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[#ZE] HAY W5 purmorphamine 7E3h 25K N S14E A B IR T 40 Mg ( human periodontal ligament stem cells, PDLSCs)
R S R e . ik B BRI AE PDLSCs, 0 ki S S LA purmorphamine, R F Flexcell FX-
4000T R 1 hngk 2 ge x4 in /1 24 h, DA Real-time PCR £l 5% & #H 5538 A& Runx2 alkaline phosphatase ( ALP) L} J Hedge-
hog( Hh) il B A9AR &4 GLI1 Pathedl (PTCHI ) .Smoothend( SMO) , 58 ZhZskn JI/ER 24 h J5 , B A 24848 Runx2 |
ALP, Hh i % 9 FRr &34 GLIL \PTCHI SMO (#3315 7K B B F+ 5 (P <0.05) s il A purmorphamine J& , B A 548 F5 Runx2 |
ALP, Hh i@ % bR 54 GLI1 [PTCHL SMO [ 223K KPR ¥ Bk, 2 R A G2 E X (P <0.05), 4518  purmor-
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Purmorphamine promotes osteogenic differentiation in human periodontal ligament

stem cells under dynamic tensile
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[ Abstract | Objective  To determine the effect of purmorphamine on the osteogenic differentiation in
human periodontal ligament stem cells ( PDLSCs) under dynamic strain. Methods  PDLSCs were isolated
from freshly extracted teeth and identified with flow cytometry for expression of STRO-1 and CD146, and then
subcultured into six-well flexible-bottomed Uniflex culture plates. When 80% confluence was achieved, pur-
morphamine, an activator of the hedgehog (Hh) signaling pathway, was added into the wells in mineralization
induction medium at the concentration of 1 wmol/L, and dynamic strains were applied to PDLSCs with the Flex-
cell FX-4000T Tension Plus System for 24 h. Then the mRNA expression of osteoblastic related indexes of
Runx2, ALP and Hh pathway markers GLI1, PTCH1, SMO was detected by real-time PCR. Results  After
24 h loading, the gene expression of osteogenic markers Runx2 and ALP and Hh pathway markers ( GLI1,
PTCHI and SMO) was all increased (P <0.05). And the group with purmorphamine treatment showed much
higher expression of these genes than the control group and the only mechanical loading group (P <0.05).
Conclusion  Purmorphamine promotes osteogenic differentiation in PDLSCs under dynamic tensile, probably
through activation of Hh signal pathway.
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dynamic tensile; osteoblast differentiation
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thoxy ) -6-( morpholinoanilino ) -9-cyclohexylpurine , 1% 2%
P28 /0N B E) 78 BT 40 il &2 C3HI10T1/2 Fl A 4
M MC3T3-E1 HA S BLA T o Sinha 467 R ]
/N R WTSEUE] purmorphamine J2 i i 1 4
F Hedgehog ( Hh) {5 5 3 1% o 49 1% 32 /& Smoothened
(SMO) Mm% Hh {55 30 % 1 e s B GLIL
TR A HAC R /- E T o A S g AR TE Sh Aok
W JIYEA T purmorphamine X} A PDLSCs Ji{ ‘& 431k i
RIS

1 ##57F%

L1 ZZMAFEE

o-MEM B3 32, i 25 L7 5 0. 25% J§ 8 11 1 ( HyClone 2%
Al 3EE), BB JEEE( Gibeo A ], ZEH) , PBSCHH 2B M A1)
BARABRAFE L ACHD) , AF64T Fric/hRFTA STRO-1 i ATk |
PE #ric/N AT CD146 33t AT 1A (Biolegend 23 ], 2 [H) , i
HIF SRR RS IR R LL AL O( Cyagen A ],
J2[H ) , purmorphamine ( Cayman 2\ &] , € [E ) , Trizol ( Invitrogen ,
2 ), RevertAid™ H Minus First Strand ¢DNA Synthesis Kit,
Deoxyribonuclease [ \RiboLock™ Ribonuclease Inhibitor ( Fermen-
tas, fill & K ), SYBR Green PCR Master Mix ( ABI, 3 [# ),
FX-4000T 5K ) J3 ik 25t ( Flexcell International Corporation, 3&
[, 8 # A 22 B 3BE ( Olympus, HAS) , CO, J#4f ( Themo Scien-
tific, S [ ) , A LUK (LB B AR T XA A R ), DG-T AR
Bl v UK A (b b AR P EOR R G ) RSO B
(Sigma, E[H) .

