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[ E)E®. T p38 2224551k 8 F 8 (p38 mitogen—activated protein kinase, p38 MAPK) 7E B JUAL 7 S (R - 40 i I Rl
PIGVER, Foik  BRIBUINEURH BRI, BeFh T 24 FLARJS 43 3 4. D78 PO IR ; @ F kB SZ ARG AL FBCAA (receptor ac—
tivator for nuclear factor—«kB ligand, RANKL) £ ;: Z: LA 50 ng/ml RANKL; Q%K BRI +RANKL 2H . B FLINA 0.019% %5k ks 8 i)
(0.1 mg/ml) X2 RANKL 50 ng/ml, Fii A1 B2 2 1k % 72 [ (tartrate—resistant acid phosphatase, TRAP) % {2 % 52 00 & 40 il .
Western blot £l p38 MRk p38 (IR, il T B 5519 p38 siRNA LER p38 (WRiK)5 , WA B Al Ek H KAH G 8
F RANK P28 F0 G 0L, S5 R - 45 AU A M s 3 000 ok - 25 UG IR 4 2.0 + 0.8, RANKL 41 62.8 = 5.6, £k FiUki +RANKL 41
93.0 + 8.8 (F=235.193,P=0.000) , RANKL £H {7 T-45 (1 %F FE 2H (P=0.000) , £k K7 +RANKL £H B & %5 T RANKL £ (P=0.000),
Western blot 554 /R BAMORL AEI] AR % p38 AUBEIR ALKV (p—p38/p38 HIXF{H : 25 FIXFARZH 0.29 + 0.05, RANKL 41 0.64 + 0.05,
ERBUR+RANKL 4H 0.87 + 0.05, F=106.491, P=0.000 , £k ki + RANKL 2H 75 T25 11 % B ZH Al RANKL 44 P,=0.000, P,=0.001) , #43¢
RRIEFENF1 p38 siRNA J7 , Ad-sip38 T P4l RANK & [ HFRBIKARTF X FRALAN Ad-RFP 41, B A% B B AR X i
ZHFN Ad-RFP 21 (i A0 145 X R AL 99.8 + 13.5, Ad-RFP 41 95.8 = 7.1, Ad-sip38 41 3.8 + 2.5, F=148.654, P=0.000, X} FR 41 5
Ad-RFP TG .22 5% P=0.541, Ad—sip38 AbHHZ 5% REZH FNZS R RE 4 ELAEEY P=0.000) , 4538 . p38 MAPK 7EEKFIUR: 75 5 1 1
AT P A AR

[ SR JERTIURE ; p38 2224 JFIG AL B U ; B 41 ; siRNA
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Effects of p38 MAPK on titanium particle-induced osteoclast formation
Li Hao ,Wang Yang,Zhang Ranxi,Liu Y ang,Deng Zhongliang
(Department of Orthopaedic Surgery ,the Second Affiliated Hospital ,Chongging Medical University)
[ Abstract ]Objective : To investigate the effects of P38 mitogen—activated protein kinase on titanium (Ti) particle—induced osteoclast
formation. Methods : Bone marrow cells were collected from the femur and tibiae of 4-6 week—old BALB/C mice and were divided in—
to three groups:(Dcontrol group; @receptor activator for nuclear factor—«B ligand (RANKL) treated group;@Ti particle and RANKL
treated group. The numbers of osteoclasts were measured by the tartrate—resistant acid phosphatase (TRAP) staining. The expression
and phosphorylation level of p38 protein were determined by Western blot. Then an adenovirus—mediated RNA interference targeting
p38 was employed to knock down the expression of p38 and the numbers of osteoclasts were determined by TRAP staining;the ex—
pression of osteoclast specific gene RANK was detected using Western blot. Results : TRAP staining showed that the numbers of os—
teoclasts were significantly higher in Ti particle treated group than in control group with the same concentration of RANKL (blank
group:2.0 + 0.8, RANKL group:62.8 + 5.6, Ti particle +RANKL group:93.0 + 8.8, F=235.193,P=0.000) (RANKL group vs. blank group,
P=0.000;Ti particle+RANKL group vs. RANKL group, P=0.000). The relative phosphorylation level of p38 was significantly improved
in Ti particle and RANKL treated group compared with that in control group and RANKL treated group (blank group:0.29 +0.05,
RANKL group:0.64 + 0.05, Ti particle+RANKL group:0.87 + 0.05, F=106.491, P=0.000) (Ti particle+RANKL group vs. blank group
and RANKL group, P,=0.000,P,=0.001). After being treated with adenovirus—mediated p38 siRNA (Ad-sip38),the number of osteo—
clasts and the protein level of RANK were remarkably decreased (TRAP positive cells: control group:99.8 + 13.5, Ad—RFP group:
95.8+7.1,Ad—sip38 group:3.8+2.5) (control group vs. Ad-=RFP group,P=0.541;Ad—sip38 group vs. control group and Ad—RFP group,
P,=0.000, P,=0.000). Conclusion ;p38 MAPK plays an impor—

