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WEEAL LR =0 A RS T4RAR S 5340
R R Wt R B S BB

{R#%12 XRABL Gl ERRED x|l 453
1LELEFRWEDIEER, 530 563003; 2.7 faW 2 ER T B4, 35 550002;
IFWEEKRFHULIAZF S, FHae 710032

[fEZE] B8 HhwntZ S B AH G K7 Dickkopf&# 11 (DKK-1) | B-#E&[1 ( B-catenin ) fEMEFEALLR ")
(AGEs) /S A T4/l (hPDLSCs ) Hor bl B i Asf, Fik il ARSIk A FRAR Bk re R fb
K373 BUhPDLSCs, SEHrPi4H: 1EHhPDLSCs4] ( N-hPDLSCs4 ) FIAGEsH#EfY1E# hPDLSCs4H ( A-hPDLSCs
A1) o KLLMD AR TR ARG (ALP) FIPEZRLI YLt ; SCRHRGEHE R (real time PCR ) A6Hill BLR
R, DLWtz i 6 oA DGR FDKK-1., B-catenin; Western blotRnll AHOCHLEE H . A% I B-catenin, Z55R
WE %S5, A-hPDLSCs4ALPYL (A i FN-hPDLSCs4]; #5241 Yt (A A-hPDLSCsZH 451k 4% 5 /> FN-hPDLSCs
44 ; real time PCR5Western blotf)4%5 % /R A-hPDLSCs4{BSP . ALP., Runx-2fJ&BAEAR, ZRAFHIFEXL
(P<0.05) . WntZHiL{5 5@ b A G T A-hPDLSCsZ B-cateningZ ik TN-hPDLSCs4, A-hPDLSCs4{DKK-1
FIk W] BALTN-hPDLSCs#, Jf H.Weston blot i /8 A-hPDLSCsZH A% 4K 111 B-catenin Y 3215 12 T'N-hPDLSCs# . 451t
AGEsH] LUfhPDLSCs &[] 43 #b 1k it HrWint 28 g i g 400 il IRl DKK-1F 3, A A% Hh i) B-catenin &35 &, 05 T
Wtz B R, IF BT Bk

[REIR] WL ZAR Y AAABTAM; Bl WntZ GE ig
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Canonical Wnt signaling pathway of the osteogenic differentiation of human periodontal ligament stem cells induced
by advanced glycation end products Wu Yan 2, Deng Chao?, Yang Kun?, Cui Xiaoxia?, Liu Qit, Jin Yan®. (1. Stomatolo-
gical Hospital Affiliated to Zunyi Medical College, Zunyi 563003, China; 2. Dept. of Periodontology, Guiyang Stomatological
Hospital, Guiyang 550002, China; 3. Tissue Engineering Center, The Fourth Military Medical University, Xi’an 710032,
China)

[Abstract] Objective The effect of advanced glycation end products (AGEs) on the osteogenic differentiation of human
periodontal ligament stem cells(hPDLSCs) was discussed. Changes in the Wnt signaling pathway during glycation were also
determined. Methods In vitro tissue explanting method was primarily applied. Limiting diluted clone was cultured to obtain
hPDLSCs in vitro. The subjects were divided into two groups: the healthy group (N-hPDLSCs) and the AGEs-stimulating
group (A-hPDLSCs). Osteoblast mineralization was induced in the experimental groups. The following processes were per-
formed: alizarin red staining; alkaline phosphatase (ALP) staining; real time polymerase chain reaction (real time PCR) for
detecting osteogenic genes and Wnt classical pathway-related factors, DKK-1 and B-catenin; Western blot analysis. Bone
protein and f-catenin were correlated in the nuclear expression. Results The cells were osteogenically induced. ALP staining
showed that the N-hPDLSCs displayed the deepest color. Alizarin red staining indicated that the A-hPDLSCs group had less
calcified nodules than the N-hPDLSCs group. The real time PCR results suggested that the expression of relative osteogenic

genes in A-hPDLSCs was quite low. Statistically significant differences in differentiation were found between groups (P<0.05).