1.2 PDLSCs %5 B3 mfe b2

BU13 ~21 2[RI e s o BHLAE TR IR 1) 23 4R 28 Jo X g e 1y
AU F R 9 05 0 40 B 1 973K 45 PDLSCs, PDLSCs
FAAhR W i 2 A AR M WOER AR 4 1R PDLSCs il B, 6 x
10°/ml, 53 515 100 pl AN 4 HEP 45 44551 A
/NP STRO-1 FU/NERBTA CD146 HLA K [7] B} IR A4, 28
It 22X 20 SRS ) HE T 4 i 3% T AR A5 ) STRO-1,CD146 [ 3K
0, PDLSCs Wi HUIR 1 T 431k I 56 4 18 PDLSCs il %,
BeRh TALIR R T B8 A1 24 LA, ALAE 2 2 x 10%,
YR IR 95% LA B 23S BE A R iR NI S B AR
P e IS R IR 3 BG4S S, Z i P R 4L
FMAL O Jefs s T Mg
1.3 PDLSCs 3K 5 7 a3,

USRS 4 ~ 6 {8 PDLSCs 3, #5244 2 x 10°/4L 3R THLIE Ay
FERCIERY BioFlex6 FLEFFRART . T FX-4000T fin# ke & 17
TN, NESHOH B RIEAE 12% F/NEAS R 0 B9 1E 3K, ik
90,1 Hzo 6200 032300 06 R, FLACE AR o e
purmorphamine & i i K44 Wu %[4] RIE ) ECyy 1 pmol/L,
JnZREE] A 24 by SEEG A4 3 N4 X RRAL iy A RS g Al
CInA 3t m2s ) B2 4 4L, diffml& ik 80% LA 11,
AL SR TR JE LS 1Y o-MEM 153230, 617 IR 26 1k Ak
Fi, 12 h R AL TCILTE A o-MEM 553270050 4608 175 5
T, SR AL N purmorphamine , Xif A& 28 F1 0 77 4145 L 4

IR DMSO, i 23 5 10 mol/L,
1.4 Real-time PCR #:) 5 #7

WOR B SRAUS , B AL B IR IR0 i, PBS B0k 2 3. 45 1L
JIA T ml Trizol, 2 2R 5] J5 , & PDLSCs i %248 DEPC
ACFRY Ep 4, W OMLIZEBUE RNA Jf A8 RNA itk R4
(Invitrogen ) 4b 3 J5 1k 1T Real-time PCR i, 5|4 H http://
frodo. wi. mit. edu/primer3/ P %11, [F]Es) F primerS 5| 41% 114K
PEEATEOOS P90 LA K T™ AL, AR5t B8 s AR ) TR A Wl
o BTSN 1, W 44:50 C 2 min,95 C 10 min, $&
J594 °C 20 5,55 °C 60 s, 3 60 MFEFR, HEFE B-actin fENHF R
PR 3 gk 2 744k H YL mRNA A RIR &5 5 (RQ M)

£ 1 Real-time PCR 3|#F3 N F BKE

SR 2B 519751 FERE  TM{H

Runx2 37 :5'-GCAGTTCCCAAGCATTTCAT-3’ 182 bp 59.8 C
FUi#:5'-CACTCTGGCTTTGGGAAGAG-3’

ALP 37 :5'-CCACGTCTTCACATTTGGTG-3' 196 bp 59.5C
TU#:5'-AGACTGCGCCTGGTAGTTGT-3’

