4535 B4 11 1 B = % OE K % % R Vol. 35, No. 11
2013 46 A 15 H J Third Mil Med Univ Jun. 15 2013 1067

S 1 1000-5404 (2013) 11-1067-04 'io/l’: %
M/NRET 4 £ K EF D 3G SIS LT R 0

MAAF BRI AL R, AL A K (400037 TR, 55 = BERE A E AR

(HZE] HrY  JUAMETE /MR AT A AE K 5 D(platelet-derived growth factor D, PDGF-D) {AM A il B A% 41
( peripheral blood mononuclear cells, PBMCs) , WIZZ X1 B 41 i ( osteoclasts , OCs ) AL FE IR . J7id: RAEANE I I
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g0t OTRAP Gefan] U FHEXS B FI S BG40 1) OLCs S35 2 F B Bidl . @ FH XS BRI FISL 502 TRAP  Cathepsin K
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Platelet-derived growth factor-D induces differentiation and maturation in osteoclasts
in vitro

Liu Shuande, Chu Tongwei, Zhang Chao, Huang Chen, Yu Shiming, Zhou yue (Department of Orthopedics, Xinqiao Hospital ,
Third Military Medical University, Chongqing, 400037, China)

[ Abstract | Objective To determine the effect of platelet-derived growth factor-D (PDGF-D) on the
differentiation and maturation of osteoclasts (OCs) from peripheral blood mononuclear cells (PBMCs) in vitro.
Methods  After PBMCs were gathered and isolated from the fresh blood, and then were treated with receptor
activator of nuclear factor-kappa B ligand ( RANKL) and macrophage colony stimulating factor ( M-CSF) as
positive control cells, and with PDGF-D as experimental cells. The cells cultured in normal culture medium
served as negative control. After treatment for 15 d, the mRNA levels of tartate-resistant acid phosphatase
(TRAP) , matrix metalloproteinases-9 (MMP-9) and Cathepsin K were detected by real-time PCR. The differ-
entiation and maturation of OCs were observed by TRAP staining. The expression of Cathepsin K were detected
by Western blotting, and the protein level of MMP-9 in the supernatant was detected by ELISA. Results  The
OC-like cells positive to TRAP were observed in both positive control and experimental cells, but there was no
such cell in negative control (P <0.05). The mRNA levels of TRAP, MMP-9 and Cathepsin K at day 15 were
significantly higher in positive control and experimental cells than those in the negative control (P <0.05), but
there was no difference between the former 2 groups of cells (P >0.05). As the same as the mRNA results,
the protein levels of MMP-9 (ELISA) and Cathepsin K ( Western blotting ) were significantly higher in positive
control and experimental cells than those in the negative control (P <0.05). Conclusion PDGF-D, not
combination of RANKL and M-CSF, induces PBMCs to differentiate into OC-like cells in vitro.
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factor-D
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B IR S B 1 i DL AL, R T R RS
TEERE T o EERS YL IR F W W A SR I R,
AL HET BT 5 5 AE AHE AR IR 5 e i o [5] 1:
B, A TR RS B AR £
B R IR E 2RI A R, A1
e 2R R L B RS T B IR 2N MBI T R 4
Jif? (osteoblasts , OBs ) 51 & 20 ifg ( osteoclasts , OCs ) [&] )
A PP A5 05 35 8 B IE R OCs o BEIE Ak B,
T BEVA i, P e A vp AR 22 I AH DG 40 PR 1 & 4%
TEBEEAS S SMEPEIMRATE A KT D(platelet-
derived growth factor D,PDGF-D) & PDGF ZZJ% /i 1) 5
BUGL, RETEHAT EST 04l 2 Lo 4857 00 1487 N B 2F
KA F (vascular endothelial growth factor, VEGF) [&] i
s R R B . PDGF-D 5 st 2543 b i 21
AT 4Nz PDGF Z /& B (PDGFR-B) , T & 454
PEANMLSR 2 43 Ak, IR 40 i S 30T 2 4 S o i S
B RN [R5 7% T BB 1) 5P s 200 e v G 0 38 A [ e 5 7K
SF-4) PDGF-D, [a] B 7E 40 J&] 1l 43 25 449 41 & i P42 248
( peripheral blood mononuclear cells, PBMCs) ( BV & 2H
FRUFT A2 ) o D0 380 HC 4 S 1 32 (K PDGFR- B 11 3%
ko A S 5] ASMIEPE N TE 4] PDGF-D {4 5 3l
PBMCs , £ HXF OCs J3 A3t B 1 500 .

