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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 with
high grade glioma. We previously reported that corosolic acid, a triterpenoid
compound, inhibits the M2 polarization of human monocyte-derived macrophages
(HMDM). In the present study, we examined whether triterpenoid compounds
and flavonoid compounds contained in soybeans also show inhibitory effects on
M2 polarization in HMDM. Soyasapogenol A and B, triterpenoid compounds,
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 suppress the M2 polarization of
macrophages. Furthermore, soyasapogenol A and B 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 regulate macrophage activation and suppress tumor cell proliferation
by inhibiting STAT3 activation. Therefore, soyasapogenol A and B may be a
potentially new agent that can be used for the prevention and treatment of various
malignant tumors, including glioma and ostersarcoma. Soy Protein Research, Japan
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Fig. 1. Chemical structure of test compounds in this
study.
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Fig. 2. EQect of test compounds on CD163 expression
in HMDM. HMDM (5x 10* cells per well of
a 96-well plate) were incubated with test
compounds (30p 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. *»<0.01 vs control.
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Fig. 3. Effect of soyasapogenol on IL-10 and IL-
12 secretion in HMDM. The HMDM were
stimulated with LPS (100 ng/mL) for 24 h
after incubation with soyasapogenol (30
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. EDect of soyasapogenol on STATS3 activation
in HMDM. The HMDM were incubated with
30u M soyasapogenol A (SYSG-A) and 30u
M soyasapogenol B (SYSG-B) 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 B
-actin expression by western blot analysis, as
described in the Materials and Methods.

Osoyasapogenol BO O OO DO O0OODOOOODOO
STAT3U O OOUOOOOOOOODOOOOOOOoOo
O0000Ou37 00000000 oosacs20dd
gooboboooobbooobboouoboboooo
soyasapogenol BOO O OO DODOOOOOOOSTATS3
0000000000 0D soyasapogenol A SaOS2
0000 STAT30OOOOO0OOOO0000OO Fig. 5
0 O 0O 0O soyasapogenol AO O O O soyasapogenol B
do0oo0oooDoooooooooooooooa
STAT3UOOOOOOOOOOOoOOoOoOooO
0O000O0OQ0Q00O0D0O0Osoyasapogenol A O O O
soyasapogenol BOO OO ODDODODOOOODOOOOO
O000000OSTAT3DOOOOOODODOOOO
00000000 DOO0ODDOsoyasapogenol A O
O Osoyasapogenol BO O OO O OoDOOOoOOOooOO
00000000000 DO00O00OoooDooOouusrs
J0bD00D0DDbOO0oO0oDbDOgsaos20 000 oOoooa
O soyasapogenol A0 O O soyasapogenol BO 0O O

173



0020 00000000000000000O00a0
O0O00O0OWST8assayD OO O OOOOOOOO
soyasapogenol A O O O soyasapogenol BO O 0O O O
0000000000000 U00OUO0OFig 600
0 0O O soyasapogenol A O 0O soyasapogenol BO 0
STAT3U O OOUOOOOOODOODDOOOODOOooO
gl UuUuUoUuo o
OOsoyasapogenolD OO OO OOOOOOODOOO
ooM20OMIDOOOODODODOOODOOOODODOO
00000000 00DbOO0OO0bOOoOoDbOooodin vive
o0o0o0OO0O00O0O00000oO0Oo0OoOooooooo
00000000000 0Osoyasapogenoll 00O 0O
0000000000000 0000O0oooooo
0" 00000000 0000000000000
0000000000000 00ooooooon
oo oooo
00o00D0D00ooooooooodinvived OOO
soyasapogenold 0000000000000

pSTAT3

STAT3

e e

Control SYSG-B SYSG-A U373
pSTAT3 | S s —
stats | D D G
B -Actin -q
Control SYSG-B SYSG-A  SaOS2

Fig. 5. Effect of soyasapogenol on STAT3 and NF-
K B activation in tumor cells. U373 cells (A)
and SaOS2 cells (B) were incubated with 30
U M soyasapogenol A (SYSG-A) and 30p M
soyasapogenol B (SYSG-B) for 12 h, followed by
the determination of phosphorylated STATS3,
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 Sa0OS2
osteosarcoma cell. U373 cells (A) and
Sa0S2 cells (B) were incubated with the
indicated concentrations of soyasapogenol
for 24 h, followed by the determination of
cell proliferation by both WST-8 assay, as
described in the Materials and Methods. The
data are presented as mean = SD. *p<0.05,
**pn<0.01 vs control.
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