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BMP2iZ. R &Dsystems (Minneapolis, MN, USA) 7> 5 A
FL7zo MIETIV7 I (HSA) i Sigma-Aldrich (St.
Louis, MO, USA) 75 A L 72, _EEE DA Wako (Osaka,
Japan) & D AF L7z,

M B 75

~ U Af ML TH 5 C2C12 Mifidid. American Type
Culture Collection (Manassas, VA, USA) 7 HHEA L 72,
MBI 10% 7 > I B % (Sigma-Aldrich) & $it 4= 1 &
(Wako) # & tr# 7 v 2 — A (DMEM, Wako) % & &>
Dulbecco’s Modified Eagle #5# T, 37°C T5%CO, ®
ST TE L2

AL R 3R

PEfL&R L, e ME 7V 7 X~ (HSA) & glyceraldehyde
WX DB 720 50 mmol/L ) ~ EE#&#E i (PB, pH 7.4)
o HSA (8 mg/mL) ¥ X U 33 mmol/L glyceraldehyde
% 60°C TA40WiH A v FaxX—bFL7 T/ bu—
)V & LT glyceraldehyde z i i€ 47 60°C T 40 KR 1 >
FaN— kLM HSAD R L 720 UL, REUGD
WAL & B4 572012, w07 4 V8 — (10K, Merck
Millipore Burlington, MS, USA) % L CER/MEE L .
KA L C 3 |k L7z,

M A7 D PLE

MaAATER 2 W%E T % 728, Cell Counting Kit-8 (Dojindo,
Kumamot, Japan) % F\»"C WST-8 assay ¥ 17> 720 77— %
IARMLER F 72 A BB X 2 AT AEAESR & R 57,

RNA il B X OV /iy 7 v & 4 5 PCRIEN

24 well 7 L — b I2C2CI12 % 4 x 10%/ well TH#EHE L
720 24 WplTR. RREIRIE LR IZB W T, Mg BMP2,
WAL HSATHIB L 720 IRIZHHENE 2 PBS T 1 \I3EE L 72
. 400 uL ® ISOGEN 1II (Nippon Gene, Tokyo, Japan)
% v CRNA% fifl ! L 72 RNA # % Nanodrop 2000
(Thermo Fisher Scientific, Waltham, MA USA) {2 X 0 illlsE
L7z 25 % Applied Biosystems 2720 Thermal cycler
(Thermo Fisher Scientific, MA) % fiJfl L . PrimeScript™
RT Master Mix (Takara Bio Inc., Shiga, Japan) {2500 ng
DRNAZINZ TIT o720 E®mM) 7V 514 A PCR(qPCR)
&, Thunderbird TM SYBR gPCR mix (Toyobo Co.,
Osaka, Japan) K OV 7458 77 4 ¥ — (Thermo
Fisher Scientific) # MW TiTo7zc HLZZTI4~—
IELLT oqi ) Td % 1 Alkaline phosphatase (ALP), 5'-
GAT CAT TCC CAC GTT TTC AC -3’ (forward), 5'-
TGC GGG CTT GTG GGA CCT GC -3’ (reverse);
Osteocalcin (OC), 5'- CCT CTC GAC CCG ACT GCA

GAT C-3’ (forward), 5'- AGC TGC AAG CTC TCT
GTA ACC ATG AC -3’ (reverse); Osterix, 5- CGT CCT
CTC TGC TTG AGG AA -3’ (forward), 5- GGG CTG
AAA GGT CAG CGT AT -3’ (reverse); Runx2, 5°- CAG
TCC CAA CTT CCT GTG CT -3’ (forward), 5'- CCC
ATC TGG TAC CTC TCC GA -3’ (reverse); GAPDH,
5-TGA AGG TCG GTG TGA ACG GAT TGG C-3’
(forward), 5-CAT GTA GGC CAT GAG GTC CAC
CAC -3’ (reverse); Receptor activator of NF-«xB ligand
(RANKL), 5'- AGC CAT TTG CAC ACC TCA CC -3’
(forward), 5'-AAG CAA ATG ATT GGC GTA CAG
G -3’ (reverse); Osteoprotegerin (OPG), 5'- AGT GTG
AGG AAG GGC GTT AC -3’ (forward), 5'- AAT GTG
CTG CAG TTC GTG TG -3’ (reverse).

