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Matrix metalloproteinases (MMPs) B & O MMPs O34 % #4893 5 tissue inhibitors
of metalloproteinases (TIMPs) 1%, S SHE TORENGICHEGT5EE25NT
Wbo REIETIE, THHDOFEBUIK T 2 8@MIL~X> V' AV (BPO) OIEHZRET %
729012, BPOZ25%&HTAH75 NV 25%BPOT V) #REEAM (1, 4, 7, 21, /B X
C4HM) LAT LAY AOFEANREHFOMMP-1, 2, -3, -8, 9BLU-13%450
IZTIMP-1, -2, -3B8X -4 mRNAZHmEZHIE L7z 25% BPO 7V O RAEEAGIZ X
0, MMP-1b, -2, -3, 9B X U-13, 7% 5 I TIMP-1, -238 £ O°-3® mRNA EH &= A3
75 e REATE L AREEIT L, JFICMMP-OOBEE RICTF 25380 SNz, AT,
49 H %A $ MMP-9 8 X OSTIMP-1 D >3 7 B3R %2 I E L7285, 25% BPO
FVEATEO MMP-O 5w 8 X O"MMP-9/TIMP-1 b1 75 & R&EAHE & A=K
o7z

WIZ, MMP-1, -2, -3, -8, 93 X 1-131237~300uM D BPO Z/EH S ¥ -5 %, %
i MMPs D52 BE$ 2107253 5, K MMP-2120 L ClRCBHEE 2R L7z.

AWFIEIC BT, 25%BPOTX VDX AHANDRERAIZ LY, Fzrho MMP-9
FHEB X OMMP-9/TIMP-1 MK T35 Z &SN/, 72, BPOIZIZMMP-2
O A ERCHEST 2MEH DO SNz UErs, 2o oEHABPO o4t
SIS T DEBENRICH G T LR E 2 b7z,

1 HSEIZESs (Bl - WFZEE0) 2 @ BRERIFZESRE (B - JESERZER)
FUEF ARG <V AR &AL WFJEES )1 R

T600-8815 LR T HUIX H 4 <F JEHNT 93

F—7—F @B A O, BEESHE, %, MMP, TIMP
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WoE
(4

FEMESEL, BEIDEICIAE S % BT,
I ROE UM R % B & 5 5 IR,
LR, Cutibacterium acnes (C. acnes) 55
DT DOBEHE AU B 5-3 2 12k S RE P
BTha's SHMESHEOMEL, WIRTIRR
52 ENTERVRUNIEZ AR E L, JE
RIEVER BT AT (PASATH, BB ),
WEWTHRIERE (L8, BE, &) ~&
HEEL TV, 20k, SHESEOHE
TlE, FEWEBOHRORL LT, YN
BLOEIERE B LG TSI LT, KIE
Wz BE~OMREZIGT 5L HEETH 5,

Matrix metalloproteinases (MMPs) 1,
ke iasb< b U v 72 2RIk b
Vo 7AYoy B &R B KA
YERTFI—E¥TH5H", & bTIH2AMM
@MM%#ﬁaénfbD F AL UL

BRREEOENI LT, a5 5 F -
(MMP-I, -8, -13B X U-18), €5 FF —
L MMP2BXU9), Abursf >
B (MMP-3, -10B X O°-11), R MMPs #E
(MMP-14, -15, -16, -17, 24 B X 0*-25), <

M) FA4 YU (MMP-78 X TU8-26) DK Z
KEDDTNV—=TIHETHIEHNTE, il
OMMPs (MMP-12, -19, -20, -21, -23, -27
BLU-28) 3ZofbicsEsng”, MMPs
D% X tissue inhibitors of metalloproteinases
(TIMPs) (2 & Dl S, TIMPs|Zid4FE8
DT AV 75— (TIMP-1~4) BEAET 57",
MMPs 2B ) 7~ F 7 71— 2 WEik
AL % &5 0% < OREMRBICES T4 2
EhHeonTsn”, SEREORENERE
WALz ETIEMMP-1, -2, -3, -8, 9B X
-13OmRNA R & VX7 OB R b
T3 MR T, C. acnesh3r 7 F 7 ¥4
PO OMMP-OFER A BINSE5 2 & T,
EIEDISE R FIET AR D B ShT
Wbo PLEOHE2 S, MMPs 25 98 O 580