1 ARSHE

L1 A5 A
RAE 12 RS I (RS B A B R AL

BURH ZR S BRUCR AR R S B e A ] 42 AL RS
AT EARTE L Rl 5] S, i S s ) 20) SRR
L, B2 Es56 B, 18 ~32 %SR- 1y 25 %, 4 T RO fE e
JEEIN, T4 A NF-kB BL A i 1% K (receptor or activator of
NF-kB Ligand, RANKL) | #2H A L W 40 i 2 v% 3038 5] 5 ( mac-
rophage colony stimulating factor, M-CSF) ( PeproTech) , T 2 A
PDGF-D(R&D systems ) ,-MEM 3% 3£ 340 D-Hanks ¥ ( HyClone ) ,
G4 1L (fetal bovine serum, FBS) J% i 2 [ i} ( Gibeo ) , A AN
IR B 200 0 43 75 9 B TRlczol (TBD) , BTl 7 R 2 1 4 IR I3
(tartrate resistant acid phosphatase, TRAP) ¢ {f,i 7| & ( Sigma) ,
NI T 4 )@ B 1 -9 ( matrix metalloproteinases-9, MMP-9 ) fiff 5
G W B 1R & (Vi M AR ) ), PrimeScript® 3%
SERF & R Dkl SYBR®  Premix Ex Tag™1( TaKaRa) , ¥
A Cathepsin K 558 BEHT 1A ( Bioss ) , 40 S MR i A AL 1 Bl b
ICH) 0 R TGS A BT T i AR AE \SDS 2 1 2L L BCA
AR R & B B ECL A 27 AR & T B R R W
HLCRER)

1.2 Fi&k

L2.1 S Mz anfumrgsaith  RAMREE & Bréf
AR 20 mL! G e BE LT I Ik B 400 43 B i A 5
15, 438 R 1 A 20 ML T o-MEM 85552 55 (5 10% FBS,
1% 5 HE R FOWAT) AT 5] AN HBUS H2 88 1 x 10°/mL 41 g

BT 25 em 4IRS R R, BT 37 °C,5% CO, 45 5%
FH IR 48 h, # EE,D-Hanks J§ S B0, 1 mlL 0.25% B
FH T T Al U BE 4 L, SO A S 5.0 8 min, 1 000 r/min,
o-MEM $ 35 36 R A0 44 4K 19 PBMCs 44 1 x 107 /mL,
1.2.2 SESsre 43 R BEPE ST B2 (-MEM B 723 + 10%
FBS + 1% % %% % 2 W HL + 50 ng/mL M-CSF + 50 ng/mL
RANKL) | FHPEXT B2 (o-MEM 55973 + 10% FBS + 1% 4%
FERHT) ML IGH (a-MEM 353523 +10% FBS + 1% 5% &
WAL + 100 ng/mL PDGF-D) 44421 100 L 21 i i 32 &) A
T 96 LI TR, M ZE D3 AL, B T 37 C,5% CO, M4
MR FRAE R, FERR 2 R 1 IR LR 15 d,

1.2.3 s MSE (5 B A2 0 OB LA A5 AL A FY
BRI . TR 15 KXf 45 AN 4T TRAP %
AL, FAE 4 B TRAP Y3500 @ U T, PBS IR /E I8
ARG G AMIAZ . T80 B A 22 WA T e, X FLIEL 6 1
PREF Fr TRAP 4 6 FH PE 9 % B+ 28 B ( osteoclast like cells,
OLCs) (4fifatz =3 ) HEOH T .