The Western blot result was similar to that of real time PCR.

DR BHA] 2015-05-11; [{@@VE #] 2015-09-08 Classical Wnt signaling pathway-related factor -catenin was
[EE&mA] EEARF AR IINH (81360168 )

HEEEA] [, FIGEN, Hil, E-mail: 330796865@qg.com higher in A-hPDLSCs than in N-hPDLSCs. By contrast,
[EE1EE] X8, ##2, 1L, E-mail: liugil964@hotmail.com DKK-1, which is an inhibitor in the Wnt pathway, had a
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significantly lower expression rate in A-hPDLSCs than in N-hPDLSCs. The Western blot result also showed that B-catenin

expression in the nucleoprotein in A-hPDLSCs was notably higher than in N-hPDLSCs. Conclusion AGEs can inhibit

hPDLSCs osteogenic differentiation. AGEs induce changes in the normal periodontal ligament stem cells classical Wnt path-

way. Canonical Wnt pathway is reactivated because of AGEs stimulation.

[Key words]  advanced glycation end products;

classical Wnt pathway

WAL 2K 74 (advanced glycation end pro-
ducts, AGEs) SHEIRIEZ M I LA & A B UIAH
KW, GEAER, AR R B W AGES
PR R AR HERE PRI & R, I H AT 5 4 A
W AR . N R4 (human periodon-
tal ligament stem cells, hPDLSCs) E.f5 [ & 5 7 il
Z L TERE , TEAERRF R S5 AT 78y T A
PERT, LIRS AR b & S EOCT R B RE,
5T 43 B AGESHE(#hPDLSCsE 78 i F2 Hh AWt £
B 7 FIPD ], e 2R BOZ AN MG 5 RE 1A ik
55, AGEsI n[ LIl iZ 40 i i s s fk B 1, IF
TE— 72 Y Bl P S Uk B AR, (HAGES 2 &5z 1
hPDLSCsH /bl B Wt A5 S i, Hi
HICER, BMURSEER: B EWFEAGESS S N IWhPDLSCs
B b R P Wt BGE i, 5 IE R A T
oA, MATERIIE RS 2 J 58 1) A ALl

1 #8FFEE

1.1 FEGR AR

o-MEMBEFRHE | ARG (GibcoAw], £ ) ,
WA . BRI (B U Z=E A TR B R
/Nw]) , AGEs-BSA (Bio Vision/A+], E) , 40
HLERNASR ORI & . — 2Pl S 3R 5 i S b
(‘reverse transcription-polymerase chain reaction, RT-
PCR) ifl& (TakaraAwl, HA) , $ZEa (L
A GRR G B t ), B-BEEE T (B-catenin ) £
PLABERERLAR (AbcamAF], £HE ) , AR EH
Be. BIEAZE DM LA RS (Olympus/A ],
HA) , iz 4ifif% ( Beckmen CoulterA v, 3
), SEEHRAEEEE N (real time polymerase chain
reaction, real time PCR ) {¢#% ( Applied biosystems
o), EED .
1.2 BUM AR R

WAz 12~182% [R] 1 Wy L B B 1) A Fel g . T
BRI AR AR AT SF, PBS sk I il BUH Hh 17328 Jo i
ML, BATREIEFRIN, MADVTFo-MENBEFEH
B G B, BDIEFE B, IARE
BFZ37 C. CO AR TP IHAL15 min, AR K57

human periodontal ligament stem cells;

osteogenic differentiation;

WL HIEER, B0 B EHE, BB gl
Yy sl Fefli b, DAUJCH a8 H 7 s gl 4l
I 10% 14 2F M5 i a-MEM S 55, &37 C..
5%CO it th %, T2 2 Jal A 4 I IC H if 2
Prazdi i, B3 difuil, TRAiEA: K iE80% T i 1%
o
1.3 A BR# R ek ks SR 4l fkhPDLSCs

