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Periodontal ligament stem cells improve peripheral blood mononuclear cells diffe-

rentiation into osteoclast-like cells
Liu Yihan' , Liu Hongchenl , Liu Wenjia g ('Institute of Stomatology, General Hospital of PLA, Beijing, 100853 ; *Research and De-

velopment Center for Tissue Engineering, Fourth Military Medical University, Xi’ an, Shaanxi Province, 710032, China)

[ Abstract | Objective To investigate the effect of periodontal ligament stem cells (PDLSCs) on osteo-
clasts differentiation during periodontal remodeling in order to elucidate the roles of static force and inducible
factors in the regulation of osteoclasts differentiation by PDLSCs. Methods PDLSCs were isolated and cultured
from freshly extract teeth by using the limiting dilution technique. Mononuclear cells of umbilical cord blood
(UBMC) were separated by density gradient centrifugation. After identification, the two kinds of cells were co-
cultured in direct- and in Transwell co-culture system. The co-culture system were further treated by static force
(120 kPa for 1 h per day, for 3 d), or inducible factors (1 x10* mol/L «-25(OH),D; and 1 x 10 ~° mol/L
PGE, for 7 d) to induce osteoclast-like cells (OLC). The cells without treatment served as control. Cell mor-
phology was observed by phase contrast microscopy. TRAP staining was used to identify the OLCs. And the
bone-resorption capacity was assessed by lacunae forming ability on bone slice. Results Under static force,
there were more OLCs in direct co-culture system than in the Transwell co-culture system (P <0.01). While,
the treatment of inducible factors resulted more OLCs in the Transwell co-culture system than in direct co-cul-
ture system (P <0.01). Conclusion PDLSCs promote mononuclear cells differentiate into OLC, especially
under the continuous static force and the two cells contact directly.

[ Key words | periodontal ligament stem cells; umbilical cord blood mononuclear cells; osteoclast-like

cells; co-culture
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FIAHB R AR A Y E a8 A e
ik S R AN B At R AP . 1 2004 4F, Seo 5 FE
¥R R B U o3 B K 5 Hh 2F R ST 40 ( periodontal
ligament stem cell, PDLSC) , Jf-iiE W H AR A 44 5 Jid Ji5E
RERIRSE , T F 2L A HAT S IR E ] .
WA, 5 — 2 I E AR 4L (osteoclast, OC) , A7
WFFER I, S DA AR JA] I v (8 B8 115 44 20 i ( pre-osteo-
clast, pOC) ZMuTi 3 92 > i AN 2 4 U5 T Jra 386 4 S
ALY ORREE T AL AR DU, F 5 A R i B A%
ZH Jift ( peripheral blood mononuclear cell, PBMC ) £ pOC
Z AN OCZR LA B g 25478 PDLSC Gnfey i 5 o Jo] 41
LUl OC BTE R, J2 P B 2F il 20 0t A 2 L
Hla o, BB RE4H MY (osteoclast-like cell, OLC) J&
FR AR SRl e I 5 T A Ly, AR OC iy S AU A
fiE, TRAP Je (A [ , REAEIE LB M R 5 o A S5
A e i DR PG g 1) R
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L1 Segexd4 ¥EHC2011 4R 10 J] % 2012 45 2 5504
BE RV B B B e RHME R i TR LIRS iR B R e 4
U R AR R, T A WO B I, IR UEE.
JRRREECRE B PRI W 5 B R B H TG AR R 72, T B o W W 1 2
W, B 10 ~ 12 % ARHIFIE 4050 DU 42 B2 K2 1 s B B A L2
Dot BB AE T B RS

112 2 o-MEM ]33k (Gibeo 24T, SE ) s JiG 4
137 ( Gibeo 23w, ) 5 Ak EL 4H A 43 25 W (R HEE A ) ) 5
$27, FJE B3 ( Fresenius Kabi Deutschland GmbH £ [H , /> + &
260000) ;1, 25 —3HEAEAE 3R D;[1,0-25(0H), D, | (HiFIARER
E, (prostaglandin E, , PGE, ) ( Sigma /7] ) ; Z5 iy AS-BI #§ iz 4%
(Sigma 24, £ [H) ;SRTO-1, CD146 K (R&D A F], 3EIH) ;
AP NR ST (P PHI) BP0 50 (FITC) (L atRREH
EWERAH) .

