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Effect of Titanium Particles on the Mouse Skull OPG/RANKL mRNA

and Protein Expression®
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ABSTRACT Objective: To study the influence of titanium particles on the mouse skull OPG/RANKL mRNA and protein expressi-
on, and explore the osteolysis mechanisms after joint replacement surgery. Methods: 40 adult BALB/C mouse were randomly divided
into the sham operation group, low-dose titanium particles group, middle dose group and high dose group,(10 mice in each group). In
addition to the sham group, the rest groups were smeared titanium particles 15 mg, 30 mg, 60 mg on the surface of the skull, then suture
incision. 8 weeks later, the skull tissue and peripheral blood were taken. Real-time PCR and ELISA techniques were used to determine
the OPG/RANKL mRNA and protein expression. Results: Compared with the sham group, OPG protein expression in the peripheral
blood and OPG mRNA expression in skull tissues of low dose titanium particles group were significantly increased (P<0.01), RANKL
protein expression in peripheral blood decreased, but no significant difference was found. RANKL mRNA expression in skull tissues was
also had no significant difference. OPG protein expression in the peripheral blood of middle dose group and high dose group were
significantly decreased (P<0.01), RANKL OPG protein expression in the peripheral blood were significantly increased (P<0.01), OPG
mRNA expression were significantly decreased(P<0.01), RANKL mRNA expression were significantly increased(P<0.01). OPG/RAKNL
protein expression in peripheral blood and mRNA expression in skull tissue were significantly different (P<0.01), the effect of high dose
group on the expression of OPG/RANKL protein and mRNA was more significant. Conclusion: Titanium particles could change the
OPG/RANKL mRNA and protein expression, which may be one of the cause of osteolysis after joint replacement surgery.
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1.1 ##

1.1.1 LRI EhY BALB/C /MR [ M KU B R K 2% 2 W) 552 56
s, 6 H s /R 33-40 g, VY.

1.1.2 FEMNESHF SK-1 TPudiR S 8 (T &t I E
J7) s ERIBURL (K AT BB A R A R B EAR 5 pm)iF
F % KT (AL FEL FRL =038 A PR A]) ; myCycler PCR 3
B4 (3 BIO-RAD /A F]); 5865 & PCR () LA Al
TGL-16M =3 &5 B U B DAL (RIS DAL RS A BRA
A]); 7K B IR (35 E BIO-RAD /A F]); Trizol(Invitrogen /A /]);
OPG/RANKL/GAPDH ) PCR 5|#)( LA T AW TR AR
FAMRAT); KR (Fermentas 23 7])RNA {77 S DNA
R AN AR ; 5G4 BHApplied Biosystems 23 ).
1.2 7%k

1.2.1 $REVRIOSIE H2EH 75 Y%l I SBURIR L IR 37
CHEIRIRIR 48 h, M5 = FEZEVAIH B 30 min, 37 CIRAHET LA
EBRNEE. R OETERA RN, PR NER <0.25
Euw/mL, KRR 4% 54 15 mg 30 mg 60 mg 43445 H

122 SHESFRAR W 40 /NN T E S A IFA
ZHAERIBURIAG TR, A 10 H. IR FARA S, K
KLY 4 Y%K A SR JE BRI (1 mL/100 g)J5 , 25 B /5 T4
B, BURIETES , BT IE A O 474040 88 B T AR E B R
T, ) B RS AN ) 2 AR ATURE 43 31 20 50 T B X6 g
kLN RS RIS, 2246 . FEARUASHFFAR T,
TEARAE AR . SEIN), A i &K, 1RFR R E 60~80 %,
TSR 24°C~28 C il XL R RIF

123 mMEMAMEFHIRN L4 %K A &0 IE R EE
mL/100 g)J& , Fah K ELL, B A58 T 3500 rpm 5.0 AL H 20
10 min 75 W, W4E 1 1E W, #52 B8 OPG/RANKL ELISA 5
ETIEIEAFEA ODE, B REAR T = IR, BUFSME . ]
CurveExpert 1.40 #A-ZHiIbRERZE , 55 B A FEARR AR
12.4 B4HLE RNA BIREL TR BUH /NS, AFa050BR &
S K ] PRl 4K 1 27, 4% PR SCHR g R TRIZOL 32 7 R 4R BB 4 41
i RNA,

12.5 RNA #iE R SRR R TR E RNA B 5
A260/A280 LUAHHATIERSEE (A260 / A230 LLIHZ2H 2.0, 15
HH RNA 25 R 1 % AR PES NS MR B 1 L Vol o2 RAN
MITEEEME . TEEHMT T WERES R SOGB4 28 s F1
18 s 457 , THAL % L U {E, T4l RNA SER(SHMT T 28 s il 18
s SHFIMAAT DL, B MR 2 0 1, 4% RNA 58%%)

