i ) 84 B 5 B T e Ao T
MMP-13 KO(knock out)/) & 45 115 4538 2%, WL
2T YL TR 082 . MMIP-13 7] RE 38 i 0% v 76 1)
TGF-BUA 21 4 40 Hu 3G 58 AU AT A4 i o 2 5
IS AE™ . XA 7R, BV AT g S I MMP-
138MMP-13 {75 YRGBT T i R 1 .

TE 3597 M g IR R, MMP-137E 18 11 5 977 1) 2L
HhRIK, Z5BEAERERE. N 4R Rk
FIMMP-137E 1E 5 1\ F SR AR LRz Bk A% 11 DL TS g
IR & N EW . MMP-10 KO/ B AR5 o 1 5k
T 95D MMP-13 1) 2 02 & A8 61 T i SR TR . R
TR Rz SR AR R, MMP-1034 AE45 5 14 Hiy 48 58 /N
FRM2 28 [ 106 400 i 7= A BIMIMIP- 13 F4) Jie JiL 98 i 3 12k
FEAG VA A i AR PR 4 2 S AR IR A R

4 MMP-135R fkfz

B I — 43 N AR 2R A 298 K2 i (nonmela-
noma skin cancer, NMSC) I 22 {8 298 i IR JE
4.1 MMP-135NMSC

JZ 3 )RS 41 B 5 (cutaneous basal cell carcinoma,
cBCO) A B ik % K 21 A2 %8 (cutaneous squamous cell
carcinoma, ¢cSCC)7) 2 f5 NMSC HJ 80% F120%,
T MR 3 A1) A 5% 4 i 2 A I 2MMP-13
FZRIEW, 3 HMMP-13 85 [ HF 57 1 3R I8 T-eSCCHi
AN, ANk T IR H R A, L RH I K S
i 989 1= 28 F2 L AH DG o FEcSCCHH MY H R IR MMP-
I3 R HHAEK, TBMIREZIRS. SCCHIR
78 1k JE - MMP-13 mRNAZR A T 08 =2 8w v, 18
IR Rk T IR) R R AT 4 40 7, cSCCHb it A i
F*MA K FI(complement factor 1, CFI)id i #4 JiMMP-
131 3 32 5 A Jo] 7 20 A0 20 B KR 28, D))
JE FEl FRTECM, 38 58 i 1= 28 e 7100 ] bt 388 ) 4 o)
MMP-13GEHI il cSCCHIAE KRR ZE

A TER Y, p5S3 @ IHNE T 1% 5 5 ¥ R0
T3 WMMP-13 1) 385, N 1 5 Rl AIM2 1 BE
i R R MMP-13 i 5> e SCCAH I IR 42 2801 . 1y Bk

= Tpl23k R EIE i IMMP-1348 jz JH e ()12 28 1t
15 F% PR 18 0B, MEIDESZEIiE SZMMP-13 KO
REPEACVEGF (PR, 11 ME 2% (17B-estradiol, E,)if
i ERAMMP-13, W MMP-13 KON g A K0 1.
BRI R . AR KT Efi B 2T 4E 41 i flcSCC
il MMP- 1381 VR T A . BREEFRAR K
I8 11 2% B P A iE (recessive dystrophic epidermolysis
bullosa, RDEB) % 3 7 12 1 35t 37 BUE IR Ak &) K AR
cSCC. 773 kT J BBl 11 1 5 41 B A 3 i 74 386 A ) e &4
i3k i 1) 3k A2 MMP-13 383K 7K ~F- T 1, $7sMMP-
1372 % 7IIRDEB R P #1462 75 28 FleSCCHI A
FARRAC e NG ISR Y5 14 3 FIR 1) 12 A 441 ff 3 5%
FRBE I T 2 I RDEB 53 R U5 16 £ B R4 i
FlcSCCHH I HMMP-13 (1) 21 1 15 #5040 1Y)
WA AL I cSCCHIR 28, MLIEMMP-137KF X1 7
M cSCCH R ALCSCCHI 477 Ik B2 45 7 4% 1) Tt
HAT B0 W BB R RS S 1%, $27R MIEMMP-13 1]
BE A2 AR M cSCCHR 2% 14 A1 K Ml e SCCHE & (1 1y
BB A s AT

miRNA/miR(microRNA) 2 — F /N ) Py 5 74
AGRNA, A DL SmRNARFME, 0063 K 5 5%, 5%
18 I 45 A FEmRNA R 5% A 11374 4 A5 [X (37 untrans-
lated regions, 3’-UTRs)F ZImRNA i iR 1L . iR
A K A 35 R FmiR-125b I 3R 18 5 MMP-13 1) R &
B H . miR-125b1) 6 = 7T g 2 il 55 J 410 i 11 43
B BE A1, 4 SZIRAIE SZ, miR-125bAEcSCCH #i i)
FEAZEE REMMP-13, Hon] DUd S B 245 5 MMP-13
mRNA [J3"-UTRsH1 i % TGF-Bii #% & F IMMP-13
(1L . miR-27b-3p i it 5 MMP-13 F1 EGFR [
3-UTRs&E & N HMMP-13 [ IA, #ilcSCCHH L)
BORE ., IR AR RS0, IX R I cSCCH Rk
IMMP-13 7] GE /2 fities 2590 0 a I 7 58 A