WCHBE LT WA EZ 5N b,
WLV 4V (BPO) &, FRKTIZ1960
A S IV SERIEIEE LT SR,
BRI 20 AV SRR & L C i
THHERTWE"Y, HATIZ20144E12
1225% BPO & A7 VAl (RE a7V 25%,
<V BRRRAEHL) DSEE M SRS L LT
KBEINTWSE, KENL, C. acnes x5 5
PURER Y, AN B X O/
TER™ IS & DB R 2 5T 2 L £ HN
TEY, EREWRES X OCRERLZO &
CHAHMTH A ™ L Lids, %
FEVERZ B CHBLL TV B MMPs 2% LT
BPOIWZED X9 RVEMD S % D2k o> T
WV, Z 2 TARIFZETIE, MMPsB X O
MMPs Ol % il 813 % TIMPs DS BUI 3
% BPODIEM & Mad 3 5 72912, 25%BPO
TV % SAREAT L7z~ T LA ADH AR
Kz 1> MMPs 3 & OF TIMPs ® mRNA J6 3 &
BLOY U EBHEEFTIL7-. E72,
MMPs {263 % BPO O EHEH 7 FLEAEH
b HHETHAIG L 720

I M &k

1. B89

AT VA~ YA (Hos:HR-1, MeME, 738ik)
EHATL ALV Y =St OWA L 72
<7 AEE20~26T, B 30~70%, M
W 121RF ] (AR - 7HF~190E, WEHH © 1985~
THE) OREITCHTEL, fkB X Ok
HIEIE Lz, 5HMEMLEE Lk, 9
BRI L7z &b, &TOBWERIZ< IV
AR L O B TR A PR E (2 U C I
L7
2. EYks

AT VAR ADWHIZ25%BPO 7 IV (<X
YA 7 25%, v VAKAEH) B0
FERE L TREF IV 25%DIEAI S (<
VAR SR 2 1H1E204L (Wi 1041

| 4
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30) 9§, 1, 4, 7, 21, 3BbBL49HM
PSR G L 720
3. BENERREFOmMRNARBEES LU 2N
JERREOAE

1) HAEE Y — FofE

AR G- B 4R RIS~ T R B RAESE
S8, MHA%ZEHIML 72, Yokouchi 5 D F
B RBEC, WL 2HRAP S EE Y — b
ER L7 HosMil GEM) o Fxz ¥ >
oy MTHAPLT, W EEI) DR E I
HELTWLHEEZMYBRE, RFY— M &fE
U720 MFRLEE Y — P2 EAlEss L
127 % & 912 1mmol/L CaCl: &4 phosphate-
buffered saline (LLF, PBS) (ZiFilF STk
¥ U720 15000PU/mL 7 4 A8—=£" 1T (&
RS R AL @S, B Y — el
MR 5 X923 S 7214, 37°C T8y
A Y Fax—=1 L7, TORBRICEHFI— b
NOFEEHEEST L2 & TERE Y — N EER
L7z

2) mRNASEH =0 %

VELL 72 B A D ¥ — b+ 25 RNeasy
Fibrous Tissue Mini Kit (QIAGEN) % Hw
Ttotal RNA Z it L 72 =D, High-Ca-
pacity cDNA Reverse Transcription Kit (Ap-
plied Biosystems) % H\TcDNA Z&H L7z,
&1 L72cDNA, TagMan” Gene Expression
Master Mix (Applied Biosystems), TaqMan"
Gene Expression Assays (Applied Biosys-
tems) Z{#4& L, QuantStudio’ 7 Flex Real-
Time PCR System (Applied Biosystems)
12 & Y real time PCR %47\, MMP-la (Assay
ID : MmO00473485_m1), MMP-1b (Assay
ID : Mm00473493_gl), MMP-2 (Assay
ID : Mm00439498_m1), MMP-3 (Assay
ID : Mm00440295_m1), MMP-8 (Assay
ID : MmO00439509_m1), MMP-9 (Assay
ID : Mm00442991_m1l), MMP-13 (Assay
ID : Mm00439491_m1), TIMP-1 (Assay
ID : Mm01341361_m1), TIMP-2 (Assay

(118)

ID : Mm00441825_m1), TIMP-3 (Assay
ID : Mm00441826_m1) B X O°TIMP-4 (As-
say ID : Mm01184417_m1) ® mRNA 33
BEWELZ, 2B, I ¥ bu—)V#EET X
GAPDH (Assay ID : Mm99999915_gl) #
A7z,