Z: B8 DI SCHR e >R A R B2 4T hPDLSCs
AT RERE T 1 o S ARBCR — U TR AL, 455
— A I B A PR A B A B 22 8 B Ry B2 T H10,
FH B 1196 FLEE SR BEFL N IN0.15 mL, i f5fL4H
MR TP 1AL, 264037 °C. 5%CO, Hi g4
Kige, ANBEINRE 5 7E ) B AR TR, Pk
ISl MebRIicIFAMM0.1 mLEEFRIE, L4
A LR I ARI3~121, H R FRAE1C,
1.4 hPDLSCsHJ#%E

BT pEalifkfhPDLSCs, Fil%giik, PBSHEIKR,
JEEEE P K3 min, o-MEME;FEEE4E, 800 r-mint
B min, F I PR 3%R AR LY (I PBS H &
YL, AR IR BB FE3.0x10%0, 432k FIEppen-
dofigrh, AFE200 pnLAYAALAR , iR TR
A2 uLAJSTRO-1, CD14, CD105, CD29/M#it A
FRERERUAR, EOG4 CUKFEIEL h; A& 3%GF
M PBSHEZE3Y, 1 000 r-mintE.0x5 min, )
FELL 2 3% 16 45 L7 AYPBS HE & . i F [7] 75 Xo) HE B g
A E TS sobnic, TSI o St ant,
LR ECE AT R m PR PR Rk %, 3
BT E G RIS .
1.5 JrHmE SR EwERRE (alkaline phospha-

tase, ALP) FIPEZRZIYL (0

SEBG 43 M IEH hPDLSCs# ( N-hPDLSCs#H ) Al
AGESsHI# Y IF % hPDLSCs2H ( A-hPDLSCs# ) .
N-hPDLSCsZH % 10%1fiL 1 AY 1E 5 o-MEMK; 57 5k 5%
F%; A-hPDLSCSZHINA 10 pg-mL'AGEs, 10%IlfLi
M oa-MEM$E 3= 5L 1557 o 23 Bl B 3 T A TR 1 24t i
PLRRZETHEx 1041 1 %5 B4 Fh T6fLAR T, Rt sy
FEENTO%RT, #LA A2 malE 5 S (10 mmol-L+t
B-HIMBERREN . 10 mol-L- U ZEKK . 50 ug-mL4E
HEFEC) A AIEST dF21 d, £33 dffeil—vk; B
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HANMANNSE T, FREEFR, 7 dIG1FALPYL(T,
21 df5frd R L geta,
1.6 real time PCRAG I

A3 5 BUER 3AR v e T 40 LA A3 22 TH5x 1044~ 1Y
BT /N, RIS A R 7T0%ET, 4344
N-hPDLSCs#H ( FH+510% ML (9 1F # a-MEM; 7 2
Ki5%) ; Os N-hPDLSCs# (A B 5 T 110%
M35 A a-MEMEE R 515 5% ) 3 A-hPDLSCsZ (&
10 pg'mL*AGEs, 10%Ifi5 Jo-MEMEE SRS SR )
Os A-hPDLSCs#l ( %10 ug-mL*AGEs, H. &
7S M 10%IM35 i o-MEMEE 35 364855 ) o 43 dift
W—k, 7 dfasrBHRERNA, RT-PCRAGN AH A
FIENHHEE T (bone sialoprotein, BSP) . ALP,
runtFCFE s 12 (runt related transcription factor
2, Runx-2) M Dickkopf-1#5F1 (DKK-1) . B-catenin
Fiko HAME S RNASE RG] G — Ak s 57 41
JLERNA, B-actin iy HZ R, S M GenBank %4 /4
K FHPrimer primer 5.00 L1541, HHTakara
sul CHA) GG, OVEAMESE il 4, 51
YIFAUT o B-actin BIES 19741 5’-TGGCACC-
CAGCACAATGAA-3’, TiiEs|#v4): 5-CTAAG-
TCATAGTCCGCCTAGAAGCA-3’; Runx-2 |iji#3]
YIF%1 . 5-CACTGGCGCTGCAACAAGA-3’,
s 975 . 5-CATTCCGGAGCTCAGCAGAAT-
AA-3"; ALP L5197 %)]: 5 -GGACCATTCCCA-
CGTCTTCAC-3", TliE5|#)¥41: 5 -CCTTGTAG-
CCAGGCCCATTG-3’; BSP Lifi51#¥51: 5°-CT-
GGCACAGGGTATACAGGGTTAG-3", Tis W%
%|. 5"-ACTGGTGCCGTTTATGCCTTG-3"; P-catenin
5197 5-AGGAAGCTTCCAGACACGC-3’,
FE514)74). 5°-CGCACTGCCATTTTAGCTCC-
3’; DKK-1 L5974 : 5 -CACTGCATTTGGA-
TAGCTGGTT-3", Tii#514/751: 5-GAAGGTCT-
GTCTTGCCGGATAC-3’,
1.7 Western blotf&:iill

