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Chemoprevention of Bowman-Birk Inhibitor from Soy Bean Against Cancers
Based on Restoration of Connexin 43-Dependent Tumor-Suppressive Effect
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ABSTRACT

In a previous study, we have reported that restoration of connexin (Cx)43, a tumor
suppressor gene and a member of gap junctions, is an important factor for cancer
prevention by Bowman-Birk inhibitor (BBI). In this study, we tried to clarify a
mechanism of BBI-dependent restoration of Cx43 in cancer cells. In a mouse
xenograft model, we observed that the expression of Cx43 in tumors preceded
occurrence of tumor necrosis, indicating that Cx43 is a key molecule to induce tumor
necrosis in tumor-bearing mice treated with BBI. In an in vitro study, we found that
BBI induced Cx43 mRNA as well as stabilization of Cx43 protein in cancer cells.
Especially, the stabilization of Cx43 protein by BBI depended on inhibition of
chymotrypsin-like activity in proteasome. Finally, we confirmed that BBI-dependent
induction of Cx43 is closely associated with negative growth control of cancer cells.
Overall, it is concluded that the main chemopreventive effect of BBI is based on both
the induction of Cx43 mRNA and the stabilization of Cx43 protein. Soy Protein
Research, Japan 9, 120-125, 2006.
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WS D27 -7 (Fig. 6). F72, BBIIZ X ACx43%
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Fig. 1. (A) The relationship between doses of BBI and
tumor/body weight ratio in tumor bearing mice.
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Fig. 1. (B) The relationship between doses of BBI and
density of Cx43/GAPDH in tumor bearing mice.

p27//3-actine=0.812+0.011-BBI
p=0.0018 by Sperman’s rank test
r’=0.314

201 r=0.561

1.6

-
\S]

p27/B3-actin
o
[e¢]

I
~

0 10 20 40
BBI (mg/kg), i.p.

Fig. 1.(C) The relationship between doses of BBI and
density of p27/j3-actin in tumor bearing mice.
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BBI(40mg/kQg)

Cx43 immunostaining

Fig. 2. Histological profiles of M5076 in control and BBI-treated group and Cx43 expression in BBI-treated group
Cx43 immunostaining; blue, DAPI staining; green, FITC (Cx43).
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Fig. 3. The effect of BBI on Cx43 mRNA level in U20S cells (A) and scarpe-loading/dye transfer in U20S treated
with BBI (B). (A) Realtime PCR, *Significant difference from Control. BBI (200 mg/mL) treatment for 3
days or 6 days. (B) BBI (200 mg/mL) treatment for 3 days. Original magnification, X 200.
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Fig. 4. The effects of BBI on cell viability (A) and saturation density (B) in U20S cells. (A) BBI (200), 200 .g/mL for
6 days treatment; BBI (400), 400 zg/mL for 6 days treatment. *Significant difference from control and
**significant difference from other groups. (B) BBI, 200 «g/mL BBI for 7 days treatment; PC, Cx43-
expressed U20S cells. *Significant difference from Control.
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Fig. 5. The effects of BBI on cell cycle progression and apoptosis in U20S cells. BBI treatment for 7 days.
*Significant difference from Control.
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Fig. 6. (A) The effect of BBI and/or forskolin on Cx43 Fig. 6. (B) The effect of BBI or forskolin on cyclic AMP
mRNA level in U20S cells. BBI (200 zg/mL) level in U20S cells. BBI (200 xg/mL) or
and/or forskolin (50 M) treatment for 72 hrs. forskolin (50 M) treatment for 72 hrs.
*Significant difference from Control group. *Significant difference from Control and BBI.

**Significant difference from other three groups.
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Fig. 7. Specific inhibition of the proteasomal activity Fig. 8. BBI inhibits ubiquitination of Cx43 in U20S cells.

(chymotrypsin-like activity) by BBI. Cells were A, Cx43 expressed cells (positive control); B, BBI
treated with BBI (200 zg/mL) for indicated time, (100 z2g/mL) for 72 hrs; C, BBI (200 xg/mL) for 72
followed by an addition of 20 xM of Suc-LLVY- hrs. Cx43 was immunoprecipitated with anti-
AMC at 37C for 2 h. After incubation, the free Cx43.

AMC groups were measured. *Significant
difference from Control.
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