1.2.6 ¥R K real-time PCR #% M Fermentas 30 % SEit 5] &
AT 5, B 20l cDNA, 23 AR E 51 (5117 1)
W3 1), Hr GAPDH SN ZHH, OPG .RANKL SHEL1 H (1)
FA 2R %A : GAPDH:94 C 25 5 min, 94 C 305,55 C 30
5,72 C 30 s, P34 33 PMEFF;0PG:94 C A5 Smin, 94 C 30 s,
55 °C 305,72 °C 30s, ¥4 33 MG ;RANKL:94 C 45 4
5min,94 C 305,56 C 305,72 °C 30,9 1 33 MER, w5
i & PCR AR FEA CT (H, B A NEREL =
WBCEME . THREAMA A CT H(E WA CT {§ -GAPDH
CT fH).

% 1 Real-time PCR th iz FHRIS| ¥ 551
Table 1 Real-time PCR Primers Sequence

Bk E=L S14F %) RN
Primer name Primer sequences Product size
i STGGCTGAGTGTTTTGGTGGAC 3'
OPG 430 bp
Tif STGACAGTTTTGGGAAAGTGGGATG 3'
_Firs 5TGATGAAAGGAGGGAGCACGA 3'
RANKL 214 bp
Tif 5'GCTAATGTTCCACGAAATGAGTCT 3'
_Firs SGGTGAAGGTCGGAGTCAACGG 3'
GAPDH 200 bp

Tifs 5' CCTGGAAGATGGTGATGGGATT 3'

1.3 FitZE oD
N7 FH SPSS16.0 X 45 4 Kl AT Ge ih2 o3 Fr o Bidis LAy
Bt pREZEXE S)FIR, 41 81K B 2 224307, T P b g

SEH] SNK-q #55 , DL P<0.05 H2E0E Gt L,

2 R

% 2 /MR IMTE OPG B RANKL ZEAH ML R L (xt 5,0=10)
Table 2 Comparison of the serum OPG and RANKL protein contents between different groups(x+ s,n=10)

A5
Group

OPG &H R E(pg/ml)
OPG protein concentration(pg/ml)

RANKL 2 B B (pg/ml)
RANKL protein concentration(pg/ml)

{BRFAR4A Sham-operated group
SREkI S 24 Ti particles high-dose group
ki ch FIE 4R Ti particles middle-dose group

SKERIRFIELH Ti particles low-dose group

5.4183+ 0.1008
4.9425+ 0.4573*
5.0421% 0.0657*

5.6613% 0.08529*

4.9734+ 0.3480
5.9354+ 0.1762*
5.6926% 0.1383*

5.0896+ 0.2681

i 5RFARALLE,P<0.01,
Note: *compare with the sham group, P <0.01.
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2.1 gRERxT MR SMNE M1 OPG & RANKL & HFRIZHIF M

EEFARAME, SFRATRIEASME M+ OPG HA £
k3 FIHP<0.01), RANKL 2 [ FRIA K (A G122 5
FhF 2 Je R R4 OPG 33k i 3 FEAIL (P<0.01), RANKL 2
HZk i T+ (P<0.01),

2.2 SKEARIT AR A 4R OPG & RANKL mRNA RiER 220

S{EFAREAM L BRI S 255 22 F OPG mRNA
F235 8.3 | FH(P<0.01), RANKL mRNA 35 TC B &% 5 7
R4 OPG mRNA 5k i AL (P<0.01), RANKL
mRNA Fik 25T 5 (P<0.01),

%3 BANREISEALS OPG K RANKL mRNA FikHI L& (x+ s,n=10)
Table 3 Comparison of the OPG and RANKL mRNA expressions in skull tissue between different groups(xt s, n=10)

A5
Group

OPGA CT &
OPG A CT value

RANKLA CT {&
RANKL A CT value

{BRFAR4A Sham-operated group
SREikI S 24 Ti particles high-dose group
SKBHRI R FIE A Ti particles middle-dose group

SKERIRFIELH Ti particles low-dose group

3.4230+ 4.7208
4.7266% 3.7415%
2.7240+ 7.8703*

2.4568+ 3.8676*

-1.8440+ 6.8028
-5.5889+ 3.1584*
-3.7806% 5.5352%

-1.4207+ 3.8371

i SRFARALE P<0.01,
Note: *compare with the sham group, P <0.01.