1.2.4 Real-time PCR #;{ll TRAP Cathepsin K, MMP-9 mRNA
Mk T 1S RIES A4S 1.0 x 10°4~ iITA T mL
TRIczol FHAK KR ISR 2 Fh4HH A RNA B2 L RNA 7§
TUAEAS T A o A% R S0 A LMk 5, B B D (260 ) /D (280) 2y
1.8 ~2.0 A RNA FEA, 4K B8 PrimeScript® 336 % 58 577 & 154k
UL T e 55 o ff ] Primer Premier 6. 6 #{F 51919 i
A TAEYHRA R A5 . GAPDH 5| ¥ )7 41 . 1F L4
5'-AGAAGGCTGGGGCTCATTTG-3', Jz. X %% 5'-AGGGGCCATC-
CACAGTCTTC-3", Fr Bt & 258 bp; TRAP 5|#)F 41 . 1F 4% 5'-
GCAAGGTCCCCAACGGCTATC-3', Jx X %% 5'- GCCTCGGCAGC-
CTGGTCT-3", j B K EE 112 bp; Cathepsin K 5|4 /73] : 1FE 4%
5'-AAGAGGTGGTTCAGAAGATG-3', Jx X % 5'-TATTGGAAG-
GCATTGGTCAT-3", B K- F 113 bp; MMP-9 8| #1591 : 1F X 4
5'-CGACCAAGGATACAGTTTGTT-3', Jz X 4% 5'-GCGGTACAT-
AGGGTACATGAGC-3", Bt K & 107 bp, PCR Wik RN
20 wL, SR 533 SYBR Premix Ex Tag 11 10 pl, Fiff
51470.8 uL, P54 0.8 wL,DNA &4 2.0 wL,dH,0 6.0 L,
ROX Reference Dye I1 0.4 wL, HRHBERHPEXTIE, BR4H 3 NE fL.
S £648:95 °CL,30 s, 1 MiEFR;95 °CL,5 5,58 °C,34 5,40 M
o SONARZT ABI 7500 Real-time PCR A - #EATHEIN, A 34
FIFICRIOCIRAE . T8 3 P R BRI B2 1 ) 2 GAPDH 473 Ci
e} 18 ~30, 1A ABI 7500 System SDS Softwarel. 3. 1 2} T
B Ab T HCAIX Fek R 24 ki

1.2.5 ELISA y:# 1 MMP-9 75 & 2H 41 i b 3% rf i 63k
WS LA 1S RANAIEE R EIEW, T3 000 r/min £4.0> 10 min,
EERBURAITER AW, K I8 ELISA 12050) &5 18 I 15 B0 94 5 0 4t
EIERREATL, PR A R N 50 L, YR E LT , B R ™
FEAZ IR MMP-9 ELISA 277 & 150 B 3R 17, Jse & S Al T~ TECAN
F039300 FA3{X ( BLHL ) F90 5 28 I HE (pe/mL) ™ o A4
Bt dl MMP-O (140 J5ivk BEAB B X il XS BE 1Y D (450) %
Yl HEST AR R LR R R (y =0. 892 +0. 133,77 =
0.999 9) , 25 A il i v B2 FT o b ofiE ol 2k KA . i or HE AT S I
3
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1.2.6 Western blot £l %% 2H 2 Jifd Cathepsin K & [ i) 35

SDS ZLRIE 73 50| ZLAR A LA 15 K A0 i - B2 IR D P 2R
1, BCA H IR BE I i€ 1047 2 11 5E i, SDS-PAGE WYk /3 85 J5
e e 22 PVDF [, 5% AR Wk %0 B P41 2 h, St A
Cathepsin K Z TE[EHTIA (1:100) 4 C % F i 7%, TBST 2 ¥k
3 U, T RBAR I S ALY BEARIC Y — BT (1:500) ,37 CHEH
1 h, TBST &%k 3 ¥k, ECL 3 i {4 26 2 min A, AZH
GAPDH., JH Image J Z} AT 53 1T 161 1 2% 4517 IR BEAHL
1.3 “%itso

M7 A SR 3 UK, TR DL v £ s 3RO, R SPSS

18.0 et , Y%l 2 i e AA T SR IR R 07 2270 #,2 2 1) HE
BAT 0 K

2 HR

2.1 TRAP % &% OLCs

'8 BT T A AL AN 22 S 1 9% 1S d e, B XS
HE L AN S 36 2 24 n] UL 200 (R AR B jt EI’J OLCs, HE &2 M A M

M S RARTE sl 1R, T TUARIR AR sl 22 4R O R TR 1, 4
JfL 3 A AT LIS £ URLTE , AN T L 2% (At A% =3 A4>)
Y REAZ A EE G, 7T DL IR G 5 1T B M X BRZH A /N, 220 PR
1% , B 53 A L 200 ML O e 0 , A MO [ 4, R TRAS . X LB
HL 6 ASHRHEF H TRAP a8 BH M OLCs 141, BHM: X BR 4L 1S 56
HHAM TG 22550 B REL T RAE 1),
2.2 Real-time PCR ## TRAP, Cathepsin K, MMP-9
mRNA 8 & ik
FE P X R B %o R 4 R S 36 2 At M 2 5 S 45 5 15 d
)i , Real-time PCR 46 I 25 5 i 7R « 52595 21 F1 BH A4 X B4 TRAP
Cathepsin K . MMP-9 mRNA [)3%i534 0 3 & FRIMXT RAL (P <
0.05) , 3Ll TRAP mRNA F3A 025 5 h B3, ML 5
FHAPE X BREH (B oG 32 25 57 (P > 0. 05,3% 1) , #&7K PDGF-D [A]
RANKL/M-CSF —F£R] L5340 LB 20 M i) OLCs 434k
#& 1 Real-time PCR &I & 15 X & HZAAE TRAP  Cathepsin K |
MMP-9 mRNA I RIEE(n=3,x+5)

215 TRAP Cathepsin K MMP-9
FR-PERS B2 9.984 £0.9248 1.742 £0.483%2 2.316 +0.4022
IR 9.875+0.911* 1.683 +0.547* 2.287 £0.471°

PAMET R H 1 a: P<0.05,5 MRk

2.3 ELISA ] MMP-9 /& &40 4m i, b 3% o 64 Rk
515 RFAMEXT BBAL[ (273.97 +10.45) pe/mL] B 52k 41
[(272.48 £6.67) pe/mL] &5 2% & F PP X B4 [ (196. 51 =
6.67) pg/mL,P <0.05 ], iS5G 5 P R4 IR 22 55 o4t 1T
SEE (P >0.05) #2082 4R [ Al 3 4 F T 5 S 9 OLCs
HAMEIIRE
2.4  Western blot #& M| &40 48 i, Cathepsin K & & 49
Ak
5515 RICK A (1. 473 0. 285) FOBH M X IR (1. 376 =
0.314) Cathepsin K FEH M LA B LR FHF2ZH(P>0.05),1M
2 444 5 2 T X IR 4 (0. 764 £0.042 P <0.05, & 2) .

1 2 3

GAPDH(37x10°)— " s s—

Cathepsin K(43x10°) — s Si—  S—

1. Fﬂ'fiiﬂ'ﬂ.ﬁéﬂﬂz ;:‘E/iéﬂ,?) o FEHE X BB 2H
B2 Western blot &l & 15 K& HZA A Cathepsin K EHE)
FKix

3 itig

PDGF-D J& PDGF F iR 5t = — , i 370 N 3Lk
AR T KBTS F 55 23 AN SRR ER L 2 ],
IR TR0 40.2 x 107, 2 JFURE L[N Cosis Y36
R A e A R AR 2R ) R IS A B S
FH™ o R 443 s PDGE-D 2K [ 55040l JG I iR
A, FELF R (I 7E N A LRP 8 B K SR AE LR L 2R
BeHEDKCHG N R CUB 549 F1 C AR A= & 74544 4
B, TR R IR — 84K PDGF-DD J5 {E F T H e
521K PDGFR-B, T & ¥ A= 124 2 g . Kong 251"
UESE PDGF-D o 3% 3k AT £ /35 117 41) J 93 20 1t b Jz - (i) Jot
¥4k, ( epithelial-mesenchynal transition, EMT) &8 J7, M\
AR R 2B Ak /1. Wang 251 il 3 siRNA {75
[ PDGF-D {3235 F 94, i f# Notch-1 F1 NF-«B
5 3 % U TP T 40 B A R R A A B, BRI

7:0LCs A:%3a;B:fatk

xF B 2E 5 C: MY P20

El1 TRAP L EMEE 15 XEHOLCs BEEML (BEZMEE x200)
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TR AL IR RE ST . A SE R UESE PDGE-D fEFL
P9 =0 5 7 20 Ml Ak MD-MBA-231 rf (1) 238 5 TR %%
FEAN M Ak MCF-7 , 177 5% 5 40 i A 4 4 B o AS 36 58
PDGF-D, [A] i H AL 35 PDGFR-B M A& 3k H [w] i 52
& PDGFR-a. [H I, PDGF-D %if Jifed (16 e A L %
OCs W7 L R A 45 HERYPE T, AT RES 5 10 & iR
VR PR R B S it — AR S

ARSI 1 5 ASME: PDGE-D {4413l 38 &1 J& 1
GBS B AN M (R R B A0 M TR Al i) L, DL S
OLCs [ 2 LAY (RANKL/M-CSF) Sy BH X B2, 52
IEHAUMA PDGF-D, 4558 7R : PDGF-D A 5 S0k &
Y HTAR LA 53 fk A OLCs, TRAP Y& €2 W 58 5] 52 55 2
) OLCs Ui 20 T 25 55 BH 1 X6 BE 2 Ll 3 TG e 35 22
S, S 06 20 RN BH M X BR 4 OCs A s % 2% [ TRAP
Cathepsin K . MMP-9 mRNA N AHMW 5 H R IRIR TR
H2 5 A 2 A5 S TR X R AL, [,
FATIAN PDGF-D [RJAE LA 5 10 40 A 44 20 it 53
bk OLCs WIFEH, JF HH 5 24 M) RANKL/M-CSF
HRHEADE LR E =R

Huang 2" Fj PDGF-D {4 &b il 3 L2 42% 40 e 3
RAW264. 7 %5504k & OLCs, 5 RANKL %S0
OLCs H#5, i\ R i% & 42 1k 5T F RANKL/RANK/OPG
feiS i, fHIE, Stiles 25" % B, 713 %35 PDGF-D
MIHTS B 20, NF-xB 5 DNA R PR S 458
N TR L e i) 10 R/ 8 NS I Rl < F A PS feari
P T FMIBE ). [FIE, ZRA7 SCHRHRGE , PDGF-D 1]
it 5 PDGFR-B Ay AH BAFE F Y 2 45 T liie i 2%, a0
PI3K/Akt \MAPK , Noth' """ & i i #5638 % 5 OCs .
OBs 1534k A E DIFH G . ABFRE R BIR,2 &iFf
S E AT ARG A ) OLCs 43 fk 193 12 RANKL/RANK
Fil PDGF-D/PDGFR-B Xf F 155 OLCs HAG 2RI %L
JE, SAEAE 7 AR T LAR (R R 25 W R 45 ST R
18 T 20T B 28 B 0 I T 5, 990 ) i LT L 43
PDGF-D fH ] i 98 /i S a i R A 5 W A
L FE B IR AR, HR 20 38 S, b 1) S B R 7 1 41 i
ol ST B AT B B . S 4h, Najy 2507 4REid 36
ik PDGF-D ()i 5] i3 200 B v ) B 412 220 - 0 ol i
PR, {H PDGF-D JZ 75 %F OCs i1 OBs [A] i HA 7
VER R b — 2008 o X DL I8k ok 73R4T 4 5
WF5E B E Ty ) o

25 LTk AR SC B UE S PDGF-D AT AR Sy 57 #9175
SR A5 0 B FT AR M 34kl OLCs , HAL N 5 28 4t
KA RANKL/M-CSF Jiri75 S i 1) OLCs o481t 4% 2

5t 5 PDGF-D X T il i i s ma AL %) OBs A1 OCs
AR VE T LA B 2 Fhids A2 J 754G L ) i 5 i B gk —
ST

S Xk
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