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ABSTRACT

Adipose inflammation plays a crucial role in the development of obesity induced
metabolic disorders such as insulin resistance and type 2 diabetes. Tumor necrosis
factor-alpha (TNFa ), which triggers inflammatory signaling cascades in adipocytes/
macrophages, is implicated in adipose inflammation and metabolic complications
such as insulin resistance. Here we demonstrate that soy peptide, the 3 -conglycinin-
derived tripeptide FLV, reduces adipose inflammation and insulin resistance
in vitro. Soy peptide FLV significantly inhibited MCP-1-induced macrophage
migration and downregulated expression of MCP-1 receptor CCR2 in a dose-
dependent manner. Soy peptide FLV also decreased release of inflammatory
cytokines (TNFa, MCP-1, IL-6) from co-cultured macrophages/adipocytes, and
the action was mediated by inactivation of inflammatory signaling molecules
(INK, IKK, K Ba). Moreover, soy peptide enhanced insulin responsiveness and
increased glucose uptake in adipocytes. Furthermore, we for the first time found
that adipocytes expressed peptide transporters (PepTs) PepT1 and PepT2, and the
peptide transporter inhibitor disrupted the inhibitory action of soy peptide FLV
on the inflammatory responses. These findings suggest that soy peptide, which
is transported to adipocytes by PepT1/2, inhibits TNFo -induced inflammatory
signaling, and protects insulin resistance in the cells. Soy peptide FLV may have
a potential to prevent obesity-induced adipose inflammation and insulin resistance.
Soy Protein Research, Japan 18, 74-81, 2015.

Key words : obese, type 2 diabetes, soy peptides, adipose inflammation, insulin
resistance,

Y0 N1G 2w10 50 Stone Rd E, Guelph, ON CANADA

74 0O0o0O0oodododvol. 1820150



gbobooooooobobooboooooonDo
oooooooooobooooobocooooboooo
ooboooooooobooooooboooooboooo
ooooooomooobooooooooomooo
oooooooooobooooobooooooboooo
oooooooooooooobooooooooboooo
gboobooooboobdooooooooboobooo
gboooooobooboooobooooboooo
gbooooooboobooooooooboooo
ooobooop-0obOO0ob0O0OO0ODOO0OO0OFRLVOODO
gbooooogoobobooooooooboooo
gbooooooobobooooooooboooo
ooooo

ooooo

gooooobObOorFLVvODOOODDOOGL
Biochem Ltd, ShanghaiDl D 0 09%%0 000000
gooooooooooooobooooobooooo
gooooooOoooooOooobooooobooooo
oboooooooooATCcCcusADOOOooOoonOo
gooooooooobooobooooooooooo
oobooooooooboooboobooooooboooo
oooooooooooooobooooooobooooo
ooooooooooo

FLVvOOODOOOOOOO

000000000000 000RAW 264700
00000000000000003T3-L100000
FLVODOOOOOOODOOO0O000O03T3-L10000
O00000000000000000ORAW 2647
O00O000Suganami0 "0 0000000000
0000000000000 0000000mRNA
O0D0D0O00O00DELISADDDOODOOODOO
O0OPCROIDODOOOOOOOODDD O Boyden
Chamber0 0000000000000 DODOOO
000000000000 00002-0000-D-0
000000000 O0dpmO0 0000000000
Pepts0 D0 D D0OOOOOOOOODOOOD-Ala
LyssAMCAO OO0 000000000000

oooooooobpPepTsbOOonon

goooocsBL/6000O000O0OOOOOOOO
oooooswooooooooooooobooo
1200100000000 obobooboboo

0O00O0o0ododovol. 1820150

googooobbooooooboboooboboobooo
PepT1O OO PepT2 MRNAD OO DOODOOODO

oooo

0 0O 0O 0O O Student's ttest 0 0O O O one-way
analysis of variancel] One-way ANOVAO O OO OO
000000 p<00500000

goooboan

goooooMePAlOOooooooooooon
ooboooooooooooobooooooooooon
ooooooooooooobooooooooooon
FLvOOOOOOOOOOOOMCP-1020 ng/mLO
OOOO0OO0ORAW 24700 000OFLVOODOODDO

0Jol-1opMOOOOOFRg 1IADO0O0OOOMCP-100

O00ODCCR20000O00NFIg. 1BOOODOOO0O
0000000000000 00000000000
0000000000000000000003T3-L1
ORAW26470 0 0 0 0O O O O0FLVO MCP-1, IL-6,
TNROODODODOOOOOOOOOOOOOOOOO0
00 Fig. 2A0 00 0FLVO O OMCP-1, IL-60 0 0 O
03T3-LI000000000000TNRODOOO0O
RAW26470 0 000000000 OOFig. 2B00 O
O0000O000FLVO3T3LIO000000000
00000000 0O0Ooo0g

000000000 TNROODODOOOOODDOO
000000000000 0000000D000
3T3-LI000000000000000000000
OO0OTNFeOOOOOJIJNKOIKKOOOOIkBnO OO
O0OFLVOOOOOOOOOFg 30000000
FLVOODOOODODOODOODOOO0OODOO0000
000000000000000000003T3-L10
0000000000000IRSIDO0ODO000O0
D00AKOOOO0O0O0O00000O0TNROOOO
DIRSIDODAKtD 0000000000 DOFLVO
00000000Fg 4A0 000 00FLVO IRS-
O00DAKDODDOO00OODODDDO000O0DO0O0O00
000000000000 00000Fig. 4B0 00
0000o0OFLVOOOOOOOOOOODOODOOO
O000FLVODOOODOODO0OOO0ODO00O00
0000000000000 00000000000
ooooo

00000000000000000000000
000000000000000000000000
000000000000 0PepT1 0000000

75



Fig.

