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A Soybean Kunitz Trypsin Inhibitor Suppresses Ovarian Cancer Cell Invasion by
Blocking Urokinase Upregulation
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ABSTRACT

We have previously reported in a series of papers that a Kunitz-type protease
inhibitor, bikunin, suppresses upregulation of urokinase-type plasminogen activator
(uPA) and its specific receptor (UPAR) expression, phosphorylation of ERK1/2 and
cancer cell invasion in vitro and the peritoneal disseminated metastasis in vivo. In
the present study, we investigated the effects of soy bean trypsin inhibitor (SBTI) on
the net enzymatic activity of secreted extracellular uPA, the signal transduction
involved in the expression of uPA and the invasion in HRA human ovarian cancer
cells. SBTTI contains a Kunitz trypsin inhibitor (KTI) and a Bowman-Birk inhibitor
(BBI). Here, we show 1) that KTI and BBI were purified separately from soybeans, 2)
that neither KTI nor BBI effectively inhibits enzymatic activity of uPA, 3) that uPA
upregulation observed in HRA cells was inhibited by preincubation of the cells with
KTI with an ICs, of ~2 xM, whereas BBI failed to repress uPA upregulation, as
measured by enzyme-linked immunosorbent assay, 4) that the cell invasiveness was
inhibited by treatment of the cells with KTI with an ICy, of ~3 «M, whereas BBI
failed to suppress cell invasion, as measured by an in vitro invasion assay, 5) KTI
suppresses HRA cell invasion by blocking uPA up-regulation which may be mediated
by a binding proteins other than a bikunin-binding protein and/or its receptor, and 6)
that the transforming growth factor-beta 1 (TGF-p31)-mediated activation of ERK1/2
was significantly reduced by preincubation of the cells with KTI. In conclusion, KTI,
but not BBI, could inhibit cell invasiveness at least through suppression of uPA
signaling cascade, although the mechanisms of KTI may be different from those of
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bikunin. Soy Protein Research, Japan 7, 137-144, 2004.
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Fig. 1. KTI and BBI purified from soybeans. Western
blot analysis. SBTI contains KTI and BBI. An
aliquot (10 zg/lane) was subjected to SDS-
polyacrylamide gel electrophoresis under non-
reducing conditions. Lane 1, KTI (20 kDa); lane
2, BBI (8 kDa).
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Fig. 2. Effects of KTI and BBI on uPA secretion. HRA cells were seeded in 35-mm dishes and then treated with the
indicated concentrations of KTI (white column) or BBI (black column) in the absence (A) or presence (B) of 10
ng/mL TGF-31 for 24 h. The uPA contents of cell-conditioned medium were measured by ELISA. Results
represent mean values = SD of three experiments and triplicate determination. *P<0.05 compared with

the control.
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Fig. 3. Effects of KTT and BBI on cell-associated uPA activity. The monolayer of HRA cells seeded in 96-well plate
was pretreated with KTT (0-10 «M, A) or BBI (0-10 «M, B) in the presence of 10 ng/mL TGF-31 for 12 h.
The monolayers were washed twice with PBS and analyzed by colorimetric assay in the presence of the
Spectrozyme UK. Results represent mean values + SD of three experiments and triplicate determination.

*P<0.05 compared with the control.
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KTI, but not BBI, specifically inhibits
expression of uPA mRNA. Upper panel, 10°
HRA cells were plated in 100-mm dishes and
cultured for 48 h, then washed three times with
phosphate-buffered saline. Confluent
monolayers of HRA cells were incubated for 6 h
with the indicated concentrations of KTI or
BBI. Total RNAs were extracted and
hybridized with uPA and j-actin cDNA. Each
filter was loaded with 20 g of total RNAs.
Filters were exposed for 24 h. Lower panel,
data from three experiments were scanned and
analyzed for quantification with the Macintosh
software. Band intensities for uPA were
normalized to S-actin and presented as the
mean £ SD Results are from at least three
separate experiments. *P<(.05 vs control (lane
1); #, P<0.05 vs lane 4.
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Fig. 5. Effects of protein tyrosine kinase inhibitor,
MAP kinase inhibitor, and SBTI (KTI and BBI)
on the secretion of uPA. HRA cells were seeded
in 35-mm dishes and then treated with the
indicated concentrations of drugs in serum-free
medium for 24 h. The uPA contents of cell-
conditioned medium were measured by ELISA.
Results are the mean * SD of three different
determinations. *P<0.05 vs lane 2.
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Fig. 6. Effects of SBTT (KTT and BBI) on the TGF-31-
stimulated activation of the ERKI1/2
phosphorylation. Upper panel, HRA cells were
exposed to 10 ng/mL TGF-31 in the absence or
presence of KTI or BBI for 15 min. Total and
phosphorylated ERK1/2 were measured by
Western blotting. Lower panel, data from three
experiments were scanned and analyzed for
quantification with the Macintosh software.
Band intensities for phospho-Akt were
normalized to total Akt and presented as the
mean = SD Results are from at least two
separate experiments with similar results.
*P<0.05 vs lane 2.
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Fig. 7. Effects of pharmacological inhibitors and SBTI
(KTI and BBI) on cell invasion. A cell suspension,
200 2L (500,000 cells/mL) in RPMI 1640 containing
1% fetal bovine serum, was placed on the
Matrigel-coated surface of the upper chamber.
The indicated concentrations of genistein, PP2,
PD98059, KTT or BBI in the presence of 10 ng/mL
TGF-51 were added to the upper compartment.
After a 36-h incubation, cells that invaded through
the Matrigel-coated membrane were stained and
counted under the microscope. All experiments
were performed three times, and typical data are
shown. Results are the mean £ SD of three
different determinations. *P<0.05 vs lane 2.
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