1.1.3 FEEE FSEFEEIMEREE AT E Q1T
Tho BN S 15 PVC TR o A8 T A B8 A o o o o 4 1
(ALHE =30 RMEE) 5 12838 48 9 e SO 244 U4 e
JIIEAE

1.2 Fik

1.2.1 3 Ko B B H i b 2 ¥ 1.0 em x 1.0 em 3535 i
FEIR VRS BB R - 5% TR B0 VA W P ik 4, R R K A T
HOHT AR e, Hil 25 % 0.5 em x 0.5 em J& 100 ~200 pm A48
Fr BB AEYE 10 min x3 3K, I A 10 f5XFHTH 20 min x3 K, ¥
SN RSN AR AF T - 20 CH

1.2.2 JFRHn it 77

1.2.2.1 %I B 4% 40 g ( umbilical cord blood mononuclear
cells, UBMC) JgifC 5% HUgRE ™ I BT EEHF A 1 50 ml, DL
4 TInA 12.5 ml 6% ¥ Z3E3 8 (HES) ,1 000 r/min 5.0
10 min, I 2B 4R, LUARFR LE 10 1R BE 2180 T
Ficoll ¥ |, fdf — 2 JE Wli— A~ 15 0 (19 FL 1T 52 500 v/min 50>
25 min, IR ZERI AR ISR T 85048 N (BRI 2 L
K1) 5 PBS ¥ 3 ¥, 1 000 t/min B0 5 min, % F3§, H o
MEM 455329 (& 10% B4 M ) BRI AL, 4 BB S 40 45 21
78,2 h G 2R EIIE R

1.2.2.2 AHRMREERRER S PDLSC 5L 3% PDLSC
K& 80% I &1, IR IE AL , PN FE A R 10 A4S/ ml, LLAEFL
0.1 ml 50T 96 LA ,37 C 5% CO, EF A it &, Pk
AL, ARICIFANINO. 1 ml 3537, F AL 40 BT W s b, o5
FURTAR 1/3 ~ 172 B, I8 46 45 22 2R o B f Y5 1) 400 i A2k vk
RABEY RIEFHE1x10", Hrp 552 ~4 REZ 5wk IR
PDLSC ] A4 BT

1.2.3 PDLSC st 45 3 AU T X8 K
PDLSC,, PR L, 25 B A B . A 2 x 10° 4~/ ml f) 4 g
B R T U TCE TR R 1Y 24 FLBRIN . BRI,
PBS w1k 3 1K ,4% 2 5 W % iR & 52 30 min, PBS ik 3 W
VAN I J o 45 20 M f 38 96 O e 5 O 3k R — B
(STRO-1.,CD146) ,37 ‘CHFHE 2 h,PBS ¥ 3 W, #HEINA DG —
$1,37 CHEHE 60 min, PBS 35k 3 ¥k, Wt T )5 , #EG N A Hoechst §i
H 15 min FEATHHMAZ RS G, 5O WIMBE S

: )
A: el HES4: 1i4;B-C: B0 a 2, ¥ EEZR T Ficll x@m £;D: BG4 B, PG EANEAEMICE: PBS shik/s 2 Mg
JOLILT B R

E1 WEHEsE UBMCEESR
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1.2.4 UBMC Y PDLSC fy3tis 3
1.2.4.1  F4dbifss MBS MdREA) UBMC L) 1 x 10°/ml
WP BT 24 fLAR D RN E B RSB AL 552 h e
Wik, B2 dni, 0. 25% G 4k PDLSC, L) 5 x 10*/ml
B PR AR D, SCER S 3 4l A A N IRA (FRalidtEE R ) 5B
2, A, AL SRS A 2 R B S 4 Mt i 120 kPa &
J1 ¥ 8RR 1 h JE R 37 °C,5% CO, B NG5 3 d;C 41,
BT, BRI AN T 1,a-25(0H),D, (1 x107°
mol/L) F1 PGE, (1 x 10 ™% mol/L) , & 3 R4k, 355 7 d,
1.2.4.2  Jaj4dtiEss ¥ F Transwell £ 5% 3% R 4, %
PDLSC 1 UBMC I8 4 85 %%, Transwell [ 2 jif & PDLSC 1 x
10°, FE8CE UBMC 1 x 10°, WG U8 B 5 sf o K3k 37
KFRET 37 C,5% CO,MERMNIEE , BSR4 , 2 Tran-
swell % DI RSEICHE BP9 P AN, SC85r 3 4 A 41, %
WAZH (BALidLRE %) B AL, 4, JeBE 35 )5 56 2 R AIXS %
SR 120 kPa FiJ7, #72e/EA 1 h JG A 37 °C,5% CO,
BEEAANEEFE S GCH, FRETAH, BRI ARRRE T
1,0-25(0H),D, (1 x10~®* mol/L) 1 PGE, (1 x 10 ® mol/L ) , %
3R, ISR T d,
1.2.5 TRAPZefs  HUSFRSE 7 R¥q, HiEgMe . 4
25 ml/L W 4 C B %E 10 ~ 15 min, ZE18 K% 3 KGR A
TRAP ZL I W 37 °C,50 min, XUZEIKPE 3 YK ; 40 M IC B i T
MR, AR R B, SR
1.2.6  BIRIKFEE LS WUEE R4 7T RO R 425 ml/L
XM 4 °C [# 5% 7 min, 0. 25 mol/L HE LB TEYE 1 min
X3 W, RINEAEWK, BRI T ,10 g/ L 2R e i e = Tk
6,4 min | ZEIR/K VLSS B SR,
1.3 %it o

