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The effect of zoledronate on gene expression of calmodulin and calcineurin during

osteoclast differentiation
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[Abstract] Objective;The study is aimed to examine the effects of zoledronate (ZOL) on gene expression of calmodulin and calcineurin
during differentiation of osteoclasts. Methods: RAW264.7 cells were divided into 2 groups,group A and group B. The cells in both
groups were induced with 100 ng/ml RANKL(ligand of receptor activator of nuclear factor kB)for 4 d for osteoclast differentiation. At
the second day of RANKL induction,cells in group B also treated with 1x107 mol/L. ZOL for 48 h. Four days later,the cells were
harvested and examined for osteoclastogenesis, as well as gene expression of both calmodulin and calcineurin. Results; TRAP positive
multinuclear cells, number and size of resorption lacunaes in group B were 8.8 £ 2.3,6.7 £ 1.2 and 997.1 = 14.8 pm? respevtively,
which were significantly lower than those(19.7 + 2.9,13.3 £ 1.5 and 1676.9 £ 24.9 pm?)in group A (P < 0.01). mRNA and protein
level of calmodulin in group B decreased about 51% and 78.7% ,respectively when compared with group A (P < 0.05),and those of
calcineurin also decreased about 37% and 69.5% ,respectively (P < 0.05). Immunofluorescent cytochemistry showed obvious decrease
of fluorescent intensity of calmodulin and calcineurin protein in group B when compared with group A. Conclusion:ZOL significantly
inhibits osteoclastogenesis and down-regulates gene expression of calmodulin and calcineurin,which may play a role in ZOL-induced
inhibition of osteoclastogenesis.
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0.4 mm MAARFE R Sl R KE, AR
AR A 1x10° A /em?, I T SLHAL R 7 d
JEWORA AT | ST R B . 7E 500 £
B AN R L BEALERE 6 A PRIEF RS  W AC
B3 A B AN AR OB AR S B B Rl
B3 %5 E R R, BELLAG I 3 /% - 15-6)
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%1 Real-Time PCR EFE 5|4

Table 1 Primers of genes used in real-time PCR

GenBank 5 FEA A1 (5 —3") fﬁ%ﬁfg(bp)

NM_007393.3 B-actin i GTGACGTTGACATCCGTAAAGA 245
T GCCGGACTCATCGTACTCC

NM_007589.5 calmodulin 3 AGGGAAGCAGACATTGACGG 326
T GATGTGCAGACGGGCTTAGA

NM_008913.5 calcineurin 3 AGTGTTCTCAGTTCTCAG 145

T TTCATCAGCCTCAATAGC

1.2.5 Western blot #& & & 7K -F

PRI 1 DA R EE A 5x ARG
VAR AR AR, T BEC R K IR I . R
Ay E B 1 h, PR Pt 4TI E I FhiR
YL 37O 2 h,ECL B 1 min, JH Image J AN
AR I e B SR IR B, SR
A 3 R B IMEAE R B A A 1 BUARXS A K-
1.2.6 S i Kk mAAL 3t

AL LL 1x10° A/em® HAD THOGIL R A/ I

Hh SEER AR 4 d JRIOGRAAAE, Sebt R —PT 4°CIEE
TR, FREIRZAZER (fluorescein isothiocyanate,
FITC) #RICHIFDUR 1gG o4 — Pt , 37T CHEIEARAE 90
min;; il £ P9 BE (propidium iodide, PI) & Y4 il #% | &
F s WO R A2 AR (LSCM) T WLER
13 %itFFik

AR HBE « brE2ZE (X +5) SREBxR, NH
SPSS17.0 Geit2# 4 Ext A B 41 W6 2 B8 3001 7 W ik
STREAREY ¢ KB P < 0.05 WESAGIFEE X,
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FRB G R, A B AR R
MU raEs (1) 3 B 4l A i b w5 %k B
A 3 A R BE T 49.6% Fl1 40.5% (P <
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TRAP J4£%,(x200)

Real-time PCR £l 45 H i 7s B 2H calmodulin
calcineurin ZE Kl mRNA #H X ¥ B 43 5] A A 20 1)
0.49 + 0.16 1 0.63 = 0.02, # A 3 FRET 2
51%(P=0.005)F1 37%(P=0.001)

2.4 Western blot #i| A B & & £ ik K-F

A B LIS H AT I 2, iR, B
ZHr calmodulin , calcineurin 25 [ 45747 IR EE(E R 38.7
+ 8.1 f1129.6 + 47.4, RFMLT A 41HY 1815 + 5.3
F1425.2 + 40.3;ZOL A Bi{# B 2H calmodulin Fil cal-
cineurin £ F 4% K EE(HEE A A0 FRET 78.7%
(P=0.044) 1 69.5%(P=0.001)

IR (x500)

B 1 AR EMEE BER (x200)FIF AR EE R RIS S5 R (x500)

Figurel Detection of osteoclastogenesis by TRAP staining (x200) and dentin resorption lacunae by scanning electronic mi-

croscope (x500) in group A and group B
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Table 2 The quantitative analysis of osteoclasts and dentin resorption lacunaes (n=3,%£5)
2 WeE AR () T () MR MBS 5 TR ()
A #H(n=3) 19.7 £ 2.9 13315 16769 =249
B 4 (n=3) 88+23 6.7+12 997.1 + 14.8
tfH 7.084 6.030 40.632
PAH <0.001 0.005 <0.001
A B
B A AN RIRRE 30k, H 3 BERIA TR (4%
calmoduln - D anand (5E) (P 3) . AHPILLELE, A 4 calmodulin 2 [
‘ FIKAKTER S OTOLER T B 48 1R kK
atinerin AT, S OIS A AT MBI 5 T
B 41, AU AR
Pt “ calcineurin 7E PN 4047 R IR RIS 942
K(E 4), TERGAZ RS A calcineurin 22

