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Effect of amelogenin on the migration, adhesion and proliferation of periodontal ligament stem cells
ZHAO Xi' ,XIONG Yu’ ( Department of Stomatology , Southwest Hospital , Third Military Medical University , Chongqing 400038 , China)

Abstract: Objective To study the effect of amelogenin (AML) on the migration, adhesion and proliferation of periodontal ligament
stem cells (PDLSCs). Methods
AML on migration of PDLSCs. Cells attachment assay was used to detect the effect of AML on adhesion of PDLSCs. MTT was used to detect
the effect of AML on the proliferation of PDLSCs. Results

STRO-1 + PDLSCs were selected by Flow cytometer. The transwell system was used to detect the effect of

The results of transwell showed that AML could induce the migration of PDLSCs
with positive correlation. Cells attachment assay showed that the adhesion of PDLSCs was effected by AML as well, and the effect was in-
creased with the extension of incubation time. Results of MTT showed that AML could promote the proliferation of PDLSCs in a dose depend-
ent manner. Conclusion AML could increase the proliferation ,adhesion and migration potential of PDLSCs.

Keywords : PDLSCs; amelogenin ; migration ; adhesion ; proliferation

P I JR] 4 02 BN S H DL 1 SR 2 —,
ST AT AR T R i B AR A 3 o, R B R U Y
R ABPES SO0 BN R A SO B P IR
PEB G, (A5 TR L 20, 3 1T A I A 3
e AR, R A SR RO IR R R B
IREFE IS, B AT T 2 JE 4l 2L R i iif o8 2L 4R
1= B BT 48 g ( periodontal ligament stem cell,
PDLSCs ) #4977 854, SR, HE LR P26 4 A ML 1
{5AEIH . PDLSCs [HBAG 2 Inl 43461 ) S o Ji A=
BEJT, 52 B £ 1 56 1 . R 1 (Ameloge-
nin, AML) &l 58 5t 2 11 09 32 22 807, i 98 & B AML
AT R SR Y B E A
. ARSI E BT AML X PDLSCs (#4518 5%
REE VR, A AML {2 i 2 R 40 LR AR 1B SR A
AR %) iy e B 2 s — o 1 BB A

1 #R5ETZ®

1.1 ##
T 7Y ¢ B il Ji 25 1 i ( Biochem , USA) ,DMEM

[E€mE] FRH A EZRRWIEH (2015XMSB0001369 )
[BfEEE] £ 7F,E-mail:xytmmu@ 163. com

(Sigma-Aldrich USA) , i 4= Ifii & ( Biocell, USA) , 1%
antibiotics-antimycotics ( Invitrogen, USA ) , STRO-1 IgM
Ytk (Invitrogen , 35 [# ) ,10% formalin( Fischer Scientif-
ic, USA) ,violet blue( Sigma-Aldrich, USA) , fis {4 i i it
A& (B K aw], FE ) ; Transwell fL#R ( corning,
), MTT 3§ (Invitrogen, 3% [ ) 5 #5 K L ( Sigma, 3%
() s W5 3 3 ( Sigma, 3 [F]) ; e 5 5% (Sigma, £ [H ) ;
Wi i1 ( Beckman Coulter, Fullerton, 2[5 ) ; 2] & #H
72 A (OlympusIX70 H A% ; IR S5 462 1 42 ( BIO-
TEK 3£[H) .
1.2 PDLSCs 9l fk (2 8 A3 Ir

PEHC 2015 4E7 H 1 HZE 2015 49 H 1 H FHRF
132 1 IR AT T D PRI A 53k P R 7T 55— i s 2 il
Y12 ~ 15 SR E A . G 83 R L5 A TR
RE KRR R R R A ARG N . T
& 1% SR PBS R bk, 1 1S 5 AR IT 1 4 e
Ty ARy ) AT B B F ) B R,
IRHGE I AR 173 Ab2F R MR VB0, FE R,
FH3 mg/ml T BYJGE AT 4 mg/mL JHREE 1 37 “CIH
11 hpfg oy B B R A0 B A 10% Jify 2F i Y5 Y
10 em $5 5% ML DMEM 35 5% 56 4, 76 5 & 55 55 26 R