ARSI B R A SPSS 13. 0 BTS2 500 . PIAHIH]
LR RS, AR ¢ K

2 HR

2.1 PDLSC %95 % %z
PDLSC J& T[] 76 5 R VR O 21 U Sk 1 40 B, DA O 26 3k i)
FE T 4N MU A (3R T bR 5 9 STRO-1 I CD-1461) (18] 2) .

A: STRO-1 3 &,;B: CD146 % &
B2 PDLSC B HMEEBLER ( x200)

2.2 ERIFKARGEFIE
2.2.1 mEXMRA ISR HHEIL IR R IR,
TEATE AN T T 8075 5 7 I, B 3 i ROk 2

OLC A1l
2.2.2 FEH4A BB BT WEmAESE 1 XK
PDLSC 2 & SRR R ETE s 5 3 Kat, B4 4% UBMC [F %8
7 PDLSC J& [l 55 7 KB, o] U [5 JE sliff 15 JE B OLC, {4 A%
PDLSC /N B A i AHXS 370, 4345 T PDLSC Z[A] (181 3A\B)
s 3 N R AR R 3 R Al B R,
AIWLEEE] UBMC RS54, 58 7 RN 2 OLC e £
(F3C.D),

C)
A AHBRIEAS 3 R (x200);B: AHEEZAS T £ ( x400);
C: MEEIEHAE 3 K (x200); D: 4543545 7 £( x400)
E3 #EHAOLCHERBMENRE

2.2.3 BFRRET4 B LR PDLSC 3 OLC AW WAy
RS 815 G545, PDLSC 7648 3 FOm B i 2 2%
i, UBMC 3 T4 /b , m SR B AN i dl & IR 4, 5 3R 2 40
5 RN Z# OLC ¥ TR ini 2 (K 4) o RS 5R OLC 172
fRIR HAE IR IR (E 4)

(C)
A BEBAIIRE 3 R(x200);B: AAEEIZRE T X (x400);
C: MEARIRE 3 R(x200);D: MEEEERET X (x400)
EH4 FEEFHOLCHERMEUR

2.3 TRAP £ &4 R
2.3.1 WIRNH HIRILEIREE 3 K TRAP Q@] i A A
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BETRAP( +) 1) OLC, Jfi#% 2 ~3 4>, 243415 T PDLSC J [l (4 K W = LIRS
SA) %5 7 K TRAP et i Wit TRAP( +) 19 OLC, i 275 0 (2 ﬂ\&ﬂgifé Byl
3L b HE AT WA LA K OLC(F SB) . R RN D] A
IEAEHE TR PDLSC MR J1/5 55 UBMC % 853 % s dgde SN . e S
TRAP e 0] WA E TRAP( +) 19 OLC, JUfkB/b Aot L =it o % s i'i;,:-. AR
DR IR 2 ~3 (B 5C) 45 7 KA, TRAP(+) I OLC 3 J§ T8 ™ 07T il e -0 B
BN IO MBS ML (B SD) o AAIE3, B s TR S e S
7R OLCHPBULESS I (B SE) s, Bt 7 dUs OLC 0 0 4 e
O 5 % TR B 41 (P <0.01) B 2 S g oWt Y. e e
L I R e R RN
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A ABERRE I RB: ABERAFT R0 ABEIRRE3
E;D: MiBEBEFAEE T X;E: TRAP( +) it 3% R ,a: P <
0.01, 7 RABEZFANE $ TR

Bl 5 #ESZH OLC TRAPEER  ( x200)

2.3.2 FESETH  HEIHLEIRAE 7 Xt TRAP 4L @25
JRR,OLC Bt A #E 4l £, HEEH £/ B K OLC 2k
(& 6B) ;AL B 3% TRAP Yo (445 5L 5 i ) 41 A — 3K
(F6C.D), &4 3.7 K OLC HHL A4 (& 6E) R,
B T d 5 OLC B > F LR R4 (P <0.01) .
2.4 FBOKIEEIRLER

B J7 4R 54 41 PDLSC fil UBMC 8] 82 3685 3% 5
BB R, 20 PR B T €005 45 4L 45 T 05 3] 0 F - o s
(FETA,B) UEBH BT A A0 T B R 40 i E A Wl o i . ELARF
T B8 WA 3 BOCAE i e T 4 (12,7 + 1,527 ) Figs 5 [+ 41
(12.3 £1.155) Z A LG22 5 .