ALP Hefty
12 well 7L —FIZ C2CI12 % 8 x 103/ well TIEHE L 72,

24 B2, 400 ng/mL BMP2 3B L UV HE{L HSAZ @0 L .
SHICT2HEM A > F 2 X =1 L7z ALPIEMEOHIE S
lX. Alkaline Phosphatase Staining Kit (Cosmo Bio Ltd.
Tokyo, Japan) % w7z, Jili#f%, #Hfg% PBS T 3 [k
L72tk. 10% RNV A7)V 7 & FTERIZT10 47 M EE L
720 ZRRIKTHEE L7212, Mle 2 ALPIGREW & & b 12
37°C CT2047 M A » F 2=} L7z, Mfgogtmgit,
A ZEBEMEE (CKX41, OLYMPUS corp. Tokyo, Japan)
THEI%Z L. cellSense software (OLYMPUS corp.) % ¥
L 7z digital camera (DP21, OLYMPUS corp.) TH#iig L 725
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12 well 7L — M2 C2CI12 % 5 x 10*/ well THEFE L.
24 IR A > F 2 X— b L7z, &KIZ, 400 ng/mL BMP2,
WAL HSA T 7213 N # HSAZ R0 L. AF 7 o I R o i
47720 &M HE 1E. 50 mmol/L Tris-HCI (pH 7.4).
150 mmol/L NaCl, 0.1%SDS. 1% Triton X-100 % & ¢s
RIPA buffer 12 7' 0 7 7 — ¥ [ & #] (Wako) K UF 7k A
7 74— ¥ %EH (Roche Applied Science, Penzberg,
Germany) % F\VCHltH U7z FBEBY X N7 2 Vi
FrU AR T2V T I FSVESKKE) (SDS-PAGE)
(8% polyacrylamide) THEXKE) L 722, Hhih L 72 & EHH
% polyvinylidene difluoride (PVDF) FEI2#z5- 1, TBS-T
DS5% AFHINZERTTO Y F 27 L1z RIS,
fi A & —RPLAT7 1 v L7z, Runx2. phospho-Smad
1/5/9, B £ U Smad 1 Hi1E £ cell signaling technology
(Danvers, MA, USA) 75, anti-GAPDH i3 Abcam
(Cambridge, UK). anti-B-actin { Sigma-Aldrich 2 &
WEA L7z —WPULARICHIG L 72 K $ifE (Santa Cruz
Biotechnology, CA, USA) % Hi\»7zf%. chemiluminescence
horseradish peroxidase (HRP) |2 & V) ¥ L 72, % FE6%
DOF—=FZIE3 M To TR LERTH 720D ) 6, 1D
%R L72. Image J # il L C. |G D/ N> NEEE %l
L. EHE OB %R L 72,
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71 —T& A osteocalcin (OC) ® mRNA FEH =13, EEEMK
I FHE S N7z WIZ C2C12 MR % 75 L 72 BMP2
BB WCHIME G2, T2RH A v % 2=} L7z,
qPCR %175 720 ALPJUF OC ® mRNA % Hlm k.
KA FFE S N7z (Fig. 1-b) o H$12300 ng/mL Ll o
JEClx. BMP2 X250 mRNA F8lE % KiiFEI2 755
720 2512 C2CI2MMIBIZXT§ 2 BMP2 IR INIZ & %5 ALP
AN O BB R RIS 5 72012, ALP3 %475 72, Fig.
I1-cl27" 9 £ 912, ALPHEM:1£400 ng/mL BMP2 (2 X -
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ENTe o7z (Fig.2-a) o RIZEFMBIIZE IR § 5 HSA-
glycer D ¥ % G-I % 72, C2C12 il 12 BMP2 &
HSA-glycer % [RlE: 12500 L 720 C2C12 5% 400 ng/mL
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qPCR % 17> 720 BMP2IZ X » THHFE I /- ALP It
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TR 2 i 2 & L AUR SNz,