328 AMFRAELRE

J REG ANAT OPER SURG

2016,25(5)

http ://www. jjssxzz. cn

37 °C, 5% CO,% & 46 w85 9%,3 d JG 16 Wi B L
PSS IR I A0 T 45
1.3 SRR @apesussn FACS % 4t

PR T Ak 4 B9 9% 9% 5 i PDLSCs 20 o, e 8 T 55
DB, RO 8 G, B LW, FIH PBS &
BRRAT R BCET 0 CFFEE 20 min, STRO-1 IgM
Prik (21 g/mL) B¢ F 1 b, fif I =X 40 i A3 o3 2
STRO-1 + #fi fifd, RP 45 2] PDLSCs, K 2 ffd 28 17 1% X 3%
I A 2 AU TR 258 5
1.4 % &5

s 2 4% PDLSCs L 5 x 10*/mL %) 21 it ik 5,
A 24 {24 hfEiR 37 CEE R G #5546
R BCE 5 R B BUAR 75, 3 B A R O
22,72 h B EEIRM 1 R, NES 1 IR B i JE — Ik
e 3 L3 R B S R AR AR,
WELIEFAR N L5 55T 01 O AL O L 847 g
BEVES , B IR T2 LA L
1.5 MTT s ftdg sl

# PDLSCs $5 4 x 10* A~/FLHe BT 96 FLAR , 7¢
RIRIME BE () AML(0 25 50,100 pg/ml) K52k s 75
48 h, BALANA 10 pL MTT &5, 405 =560 N IR &
2 h, BETREIKES) 1 min IB5AR, H 570 nm P
FE S ALIROGEE (OD) fH
1.6 ZmRe ks My 52

B 24 fUAR, NS AML 1) PBS AL 2 mL, X} B8
AR PBS, #E 16 h J5, H PBS 37k, JmA
PBS( % 3% BSA) ,jit & 2 h HAFIEIRZED. ¥
PDLSCs #i¢45fL 3 x 10" 2 Fp T, F 37 CRE R4
Hior 3R 4 h 8 h J5, I PBS B2k 2 2R Hl B 4
JHL, WA B FF LAk ) PDLSCs 473144
1.7 Transwell 4% PDLSCs it #%

12 FLMR, FLA S Transwell /N2, D) 2 x 10°/mL
P EER 5 2 A PDLSCs 70 T L%, F = il A AML
5% 10% FBS DMEM 5% 329,37 CfaiH &4 F &5 3%
10 ho X3 B8 4 /N 51K LAl B 7E /D & IR ER Y
PDLSCs #F47 [ 5 (YL o, {5 5 0 U P T4
1.8 %it ot

K SPSS 11.0 B br. IR ER T 20T
22 4 SIS AICH LU, T 9 Lk S A AR 2 T 5 43 A )
K K, P<0.05 hERBEAGIHE L

2 #HR

2.1 PDLSC 7% &ML
AR AL Y Stro-1 + 2B (18] 1 5 HE N LT {2

PRic) , A BRARREIL B FR 4R 40 PDLSC, AR5 40 B A Y
ML PDLSCs EAHRARIE  WBEAE I (181 2) .

(x1.000)
250

200

FSC-A
150

100

50

[ S A A A I A

TTTITT T TTTI T T TTTIT T TTTTT T

10 10° 104 10°
SSC-A

1 AL 5riE Stro-1 + ZHff

2 BHMEME T PDLSCs B ( x100)
2.2 PDISCs % @ptbikae e

PDLSCs g1/ 1597 21 d J5 , ATiM4 " 07 Ju o,
UL ERAENSE (1€ 3a) s PDLSCs 2 HiAS 21 d )5 17
PR Y, LB PDLSCs H A 1b45 15 (& 3b) , jEH]
PDLSC HA Z [ 4L BE

5y

a:PDLSCs £ B g # % b:PDLSCs Z s B # F
3 PDLSCs Z L ERETE

2.3 AML x} PDLSCs ¥4 74 4915 A

PDLSCs & A [A) ¥ & AML(0,25.,50,100 pg/mL)
F 48 h J5 ,MTT £ W 25 2R Wos b & W 2 Ry 1Y
i, AML %} PDLSCs 3451 A2 EAE R 38 . 100 peg/mL
2L ODfHH(1.96 £0.12) , BEET 50 pweg/mL 4K
M(1.46 £0.17) , 2R BA G E X (P<0.05),
2.4 AML %} PDLSCs #5F a9 45

FIFH AML i PDLSCs 4 h J5 , R A4Gi T T W5
Akt , 4528 B, PDLSCs g AML HJ3 4 h J5 fRG
Rkt 1S 22 ; AML Jill 3% PDLSCs 8 h J5, i fillt45 T #LBF



BBEF K$Z2E ]REC ANAT OPER SURG 2016,25(5)

http : //www. jjssxzz. cn 329

LS A%, PDLSCs ¢ AML RIS H) 3k 8 h g,
B ) A R 2 (181 5) .

