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[(HE] BEH AL RBRCZOLSTHE M » L P 458 E G RBERE ] S(CaMKI ) A A F#HAZ ST AR REKHY
e FiE A RBCE ATk m i RAW264. 7 a5 A sF B A ZOL 4 WA m ia 3y A 50 pg/L B F «B A E K & ik
(RANKL)# %5 % 5 X3, ZOL R & An A 1X10 °mol/L ZOL 422 2 d. 5 d j& 4 3£ 40 Jo , 4ol 2% 8 40 fe 2 R & CaMK I 3.
EAL T et BT & & cL(NFATCl) 38 & BB A5 B B (TRAP) & o Src A B R & th L., &8  ZOL 4 TRAP+ % Hak F 4
B T RRRK S H B fody A2 H A& (20.0£3.2),(18. 04, 2) = (6 335. 3+ 1 043. 2) ym*, B F Ak T 2 B 449 (36. 0+
8.4).(37.2£5.0)#= (11 636. 23 661. 1) pm’ (P<C0. 05 &K P<C0.01), % %] F M T 44.4% .51. 6 % 4= 45. 6%, ZOL 4 2% 4% a0 &
w ek CaMK [ & & F #% B F NFATcl , TRAP #= c-Src A B & i& = A 2 F 474, mRNA K+ 55 FH T 44.1%.49. 0%
53.8% 4= 49.6% (P<C0.05 & P<<0.01), & & K-FH»# FHT 43.5%.32.2% .45.5% = 48. 0% (P<C0. 05 &% P<C0.01), %% %
S F A m 2 & ZOL 48 CaMK [[ §.NFATcl ., TRAP ## c-Src #9 % X% E & s BA LW B M5, it ZOL TR F 4 5 m
Mk B A BBk e, S TR M54 CaMK I § & F i#% NFATcl, TRAP F= c-Src & B &k,
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Effects of zoledronate on CaMK [| & and down-stream gene expressions during osteoclast differentiation”
»Dong Wei' ,Li Ren' ,Sun Hong"*
(1. Teaching and Researching Section of Oral and Maxillo facial Surgery ,College of Stomatology ;

Wang Hui' ,Liu Juanjuan' ,Qi Mengchun'”

2. Teaching and Researching Section of Pathology ,College of Basic Medicine , North-China University
of Science and Technology , Tangshan, Hebei 063000 ,China)
To study the effect of zoledronate (ZOL) on Ca’" /calmodulin-dependent kinase [[ & (CaMK [[ §) and

Mouse osteoclast precursors RAW264. 7 cells were

[Abstract] Objective
down-stream gene expressions during osteoclast differentiation. Methods
divided into the control group and ZOL group. The cells in both groups were induced with 50 pg/L receptor activator of nuclear fac-
tor kappa B ligand (RANKL) and were harvested on 5 d, while the cells in ZOL group were also simultaneously treated with 1X
10~ ° mol/L ZOL for 2 d. Five days later, the cells were harvested and examined osteoclastogenesis,as well as gene expressions of
CaMK [[ §,nuclear factor of activated T-cells cytoplasmic 1 (NFATcl) ,tartrate-resistant acid phosphatase (TRAP) and cell-sarco-
ma receptor coactivator (c-Src). Results The number of TRAP positive multinuclear osteoclasts,number and size of dentin absorp-
tion lacunae and area in the ZOL group were (20. 0£3.2),(18.0+4.2) and (6 335. 341 043. 2) um”® respectively, which were sig-
nificantly lower than (36. 0+8.4),(37. 245.0) and (11 636. 243 661. 1) um® in the control group and decreased by 44. 4%,
51.6% and 45. 6% respectively (P<C0.01). ZOL also significantly inhibited the gene expressions of CaMK [ §,NFATcl, TRAP
and c-Src,and the mRNA levels of these genes were decreased by 44. 1% ,49. 0% ,53. 8% and 49. 6 % respectively, the protein level
were decreased by 43.5%,32.2% ,45. 5
the fluorescence intensity of CaMK [[ §, NFATcl, TRAP and c-Srcin in the ZOL group was significantly weakened when compared

¢ and 48. 0% respectively. The immunofluorescent cytochemistry detection results showed
with the control group. Conclusion ZOL could significantly inhibit the osteoclast formation and bone absorption function, and
down-regulates gene expressions of CaMK ][ §,NFATcl,TRAP and c-Src in osteoclast differentiation.
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x1 Real-time PCR £ HE E 5| 4

GeneBank HH

bl PR

NM 001025438

CaMKII & 37 :5'-CAG TGG AGC TGT CTG TCG TT-3'

409 kb

TiE:5-GCA GAC TAC CAC GCA ACT CA-3’

