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Dicumarol is a coumarin derivative isolated from sweet clover (Melilotus alba), and has anti-coagulant
activity with the inhibitory activity of NAD(P)H quinone oxidoreductasel (NQO1). NQO1 catalyzes
the two-electron reduction of quinones to hydroquinones. Dicumarol competes with NAD(P)H for
binding to NQO1, resulting in the inhibition of NQO1 enzymatic activity. The expression of matrix
metalloproteinases (MMPs) has been implicated in the invasion and metastasis of cancer cells. The ex-
pression of MMPs is regulated by cytokines and signal transduction pathways, including those acti-
vated by phorbol myristate acetate (PMA). However, the effects of dicumarol on metalloproteinase
(MMP)-9 expression and activity are not investigated here. This study investigated whether dicumarol
inhibits MMP-9 expression and activity in PMA-treated human renal carcinoma Caki cells. Dicumarol
markedly inhibited the PMA-induced MMP-9 mRNA expression and MMP-9 activity. NF-xB and AP1
promoter activity, which is important in MMP-9 expression, also decreased in dicumarol-treated cells.
Furthermore, dicumarol markedly suppressed the ability of PMA-mediated migration in Caki cells.
When the relevance of NQO1 in the dicumarol-mediated inhibitory effect on PMA-induced MMP9 ac-
tivity was elucidated, knock-down of NQO1 with siRNA was found to have no effect on PMA-in-
duced MMP9 activity, suggesting that the stimulating effect of dicumarol on PMA-induced MMP9 ac-
tivity is independent of NQO1 activity. Taken together, the present studies suggested that dicumarol

may inhibit PMA-induced migration via down-regulation of MMP-9 expression and activity.
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Fig. 1. Effect of dicumarol on viability of Caki cells. (A) Chemical structure of dicumarol. (B) Caki cells were treated with dicumarol
at the indicated concentrations and cell viability was determined by MTT assay after 24 hr. Data are given as means of
values * SD from three independent experiments. Level of significance was identified statistically (p<0.05) compared with

blank group using Student’s t test.
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Fig. 2. Effect of dicumarol on PMA-induced MMP-9 activity and cell invasion. (A) Caki cells were pretreated with the indicated
concentrations of dicumarol for 30 min, and then added 50 nM PMA for 24 hr. Conditioned media were collected, and
MMP-9 activity was analyzed using gelatin zymography. The data represent three independent experiments. (B) Confluent
monolayer of Caki cells was wounded and images were taken immediately (control-0 hr). After washing with PBS, Caki
cells were cells were pretreated with the indicated concentrations of dicumarol for 30 min, and then treated with 50 nM
PMA for 24 hr. Wound gap was observed and cells were photographed using a Carl Zeiss microscope. The data represent
three independent experiments. (C) Caki cells were pretreated with dicumarol (50 uM) for 30 min followed by treatment
with 50 nM PMA for 24 hr and the migrating cells were counted. Cell invasion was determined using Boyden Chamber.
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Fig. 3. Dicumarol inhibits PMA-induced MMP-9 mRNA and MMP-9 promoter activity and mRNA expression. (A) Caki cells were
pretreated with the indicated concentrations of dicumarol for 30 min, and then added with 50 nM PMA for 24 hr. MMP-9
mRNA expression was determined using RT-PCR. (B-D) Caki cells were transfected with a MMP-9 promoter(B), NF-kB (C)
and AP-1(D) -luciferase construct. After incubating for overnight, cells were pretreated with the 50 uM dicumarol for 30
min, and then treated with 50 nM PMA for 24 hr. Cells were lysed and assayed for luciferase activity. Values in (A) are

mean*S.D. of three samples.
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Fig. 4. Suppression of MMP-9 expression by dicumarol was not associated with inhibition of NQO1. (A) Caki cells transfected
with either control siRNA or NQO1siRNA were treated with 50 nM PMA for 24 hr. NQO1 mRNA and MMP-9 mRNA
expression were determined using RT-PCR. (B) Wound gap was observed and cells were photographed using a Carl Zeiss
microscope. (C) Cell invasion was determined using Boyden Chamber.
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