2.5
Fk

2.0 o
E 151 -
S
N
a s
S 104

e
0.5 | N
o
0.0

control 25 ué/mL 50 u'g/mL 100 pg/mL
4 AML 3§ PDLSCs 138 {EH

6000 * . 8000
2 <

< ~ 6000
& 4000 =y

= % 4000
? v

¥ 2000 2000

0 0

control AML control AML
4h 8h
®© ®

ac: X B 4;b d: AML 48;a . b: AML £l 4 h;c.d: AML #]#
8 hje: AML #i% 4 h 34 PDLSCs #5 M 4445 A 3 547 ;£ AML )
# 8 h 2t PDLSCs #5 i 694 1 %8 541

E 5 AML % PDLSCs #4Fft #1E

200
*

150

—

(=3

(=]
1

ARE D

(%
(=]
1

control  25pg/mL 50pg/mL 100 pg/mL
E6 AML X} PDLSCs E%8 #8401

2.5 AML =} PDLSCs it % 4 %

PDLSCs ZA[R) e & AML (0,25, 50,100 pg/mL)
F S, BEE AML ¥ B2 1Y 3% K, PDLSCs 1T #% %5 H 14
%, 100 pg/mL ZHANIE RN (166.3 £7.31) , 1B 355
F 50 pg/mL 47 (118.6 +4.81) , 22 FAH G 2#E X
(P<0.05),

3 itig

P2 FE A Ry 10 s L R, ™ R S K
(e R . AT, %18 P A s (0 367 B —
D7 T SRy R (R 9T | 8 e 2 S 9 HE 9K, B 1k tE—
AR E T B LS, s R R s 5 — 7 T WG
P2 8 i 9 SR AR 1) S 2R sl A O PR R RE K T 4 i
ISBH T 2F R SUR R 1 8 e 2 M TE &
& s 7 R i [ 2 1 A a1 = M o NI oy B TR O 2
AR ORISR T (AML) 2 by ARl Rz 20 4 0% £ 4
P oM 5 85 1, 10T 4 O MR B 2 O BT 5T % B, AMLL R
65 ST AN 2 A P2 v, 7 AN G B 1T
B DR IE 45 7 T % 15 B A . WR9E R B, AML R
fiz B 2 F AR B S b, R AR 1 2 ) RS 1 4 i 1) ok
BN 2 A3 Ak, A2 0E OF R A L R R, AML
SR A JE T 40 4 22 16 234K RE T R HLA 2
BRMHLI 22— 0T AML 750 A7 1 H A T, i
HAE T 2 A48 2 v 6k 2 B IR 40 i 7= A A
H RTS8 PDLSCs PR ELAT 22 i 404k 1k A S AR
FIHHLEA B L RE T, 34K Ok R A2 BT O
T Chen 25138 | oF R 418030 404045 5 17 S (1 F
JHA LU A PDLSCs, Q1 5 fE N FH 55 26 40 g IR 14
P33 B 20 it i) R RO IR RS B A T RE A i i
XIR I R EAEE . Zhou %5 LB, oF A i+
O T 2 5 BE B0 15 S IE K, REAS B 5L 0 DR R, BT
SR 2 J 5 200 I 085 5 234 5 A 2