GLI1 7 :5'-GAGTCCAGAGGTTCAAGAG-3' 103 bp 54.2 C
FU#:5'-GGTGAGTAGACAGAGGTTG-3’

SMO 37 :5'-TATCCTCCTTCTCCTGTTC-3’ 200 bp 55.1C
T :5'-TCACTCACTGCTCCTATC-3'

PTCHI 37 :5'-GCCTATGCCTGTCTAACC-3' 189 bp 56.2 C
T U#:5'-ATCCACACCAACACCAAG-3’

B-actin i :5'-CATTAAGGAGAAGCTGTGCT-3' 208 bp 61.0 C

Ui :5'-GTTGAAGGTAGTTTCGTGGA-3'

1.5 %itsas

RQEATHEBORE, LA x =5 KR, >R T SPSS 13. 0 e it 4k
1 TR B AT & IE A0 B 22551, R T IN R 7 20047
P ELBCR ) LSD 3k EA T AR B

2 HR

2.1 AR fm e AR A
STRO-1 FHtE2R K 89.9% ,CD146 BT Yy 91.3% . 1]
T PR 20 M B T 2 AR
2.2 R ARIEE T
SR A ] WAy Lsy, B
N, KRB —(E 1) 5 AR ST A& 0 et n] IR TE
REETE (& 2) .

L b SR
B1 REFSEHFZLALEMAE ( x200)
B2 mEEFSEIHLT O faEPEE ( x200)
2.3 purmorphamine %} g, ‘B 544 9 % @
TESNATKN J) N VEH 24 h, i JJ 21 Runx2 ALP [ &K
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5, 55X R LU 22 A GRS (P <0.05) s LR Sy 4
FLHC Runx2 (ALP 335K P-4 Th i, 225t A Gidt 2 B (P <
0.05,%2,/K3 4).

®2 FHFKEATIEM 24 h Z4AE Runx2 1 ALP mRNA RQ {E#Y
LB (xxs)

5 Runx2 ALP
X B2 1.766 +0.471 2.004 +0.360
hni4l 4.199 +0.780% 4.716 +0. 506
SEHA 5.911 £0.7412 7.498 +0.7012

a; P<0.05, 5 B4LE b, P<0.05,5 4 A Mk

3’7_
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1] ! =
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HREECC)
E3 ALP(A)5 GLI(B)EE PCR g #%

75

50

R i

0 4 8 12 16 20 24 28 32 36 40
A EL

0 4

UEEARIS A
E4 ALP(A)5 GLI(B)EE PCR i 15 i £

2.4  purmorphamine % Hedgehog 13 5 i@ 34 ¢4 % v

TEZNASTRI S AR 24 b, inJj4H i) GLIL PTCHI SMO F)
TR B, 2R A G FE (P <0.05) s SEE2H S5 20
4 GLI1 PTCHI SMO [k B B 158, 22 AT G4 8 X
(P<0.05,%3,K34),

%3 24 h £4878 GLI1 .SMO #1 PTCH1 mRNA RQ HHJLLE (% )

2151 GLII SMO PTCHI
X HEZH 1.713 +0. 146 2.593 £0.202 1.742 +0. 153
Pk 5.130 +0.232¢ 6.596 +0. 828 2.747 +0.228%

SR 7.342 0. 600" 13.323 +1.092°" 5.597 £0.369%

a: P<0.05,5 s RB4rbii;h: P<0.05, 5 /A b4k

3 W

1l DR T i T 00 S R 7 2 B s e A B
filto AR 1A B8 SRR AL AU TR, 980732 R AR Do
B U5 BT 58 % 40 Meikle 257710 My BiF 5% % BE
L) AR IAL (SIS I NI B U o i g S B ik 00
HE S5 45 i W ) SR AL . B A R A b A A
20 2T 4 A N 1 SRR N A S e B ), P
LIBr B B AL 2 B AT R A R A Seo
2 YRR I MF I AL 4 4) B 9 % A PDLSCs L
K B ANE 55 55t PDLSCs 7T 1 4 411
I3Abe AT B C LUk 58, 7E 3l A 5K B 1R
FHF PDLSCs A Runx2 ,ALP . osteocalcin ( OCN ) 4% i} &
SRR EYIRY RNA FIEE B ZRB7K-F-24 B8 , iR B 7E
BNASHKI IV PDLSCs m] LA i B e 434k