A: ABERARES B ABERAFTR; C: AEERARES
E;D: M#BEEFES T RE: TRAP( +) @it #4%; a:P<
0.01, 15 f4a33 Rk sx

E6 FESHETFHOLC TRAPRELER ( x200)

AR A AN R G T REBORREEB: 5B Famk
BRE T REIRE G
7 BRKEENRER

( x400)
3 i

3.1 AP ERFRARGESL

PRSI 3505 4 43 Sy B A2 4 ol R ) 422 A P e
BB A R A0 2 fl () A B f, B8 T A R el 4
DA R FR A il A B A TE [ G R
IIEF  AE A0 BRI B ol 702 380 A 240 B A P 45
P S5 00 X 7 4 A 2 Th . Wong™™ B SE0F5E T
BE AL (osteoblast, OB ) Fi1 OC (LR SR 1977k (1 5%
FA OB By F-ILTA ] F A OC ek 5 45 Bk g
240 J0 000 P9 575 T B R B A48, Orlandini' ") 4% OB
S E R IR AR — R FE, WAL Saos-2 1 H 40 ity
M5 OC fETRe fn gty b iy e BAEH , 7 K B 3
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[FI35FRAIE O T, Saos-2 (14 Bl P B PR g % 5k A AH 0. T
WA #a %, Loomer' " FiI 24 LG FR M, HN 85 354 I
HRE W A a4, FLrPCE — > 0.5 mm [ &8
WOZE e 2R F il SR TR A W B RR R 0 A e A
TEA LR LR B0 B0 I i B A R A A0
KI2 d ;AR SRR R TP AKP B & B 5 TR
4 OB (3557 ,3 d J5 AKP &8 T [, 764 J B
S, OF JE RS2 B 55 B A A R b 2 oy =X B A
PRIt , A S g6 v o T AP 5 07 20, DU RB 8 Ak 4
[ b 52 e PDLSC X} OC J& s 44 E H o

3.2 PDLSC % OC 7% s %9 % "

2004 4, H Seo 45 E VI B 7E 5 JA Bt AE AR 2
T2, i 24 0 2 SR BT 4 il (PDLSC ) , PDLSC &k
U5 T R RS B 40 B, B FR TE8T ( Self-renew-
al) & £ [n] 43 1k ( Multi-potential differentiation ) V& Bt
PDLSC AHAEE AR5 1E 5 15 G0 T A J8 B N 3R 45 1 A
E T AR R B 3R T 8T DL S JE R i 41 21
PMEE 5 AR A T EENIEEEN . R
B, 42RO S B R e e, B B T RE R
PDLSC 14 2 st 4 X Ff- 734k OB, AT 48 52 F il iy
FBRAR > A, DA I A B A 4 e A T
R (R A ML AE 28 SR AL 8L A 5B B R Rl A
EECEBEMMEM " o DIEEDTT W, R 40 i A
B Z A A B AR T AE o TR A e v, o
i) BB 210 X B 5 4 P 35 e 4TS A B

2R MR TA S, W 40 2 T A RANKL 578 /i
TRANEER A RANK 254G, AInifiE ELA D Re n i 2 41
WLRATE 15 3 — 7 T, i A A 5304 ) OPG A2k RANKL
MITHAZ A, Sa et 2 G RANKL , 00 6 A8 5 4 M 1 1
i, T IR ZI) B WSR3 T I G 3h 287, OPGY/
RANKL E 288 UE S B R 5 N I8 9 i 40 A S
IIRE B S B R T AR S G & R 0T AT 9 B,
PDLSC ik #% A+ «B 32 44 1 1k K+ BL {4 ( receptor
Activator for Nuclear Factor-k B Ligand , RANKL) % ‘&
2 e A B A1 ) A7 (osteoclastogenesis in hibitory factor,
OCIF) , ¥ 44 B & 41 & (osteoprotegerin, OPG) , A SZHG
b M — o R, AR SR A OLC mY 8
W Z Tlal e e i R al, H vk iy OLC £ [l ZE 7
PDLSC JAl[Hl . FATHIZERF M PDLSC 1 52 2 # H 71
J& , AT REH T OPG/RANKL () b i & Az k72, %o H: J] [
1Y) MNC =2 5200, 2 #5046 Sy OLC, H 442 fi Inf
T AR P A FE S R B I 36 PRk 22 A o F R AT R A
Bz, MR, 4GS PR, giEdtshRa
OLC %t/ b Tl B R, R X Fhigs I 11y
YERHE 5547 T MNC, Jf- % A i &2 PDLSC [8] 422 52 i
OLC WJE L. AL, it insf i ik, PDLSC 5 MNC f
B REE W E AL F MNC 730462 OLC,
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