tant role in the osteoclast formation induced by Ti particle.
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p38 MAPK J& T 222535 AL 2 1 U (mitogen—
activated protein kinase, MAPKs) ZZ % , J& 4% K F «B
ZARTEAL R FHAK (receptor activator for nuclear fac—
tor—kB ligand, RANKL)/RANK/TRAF6 1 T 5 =
A g, FLBHG T ERAR SR p38 MR AL , 7E B 40
J o PR AT IR A SEER A Western
blot #: p38 K MR B RIB K, e i
siRNA VTEK p38 M3RIA ¥R p38 MAPK {555 iH B{7E
BRAURE 5 5 BB AR I b B9 A, S By 1k T
K EARE BT A PR SR BERT AR PR AT

1 MEEFE

1.1

4~6 J& BALB/C /N BLHH 5 PG B B K 2 S 50 2l ) vh o 42
Mt B 4T SYXK (31)2012-0001 , RANKL 1 148 i
SETE RN T (macrophage colony—stimulating factor, M—CSF)
W H prospec 23Tl ,a-MEM B5 3230 H hyclone 23 7], i 4R 1ML
THWA A Gibeo 23, HUIli A FRFAVERSBAHE TRAP YL (3857 &
WA sigma 23], SRR p38 M p-p38 LA [ Cell Signaling
Technology /A F] MRS p38 siRNA (adenovirus—medi—
ated p38 siRNA , Ad—sip38) %S 25K 7% (adenovirus containing
RFP, Ad-RFP) AL fH A 9 28 ml A 3 K 0B I H - Alfa
Aesa AT, FIAZR 1~20 wm, 28 10 wm g1 s )5 | 07 e 9
BTN 5 wm 22451, ] 70%10) BRI BT VE 48 h
J& , PBS TG UEHLITA , R 287K, T PBS BB 1%
(10 mg/ml) FIREFFIL 4 CAFRL
1.2 %%k
120 /NEBE M IR BALB/C /I BUSAE I A8 A,
T5%WRERHL 5 min &7, TR A FEEE 5325/ )N RS -0
&, PBS T8 Uk 5 B U 19 000 13 B 0 oty , G BT T T 4 T a—
MEM 153735 & oh b 2 % A, Wb se i 2L 1 000 1
min BB 5 min, BEEANIS HEF T T25 S5 FRIL 7E
37 °C,5%CO0, QMIEEFEAR TSR 24 h )5, PBS Uk 3 IR LBk
KOG B 2R W AR I BE AR I L)L 800 r/min AY T EEES.L> 5 min,
PRS0 A AE 30 ng/ml M—CSF F 50 ng/ml RANKL F: 3]

WOR KGR 3~4 d 132 EBEE 4UH S , LA 1.5 x 10° ()% B 3
T 24 LA, 43 as G IR  RANKL 2 FER R+ R ANKL
21, FEAH L B FRFL T A B 0.019% 8K R B (0.1 me/
ml) 2 RANKL 50 ng/ml, 4R 7256 B 5% 5~6 d, B K
1R,
1.2.2 TRAP Je(d K- anitBe B 24 LA, PBS i1k
3R ,4%% B W EEH & 20 min, 37 CHIE B TKUES 3
W R TR UL S L TRAP L a3k, BAL A 300~400 pl Z4
A, 37 CHER/KBF P HDEIFE 60 min, 258 F KM
T, BT R B TSR, TRAP YL B 3 8 3 4NLLE
ANAEAZ 0 B AN TR B AR, 43 500 108 b B ol i
BN, I E A 4 R, 4 WIS x + s FR
1.2.3  Western blot ¥zl p38 J p—p38 &ik KehEFRfS 211
HREEAMILL 1.5x10° % BEHERN T 24 FLAR , 43 as FIRHRAL |
RANKL 20 F1 %k 150k + RANKL 21 . %k Uk + RANKL 21 i A
0.01 %R MR B A7 12 h J5 , 4G R4 | IRl AF RANKL 20
JERIBUR+RANKL ZH A RANKL 4B 15 min J& , 57 BRI 1
% PBS VEVR AL, RIPA 24 % (& PMSF PIC \NaF) 2 fif: 2
JHi 2 AR 1, BCA 6 I 5 2 R B2, 100 CZE P 5 min, 48
SDS-PAGE HLIKJ5 , 7 25V, 1.0A £4FF bio—rad 2T HERIY
BEIE 30 min, B 1 5ER E PVDF I, 5%BSA ZiRE] 1 h,
p38,p-p38 HLIA(1:1 000 Fifk)4 CIFH I, TBST ¥k 3 K=,
AR A AP RERR IC A E TR BT (1:1 000 Fis e ) =R H
1 h, ECLIAFI &Lt 5 . Quantity One BRI 22 4% 5517 K
BEMH T8 p-38/p38 HHXT{E, LW EE 3K,
124 BRAEHEA S 09 p38 siRNA TI8 415 6 1 40 o L)
1.5x10° 5 FERERN T 24 FUMR, 430 3 41 X HRZH 28 o sl
ALY, o zs PR B AN SC S0 4L A TSI 2 pl Ad-
RFP 1 2 wl Ad-sip38 %5 24 h, 986 Wi T W gy |
T R SRS B 0.01 %K W0k FIT 50 ng/ml
RANKL 555 5~6 d, BRI 1 K, Western blot Al p38 #1
B AR 525 11 RANK (19238 7K - TRAP Y055 7 i
e E- AR5
13 %itam