BEAL HSA O 45 3550l e 23+ b i 8 s 552 ]9 - o
FEBAN D

M o AL B s 5 - & LT runt related
transcription factor 2 (Runx2) % osterix ® & 9 %> <
OPOERLZEGRTHFESN TN L ¥ o RIERTIE,
HSA-glycer 7% Runx2 & osterix DFEHUZ 5 2 5 w8 % M
ik L 720 Fig.3-al2783 & 9 12, 400 ng/mL BMP2 (3,
osterix ® mRNA FEH % FHE L. 400 pg/mL HSA-glycer
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12 &0 23 LA DH] & 17z, Glyceraldehyde % i
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BMP2 (2 & % osterix ® mRNA ZEBFEANDFEITFED 5
N ol $72 BMP2iZ &% Runx2 ® mRNA 58
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. 1 BIZ24K%% Smad 1/5/8 %) V1t ¥ % (Smad 8 i
Smad 9 £ LTHHIHENE ) AFEERTIEIBMP2IZX->T
FE XS Smad FEEE 235 HSA-glycer @ 522 % Wik
35L& HME L7z 400 ng/mL BMP2 % iR 24 e
H°C Smad 1/5/9 ®V) Y WALASFHE E N5 A5, 400 pg/mL
HSA-glycer # BMP2 &[RRI L 723551213~ ERAL
A EI I S N7z (Fig.d)e 26 DT — 5 L1 HSA-
glycer |28 £ LT\ 72 AGEs »¥5 MBI 1L O 91 B B~
R 2 TV AU RREAVRIE S L7z,

HYETY 7 2T 52 BMP2 Bk
A AL NOR LR DY

F 4 O T — 513 HSA-glycer 238 FMilu 751t % #1042
CEERIBLTWS, BYETY ¥ IR MK
bERELERE 250 BHFMIIIHE MR IZB T
WEELEEE R34 NI 1 2 TH 5D osteoprotegerin
(OPG) & receptor activator of NF-kB ligand (RANKL)
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R REEEo EEREE L SN Twh, £ 2 THSA-
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glycer 12 & ) RANKL ® mRNA 5Bl & (& 9k L 72 28
(Fig.5-a). & ® — 7 TOPG ® mRNA 7 H &= 13 & b5
o 72 (Fig.5-b)o L 7275-> CHSA-glycer iRMNIC £ D
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Fig. 1. BMP2 increases the expression levels of ALP and OC in C2C12 cells.

(a, b) Sucrose (Suc). Time-dependent induction of ALP and OC, the markers of osteoblastgenesis, by BMP2. C2C12 cells were treated
with 400 ng/mL BMP2 for up to 72 h. Quantitative real-time PCR (qPCR) analyses were performed for (a) ALP and (b) OC. All data
obtained were normalized by GAPDH and shown as the mean = SD (n = 6). **p < 0.01 vs. Time 0. (¢, d) Concentration-dependent
induction of ALP and OC by BMP2. C2C12 cells were treated with up to 400 ng/mL BMP2 for 72 h. The expression levels of (¢) ALP
and (d) OC. All data obtained were normalized by GAPDH and shown as the mean = SD (n = 6). *p < 0.05, **p < 0.01 vs. 0 ng/mL
BMP2. (€) BMP2 induced ALP activity in C2C12 cells. C2C12 cells were treated with 400 ng/mL BMP2 for 72 h. ALP staining were
performed to determine ALP activity. The images shown are representative of three independent experiments with similar results. Bar,
100 um. BMP2, bone morphogenetic protein 2; ALP, alkaline phosphatase; OC, osteocalcin; PCR, polymerase chain reaction; GAPDH,
glyceraldehyde 3-phosphate dehydrogenase; SD, standard deviation.
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Fig.2. Glyceraldehyde-derived glycated HSA suppress BMP2-induced ALP and OC in C2C12 cells.