ARSI, Zead AML U, 2F J8 BT 40 e )
BB BE W B OE , MTT K25 58 8 7R, 100 pg/mL 4
OD {H . % =T 50 pg/mL 2H, Matsuzawa ael16) g
TOPGAL % 5L /IS SR 28 J 65 440 J % e e A A A AR 411
K%, % AML VERTJG , o7 3800 28 ) RS 1 200 ik 1) e 26 £
S B, VE TS T W2 AN B4 T, A5 I R
20 S TR RE B, DL AML BB RS 12 3k oF 8 B T
Y Y BG FE, 5 S 25 R Y. 2R, Kadkhoda
2B, 2 AML i3 B 1K SO weg/mL i He o
TN B ) BT A0 R 39 5 i 7 38 B B K, AML ik
J 4 100 pg/mL 5 50 pg/mL HEE, AML {2 i 2 J& 5t
T2 s A RE R B R S AR H A



330 ARBFRFRE

J REG ANAT OPER SURG 2016,25(5)

http ://www. jjssxzz. cn

P, AML H38 vk o4 100 pg/mL 5 50 pe/mL H%S,
AML i 5 25 J] B 440 i 33 5 e 07 B S 394 5k, #3000 v R
JEH TR E 22 5, S BN 5 /N B ZF 5 B T 40 A %
AML B 5 K 3806 J3 AR . Shang 25 % B, K R
KRBT AL AML Jl3 S , A r R4 12
FEPEAR A5 538 PR A BV , ORI S J8 B T2
MRS fiE 7 B S, I AML BEA2AE 1 R BT 4t
(LR . BT AML W] G844 i K BT 40 i % i 1
o ASZEe &I, 25 AML B35 , oF F& BT 40 Mo T 7%
BN S50 pe/mL ZHAY 118.6 4>, 32T Z 100 pg/mL 4 )
166.3 4>, # 7~ AML fg4% {2 #f \ PDLSCs [if %, 5
Shang 25" % BRI AML REWS 12 3 K I 2 J st 1~ 20
L4 A 2 e T A O AR T A L ) A A — 3K
AL R I, AML 23 SN AR T4 4 h F1 8 h
Ji 55 6T BEZHAH HURS BB B B 3% 22 168 AML RRA% {2
#E A PDLSCs A FE, Amin 257 fBiF 53 & BH, — 2 W
JER) TRAP(AML f)— 7 22 K ) W] LA 528 38006 25 R 4
MUAHSCA A5 5, 75 5 A J) A e ) S R i (2 k24 )
HEANME A BNV . SASSE IR AE L B AML figf
ERE S T RS 40 T B — B, Li %% ik ge R BH, —
FEWRFEE AR AML ATFER Mg iE AN R e 240 B 1
A R AT A AS SE 5 % B AML A4 #E A
PDLSCs KGR GERS LA S EEZEA.

PRI, AML X A2 J)BSE 1 400 M 1 B L 3% LA 2
HFEA AR EE T X 26 /R FT G 20 1L B2 15 8
FETE AML X6 2F J) BEE 1 20 e H Al A= 40 2 AR 1 7 2B 52 i)
WA RE BT U — B IE S . X R R R E 9 2
A2 LT AML 119 e JRISOA BE AN ], & A AHOC 1Y
{5 Tl g 22 5 e T — i g iE s

[ &% 3Tik]
(1] W06 e, MOMELT, S5, TR BLEE T RIIA S AL S RIAXT IR T

FAHERBERM LRI ]. TR W BiR ,2013,21(5) 1261 -264.
[2] Feng F,Akiyama K,Liu Y et al. Utility of PDL progenitors for in vivo tis-

sue regeneration;a report of 3 cases[ J]. Oral Dis,2010,16(1) ;20 —28.
[3

[

Yamada Y, Ueda M, Hibi H,et al. A novel approach to periodontal tissue
regeneration with mesenchymal stem cells and platelet-rich plasma using
tissue engineering technology: A clinical case report[ J]. Int J Periodon-
tics Restorative Dent,2006,26(4) :363 —369.

[4] Shang F,Ming L.,Zhou Z et al. The effect of licochalcone A on cell-aggre-
gates ECM secretion and osteogenic differentiation during bone formation
in metaphyseal defects in ovariectomized rats[ J ]. Biomaterials 2014 ,35
(9) :2789 -2797. doi:10. 1016/]j. biomaterials. 2013. 12. 061.

[5] Liu J,Yu F,Sun Y, et al. Concise reviews; Characteristics and potential
applications of human dental tissue-derived mesenchymal stem cells[ J].
Stem Cells,2015,33(3) :627 —638. doi:10. 1002/stem. 1909.