G LA + ARifERE (w +5) FoR, R SPSS 17.0 4t
O MR EA TR AL B, 20 18] bR FH PR R 38 07 25 00 M0,
W ELBER ] 1LSD—t 325, K9 K i «=0.05

2.1 TRAP # & 45 m 4808 5F RANKL #5569 35 5 40 Il % %,

LA B AT M T RS R A 0 a8 R IRA 2.0 £ 0.8,
RANKL £ 62.8 + 5.6, kUi +RANKL £ 93.0 + 8.8(F=235.193,
P=0.000) , RANKL ZH 30 15 A8 £ 25 FH 41 (P=0.000)
BRARR ANKL 410tk 2 25 FXTRRLTAT RANKL 41(P=0.000
P,=0.000) , %A b2 R EA G55 0, ikl WL,
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RANKLAT A5 40 3 A i LA T A T Bk E A
AEHE RANKL 75 S 1 B A s (B 1)

LS s R bor

A7 IR C. BRWURL +RANKL 41
E 1 TRAP L &UREHWEMEEE (100 x)

Fig.1 Numbers of osteoclast detected by TRAP staining (100 x )

2.2 Western blot #-] &-48 p38 & p—p38 # & ik KT

575 %6 4 (0.29 = 0.05) #H L, RANKL 21 p-p38/p38
AR (0.64 + 0.05) BH 34 755 (P=0.000) , T Al Ak Uk 3l 35%
J5 ,p38 MR AL /K- (0.87 + 0.05) %8 B RANKL 2H 37— 25
P25 (P=0.001) , 25 ¥ HAT Giit2# 5 L (F=106.491,P=0.000) .
F2H p38 MAPK {5510 2 5 RANKL 75 5 (1) 1 B 4l i %
B, TR BURLREAE E p38 MAPK {355 18 BR AU (&1 2) .
T — il WiBk p38 M FRB#E— 2P0 p38 MAPK 7E4k
A 5 A R A TR kb ) T BEAE A

P-p38 “ “
g —— —
1 2 3
1. 25 (%P IRZH ;2. RANKL £ ;3. Sk ik +RANKL 21

2 Western blot #illl &40 p38 K HBE L EAMRIZKTF
Fig.2 Protein expression of p38 and p—p38 determined
by Western blot

23 Ad-sip38 T35 p38 #4 K ik A P4l

5% R L, 28 AR BE 4L TJC A B 22 5%, 1T Ad—sip38 #%
et p38 Kb K B IRAG, LI IRIETEAN 1Y p38 siRNA
XF p38 1 T AR 0, 2524 p38 MFRIA NG 3,

D3 M A -

—_—
1 2 3

13X B 5 2. 28 P e 5 3. SRR
3 Western blot #&ill T4 /5 & HLHM p38 FEHAIFRIE
Fig.3 Protein expression of p38 measured by Western blot
after infection
2.4 Ad-sip38 xR 4a B R Fohd Fvh
Xof B K 23 11 AL T R e - 200 TS i, 7 52 36 26
JLT- WA B A B B A0, 40 B 20 - % BRZH 99.8 +

