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Y oim /N BRI AT, LA T AR (R o 0 o3 T Ak, RIS i k200 P T2 o B R A 2

[REIR] TR, WEASIE; WEdil; peadu;

[FE4EKS] R681.1 [XEkFRERE] A [SXEHS] 0258-879X(2019)09-0945-09

Strontium ranelate improving metabolic imbalance in oim mice of osteogenesis imperfecta: the dual mechanism
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[Abstract] Objective To explore the dual effects of strontium ranelate (SrR) on primary osteoblasts and osteoclasts
using an osteogenesis imperfecta (OI) model oim mouse. Methods The osteoblasts were obtained by digesting the calvaria
of one-week-old homozygote oim/oim mice and wild type (wt/wt) mice with type I collagenase. The osteoclasts were
obtained by inducing the bone marrow mononuclear cells derived from the long bone of oim/oim mice and wt/wt mice aged
between five and seven weeks old. SrR with different concentrations (1 mmol/L and 10 mmol/L) was used to stimulate
the cells. Quantitative real-time PCR (qQRT-PCR) and Western blotting were used to quantify the expression of osteoblast
differentiation-related genes (Runt-related transcription factor 2 [Runx2], alkaline phosphatase [4LP] and osteocalcin [OCN]),
osteoclast differentiation-related genes (calcitonin receptor [Calcr], tartrate-resistant acid phosphatase [7rap] and cathepsin
K [CTSK]), and osteoclast differentiation-related transcription factors (cellular oncogene fos [c-fos] and nuclear factor of

activated T-cell c1 [NFATc1]). The osteoblast differentiation and mineralization were evaluated by ALP staining and alizarin
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red S staining. The osteoclastogenesis and resorption activity of the osteoclasts were evaluated by Trap staining and pit

formation assay. The effect of StR on cell viability of osteoblasts and osteoclasts was evaluated by 3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Results

qRT-PCR and Western blotting showed that the expression

levels of Runx2, ALP, and OCN in oim/oim mice were significantly increased at mRNA and protein levels after stimulation with

SrR in a dose-dependent manner (all 7<<0.05). In comparison, SrR caused significant decreases in Calcr, Trap, CTSK, c-fos,

and NFATc1 expression (all P<<0.05). ALP staining and alizarin red S staining demonstrated that SrR stimulation significantly

increased osteoblast differentiation and mineralization of oim/oim mice (all £<<0.05). Trap staining and pit formation assay

showed that SrR significantly decreased the formation number of osteoclasts and inhibited the resorption activity of osteoclasts

in oim/oim mice (all P<<0.05). MTT assay showed that 1 mmol/L and 10 mmol/L SrR had no cell cytotoxicity on osteoblasts or

osteoclasts of oim/oim mice. Conclusion SrR can improve the imbalance of bone metabolism in OI model oim mouse, which

might involve the increases in osteoblast differentiation and mineralization and decreases in formation and resorption of the

osteoclasts.
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WEA2AE (osteogenesis imperfecta, OI) &
—ZH UL WE PR3 . B e A0 25 L o AR AR I A B
PEIBAL PR 45 47 VPR, RN 1/20 000~
1/15 000", 4k £ 4% O i I BUARJF ] al £

(collagen typel al chain, Collal) 5% 1 AU R4
a2 % (collagen typel a2 chain, Colla2) FE[H it
PR ARH T R A i s 2 40 S 3507, o1 R
PERAET N S AR (1~ VA | HilfIRER
fEFE AT RER. RE 8. KEEH R
W ARBRBEARE., K. SMEAN . JUE
WA, HEETER olAbRE T ILER TG
B, e R R AT R, A R AR S
Gite YT GHIEE

HAl, O M= A%minsr F8, IGKIAIT
IR FEATEFARBIE . 2990697 . o 5408
S Z5AYT R O1 M EZIRYT i, Hoh XUk
FRER IR RN B R ) 12 o AUBSFRER VR TR
SRS . WU EE . SR RGeS
Bk, SR, HEGREFREIL O M Edr kA%
HH M JEE 8", SRSt & B XU iR b LA
WA B @AM R, S EA . wEe
B AR AR R peah, RURERR L A
W, TR B IR AT IR EAE . HIRYT O MY
FERI AT AR o B, AOERREAH
B OLIRIT 24