[6] Vasandan AB, Shankar SR, Prasad P, et al. Functional differences in

mesenchymal stromal cells from human dental pulp and periodontal liga-
ment[ J].J Cell Mol Med,2014 ,18(2) :344 —354. doi:10. 1111/jc-
mm. 12192.

(7] B a3, phidtds, 479 5%, 4. GU JE Pk A ZF J1 1 200 o 29 5 % i
HA LR BT[] R i TR 27 4% 75,2015 ,24 (3) 245 -
248. doi:10. 11659/ jjssx. 03E015025.

[8] Haruyama N, Hatakeyama J, Moriyama K, et al. Amelogenins; Multi-
Functional Enamel Matrix Proteins and Their Binding Partners [ J]. ] O-
ral Biosci,2011,53(3) :257 -266.

[9] Fu X,Jin L, Ma P, et al. Allogeneic stem cells from deciduous teeth in
treatment for periodontitis in miniature swine[ J]. J Periodontol ,2014 ,85
(6) :845 -851. doi:10. 1902/ jop. 2013. 130254.

[10] Yamada Y,Ueda M,Hibi H,et al. A novel approach to periodontal tis-

sue regeneration with mesenchymal stem cells and platelet-rich plasma
using tissue engineering technology: A clinical case report[J]. Int J
Periodontics Restorative Dent,2006,26(4) :363 —369.

[11] Wang F,Okawa H,Kamano Y et al. Controlled Osteogenic Differentia-
tion of Mouse Mesenchymal Stem Cells by Tetracycline-Controlled
Transcriptional Activation of Amelogenin [ J]. PLoS One, 2015, 10
(12) :e0145677. doi:10. 1371/journal. pone. 0145677.

[12] Jingchao H, Rong S, Zhongchen S, et al. Human amelogenin up-regu-
lates osteogenic gene expression in human bone marrow stroma cells
[J]. Biochem Biophys Res Commun,2011,408 (3) :437 - 441. doi:
10.1016/j. bbre. 2011. 04. 042.

[13] Olivares-Navarrete R, Vesper K, Hyzy SL, et al. Role of the N-terminal
peptide of amelogenin on osteoblastic differentiation of human mesen-
chymal stem cells[ J]. Eur Cell Mater,2014, 14(28) .1 - 10.

[14] Chen Y,Zhou N,Huang X. Cell sheet technology and its application in
bone tissue engineering[ J ]. Zhongguo Xiu Fu Chong Jian Wai Ke Za
7hi, 2012 ,26(9) ;1122 - 1125.

[15] Zhou Z,Li B,Dong Z et al. Nicotine deteriorates the osteogenic differ-
entiation of periodontal ligament stem cells through o7 nicotinic acetyl-
choline receptor regulating Wnt pathway[ J]. PLoS One,2013,8(12) .
€83102. doi:10. 1371/journal. doi;10. 1371/ journal. pone. 0083102.

[16] Matsuzawa M, Sheu TJ, Lee Y], et al. Putative signaling action of
amelogenin utilizes the Wnt/beta-catenin pathway [ J]. J Periodontal
Res,2009,44(3) :289 —296.

[17] Kadkhoda Z, Safarpour A, Azmoodeh F, et al. Histopathological Com-
parison between Bone Marrow-and Periodontium-derived Stem Cells for
Bone Regeneration in Rabbit Calvaria[ J]. Int J Organ Transplant Med,
2016,7(1) :9 - 18.

[18] Shang YC,Wang SH, Xiong F,et al. Wnt3a signaling promotes prolifera-
tion ,myogenic differentiation , and migration of rat bone marrow mesen-
chymal stem cells[ J]. Acta Pharmacol Sin,2007,28(11) :1761 —1774.

[19] Amin HD,Olsen I,Knowles J,et al. A tyrosine-rich amelogenin peptide
promotes neovasculogenesis in vitro and ex vivo[ J]. Acta Biomater,
2014,10(5) :1930 - 1939. doi:10. 1016/j. actbio. 2013. 11. 027.

[20] Li X,Shu R, Liu D,et al. Different effects of 25-kDa amelogenin on the
proliferation , attachment and migration of various periodontal cells[ J].
Biochem Biophys Res Commun,2010,394 (3):581 - 586. doi: 10.
1016/j. bbre. 2010. 03. 023.

(G -x1 2)