3 P

AR B A 5 A TE TR A 3 2 B A T 615 (5 AR PR
M =2 E, R NS 260 BRI IR g AR K
B (1) 328 3 407 A 1) BB EUR = A A W A2 BN, A T I 77
JEE RS I B A B P B ORI LA P A v AR
A AN , HE I -5 = A b, S8R AR BB &
VSR, X TE JC P MR Bh R AR Y R P & G B RT,
OPG/RANK/RANKL J& 3T 4F R 4 & B 5 5 B ko R A%
DIES S RS, B -9 % (osteoprotegerin, OPG)Ji& T il 1
BEH T2 AR R, e —Fh b rI MR 1, OPG 741 P L
BAPRA AR N- S fif B 21 SRR DA SRR I 4
FIAAAEAL . Pl A, TR, R AR B A
R (1) 4 TG R, NF-kB 32 {435 1k P Fi {4 (ligand of receptor
activator of NF-kB,RANKL) & th a3t [H T # FER R 2
—JE 1 B R . RANKL 5 3 FlE 2, 23 51 & A 316
ARSI RANKLL, &4 287 ML RANKL2 LI K&
A 199 PN % ) RANKL3®, RANKLI il RANKL2 [&] A i
2547 RANKL(membrane-bound RANKL, mRANKL), RANK-
L3 X FRiF 5% RANKL (soluble RANKL, SRANKL), sSRANKL
REA R R WAL T N mRANKL - 2% H R A 40 i Ji
AR, sRANKL % mRANKL A BRI, xR G A
VEA VR A B R A, 8 5 B 4 4310 7= A RANKL,
T M T ) RANK R 25 G - 02 e A 4 i 7y 1 5 43
b, DR T W i i 1, FLREAT Sl i - M T, R
S SRR, BE AN T 4 OPG & RANK (1) i51H
SZAA, REIR B BH Ak B SRR, PRI BE ] RANKL 36 4+ AH 24
B IFBLIEIE RANK 254, I BHIHS 515 5. 1641, OPG 7
T3 T AT A T A A B A S R v, T S R A0
PRI TS BAIURL A 52 i, RANKL Hl OPG ik kA,
AL (A AR L P o, A e s

H il K 2 500t 5% 4 8 S50k X% OPG/RANK/RANK. % %5 5%
M) B4 SEE T 34 A AR A NS0, 3502 4 T JUR o B — ol 200 it k2 T
B 2 ) S 2 SR A AE — o A BRBE , PR I AR

e SR AL (45 Rl AR PR T A BB - B AR R R A
SR, BRSO T R AR SD S 58 O A 3 e A BB
Be AW I 4 S0k B — 40 %) 5 ), B2 AL 40 ] B 14
TEH AR ISR ANRE AN 4 8 0B A7 & 1%t OPG/RANK/RANK
REMEIFM, RKETHE - BEERNIER, TR
OPG/RANK/RANK Z 4t ) 57 B &1 P i K 2 s el i S B0k
i

ARSI R AR PR, 1 F /N BB AR ik gt 4, HoA g
FIZ% JE B E BN AR E AN H E s R ER
PR BT AR S A, AR A AR B IR B o ) 6l o At B 3%, 56 4
AT NS SR /N BB OPG/RANK/RANK 57
HISZI 25 B T R - BB iR 2R R R N A4
IL-2\TGF X B AR 5 me , AST40LIE 5 B s i 0 & AR
OPG/RANKL Z& 135 4N & A%, 436 ) A0 S0 il — B A
| PR BAARIE R AR S, TSR ARG I B B S R
FI & AR SCIR 25 R, I J5 I A3 Ve B S A0 B N AR vk
BERRAN, IRAERE AR A TS M R R R E— IR LR
WFFTERITURLXT OPG/RANKL/RANK. Z8 55 1) 5 i) (14 L 5 45 5 7
T, A ST R AN R I P 4y B 1 R OPG IR K K
sRANKL & [ FEVE R 25 50 , 7T LARE £, baR 2%, S
ZEIL TR . WFESE R BN KR A3 A5 2 OPG N M &
FIZIR B T e, RANKL 3 (K e 3R (3R 10 BT, 25 R R AR 51
B ARG, FENE -BHEERROMEH,
OPG/RANK/RANK F G E RSN SR RETE — B R T 22 ik 50
b A S s e IS I 31 Il K> N T ST S 7 N
OPG/RANK/RANK % % 2K i , 1E 3 W\ Bk WUk B 56 X
OPG/RANKL 74 540, fiff OPG K[ B AT, 2 5%
Rygeiad A B U, ff OPG 2K L gk L, B
KRB TR TR B A AR R A P e R
AT LT OPG/RANK/RANK R4 A Al , 45 3L b /s B A0UR: 7T L3
B RANKL ff53k, BEAR OPG ik, I HmRlE 4% OPG
FER R [ F IR M), % RANKL 3R J 7R 113834 AR #E1E
MR, X0 RERH SECBE SR KBt R A ST E LS,
SR 4 B IR S S AR T TR A SRR T T B IR Y - £



IREYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Vol14 NO.5 FEB2014 « 865 -

Ja  F&ATTAT LA OPG/RANK/RANKL 258 AT, iRy A TE
B PEAR SR AL THTAY AR
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