NM_001164112. 1 NFATcl ¥ :5'-CTC ACC ACA GGG CTC ACT ATG-3' 364 kb
TF¥i:5'-TTC TTC CTC CCG ATG TCC GT -3’

NM_006509946. 1 TRAP F#%:5- AGA TTT GTG GCT GTG GGC GA-3' 116 bp
TiE:5-AAG TCA GCG CCC ATC GTC TG-3'

NM_006499067. 2 ¢-Sre 37 :5-ACT GTC ACC TCC CCA CAA AG-3' 154 bp
Ti:5'-GAC ATT CCA CCT TCC TCG TGT -3’

NM_007393. 3 B-actin F#:5-GTT GGA GCA AAC ATC CCC CA-3' 186 bp

F i :5'-CGC GAC CAT CCT CCT CTT AG-3’

ZER B2 B s % B 32 MBS I 7 I R (RANKL) 1l
H 2 [ Biovision 22 F] s DMEM $5 5% H | S B B8 | i 48 I 35 1)
A A P A A e B CaMK T § £ 58 B bt f& . practin B
S REPL VP A1 2 R M W TR W (TRAP) B o B HT f& . NFATcl
B 5 P 4T 1K o-Sre B 50 B BT 7R W B 3% [ Santa Cruz 24
TRAP Je 150 & 57 B RIR 7L R (FITC) (il 4k g (PD g
H % [ Sigma 24w ; PCR 5140 A _F i A T WO R A8 B
(LSCM) Il H§ H 4~ Olympus 2y 7)) ; Rotor-Gene 3000 2 % & &
PCR {4 B 3% & gene company limited,

1.2 53k RAW264. 7 40053 X BAL T ZOL 20, P41 4
M H & 50 pg/L RANKL () DMEM #5752 3L 85 5% 5 d, i 4 g
mBE 40 4 ks ZOL 4H7E RANKL S 1 d Ja, A 1 X
10 “mol/L ZOL 4b3 2 d™), 4k 52 85 5%,

L2.1 BEMmiaEm ek (D TRAP Ze . 40 i L
5X10° /em® 4 BEFPAE 2R A b A Al € A sk i i
Fie TRAP 50 & 3 IH ST 44 0, 688 200 % Nk I 6 1L,
T4 TRAP+Z M4 B (R TEET 34 . BCF Y
{85 B AR 3 A4 EIC 50 (2) ZF A B W A I s A . e
i PR B 1) T AL A B 15 ) A R 2 0.2 mm (W 2 AR B F, #E R
TR0 » 10 Tk v T K T 5 200 R 3 P 485 BE Oy 5X10° A /em® o 4R i
)5 48 Hi 4% (Scanning Electron Microscope, SEM) WL £, 500
i T EAEE A L6 W0 0 R I RA R R B M R
L RO M A 32 B85 e A IR B 85 0 L BT R R ALk 3

ANFAR TR,

1.2.2 CaMKIl & XHE TF##HEF NFATcl . TRAP,c-Src £ K
Epny gl

1.2.2.1 GREFOLAMIALFRM LI 5X10° A4 /em® 85 5 #

FRESOCIL IR AR UL . 5 d 5 W3k 40 M . % B2 3k 2% ol il (PBS)
WYE 3 W 4% 2% H RS 30 min,0. 4% 1) TritonX-100 PBS
FEIRIFE 25 min, B EHIIKR —HT 4 TR, FITC #7id  —
1,37 CltHIFE 90 min, PT & YL Mo Hil s A ot L R &
A (LSCMD WL %%, A 36 3R A /N LB AL A 6 A~ #L3F , 5
¥EE 3,

1.2.2.2 Real-time PCR #{ll  Trizol 3 2 BU 40 g & RNA.,
Wit 54 cDNA 7E Rotor-Gene3000 7¢ ) %€ 7t PCR X _F
W51 0% 1. M Z&FR:95 °C,30 5595 C 15 5,56 C
20 5,72 °C 20 5,45 MEFH . HE H 9 EE mRNA A X %35
A HETF®R 3 AEAL.