K HWestern blot#s il £ 2 & 8 1 o oals 8 H
BSP. Runx-2[#ik &A% 1 B-cateninf K3k, K
PR A% 2R 5 20 e 2R g R S T % R
PR, & I E R I Bradeford 8 (1 B 5 1k
Flgre T he R -SRI BE R UK (sodium
dodecyl sulfate polyacrylamide gelelectrophoresis,
SDS-PAGE ) MUk, HM, HM, ki, &5
WA AR R C RN, Xt 24 [l AH 56 2 P ik b AT 4
Mro
1.8 Git=sr#r

FHISPSS 1708 T4 143 M, WS AEA

PP R UGB, LIP<0.05 025 5 A Gt 2¢ i
P

2 #R

2.1 hPDLSCsf53Es 51557

ARSI SR R A Sk G R AR, — i
3~10 A4 H A A g s (K1) , FRmad AR
T BB 5 I % hPDLSCs, IZANIIE A2 KM,
Az RELE L, MREW, 284477 K80%]L

VAN
= o

K1 s (Ze) FsE— (U RN (4 pigsules
B BB x20
Fig 1 Morphology of primary cells (left) and the first generation of
periodontal ligament cells (right) inverted microscope x 20
2.2 AN T A 4
K PR A M ASO SR B 03 7 e T U5, RTETHT
JiSTRO-1, CD14, CD105, CD29fH:R45%
10.4%. 0.6%. 96.0%. 98.4%.
2.3 S UNEE SR ALPHRIE R e (o Hu i
V7 df, HEATALPE(, A-hPDLSCsZH] R
HTN-hPDLSCs#H ([52) . 321 di, 24l
WCH IR BB AR EE T R A R T
A-hPDLSCsZH I 1 45 1L 25775 Bl . F*N-hPDLSCs
M (K3) .

7¢: N-hPDLSCs#; #7: A-hPDLSCs#.
B 2 ALPYfazh
Fig 2 ALP staining
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#¢: N-hPDLSCs#; #7: A-hPDLSCs#.
K3 a2l dE, SAEIIER ERARE <10
Fig 3 After 21 days, the formation of calcified nodules alizarin

red staining  x 10

6 4 2.5
3 2.0
4
g i g 1.3
K )2 K
®, ® 1.0
! 0.5
A B Cc D A B ¢ D A B ¢

SERMTEE], A-hPDLSCs4 HIN-hPDLSCs#H
OD(E43%1|50.145 75+0.036 29, 0.538 50+0.033 04,
THEMESAGRIERE L (P<0.05) .