TAREL (strontium ranelate, SrR) J&—Fh
FRIGTT B R R A 25 Y i R 4 R
HI SrR W] HE N2 28 5 1A Lo B b R R % R
FEARE A S AR B AR 9 F P B AR, i B
JrR Al Kk 10 4" oim /NEL ( B6C3Fe-alo-
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Colla2’™™" ) & Colla2 ©—ht AR RESHIE
SER SRR, 5 S O A A IH] AY I A 22 B8 A
YRR, R EATHESE O1 i £ E sh il
SrR AI &A% OI #5551 oim /NGB T & A% | Hag
HEE R BE A e it — R
SrR IAJ7 OI MIALHI, ABFFELL oim /N ABEFEXT
%, RSN AR SR X oim /N ERUAR
B 20 A S i A RS2, oA SR O TG IRIR
J7 O B S0 KLl

1 #MEFE %

1.1 854 AN RIELEEEE RF
(BT RE) LRSI EZ: 52w A,
B6C3Fe-ala-Colla2”™" 7441 [ 35 E Jackson
SIEE, ZAER A RE - AW BE A IS B
BRIz RDREREIEE L E | ik,
PSR RS T (oimloim ) /)N EF A

(wtiwt ) /IR

12 B mieeg RIS o4 B 1 JEIRIY oimloim
5 wt/wt /NERAVE, BYRRSE R T BURG G (36
Sigma A F ) LA (AR ERS%E
Bk [16]) ARHUHUEAHME, FHE 10% Ja4 g (38
[ Gibco AF] ) K& 1% H/AE#HE (3EE Gibeo 2
A ) B a-MEM 1538 ( & Gibeo AH] ) #5533,
REFe 5t 37 C L 5% CO,. MANGE, Frgi
AR E 80% Rl FERT A TG, BUE 3 (A
T 6 fLb (1X10°/4L) , Hi3% 24 h JGAERE R+
INE A SH) . 50 pg/mL L-PidRimmg (3£
[ Sigma ZvH] ) . 10 mmol/L B-HiM#EE ( £H
Sigma 23 #] ) & 100 nmol/L HiZEXKFs (52K BBI



oM. Ih WK, A IARTRERGE MCE AN AR oim /NS A LR L]

< 947

Life Sciences A H]) o U AATE S L R1R 7 d,

2.d Wi 1 IRESFRI. oim/oim T TRL AT 4
TEF T IMAARRSE (1, 10 mmol/L) A SrR
CEENEAEREZ) ) #7180, LL oim/oim JET15
2H K wt/wt ZH e A0 REAE o B

1.3 sAmieRiRsE om e 5~7 ik
oim/oim /INERAN wt/wt /NERAGE MR E, R
HHE, fEE 10% AW & 1% FH/5E R R 1
o-MEM 53R PR 9%, 24 h SRR EE AN,

K Ficoll #6580 3R BUE RE A% A (bone
marrow mononuclear cell, BMMC ) , 54
FRE RS T 24 fLAR (2.5X10%4L) , JFEm
50 ng/mL Y E W21 4R 7% 3 A ¥ ( macrophage-
colony stimulating factor, M-CSF; 3&[# PeproTech
AT 5 BigE 3 d R R ICE O 20 ng/mL
M-CSF & 60 ng/mL # K ¥ «B SZ4&i% fbF ¥
& ( receptor activator of nuclear factor kB ligand,

RANKL; Z[H PeproTech 24 H] ) i) a-MEM Hi%#
W, o ooim/oim T YA W A1 AT DA [A] e
(1. 10 mmol/L ) AY StR #H47+Fi, LL oim/oim dE
T K w/wt 285 B AR A A X

1.4 RAERAFEEZ 2 PCR (quantitative real-time
PCR, qRT-PCR) ## mRNA & ik K-F a4l
L S e B AL T 7 d R BRI TRIzol (36
Invitrogen AH ) . Sf5. FHEE. 70% &
BEHEAT RNA 2B ( B 2% 300 [16]) .