TEBCCH, MMP-13 1) 334 £ it Je8 40 B LA A2 9
b JE) LI AT 4R 40 B, 2 RE 40 i R0 Py B 4 R b
W FR BT S 200 it A0 e 8 4 P 2 3 IMIMIP- 13412 31F
JIRE L8 A B, 25 ECMIP B AN T A2 128 i e 42 28
BCC A [l 1) 2 i 2 o 35 5 JL A I MMP-13BH 14, 9
RIELE VR Rg gk e b A R . TN 2 4E
RUFFIMMP-13 55 A 2 48 it 364 58 R I 70 A0 A OGP
42 MMP-B5EGRERKE

MMP-13 ¥ 521 BE 77 R P (1) 38 58 5 8 5 2508
YT P TE AR A0 AR 28 e 77 RN e 1 AR AR P9 8 A S 1 %



X SCHLEE: MMP-13 75 52 JRAH S5 95 Hh (0 9 3t J2

323

R W RE B8, MMP-137E 57 & M 45 1 v BB (0 K08
W RIEACETHEDY, AR R R, HER.
2 AU FE I BR — -+ — Wk 7S )% 1R (docosahexaenoic
acid, DHA)fE i & N HMMP-13 3 A # #1) 28 {5 R
12 22 AT P[RS HIMMP-9AIMMP- 13 1] 3
125 B TRk EL 4 RIS S T R A P B 5 R AN
miR-21MImiR-let-7b ] 2 125 7K 1 AT 52 M) B2 Jk B £
FIAI AL RIS
4.3 MMP-1389 eI ThBe

FIRWF AR Z B R ITMMP-131 3R 18 5 7 ik
S (= 22 R &R, (ARG B 548 78 T MMP-137E i 8
PIHIRER . MMP-13J8 T p3SHHisE K, p63 21
¥ bR B YRR R R 7o B RN g
(Fp38 i) o i fb i p63 A Fat i, 8 ik P A p63 11 T
FRIXFNMMP-13 1)KL . p63FEK R AN A T
FI 20 L R MIMIP-13 1) 3% 35 5 389 m, W BR i) A1 J5 FE2
PN B I 20 R v AN ESORE T e . TR A, p38a
R0 AR T A R R S T 2 Bk B B p 38k TR
B 1) (p38aAK) I 98 HMMP-133 3 7K - B A% . MMP-
13 KO/IN SR ELEF A /N BRI B e R R B i K
JiE SR, S HMMP-13 KO/ BRI il & A= R i % &
PERE B T p38aAK N o 3X i 22 5 AT A A2 DRy B A
Pp38aAK/IN R IMMP-13 314 B /b, H AR B
HIEY)RE. HABIS RGN Ml 52 ok T 4 4 i A0 i A
I AR SRIE = A IMMP-13 7] DUACAZE,  H fTMMP-
13 (1% 8 0 1) 0y REATL i) v A 0 ) B, {HEMIMIP R Jie
HAb R R ABE 5 Z AL S . MMP-3 5% ¥4 3
WA —ME R BUE & S, (5 A 7R IMMP-
3 KO/ R (JeSCC L X BE 41 73 1h B8 /b, 38 4 B R
MMP-19 KO/ R0 24155 5 57 JHk e 1) 5 J ik [
i, RYIMMP-197] Ge g 2F g A, SR & S
Jeq A5 A BORVR 28 1) O 428 R 710 [AL Ik, MMIP-13
E BRE e A RS AT 9 I 8 42 rp AT Rt 77 XL 1) B
RE, TE ok A AN L 5 @ B AN 47, AR
WLHAEAR BAT T — R K

5 #5E

MMP-13/E AMMPsH [ — 51, HA 58K 1 B i
Jie SR 1 4 (A, ZE AL A4 35 AR B Th g op R 7 B B
PEA, Had RaEF R ZFEmsac. i 28R
RZEEHRTEIL 5B 5T 98 SO s S5 58 R 1M
I, AR YO FLAE B R0 v A AT 450

H s i 2 Fh& 2 39 ITMMP-13 1) 22 15 52 M T Al 2R
BRI IR 254, S B AN E0Y K, EBPEFHIMMP-13
(1) 223 T ek s AR R R B4 % o AE B R B A 12
S, MMP-13RE# IS 5 5 980 [ B i i 26 98 4
FRAEH, X2 5181 5 kG5 1% A2 2 . MMP-
13568 152 e Jir g 1 e A B i e (1) 45 28 1 LA B 22
B, PWATMMP-13580%, A8 n] /B g (G
JTHE SR EA i — PR R . H AT H LA
747, WIfE AR kA 2 05t s a1 R &R 1 1T MMP-
13 1) 37 1 S R 0t B 22 9 95 I = AR ) 5 1, 9 i R
BT R G B
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