2.4 RT-PCREGIM B EAHICHE PR S Wnt 28 L % AH G

R FRIR

I RT-PCRAGINGE S7 dF AR E LA, KK
A-hPDLSCS4IALP . BSP. Runx-23&[HFiAHMET
N-hPDLSCs# (P<0.05) , ZRAFI=E X (A
4) o PFT7 dFWntZMGE FEAHOCHE ] . N-hPDLSCs
ZHDKK-18 2 [, B-cateningZik T, TMA-hPDLSCs
ZHDKK-1% A T'N-hPDLSCs4, p-cateningéik &
FN-PDLSCs# (P<0.05) , ZRHAAS 12X

(K4) .
8 1.5 N-hPDLSCs
A-hPDLSCs
6 o 0Os N-hPDLSCs
- w Os A-hPDLSCs
X4 X
e 0.5
2
A B ¢ D A B Cc D

MWIEBAMIKALP, BSP, Runx-2, DKK-1, B-catenint[H. A, B, C. D43 N-hPDLSCs4 . A-hPDLSCs#4{. Os N-hPDLSCs4 . Os

A-hPDLSCs# .

K 4 8 ST EN-hPDLSCS4 FIA-hPDLSCSZHALP . BSP, Runx-2, DKK-1. B-cateninE[Al i H4s
Fig 4 The expression levels of ALP, BSP, Runx-2, $-catenin and DKK-1 between N-hPDLSCs and A-hPDLSCs before and after the osteogenic induction

2.5 Western blot FL45 i H 5 8. 1 DA K 4N A% Hh B-
catenin#k [1# 1A
B S 5 N-hPDLSCs4H FlIA-hPDLSCsZH
BSP. Runx-27/1p-cateninf¥) ik WLIKI5,

A B C D
BSP 70 000
Runx—2 57 000
B—actin 42 000
p—catenin 92 000
B—actin 42 000

|: Runx-2, BSP&EHFik; F: B-cateninfiFik, A, B, C,
D4} WN-hPDLSCs% . A-hPDLSCs#l. Os N-hPDLSCs#l., Os A-
hPDLSCs4 .

K 5 AL SIS N-hPDLSCSZ1 FIA-hPDLSCs4IBSP . Runx-2

FB-cateninff) # ik
Fig 5 Expression of BSP, Runx-2, B-catenin between N-hPDLSCs

and A-hPDLSCs before and after the osteogenic induction

K545 F iR, A-hPDLSCSZH & M 6 435
#8585 T N-hPDLSCs4, N-hPDLSCsZ7EH5S )5
A% T 1 B-cateninFe 35 B B M55, E 5 )E
A-hPDLSCsZH B-cateninfi¥) 3¢k BH i %55 T"N-hPDLSCs
2,

3 Wig

hPDLSCs/& HA7 B B 2 1 401 RE, 7E
Ak oF S5 MR AS Ty R % BRI, A JE 441
PR . BT EE . RANATEVD T A, B
2 AN R Ao E TR RE . U R
NP G, FREEES, hPDLSCs2E# It HAork
R R A 5 F Rl A B BESRTIR R, AE
IRAN B R SR 45 F T, hPDLSCsREZME M i
BN, TERESIEE T, Fb SOl E MG
HER. BhER. KRR,

XTI R, HAGESRE AW RN, 18
H AT 75 235 R v SR I AGESRE WS 7 — /g W JE 14
HilhPDLSCsHY i H 434k, F£H100 pg-mL* AGEsH]
V2 20 R R 32 4 L B o R o ) Wint 22 L 53
PEEZFNME, S TR SR R B4 S AN
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S F MG Ay T, ARSCEERE10 pg-mLt
AGESYR Bz 40, 1 5E#iA10 pg-mL?t AGEs
XPIZ AN MR BE T s, SEI 45 R ORI S B
S UHERALPYL (S, A-hPDLSCsH e 41 g
% FN-hPDLSCs4l, H HAEHESIME, XF4uiit
I fbas e ta, B PSR I, kg AE ] —
ANHREF R, N-hPDLSCsZH ™ b 4545 1 i 22 HAR
i, MA-hPDLSCsZ4IE iy 4h 15w/ o a1
BT, A5 F 45 R 2 A-hPDLSCSZIE i1k
4595 /0FN-hPDLSCs AL ; LUk, A SCIGAESH
BS7 dEHK I B ALP . Runx-2, BSP4ER
TN, 2HANRAEIN T R EE RS, R SRR R IR
HA P ETF, HA-hPDLSCsZH & i F 263k FiEA
A@, S5N-hPDLSCsZAH LRI BARME, 2Z2RH 5%
TR XA e 1 RN LA —
. A0 pg-mLt AGESHI T, hPDLSCsHE Y
AEJI T,