1.2.2.3 Western blot & 25 = 0 ) 75 (RIPAD $2 BUZH

M 28 A, Bradford 32 U 8 F1 W B In A 1 X buffer J5 ., & W 5
min A8 B ] AR BERCL UK B BRI 1 h, —Hi 4 C
%, L 37 CIEHE 35 min, ECL B @A - B, H Image
Lab 4387 3 R U0 B8 b 2l % BEAA SRR 3 IR

1.3 GEil2 4 ¥ SPSSI7. 0 B4 % Bdis 45 5 . 31 &=
FERHH s FORALA LR A« K3 K 3R K E «=0. 05, L)
P<C0.05 AZERAGITER L.

2 4% 7

2.1 ZOL X 5 40 i 04 2 BRI Ik Th B2 mg - RANKL 5
55 dJE . PidiEy 3 TRAP+ 2 8265 B AN i (40 B 5T 4 9 .
W1 5% R4 He# . ZOL 41 28 4% 0k 1 40 M 2 3 0 /b L
MR T 44. 4% (P<<0.05), W3 2, 493 fa 485 (SEMD W
B8 PG A A TS e 1 35 R A TR R B A WML I 85 5 ZOL 21 1%
W 1 5 R TR By 9 3 D T x BRZE (P <0, 05 B P<<
0.01), 3 2,40 BI TR T 51. 6% Ml 45. 6%, ZOL ] & 24
A2 4 ) O LA ) R

A IRZ] TRAP 353 B. ZOL 20 TRAP Y {a ; C. %t W8 4 7 JR
ST B A 5 D2 ZOL 2 2 A J5it W WAz s o A
&1 WEEBERSIIEE

2.2 RETOLAMMEAL K I CaMK T §.NFATcl, TRAP,
c-SreFisk L ,.CaMK] §.NFATcl,TRAP,c-Src 76 W 20
0 R A 3k s (AT BRAL TP SO 5 5 i AE ZOL 41 v ) 3%
A 55 (& 2, FITC fic ¥ 8 (L PLAR I 40 i #%) . ZOL
X B 40 i 4y Ak CaMK I & BL J& T Ui B F NFATcl,
TRAP,c-Src I H R KW P=A4 T W& M 1EH .
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2.3 Real-time PCR ¥l CaMK [ &§.NFATcl,TRAP, c-Src
mRNA /KF £ Real-time PCR 43 #, CaMK [| §.NFATcl,
TRAP.c-Src WAL P # A 35, 2 ZOL 41 mRNA 7K - B g
TR, ZOL 4H CaMK ] 8§.NFATcl ., TRAP,.c-Src mRNA /K¢
A% R 0. 595 0. 007, 0. 503 4= 0. 014, 0. 474 4= 0. 006 F0
0.4940.016, & A% F X M4 A9 1. 065 0. 066,0. 986 =
0.013,1.026=4 0. 070 Fl 0. 981 4+ 0. 016 (P < 0. 05 1 P <<
0.01), & Xt B4 4> B F M T 44. 1%, 49. 0%, 53. 8%
49.6% . WRORBERR WE T A T8 A Atk CaMK T § K&
F i NFATcl ., TRAP.c-Sre mRNA 7K,

FTRES 201754 A% 46 K% 104

K2 WEEARHERTIERERREES
EENH(n=3,7%s)

.- T 40 0 W I 5 2 WA o

™ “™ (pm?)
JogeE| 36.0£8.4 37.245.0 11 636.2+3 661. 1
ZOL £ 20.0+3. 2¢ 18.0+4. 2 6 335.341043.2°
¢ 6.0 5.8 40. 0

©: P<C0. 05, 5 X% 2 L8550 P<<0. 01, 5% A b 4%

2 REREABUFEN CaMK ]l s RETHEREMAN S MM P RIE(LSCMX400)

X3 AR CaMK ] § . NFATcl . TRAP.c-Src EHKEEEN T (n=3,x*s)

20 5 CaMKII & NFATc1 TRAP ¢-Sre
X R 205. 104+13. 006 243. 283+10. 200 169. 350+12. 089 223.276+11. 830
ZOL 41 115. 92145, 891 164. 849411, 825 92.322+8. 307 116. 040411, 655
t 10. 818 8. 699 9.096 11.183
P <<0. 05 <<0.01 <<0.01 <<0.01

xiERLA

CaMKIl & | M e 55 kb

TRAP WS 34 1o
osro | e

B 3 Western blot # il A & CaMK ][] § . NFATcl,
TRAP.c-Src EHRIE

ZOLZH

2.4 Western blot ] CaMK ][] 8§ .NFATcl,TRAP.c-Src #

M % ik & WM. ZOL 41 $ CaMK 1 8.
NFATcl  TRAP,c-Sre [ 25 H 2 35 &7 B0 B 20 0] 1 ek 55 (&
3) 5 8 B EUR AT BoR (3 3),ZOL 4 CaMK [ §.NFATecl,
TRAP Fl c-Src 5 [H 47 o6 % B H B % B4 40 5 F B T
43.5%.32.2% .45. 5% Fll 48. 0% (P<C0. 01 8{ P<C0.05), I
REE WYL, ZOL Ag % B E R AL CaMK I 8. NFATcl,TRAP,
c-Sre & 1335 - DTG5 B 240 B 4 A= B Az 300 4 4 T
3 it it

e PR b 2 J ¢ Tl R e (i B 4 4 9 e 1 o i
JEE W A 34 B A M R R P S T ZOL AR b Il R
VAT B A BRSO B 1 T 25 3 S i 0 i A
Ok B W B B R HEAE T . ZEAS SR P N AT 1X 10
mol/L ZOL 43 RANKL % 5 F ) RAW264. 7 4iJit] 48 h, k&
B TRAP A+ 2 A% B0 B 20 0 AE il K T Wie 2 RE 2 21 it 2 1 o] A