3) & Xy EEBEONE

ER L 72 H R DEE Y — MTREYFA
A3y 7 7 — (1% Protease inhibitor 8 & ¥
0.01% Tween 20& 4 PBS) =Mz, ¥ =472
Y AY =" (RREHANA F AT AN A
IUVRA) TR L7281, mOoiL, ik
Z WXL 720 B L 72 B3 A 5 Quantikine”
ELISA, Mouse Total MMP-9 Immunoassay
(R&D Systems) TMMP-9%8l#, Quanti-
kine” ELISA, Mouse TIMP-1 Immunoassay
(R&D Systems) TTIMP-15¢8l 88 L O
Pierce™ BCA Protein Assay Kit (Thermo
Fisher Scientific) T#% ¥ 37 Bum&llE L
720 2B, M%E L 7ZMMP-93B L O TIMP-1
BB, By X7 HETHIE L.
4, HAEHBEE BV MMPsEERIE

Reaction buffer (50mM HEPES (pH 75),
10mM CaCl,, 0.01% Brij 35, 0.01% BSA,
1% DMSO) 1244 MMPs % il L 7z MMPs
%710 L 72 Reaction buffer 12 BPO % #&i& & 7%
37, 111, 333, 100B X 300uM &% L9
WCIRIML T, | T2005 84 >~ F2~x—}
L7ze 4 ¥ FaR— 3 Uk, SBERRT
FRIEZHFINLC, EHTI205 W, 55
WD ek ¢ 485nm, HOBEIKE ¢
520nm) ZWE L7z o Nz E s 5,
BRI OME (B /RER) 28 ML, @
EDOILH 5% BPORE COMERZ R L7
#F MMPs 12533 % BPO @ ICx fifi1d Graphpad
Prism (ver. 401) % FvCHERE L 72 [l i
PHEIL 72,
5. HiEtrER

mRNASSHEB L 07 37 BIsBlRE 0%
gt R P I E £ EEHERRE T, MMPs{HPED
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FEBAE R HMET/R L7zo mRNAJEH &
IZOoWTIE, K&AHEDT 7 2 REAREE
25% BPO T WEBAEEOM T, 7 237 388
BHIZOWTIE T I REAHE L 25% BPO Y
VAR o [ T Student F 7213 Aspin-Welch
D ERGE Z AT, WA BKEEIX5% A
W& L7z (p<0.05, WitIHE) .

I # # u

1. 25%BPOSIVERICLDZ YT RAENE
BHOMMPs 5 LU TIMPs ® mRNA $$IRE(C
RIFTEE

25%BPOX VB IOTIEER%Z1, 4, 7,
21, BB LAY HMBEA L7zAT LATY
2 DBEAFR O MMP-1b, -2, -3, 98 &
*-13, %5 ICTIMP-1, -2, 3B X040
mRNA 7358 % Figure 1127”7, 25%BPO %
V%A B O MMP-1b ® mRNA J§ Bl & 1321
X049 H %A <, MMP-2® mRNA 763 &
124, 7B X021 HE®A T, MMP-30 mRNA
SEBIEIZ 21 B £ 0°49 H %A T, MMP-9®
mRNA Z8H &34, 7, 21, 358 X049 0%
i T, MMP-13® mRNAFH 813218 L O
QHBERT, TI79RERFELLLKL T
HEIIET L7 (Figure 1-(a)~(e)) {{MMP-
1b: p=00289 (21 H#%A), p=0.0011 (49
H%A)] [(MMP-2 : p=0.0024 (4 H %
A7), p=0.0226 (7 HR%A), p=00189 (21
H##%A4i))] [MMP-3 : p=00226 (21 HH%
i), p=00002 (49 HM%Ai)] [MMP-9: p=
0.0001 (4 H#A), p=00004 (7 HH#&AR),
p=00001 (21 H##%A5), p=00027 (35H
WeAi), p=0.0002 (49 HH#AR)] [MMP-13
p=00346 (21 H##%A), p=00213 (49 H
WAi) o 72, TIMP-10 mRNA Z8H &% 21
B LU %A T, TIMP-2D mRNAFEH
137 HI®AT, 7% 502 TIMP-3® mRNA
FHEIZ4, 7, 21, 358 X049 0 R®AT,
T REARE LKL CTHEIK - 72

(Figure 1-(f)~(h)) {[TIMP-1 : p=00003 (21
H%Ai), p=00103 (49 H¥%A5)] [TIMP-2:
p=0.0200 (7 HE&A)] [TIMP-3 : p=0.0001
(4 H M %AE), p=0.0000 (7 HRM®EA), p=
00027 (21 HIH&AG), p=00050 (35 HH#A),
p=00051 (49 HE®EA)] . 7IERBLO
25% BPO 7 V#Ai D MMP-1a 35 & 0" MMP-8
OmRNAFBEIE, WTFhoRAHE LM
HWTE%Lror (F—2 B . 25%BPO~
VEARED TIMP-4 O mRNA FBIE X, Wi
NOBAGHITYH, 77 L RBAREE B L
THERKTAALN L H 72 (Figure 1-(i))o
2. 25%BPO#IVEMICLDYIXRENE
B MMP-9 I E 5 LU MMP-9/TIMP-1 tt
ICRIFT B

25% BPO 7 VBAERIZ BT, MMP-9D
mRNA SR OT A, 4~49 H i o> ¥ Ai 11
TNk, F72C. acnesh ’r 55/
4 bR HERAD S D MMP-9 Je 8 & % B %
®5HI LT, SEORIEEFHT 5 HENED
WY ERTVB I EDS, 49HBBAHRD
MMP-9D % >3 7 BsHlEE e Lz, £72,
TIMP-1lZaMMP-OD A 7 > % —8— b F—D
122 LTELASRTEY? ™, TIMPsid
MMPs & ARG L - TL  1OBAKRZ
BH$ 52T, MMPsDIEMZHES 2 2
ES"® TIMP-1D ¥ ¥ 28 7 B 5Bl % il
EL, MMP-9/TIMP-1D % > X 7 3Bl &
Wb A L7,

25%BPOZ VB X7 5 &K% 49 H ¥ A6
L72AT7 L AR Y ADH AP Hh o MMP-9 %
B, TIMP-13$H#& B X 0"MMP-9/TIMP-1
It # Figure 217" 3 25% BPO 7 WEAIED
MMP-9 %8l & 3 & 0" MMP-9/TIMP-1 I3,
T REMABELERBELT, WIhb AR
KT L7278 (Figure 2-(a)c)) (MMP-9583ik: :
p=00209, MMP-9/TIMP-1Lt : p=0.0004),
TIMP-1 B EIF2HB THAEZZITALNR
T2 7o 72 [Figure 2-(b))o
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Figure 1 mRNA levels of matrix metalloproteinases (MMPs) and tissue inhibitors of
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. BPO gel placebo . BPO gel
*: p<0.05, **: p<0.01 vs. BPO gel placebo (Student’s or Aspin-Welch’s test, 2 side)

BPO gel placebo or 25% BPO gel was topically applied to each side of the left ear
(20uL in total) once a day for 1, 4, 7, 21, 35 and 49 days, and the ear was collected.
Epidermal sheets were prepared from the collected ear and ¢cDNA was prepared
from them. Thereafter, mRNA expressions of MMP-1b, -2, -3, -9 and -13, TIMP-1, -2,
-3 and -4 were measured by real time PCR. These mRNA levels were normalized to
GAPDH mRNA levels. Gene expression levels are shown relative to BPO gel placebo
group. Each column represents the mean +S.E. (n=5-9).

(days)

(days)

(days)

(days)

metalloproteinases (TIMPs) in hairless mice given repeated topical administration

of 25% BPO gel
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[(c) MMP-9/TIMP-1 ratio)

T
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protein

0
BPO gel placebo

*: p<0.05, **: p<0.01 vs. BPO gel placebo (Student’s or Aspin-Welch's #-test, 2 side)

BPO gel placebo or 25% BPO gel was topically applied to each side of the right
ear (20uL in total) once a day for 49 days. The ear was collected and epidermal
sheets were prepared from that. The epidermal sheets were homogenized and
centrifuged. The supernatant was collected and the contents of MMP-9 and TIMP-1
were measured by ELISA. Each column represents the mean+S.E. (n=6).

[(b) TIMP-1]
30 -

25

20 -

15

10 |-

50

0
BPO gel placebo BPO gel

3k

BPO gel

Figure 2 Expression of MMP-9 and TIMP-1 in hairless mice given repeated topical administration

of 25% BPO gel for 49 days

3. BPODO MMPs &MICX T 21EH
BPO®MMP-1, -2, -3, -8, -93 X -131f
PR3 2 BHEA R o B BOG fi#i % Figure 3
(2, #5HEMMPs (2353 % 50% BHE R (1Cs
fili) % Table 112779 BPOZ3.7~300uM ®»
PRI BT, MMP-212h U Tl EEARAE Y
TRHEEHZRL, ZOICofHIZ 157 M Tdh -
7z (Figure 3-(b)3 X U Table 1), %7z, BPO
1213 MMP-2 DAt @ MMPs i 1 & B3 % 16

(122)

DA BNI2AS, S RRET U720 B Cld ICs
1 % 2Pl T & % %> 72 (Figure 3-(a)(c)~(f)
B X U Table 1),

m* % .

S SEREDOREKL B & T
MMPs 5B ZD HTwa" ™ AKifge
TIEBPO % 25% &/ T 57V (25%BPO%
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MMP-1, -2, -3, -8, -9 or -13 was pre-incubated in Reaction buffer for 20 min in the presence of
benzoyl peroxide (3.7, 11.1, 33.3, 100 or 300uM), and substrate solution was added to the reaction
mixture. The enzyme activities were monitored (Ex/Em 485/520) every 5 min as a time-course
measurement of the increase in fluorescence signal from fluorescently-labeled peptide substrate for
120 min at room temperature. The ICs was calculated by using Prism software. Each value

represents the mean (n=2).

Figure 3 Effect of benzoyl peroxide on MMPs activity
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Table 1 Effect of benzoyl peroxide
on MMPs activity

ICs (umol/L)
MMP-1 >300
MMP-2 157
MMP-3 >300
MMP-8 >300
MMP-9 >300
MMP-13 >300

V) BAT LAY ZADOHMIRE49 HE K
H®Ai L, TOEREPIZBITSMMPs B X
" MMPs {1 % fill#3° % TIMPs ® mRNA %
HEB LY VX7 BB RIS

PRIz ZOKER, 25%BPO TV BATT S
Z LX) MMP-238 X UF-9D mRNA 765 &1
4 1R SA R D, 49 H B %A 5 T TR
BIKT 2SO bz, —F T, MMP-1b, -3
BLU-13O mRNAZB &I, 4BXO7THH
BARICBOTRAIICEETEZ2VWH 00,
—RE RSB e &2 7R L7285, 21, 358 &
D49 HBA R TIHME T 250 6N, 218X
49 H %A £ O T IIMEHAICAHE T
BHotze € THRATHIM A L CHIMEZ mRNA
R E O T RO 5172 MMP-912D W T
X0 FEMNC AT 5 7212, 25%BPO 7 v
% 49 H 8 5% AT L 72 B A28 v o MMP-9
BLXOTIMP-1D % v 87 G BlR 2 M~72,
ZOREE, 25%BPOX VEBAAHETIZ T I+
REAGHE L i L C TIMP-1 % > 28 7 g5 Bl
WZIWER Lo 2b DD, MMP-9% ¥ /32
HRMEITAEFIML, 722 MMP-9/TIMP-1
HHMETH o720 ZNSDFEES S, BPO
IEMMPID Y Y7 BB REZ T EE5 2
& T, MMP-9/TIMP-1 LMK L, ZOfE5
MMP-9i% 1 2 B CHIM T 5 L £ 2 5h
%o —7J5, MMP-1b, -33 &£ O°-13D mRNA %
Bleid 21 HM®AH%LRET, MMP-2® mRNA
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WA MBARUET, FEGKTS
IO THIn A A SNz L7z > T, BPO
[EMMP-97313 Tid 7% {, MMP-1b, -2, -3
L1300 % 37 BB RER DT S /20T
BEMEDSH Bo LA L7755, MMP-1b, -3B
L O-13O mRNA B A 4B L 07 H M &
Ai % C—RER eI 2 7= L 72 BB L O
MMP-2 ® mRNA 5B w1235 % BPO O1EH
H349 H &A% F TRH MG L2 JEIRIZ
RHTH 5, 41k MMP-9LIALD % MMPs D
& X7 BREBEIIKT 5 BPODEHIZDW
THHERPLETHLEEZ D,

%72, BPO®MMPs DiG A3 516 %
MLz A, MMP-212%) L CilgEARSTE
MR EEH 2R L, ZDICEIX157uM T
botlze B, BPOIRMMO MMPsIZH LTH
WEARAN L HEERZ R L2boo, [HE
YEH DM E N FH 72 Reaction buffer 12k LT
BPO 23 # 9 5 BRFIREETdH % 300uM T D
50% % 8 2 5 HENBD SN roizlzd,
ICofEZ R TE Lh o7,

MMPs i3 SIECH G5 2 LML TH
DY FEESEBREOIENRE B B
MMP-1, -2, -3, -8, 9BIU-1323%IL T
W3 E 72, MMP-9 238 O S P
WS- LTwa 2 EY, 5N C. acnes h3r
5F 744 b2 5OMMP-9ZBL” 5 X O HLEk
25 OMMP-138 X 9% %2 F 2
X2 LT, SEORERFHT LR
PEDHE SN TWSE I ED S, MMP-9H
FHSEOREICHG L TVwE I ENERD
Nb, X512, MMPsid MMPs [ THE/EH
THZETHEMEINAZE HSNTED,
MMP-2 28809, F 7213 MMP-13 D15 PE14b
Z4r L TR MMP-9 235 k35 2 & b
WE EhTwb, KIFEOHEAS S, BPO
13 % Bz O MMP-9 4 o 32 & 5 MMP-9/
TIMP-1 )LD TIZINZ T, MMP-235% % 15
FWICHET L2 EI2ED, L TMMP9
EEZIHIT 5 2 212X ) 3N SE O K



— #r#ELEK J. New Rem. & Clin. Vol.71 No.2 2022 —

PR IBA R T B IRHERN R H 53 5 ] REMEAS
Hbo KWFFETIEANT LAY ZADIEFZE
®MMPs 3 & O TIMPs DB 1253 5 25%
BPO 7 )V L AE & A OVEH % 5FAl L 7228, =&
WS BE OB T SIE R B &
WETHREGYEHAOND, Lo T, ~
7 VAT ADIEF 5B 5 MMPs 12
x93 % BPO DIEMAS, SFMESEEEOR B
FIZFEBL$ 5 MMPs 2R LT FIBEICEED &
NBDPBEET LB H D EEZ D,
FHESE CTORIESEEEIRR L5 L
2, K ORAM, 7% b b ERERSERAVE L
LIENBHYY 1AL OERIHHEIIES
BLOBED X 9 7 SEH B TIRK &S
Y, SEOFEFEREL &b ICEHIERIE D%
FERABEINT % 2 L BHE" ShTwbe Il
2T, EMWMEMBIROIKIL, SIEO R
BIZBT MR 3T —7 VR Xk AR E
<)y 7 ADBENRFHEEZ HM TV,
L72h5 T, KIEHEBERIZEBIT 5 BPOIC L
% MMP-9 & 2 8 O T % MMP-2 15 PE O R4
WIIER IR D720 T, SEREE DT
LT 2 REMEDE 2 5N De 72, MMP-1
BIO9ISEORKIERRB T TR, 2
FPERER ORI D BHAED SN TN B,
FERE VR 3 2GRSO b Tw
HlL—¥F—<xfrua=— VKBTI, A
FELD T T — 7 RSN B T & S
ENTWw5, BPOH MMP-OIFMZ LT €5
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Abstract

Matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases

(TIMPs) have been thought to be associated with chronic inflammation in acne vul-

garis. In this study, to examine the effect of benzoyl peroxide (BPO) on expression
of MMPs and TIMPs in skin, we determined mRNA expression levels of MMP-1, -2,
-3, -8, -9 and -13, TIMP-1, -2, -3 and -4 in epidermis of the ear of hairless mice given
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repeated topical administration of 2.5% BPO gel for 1, 4, 7, 21, 35 or 49 days. The
mRNA expression levels of MMP-1b, -2, -3, -9 and -13, TIMP-1, -2 and -3 in 2.5% BPO
gel-treated mice were decreased compared to placebo-treated mice, and in particular,
the decrease in MMP-9 expression level was robust. Additionally, MMP-9 protein levels
and MMP-9/TIMP-1 ratio in 2.5% BPO gel-treated mice were significantly decreased
compared to those in placebo-treated mice.

Next, we examined the effect of BPO (3.7-300uM) on enzymatic activity of MMP-
1, -2, -3, -8, -9 and -13. As a result, BPO showed a tendency to inhibit all of the MMPs
activity, and particularly strongly inhibited MMP-2.

This study demonstrated that repeated application of 2.5% BPO gel to mouse ear
skin decreases protein level of MMP-9 and MMP-9/TIMP-1 ratio in the epidermis of
the skin, and that BPO directly inhibits the enzymatic activity of MMP-2. These actions

of BPO may contribute to its therapeutic effect on patients with acne vulgaris.
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