B 5 % 2 ) A A PR D 2 T L
B LA, Horh iy Wnt2s i S B 9T 40k
B, %I I A I YWt 2R 115 B2 IR A A
i, RASEB-cateninE MK i E LRI R F
HEA 20 BEAZ S i L3S 5R 7 (lymphoidenchan-
cer factor, LEF) / TZfd[A¥ ( T-cell factor, TCF)
EESER T, WOE Tz, JH LR S i
ARSI 06 2 FAG A 12 30 I L A0 B A% 9 B-catenin LA
TEA S m B RS

Wntf5 518 B FEAR RIS . ASFE BB
THVE I RAAHE ), 1205 530 A S T
AHE AR R 8 5 2 A B B TP I RG], e LAk
FPEAT T AN A SC A JE DR, DT IR 20 B A TR 2
Feohesg AR BE J1 . A BF9E & BRWntZ 8L {55 S
PR T AR HE A . LRPS (JEWnte HiLi i
B FEAH G ) MIIREE RS AE , 1 Wt
M S BRI, AT ECR TR AL, M
I HEBAFIE: 2 728 A Wnt 28 S {35 53 BRI Ts ) 4 &
SR B R B DY SFRPAJE PR BB 14 /)N B R
SHWntf5 5 REOE AE i 2, AR,
TCF1. Runx-2fE R KILH BIG 202 Mt f
AFFE 1913 B Wnt 2 B3 [ ) S o ol AP i
T AE S A Wnt3a G I i A5 (A i R Sk h i R s 3R iAwintl
MR TR AR ARG Y, TR T, B N H R
e ( human mesenchymal stem cells, hMSCs )
(B I oAb sz B . ARG FEBE 1355 Derfoul
S5 I e PR A i UV JIG 1) 78 5T B2 C3HIOT1/234%
iAWnt3a, 455 % BIWnt3afE & 0 ) oA B fAR
BIERBSP, BRI RIE, AL F %

o 28 % H ) 32 B A PRl D KK - 135 R 22 55 1 B-
catenin ( H 4% B-cateninJik [ 32 15 S sl £ B A
LAz () B-cateninE [958 ), ilad Fiiz24~ A
FAEIEH hPDLSCsHU B S 1l AR L LA K35 55
N-hPDLSCs#H 5 A-hPDLSCsZHAYIX i, 41T AGEs
T, hPDLSCsH /bt Fe v Wt Bl p& e 5
RN ARSI IR AE R B R % T IE # hPDLSCs
M, WEBSEDKK-1ILEFEH T FiF, p-
cateninJL [ RIA T, I H A% 11 BLAYB-catenink
FIEA T, AT LA & Wntil # A0 T HRR A, ik
AT DA IE 5 28 JE T 4 B 7 1) BB A i 2 A ep
Wnt& B3 F R A2 B T — o R R o G
R IE R A5 AGESHITR AL b, T AGEsHH]
P, I DKK-1JE R SRR FEAIR, B-cateninE A
TR T, I H A1 o ) B-cateninE [13R 35
Fhim, MRIAGESELG T HIWNntZ: Bl B, X 5 %
fAINPDLSCs 43k i A& Hh Wint s SIL 388 5% (4 410 1 AR S
FHIZ o

2 BTk, AGEsHE S IE# hPDLSCsH 431k
AR A Wnt2E MLE K, (2 A TS AR
AGEs#Iifil ThPDLSCspLH 71k, MAGES 75 i 1t
WBOEHWnt2 SiL3E B 5 I hPDLSCs B4k RE 1, 1
T B ) ST .
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