%4 Western-blot
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B 200 A A A R B 3 A TR G b 3k B 5 AT
HE—BUESE T ZOL Xt @1 40 M g Il D R . T TR A2,
ZOL m AW B (8] 2 RANKL 5388 2~3 K, LB IE & 54 1
B 20 A 1 22 A AN R R A RP 40 R 22 A% Ak B B s BT L A &
FAESE  ZOL AT FE 1% & 40 43 4k v 357, B0k i 200 22 2% Ak Bir B
IR X T A0 ) A A T DA T S W 0 e A ) A S
B IR T BE . R A 43 Ak A O {5 5 3 B T 5 O A ok LR
TiFZ e i NFATcl 55l R AN & — A4 &
ERPEEY . S E Kb, CaMKs /&2 Calmodulin F i
Ca*" {5 514 3 Y |4y T 16 CaMKs H1, CaMK [ Al CaMK
IV 7E B A M A A b g VR LA B % . CaMK IV X % - 2 g
AR FE T ©F 825, T CaMK 11 A 2G5 55 % 6 B 2 18
Park-Min % % B, RANKL H 3# o {ff 8% & 40§ 4> 1k
CaMK I #% B2 1k ; William 21" 9f 5% & /% . RANKL & 3% $ 5
TWEE Mt CaMKIT /97 1, #2 78 CaMK T 78 8 B 41 i 43
Pl Al B e 5 25 BB . AN TR A RO AIE S 2 B, Ok g R
uJ‘E%M%ﬂb&“ﬂﬂﬂ@éﬂt#ﬂ CaMK [I #l CaMK [V 3 [H 3
SR gk —B PR T CaMK 11 A] RE & 38 A9 1

CaMK L 4 a By~ PUFh 544 (AT ; 76 Wk B 40 i 43 1k i3 7
ORI a3 FIBEH LT AL, WA o %k MK
BRECCT IR CaMK T 6 5 W B 40 i 43 #6285 B0 AR 26 5 1) CaMK
8225 T ZOL XA 240 M A& B . 5T AR A
AT 5 B s ke i TR Ak 38T 6 8 40 i 43 Ak P CaMIKTT &
H #3575 mRNA K { K-8 B TR R R IZE T aES
5T ZOL %18 40 M 5316 iy 4 il .

NFATcL J& 85 & 40 M 4 Ak 1 £ 2 35 5 W . 2 55 Cathep-
sin K, TRAP.integrin B3.c-Src,DC-STAMP ., Atp6v0d2 i £
B 4 R 5 e e P 3 3 ) R X 0 B 8 L A i R i
REESemE M . NFATCL 3 N & B (19 IR g 1 40 i A B
B 4 M43 Ak 5 T NFATel i %35 W 7E A RANKL f# 4

I B R AT A AR R 4 b U B AR T . AR BIE ST R, ZOL
Aub P {08 8% 40 34k NFATcl, TRAP, c-Sre % [ J2 mRNA
IR et B4 B G R R R T2 5 T ZOL X E
YA A BRI 45 F NFATCL 76 8 40 M 43 16 P i 78 AT
FIE T W RE R ZOL 175 & (AR5 B 240 Jf AE A ) i £ A

A % CaMK Il & ¥4 NFATcl 3 A 2 15 K 0% 5 41 il 43 1k
EWﬁﬂﬁmﬁTﬁ“ Chang %' HF 53k K, CaMK 1 5
CaMK [V —#£M il 3 cAMP response element (CRE)-binding
protcin(LREB)}SZ c-fos 5538 B& o K EME T s T Yao 207 |
AN, CaMKIl 0 B4 #5491 CREB {553 J% /9 /5 1T, I8 1M 3 ¢
Park-Min 25U i 8F 58 4548 » Bl CaMK 1 & 3 i& MEK-ERK {5
53 R K FEN B A R I AR . SR, CaMIK T § J2 VB
R4 NFATcl SR 35k R i 40 i 4t i 7 A W Le {554
S H5HP e — SR

A 22 BT s ke IRl T b 2 0 A 0 B A A AR S CaMIK
11 8 .NFATcl , TRAP, c-Src & [ & 7% ; M Ol e 19 T 0k - 40 Mt A=
B S R B R TR
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