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ABSTRACT

Tumor-associated macrophages (TAMs) polarized to the M2 phenotype promote
tumor cell proliferation and are associated with a poor prognosis in patients. We
previously revealed that corosolic acid and oleanolic acid, triterpenoid compounds,
inhibit the M2 polarization of human monocyte-derived macrophages (HMDM). In
the present study, we found that a crude extract of soybeans and soyasapogenol
A and B, triterpenoid compounds, contained in soybeans significantly inhibited
the expression of CD163, one of the phenotype markers of M2 macrophages, as
well as suppressed the secretion of IL-10, one of the anti-inflammatory cytokines
preferentially produced by M2 macrophages, thus suggesting that soyasapogenol
A and B suppresses the M2 polarization of macrophages. Soyasapogenol A and
B also inhibited the proliferation of U373 human glioblastoma cells and SaOS2
human osteosarcoma cells, and the activation of signal transducer and activator of
transcription-3 (STAT3) in both human macrophages and tumor cells. These results
indicate that soyasapogenol A and B regulates the macrophages activation and
suppresses tumor cell proliferation by inhibiting STAT3 activation. Furthermore,
oral administration of soyasapogenol B significantly suppressed both subcutaneous
tumor development and lung metastasis in a LM8 tumor-bearing mouse model.
Therefore, soyasapogenols may represent candidate agents that can be used for
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the prevention and/or treatment of various malignant tumors. Soy Protein Research,

Japan 18, 231-239, 2015.
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Table 1. Efect of natural product extract on CD163
expression in macrophages
CD163 Expression

(% of control) P value
Japanese radish 94+ 7
Cabbage 101+ 4
Celery 97+ 6
Chinese cabbage 95+ 4
Cucumber 102+ 8
Carrot 94+ 5
Soybean 62+ 3 p<0.05
Pumpkin 92+ 4
Kumquat 93+ 5
Blueberry 97+ 4
Tomato 94+ 6
Orange 97+ 3
Banana 94+ 5 0
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Fig. 2. Effect of major compounds in soybean on
CD163 expression in HMDM. HMDM (5%
10* cells per well of a 96 well plate) were
incubated with test compounds (30u M) for 24
h after treatment with 20 nM IL-10 (A) or TCS
(B) for 2 days, followed by the determination of
CD163 expression by Cell-ELISA, as described
in the Materials and Methods. The data are
presented as mean = SD. ”“"p<0.01 vs control.
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Fig. 3. EDect of soyasapogenol on cytokine secretion
in HMDM. The HMDM were stimulated with
LPS (100 ng/mL) for 24 h after incubation with
soyasapogenol (30u M) for 24 h in the presence
of TCS, followed by the determination of IL-
10 (A) and IL-12 (B) secretion by ELISA, as
described in the Materials and Methods.
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Fig. 4. ECect of soyasapogenol on STAT3 activation in HMDM. The HMDM were incubated with soyasapogenol
A (30p M) and soyasapogenol B (30u M) for 12 h after treatment with 20 nM IL-10 (A) or TCS (B) for 24
h, followed by the determination of phosphorylated STAT3, STAT3 and 3 -actin expression by western
blot analysis, as described in the Materials and Methods.
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Fig. 5. Elect of soyasapogenol on STAT3 activation in tumor cells. U373 cells (A) and SaOS2 cells (B) were
incubated with soyasapogenol A (30u M) and soyasapogenol B (30u M) for 12 h, followed by the
determination of phosphorylated STAT3, STAT3 and B -actin expression by western blot analysis, as

described in the Materials and Methods.
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Fig. 6. Effect of soyasapogenol on cell proliferation in U373 glioblastoma cells and SaOS2 osteosarcoma cell.
U373 cells (A) and SaOS2 cells (B) were incubated with the indicated concentrations of soyasapogenol for
24 h, followed by the determination of cell proliferation by WST-8 assay, as described in the Materials
and Methods. The data are presented as mean+ SD. "p < 0.05, "“p < 0.01 vs control.
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mice. Soyasapogenol (50 mg/kg) was administered to LM8 cell-injected mice for four weeks, followed
by the determination of the subcutaneous tumor weight (A) and lung metastasis (B) as described in
the Materials and Methods. The STAT3 activation, PCNA expression, CD4" lymphocytes and CD8"
lymphocytes in subcutaneous tumor tissues were evaluated by immunostaining (C).
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