RNA ¥ g 5 ik — 20k R skl & (H
A TaKaRa AF] ) J2#550 cDNA; ffiff] SYBR”
Premix Ex Tag™ X7 & ( HA TaKaRa 247 )

W 7500 19 f PCR X ( 2 ABI AH] )

A6 ok A M S AR DG L P Runt AHOCHE sk 2
( Runt-related transcription factor 2, Runx2) . B
PEWERR RS (alkaline phosphatase, ALP) . ‘HH5E
M (osteocalcin, OCN) , & 4l /A AH LA
FEF5 2 21K ( calcitonin receptor, Calcr) . Pl
F1 TR WEMR M ( tartrate-resistant acid phosphatase,

Trap) . HLUHEHM K ( cathepsin K, CTSK) ,

DL A S A AR DG, S R 1 e-fos . 1AL T 4
MAZIAF ¢l (nuclear factor of activated T-cell c1,

NFATcl) ) mRNA ik, UL GAPDH fE N Z
MR, SEEAY G W 1,

1.5 &G RepiE ke m & e kkK-F Al
L AT 7 d JE SR ] RIPA 2%, BCA ikl
SERE IR, milR ARV, RUGHEATHIK . R

H (5% BIREUIEIEA 2 h) 5 4 °C KT

—PUEE AR, MX—PH Runx2 (JEE Abcam
NH, BRI 1:500) . ALP (5i[H Abcam
AT, 1:400) . OCN (%[ Abcam AF], 1:

200 ) . Caler (#E Abcam 2vH], 1:500) .

Trap ( J£[E Abcam AF], 1:200) . CTSK (&
[E Abcam 2AF], 1:400) . c-fos ( JE[E Abcam 2>
Al, 1:1000) . NFATcl ( &[E Abcam A+, 1:

500 ) F1 B-HLsh&EEH (B-acting 3 Santa Cruz 2%
A, 1:1000) . WH, H] Tris #hiRELZE miifg +
Tween (TBST) ¥EikE, —HiER FNIFEE 1 he H
ML RO A U, SR BandScan 31474t
AR R R IE A

*1 XHZEE PCR A BHR5F 5]

Tab 1 Primer sequences for quantitative real-time PCR

Gene Primer sequence (5’ -3" )
GAPDH Forward: AGG TCG GTG TGA ACG GAT TTG
Reverse: TGT AGA CCA TGT AGT TGA GGT CA
Forward: ATG CTT CAT TCG CCT CAC AAA
Reverse: GCA CTC ACT GAC TCG GTT GG
ALP Forward: CCA ACT CTT TTG TGC CAG AGA
Reverse: GGC TAC ATT GGT GTT GAG CTTTT
OCN Forward: CTG ACC TCA CAG ATC CCAAGC
Reverse: TGG TCT GAT AGC TCG TCA CAA G
Calcr Forward: GCA ACG CTT TCA CTT CTG AGA
Reverse: GTT CCC ACT GCATTG TCC ACA
Trap Forward: CAC TCC CAC CCT GAG ATT TGT
Reverse: CAT CGT CTG CAC GGT TCT G
CTSK Forward: GAA GAA GAC TCA CCAGAA GCAG
Reverse: TCC AGG TTA TGG GCA GAG ATT
c-fos Forward: CGG GTT TCAACG CCGACTA
Reverse: TTG GCA CTA GAG ACG GAC AGA
Forward: GAC CCG GAG TTC GAC TTC G
Reverse: TGA CAC TAG GGG ACA CAT AACTG

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase;
Runx2: Runt-related transcription factor 2; ALP: Alkaline

Runx2

NFATcl

phosphatase; OCN: Osteocalcin; Calcr: Calcitonin receptor;
Trap: Tartrate-resistant acid phosphatase; CTSK: Cathepsin
K; c-fos: Cellular oncogene fos; NFATc1: Nuclear factor of

activated T-cell c1

1.6 Bt ALP % & % Ll e gl
AT 7 d 5ok 4% 2R PR [E672002,
TAY TR (1) B A RRAR] FEE 15 min,

A ALP Je(aik5) & [D720338, AETAY TR (1
) B ARRAF] 37 C &MY 30 min,
FREE i Ve Jn . 4303 F Canon AH#L (650D )

A B e ( HAS Olympus A H], 40X )

LI, b By BB A i B YL i i 5, ALP
Gutt i B TP s e FR
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AR SRR 95 S T T B i 7 d R4
HANME, 20 000X g B0 5 min, XF40METTE R A
BCA HEAGIN B v B, ] B X 45t 14 40 I D00 SR
F ALP iE RN & (36E Sigma AF] ) #47T
ki, 37 °C M TFE 30 min, HGGETT