76

©
>
A 25+ B 2 12-
o
> -
E ’q')‘ 20 O
Qo % O o8- *
© e 15 + *k *% # < 4
c O Z 4
o c @
‘== 10+ IS
o o %41
(o))
S€ s 2
s
0= £ 0.0 M-Sl INEES
MCP-1 O O O O O
FLV @M) O o 01 1 10 FLV @M) O 0.1 1 10

1. Soy peptide FLV inhibits MCP-1-induced macrophages migration. (A) RAW 264.7 macrophages (2 x 10°
cells/mL) were placed in the upper wells of a 96-well culture chamber that were separated from the
lower wells containing MCP-1 (20 ng/mL) incubated for 4h at 3700 . The cells that migrated across the
filter were fixed and stained with DiO-Quick, and counted under a light microscope in four randomly
chosen high-power fields. RAW264.7 macrophages treated with FLV (0.1-10u M) for 4h at 370 . (B) Elect
of FLV on CCR2 mRNA in RAW 264.7 macrophages. CC chemokine receptor mRNA expression level
was measured by semiquantified reverse transcriptase-PCR. Level of mMRNA was normalized to level of
B-actin mMRNA. Values are means + SEM. ""p<0.01, #p<0.005 significantly diJerent from control. FLV;
synthetic soy tripeptide FLV.
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Fig. 2. Soy peptide FLV inhibits cytokines release from co-cultured adipocytes and macrophages. (A) 3T3-L1

adipocytes (3 x 10° cells/mL) and RAW 264.7 macrophages (3 x 10° cells/mL) were co-cultured in the
presence or absence of FLV (0.1-10p M) for 16h at 370 . (B 3T3-L1 adipocytes (3 x 10° cells/mL) treated
with TNFa 10 ng/mL and RAW 264.7 macrophages (1 x 10° cells/mL) treated with LPS 100 ng/mL for
24h at 3700. MCP-1, IL-6, TNFa and adiponectin concentration in the supernatant were determined by
ELISA. Values are means + SEM. "p<0.05, ""p<0.01, #p<0.005, ##p<0.001 significantly diJerent from
control. FLV; synthetic soy tripeptide FLV.
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Fig. 3. Soy peptide FLV inhibits TNFo -induced activation of JNK, IKK and degradation of IkBa in 3T3-L1
adipocytes. 3T3-L1 adipocytes (3 x 10° cells/mL) were treated with TNFa (20 ng/mL) in the presence
of FLV (0.01-0.1p M) for 15 min at 370. The cell lysates were subjected to 11% SDS-PAGE and
nitrocellulose membrane. Protein extracts of the cells were subjected to western immunoblot analysis
with anti-phospho (P)-JNK, IKK and k Bx degradation in 3T3-L1 adipocytes. Values are means + SEM.
" p<0.05 significantly diJerent from control. FLV; synthetic soy tripeptide FLV.
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Fig. 4. Soy peptide FLV improves insulin sensitivity in 3T3-L1 adipocytes. 3T3-L1 adipocytes (3 x 10° cells/mL)

78

were treated with 10 ng/mL TNFa in the presence of FLV (0.01-0.1uy M) for 24h and subsequently the
cells were treated with 100 nM insulin for 15 min at 370 . (A-B) The cell lysates were subjected to 11%
(p-Akt), 8% (p-IRS-1 Tyr) SDS-PAGE and nitrocellulose membrane. Protein extracts of the cells were
subjected to western immunoblot analysis with anti-phospho (P)-Akt, anti-phospho (P)-IRS-1 Tyr in 3T3-
L1 adipocytes. (C) 3T3-L1 adipocytes (3 x 10° cells/mL) were incubated with FLV (0.1u M) for further 48h
at 3700, and then the cells were stimulated with insulin (100 nM) for 30 min. Values are means + SEM.
?p<0.05, ""p<0.01, # p<0.005 significantly diJerent from control. FLV; synthetic soy tripeptide FLV.
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Fig. 5. Peptide transporter is expressed in adipose tissue and 3T3-L1 adipocytes. (A) Relative expression of
PepT1, PepT2 mRNA in the jejunum, lung, liver and epididymal of mice were characterized by real-
time reverse transcriptase-PCR. Level of mMRNA was normalized to level of § -actin mRNA. (B) Protein
expression of PepT1, PepT2 in mouse jejunum (positive control for PepT1), lung (positive control
for PepT2) and epididymal. (C) Expression of PepT2 mRNA and protein in LPS and TNFa-induced
inflammatory condition in 3T3-L1 adipocytes. (D) Relative expression of PepT1, PepT2 mRNA in obese
mice and lean control epididymal adipose tissue. Values are means + SEM. # p<0.005, ## p<0.001
significantly dillerent from control.
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Fig. 6. Anti-inflammatory elect of soy peptide FLV is blunted by peptide transporter inhibitor. (A) Cellular
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uptake of FLV in 3T3-L1 adipocytes. (B) 3T3-L1 adipocytes (3 x 10° cells/mL) were treated with 10 ng/
mL TNFa in the presence of FLV (0.1y M) and/or GlySar (1p M) for 24h at 370 . (C) 3T3-L1 adipocytes (3
x 10° cells/mL) and RAW 264.7 macrophages (3 x 10° cells/mL) were co-cultured in the presence of FLV
(0.1py M) and/or GlySar (1p M) for 16h at 3700 . MCP-1, IL-6, adiponectin concentration in the supernatant
were determined by ELISA. Values are means + SEM. "p<0.05, ## p<0.001 significantly diJerent from
FLV group. FLV; synthetic soy tripeptide FLV.
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