13.5, 25 G141 95.8 = 7.1, SEHG 4 3.8 +2.5(F=148.654, P=
0.000) , % HRZH 5525 P B4 B AU H 0 BH 19 22 Bk (=
0.541) , SCUG2H B AT R A2 P e, 22 R A Geit
27 Y (P=0.000, P,=0.000) , Western blot k&I B 4 fIAH 5
1 RANK [ RIETEOL, 2555 5 TRAP e a2 A — 2, 5
B541 RANK (923K 7K T 4056 HRZEU RIS F8 24 I S R A1 (&1
4), GERFIAVIER p38 MAPK fig I A Hil k- 20 B 14 431k AR
(K 5),

1 2 3

L GTHEAL ;2. 28 PO R4 5 3. L0 4

B 4 Ad-sip38 A E/E &AW B HMERXEH RANK KR
Fig.4 Protein expression of RANK detected by Western blot
after infection

B. &S I EEAH

AL X HRZL C. S5

El 5 TRAP £&MZINE p38 FEAWTMAEKER
RIT#(100 %)
Fig.5 Numbers of osteoclast determined by TRAP staining
after infection(100 x )
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BOwE) Iz R SR B U 7 | R 4 R AR ) L
TR AT AR S SR 2 S BT AR BE 1 £ 2R
PRI A O S SRV R AU 3 AR B
T b0 5 0 s AT B R R A PR, ARE PR 15
B T B, B A B, DRI, B B AR
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AR A A M ) T A RN 2R A s KSR T 5 |
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TR 20 T 8, TR0 sk A A Y T B, AT
oA T L R A A RO e 2 T BT R T A
PERASH SRR UR BB ] Bl o s i A JC B
PERS S HARBLRIATI A 52 4 B

M-CSF FI RANKL 2 & #h 75 5 35 5% i B 4 il
DAZ T PR L R, M—CSF A1 5 10 5 4 e T 4 4
MR R ARG RANKL JEH B 40 A o fL iz
IR = B S LA AR SO U A 41 s
T &40 L T2 SR T i 1211 < i A Ay 32 ) T
PRI £h T I 40 i S50 5 0 o 2 S 5 A 3
J& 53 h— 2 5 5 1 A LT SR S 1 SR AE R,
TNF—a IL-1 IL-6 %5 | 33 B 580 K15 15 B 200t i
AR 20 e 1T P A R A2 AR5 6 30 e 95K A L N 5
B 40 A AT DG {5 5 8 I, 6046 p38 MAPK \NF-
kB PI3K/Akt %5 , [A] A 2 E K -5 B 21 4 21 e 2 11
AANSZARFRSE &, T2 E RANKL Fll M—CSF BB
AT 5 50 14 T A0 AT o, - s 1) sh 2 Y- A
BEBEIR 51 B TR R, Akisue 55T A& BELPS
b PR AR BB BEAE #E THP-1 40 NF—«B {553
PRAGELS A0, R e ig IR B L I T MCP-
1 MCP-2 IL-8 ZFABEIL , 5 | e Jry B 1 2 A 4t
T AU AR I 1 2 | i — 25 e B 4 M 1% 23 Ak
AR FEURATC R AN SN, Ak R o it
DAARAE PR 0 I S 2R A T T PR i, BT 80 i s
PO 5 | S (R R R 17

P38 MAPK & —Ff it 22 R W 2 10 25 11 e , 32
BASRAE TN S5 RANKL 35S
AL, TG p38 MAPK fEfE it RUFIGAL T 41
M9 4% I F (nuclear factor of activated T cell,NFATc)
BRI, DI T2 015 40 A 200 o 43 A oy i 2t
B A0 WFST 0] NFATe 1 75 40 i i 404k
A EEAEHI, Matsumoto SE2MILIE i HFFEIIE
52 p38 MAPK 25144 RANKL 7 5 A9 - 1 13- 4n
MITE AL, AR SERF T 45 FALIE ] RANKL BERS IS

p38 MAPK 15738 [ , M KUk RE S i — {2 i/ p38
MAPK 15530 4% A0 38005 | DA 42 0Bt 1 4 e 1 A
A KRR R F1Y p38 siRNA R p38
Je , T B 240 B T 43 Ak S A B el 32 BB S DR T g
SU0ER p38 J&, p38 MAPK {551 I At B =2 24
il , DT S BOH ViE5 B 0  3f A DG 3
Kl NFATel f3RIRFEARA G,

25 B Rk | p38 MAPK 2 545 6L Bk T 19
W E A0 R, W] p38 MAPK {5538 B A0 BTG
FEA R B AN A o PR, R RE R e R IR T
S 5 U A O P VS AP 0 0 B A — AT A i A
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