( 22 Molecular Devices 2y 7] ) Pl 450 nm 51
WEHYCEERE (D) {H, %40 ALP i ME(E R I8 ik
JEH A ThRUEALALHE
1.7 RBwmi#Eia S FERT TN WE
HIEAET T 14 d J5, SR 4% 25 PR i 1E
€ 15 min, JH 0.2% P& S %57 ( £ Sigma
ANw] ) FE 37 C AN YA 30 min, BERRERZE P
WIHVES . 239 Canon AHMLAIE B 62 Wi
BEWLES IR, WA i S s . P
R4 S JEFMA 5% MR, 37 C #obi
B 30 min, HEOLETIE 420 nm 3K ALK
DAH, JF#A7E a5 .

1.8 Trap % &4am e R mie s iE Wi i
Wbl (7d) Ja, R 4% 2 RPBER
[i7€ 15 min, H Trap Jeill & (£HE Sigma 24
A) TZEETYA 30 min, 55 F 2 H 2468
YHARLED Ay B AR, BB R N T
YR TEL, ARFLRELEERE 6 NEF, HOFIME, 52
WEAE 3.

1.9 B P18 it ak b g aosn B
JrikZ2% 3CHR [16], Bk IHREG 4 K i g
B7% 5 mmX5 mmX1 mm K/, FUSCHIR 24 fUbk
o, SRIEHE S B R B SRR AN o B TR R
KA, 755 7dEBGEE R, E T 1 mol/L 4
KR AREE 10 min, RBRE R LIOGRARAINL; SR
JE 1% W2RREEFBNRREN AL | min, DB WA
TSR B YR e, FEALIERE 6 B, Tt
FrEes A, BOPME, SLREE 3K,

110 3-(4,5- =9 Foked 2)-2 5- = 3K vy Ko i 3
[3-(4,5-dimethylthiazol-2-yl1)-2,5-diphenyltetrazolium
bromide, MTT] bt & E#ml StR x4 B 48 it
m e e A (5X10YmL) R
F 96 FLAk, 200 pL/AL, FHACE A0S FHE R,
YHRNGREESS , 37 L3, SRR & RRENERE (0. 1.
10 mmol/L ) SrR MYIEFRMIGFR . AT B 4 f,
¥ BMMC (5X107/mL ) #FF 96 fLtk, &
50 ng/mL M-CSF WUREFRMEE %, e T ARk
B (0, 1. 10 mmol/L ) SrR T, 2 Fh4iffutire
SR Tl 3 d J5, FRALAIMHPEN MTT R4

(5mgmL ) k£ E 2 he WFE S5 AA/ NI AL

N IEWR, BFLUIMA R LN, 5% 10 min, H
Fii-: TECAN infinite 200 ZYEAR I E 450 nm P4
WAL D1, BCFE.

111 %itseas W] SPSS 20.0 FAFdE 175k
b THRORIL x4+ FoR, AL R B
EhHEMT. KIR/KHE (o) H0.05,

2 &% R

2.1 SrR % oim N RRE ta i n-AuAn £ K A 8
ik 5 wiwt /INFSE AIARLL, oimloim /INERBYL
AR 625 Runx2 . ALP. OCN i mRNA
FIEE AR IBACEIREAR (P 3<0.05) . oim/oim /N,
G AR 25 T AR EE (1,10 mmol/L) StR -+
7 d J&, G mRNA KA EEFKE SR 5
FAR Ty A2 2 BB AL o A C S Runx2 .
ALP, OCN ik (P $4<0.05) . WL 1.

2.2 SrR 4Rt oim ) R ARE AR A AL ALP
P g5 BN oimfoim /NRSCE AU Y ALP
PEME T wt/wt /N (P<<0.05) , SrR T n 145
oim/oim /NESCE NI B ALP 35 1 52 751 A
PE (P<<0.05, Kl 2A) . [FIFE, PHELL S Yeash
RA IR, oim/oim /INERSLE 20 M A% 2515 T8 L
o/ bF wowt /N (P<0.05) , 14T SR +
T oim/oim /INERB B 240 BB A 505 485 745 T )l B o i
# SIR WREEG MG £ (P<<0.05, KI2B) .

2.3 SrR #73] oim N RAk R fm R Ae X KR 6
FaA 5 wywt /ANEUEAREXTHE, oim/oim /)N R
F AN AR SRR Caler, Trap. CTSK Y mRNA
AR AR TS (P ