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Sulforaphane is a naturally occurring member of the iosothiocyanate family, which reveals chemo-
preventive capacities including anti-cancer, anti-inflammation and inhibition of MMP-9 activities. In
this study, we investigated the effect of sulforaphane on the expression of matrix metalloproteinase-9
(MMP-9) in lipopolysaccharide (LPS)-induced Raw 264.7 cells. Sulforaphane strikingly suppressed the
LPS-induced MMP-9 activity and mRNA expression in a dose-dependent manner. In addition, sulfor-
aphane inhibited not only the LPS-induced MMP-9 promoter activity but also LPS-mediated activator
protein-1 (AP-1) and nuclear factor-xB (NF-xB) promoter activity. Transient transfection by MMP-9
constructs, in which specific transcriptional factors were mutagenized, indicated that the effects of LPS
and sulforaphane were mediated via AP-1 and NF-kB response elements. We found that sulforaphane
had the ability to suppress LPS-induced invasion in vitro. Taken together, these results demonstrated
that sulforaphane effectively suppressed LPS-induced MMP-9 expression via modulation of promoter
elements (AP-1 and NF-kB) in MMP-9 transcriptional activation.
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Fig. 1. Effect of sulforaphane on MMP-9 activity. (A) Raw 264.7
cells were treated with or without various concentrations
of sulforaphane in presence of LPS (50 ng/ml) for 24
hr. Conditional media were collected and LPS-induced
MMP-9 activity was analyzed using gelatin zymography.
(B and C) Cells were pretreated with varying concen-
tration of sulforaphane for 30 min and then treated with
IL-1p (40 ng/ml) and TNF-a (40 ng/ml), respectively.
Conditional media were collected after 24 hr followed
by gelatin zymography.
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Fig. 2. Repression of LPS-induced MMP-9 mRNA levels and pro-
moter activity by sulforaphane treatment. (A) Raw 264.7
cells were treated with or without various concentrations
of sulforaphane in presence of LPS (50 ng/ml) for 24 hr.
Total RNA was isolated and RT-PCR analysis was per-
formed using specific primer of MMP-9. (B) Cells were
incubated with 50 ng/ml LPS for 12 h and then washed
out. LPS-treated cells were treated with or without 5 uM
sulforaphane in present 5 pg/ml actinomycin D (Act.D)
for indicated times. Total RNA isolated and RT-PCR
analysis was performed. (C) WT-MMP-9 promoter-con-
taining reporter vector was transfected, and treated with
varying concentrations of sulforaphane in the absence or
presence of LPS (50 ng/ml) for 24 hr. The cells were lysed
and luciferase activity measured. Data represent the
mean*SD from at least 3 independent experiments.

Sufforaphane0| FALZEHE  QIX} NF-kBL} AP-1 4o
0jxl= F&
Sulforaphane©] LPSell ]3] 7}l MMP9 2412 4]
;} 24 713E Bgs] 1987l $laA4 MMP-9 promoter
"-ZH she AAIZEFHAAE(NF-xB, AP-1)9] 2EEHE
o] AlZ] promoterE AHE-3+Y] luciferase SAFEE =
’3}93\13} 34 MMP-9-Luc vector (WT-MMP-9)¢} T}t &
¥ o] MMP-9-Luc vectorE Z7} transfection ¢ % LPS (50
ng/ml)S 24717t &<t A & ¥ luciferase &4 431
THFig. 3A). Fig. 3Ac] 4] Uehd Aol & & 10| LPSE
Aed T A MMP9 Z2 2 H AJo] 2748k Aol Hl5)A
ANEARAAEY AFF-97F wol® MMP9 Z2RE &
e g3 Aastnh o] A¥e LPS x| o3 713t
T MMP9S] 2R A HARRE /ARl NF-kB9}
AP-10] F8% 988 311 35S UEld. Sulforaphaned]
% MMP-9 promoter &/ <A & 7}ol] NF-xkBe} AP-19] #

[¢]

ﬁdm}n_



278 BB UPIX| 2010, Vol. 20. No. 2

i
o
WEMMPY g w0
e S g W
currmezes 1 k.
o S tuc ] mareimme §E ﬁ
A R SE
mArizME £
N i
pr . kel .
T WT- mAPL mAPL- mNFRB- mAPL-
MMBE MMPE ZMMPE MMPS 12
G MMP
AFREMMPS

(B) (©)

i

&
w15 W10 SFN (M) - - H 1015 20 20 SFN(EM)
LPS (50 ng/ml) LPS (50 ng/ml)

Fig. 3. Effect of sulforaphane on the activities of AP-1 and NF-k
B. (A) Schematic structure of MMP-9 promoter constructs
used for luciferase assay. Mutations were introduced into
the AP-1 or NF-xB binding sites of WT-MMP-9. WT-
MMP-9 promoter or mutant MMP-9 promoters were
transfected and incubated with 50 ng/ml LPS for 24 hr.
The cells were lysed and luciferase activity measured.
(B, ©) To elucidate the effects of sulforaphane on the
AP-1 and NF-kB activities, a reporter vector that has
AP-1 (B) or NF-xB (C) binding sites was transfected. The
cells were treated with or without various concentrations
of sulforaphane in presence of LPS (50 ng/ml). Luciferase
activity was measured. Data represent the meantSD
from at least 3 independent experiments.
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Fig. 4. Effect of sulforaphane on matrigel invasion by Raw 264.7
cells. For invasion assay, the lower and upper parts of
Transwells were coated with matrigel. Raw 264.7 cells
were incubated with in the presence or absence of either
LPS (50 ng/ml) or sulforaphane (20 M) in the upper
well. After 24 hr, invasiveness of the cells on the upper
side of the filter were removed and the cells on the bot-
tom side of the filter were fixed, stained with 0.125%
Comassie blue, and counted. Data represent the
meantSD from at least 3 independent experiments.
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