(a, b, ¢) C2C12 cells were treated with glyceraldehyde-derived glycated HSA (HSA-glycer) up to 400 pg/mL for 72 h with or without
400 ng/mL BMP2. (a) WST-8 assay was performed to determine cytotoxicity of HSA-glycer (n = 6). (b, ¢) Effect of HSA-glycer on
BMP-2-induced mRNA expression of (b) ALP and (¢) OC. All data obtained were normalized by GAPDH and shown as the mean +
SD (n=6). ** p < 0.01 vs. without BMP2. } p < 0.05, 71 p < 0.01 vs. BMP2 without HSA-glycer. (d) Effect of glycated HSA on BMP-
2-induced ALP activity. C2C12 cells were treated with 400 pug/mL HSA-glycer or HSA-heated and 400 ng/mL BMP2 for 72 h. ALP
activity was examined by ALP staining assay. The images shown are representative of three independent experiments with similar
results. Bar, 100 um. HSA, human serum albumin; BMP2, bone morphogenetic protein 2; ALP, alkaline phosphatase; OC, osteocalcin;
WST-8, 2-(2-methoxy-4-nitrophenyl) -3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium; GAPDH, glyceraldehyde
3-phosphate dehydrogenase; SD, standard deviation.
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Fig.3. Glyceraldehyde-derived glycated HSA inhibit the expression of transcription factors regulate osteoblastgenesis.

C2C12 cells were treated with 400 pg/mL HSA-glycer or HSA-heated and 400 ng/mL BMP2 for 48h. gPCR analysis were performed for
(a) Osterix and (b) Runx2. All data obtained were normalized by GAPDH and shown as the mean + SD (n = 4). *p < 0.05, **p < 0.01
vs. no addition. T p < 0.05, ¥ p <0.01 vs. BMP2. (¢) Samples (30 ug of proteins) of the crude extract were used for western blot analysis
using antibody against Runx2. The bars show the mean + SD (n = 3) of the ratio against BMP2. **p < 0.01 vs. BMP2. {1 p < 0.01 vs.
BMP2 with HSA-heated. HSA, human serum albumin; glycer, glyceraldehyde; BMP2, bone morphogenetic protein 2; PCR, polymerase
chain reaction; qPCR, quantitative real-time PCR; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; SD, standard deviation.
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Fig.4. Effect of glyceraldehyde-derived glycated HSA on BMP2-induced Smad phosphorylation.

C2C12 cells were treated with 400 pg/mL HSA-glycer and 400 ng/mL BMP2 for 24 h. Samples (20 pg of proteins) of the crude
extract were used for western blot analysis using antibody against phosphor-Smad 1/5/9, Smad 1 and B-actin. The bars show the
mean + SD (n = 3) of the ratio against no addition. **p < 0.01 vs. no addition. ¥p < 0.05 vs. BMP2. HSA, human serum albumin;
glycer, glyceraldehyde; BMP2, bone morphogenetic protein 2; SD, standard deviation.
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Fig.5. Glyceraldehyde-derived glycated proteins inhibited BMP2-induced RANKL, but not OPG.

C2C12 cells were treated with 400 pg/mL HSA-glycer and 400 ng/mL BMP2 for 48 h. qPCR analyses were performed for (a) RANKL and
(b) OPG. (¢) The ratio of RANKL/OPG. All data obtained were normalized by GAPDH and shown as the mean = SD (n = 4). ** p < 0.01
vs. BMP2. § p < 0.01 vs. BMP2 with heated-HSA. HSA, human serum albumin; BMP2, bone morphogenetic protein 2; RANKL, receptor
activator of NF-«kB ligand; OPG, osteoprotegerin; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; SD, standard deviation.
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