2  Western blot ¥l A.B A calmodulin, calcineurin
EBRFRIEKE
Figure 2 Detection of protein level of calmodulin and cal-

cineurin in group A and B by Western blot
2.5 fdR R AT K]

DA A2 43 M1 2 B |, calmodulin 7E
R A0 L B LT A B (R PN A A R

RIKTEMIIE (BTN, MuAZ T ICRIE ; MAE T 4H
i, calcineurin 7EHSE FIAZ A ik, PRALELEL,
B 4 calcineurin FEik /K F4EI% , S (a5 enim i B i 55
T A 41 i A g 5 AR /T A 41,

3 it i
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A E:FITC #Rit calmodulin #5H (4% €4) ;B \F. PLARICAHMIRZ (Z1065) s C .G BlvG BUR ;D H JEUOLHLET
B3 fmEiitmpaFEian A A (A~D).B A(E~-H) B4 S calmodulin f3i% (LSCM, x400)
Figure 3 Detection of calmodulin expression within osteoclasts in group A (A~D) and group B (E~H) by immunofluores-
cent cytochemistry (LSCM, x400)

100,

A E.FITC #5iC calcineurin 2 [ (£% (%) ; B . F . PI FRICHIMIAZE (L065) ;C .G Al A EUE ; D H.: oo CHLET
B4 GREFXET A H(A-D).B A (E~H) B calcineurin A3 i% (LSCM, x400)

Figure 4 Detection of calcineurin expression within osteoclasts in group A(A~D) and group B(E~H) by immunofluorescent

cytochemistry (LSCM, x400)
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SR RIL 2 S a1 AN RS R
% Mg RIS 2 i 2204 calmodulin 2555
AN EEAR T T ,Ca DA 5 calmodulin £
B A BRRIEE 5 40 0RO s R 255 A
BIFI ] calmodulin A A Ay 55 2% 0 4% I 5 55 5 o
T, ARV FHITSE & B, ZOL 1L 4 M >
o] 25 T Ca {5 % Bl ¥ Syk T ilFr T
NFATel K il B 4H B 4 5 & P TRAP  Atp6v0d2 |
Cathepsin K |integrinavB3 5543 F Y 2k 55100 HUR
Ca>*—Calmodulin—NFATcl (E5HEZ 5 T ZOL
X B A A A R

AHFFEA, W RANKL 4023/ B I B
F WA bk RAW264.7 Aifi , i 22 ) @720 i 434 5
B4 dJE A AN TIFL TRAP 2 E 40
J, ARAT K 100 pm, MEAZIA 10~20 4>, FF HAEF
AT IR LT B A, TE SR R A 3R
JE IR T ZOL AR BERY B 21 AR UAT TRAP PP
RN A B (B D RN AR T
W WS I s 1 5 B RN TR R, B 2 /T A A DATTTIE 52
T ZOL X1 B A i A= 10 B WM IR 8O0, A S
B 3#3d real-time PCR Fll Western blot & AR X}
B4 calmodulin . calcineurin % [R5 FT
TR, AP AR R £R X 545 530 FE (5, 45
B ,Z0L AL HRAE B 2l calmodulin . calcineurin [%
mRNA H FIKF 2 2 AR, S om SUBRRRER X B
AL S (5 Sl P A TR SRR
Ak 46 3 — & 2 7R | calmodulin , caleineurin 25 F
PR WSS, Wk — L] R (E S T
REZ5 T ZOL XA A0 i

calmodulin f2Z5H4 15 BEORSFRUEE 1l N
C Kiii# 2 D“EF-hand” 5 Ca™4i & (EHAG R &4
UG A , SETTOE T e — R 905010, ik
B, calmodulin X} RANKL % & (1) 8% & 40 i o4k 256
B AP = 9798 (trifluoroperazine,, TFP) Fll
[EENITPAN (tamoxifen, TMX) o] ) 2 A e JE
TRAP & 1, $ i e B 20 2 i itk — 2B T BN,
calmodulin P82 5 T BB A B @A ; HAPHI5H
FEAE RANKL iS55 3 4 REEM, MizkB
AL T B E 20 LA RS BT B, calcineurin &
calmodulin il EENESHEA, @t Ca®/
calmodulin £5 & MG AL, JEMH I N NFATC1 22
WAL, I 0 AR AZ , VR 221 E 20 i e 1A
MFE s, WM | calcineurin F5HUFIZEAARSN AR Y
AT RS0 ) - A R A s SR TR P, /N B

{14 2 AU - PRURBE 1 4 40 0 T 2 o T e R
FE Y, X5 calcineurin X BE 4 R4 B2
FIVE A K2

25 ik, ZOL n i 2 10 i BB 400 e A L B
W TRE, F£F U calmodulin A1 calcineurin JE K 3
ks BES A S5 T calmodulin Flcal-
cineurin, AJHEZ 5 T ZOL X% & 40 i IE il A3 i
AR
(&%t
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