Hh [ 1992 4E 5 R e LUK, © A AE B HES )
WG & A 3 Tl 5 R v B2 AR~y Y R A 1, B
Sonic hedgehog ( Shh ) | Indin hedgehog ( Thh) | Desert
hedgehog (Dhh) , Forb Shh RS R A1 , 5% He 3
PR I A SRR PRSI SE O, 2 Hh i ik
A EBEOE I, Hh e (A 55 90 0 5 | A 12 588 Y 52
A Pichedl (PTCHI ) S84 PEZ5 5, T BR T PTCHI
X A 1Y 7 T8 B 5 I A ) Smothened (SMO) Y
Mo BRI B IR AR 1 SMO R L 1 Hh Ji i 1Y
TEE S BT R AN N B R AR GLIT 3k
Rl "1 S UE W] purmorphamine R # 7 Hh
3 | DT 4% HCARE /N Bl ) 7 S 40 e Py PR

Runx2 s —F 5 B A OC 1Y B 225 s IR 1, 7E
SR ETE G R rh A A5 OG5 ALP 2 —Ff B ik
JAE 5 A0 B A 20 R S TE ARG, AT AR 55
B0 e K W B FH DG T8 b R WL EE PDLSCs [i] il - 4
faftenias . 25, s 24 h )5, Runx2 (ALP fY
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TR A TR (P <0.05) o WIS sk 1 41y
BB T 2l o BE 20 W 0 Bk N ) RE A AR
PDLSCs [n] il & 40 M. 5> fk.o 0 A purmorphamine [ 5Z
WAL A K V] 24 b )5, 5 4 AR,
Runx2 \ALP {5 K V-4 T (P <0.05) . 356
purmorphamine 1] L3855 5K i 7 F PDLSC [ il B 4H g
43k BREE ST Wu 251 FE /)N Bl A 72 5 40 il 2 Hh
AR 45 TR AL, th 5 Dohle %51 SR A E R
AN AR AR A0 R 1Y 24 h BFRSIN F) osteonectin Al
ALP ) mRNA {33k K &5 AR . 5 Plaisant
20714558 purmorphamine ]I A NS I T4 22 R
[B] 55 T4 M2 22 RUNX2 | osteopontin }% osteonectin [
mRNA B, 3% 7] BE-5 S 56 v i i 40 Z00R AR
KR SRS AR A G

TESNASTRN JIVE T 24 h J5 , Hh 3l B% 4R S Y0 A%
DEERI T GLIL DL JE3Z & PTCHL SMO ()15 7K
SRR R (P <0.05) . ULIITESN SR I E T
PDLSCs [i] Ji 8 20 g 43 Ak ok 72 b Hh Gl g6 T e S 5 &
FETAER MAMA T purmorphamine 5, 45 il 25 5
7 GLI1 \PTCHI \SMO 55 i1 Jj 20 o 35 3k 7K 7 17 3 ik
(P<0.05), 5 Dohle %[16] % i purmorphamine 1] {f¢
NG 7T 40 28 AN ) 58 5T T 40 i & GLIL EI"JJ:iE]
MRS Hh A5 5 3 A W] o A 92 56 i 4 GLIT
PTCH1 ,SMO [ _EJHIFEB] T purmorphamine B] 3 7% A
A T 4 MY Hh i g

L5 W9 2 W, purmorphamine X 2 25 5K 1 F) K
PDLSCs [i] Ji i 20 Ml 43 Ak ik B i 4 P A P 2 3
WS Hh 2 $E R . Walter 2511 JIE B Hh i
PRI — DR E Tl . BT AFYEER pur-
morphamlne XTI 5K N J1 T PDLSC [ % B 4 ffd 431k

TR AR TR 3 i i — A A
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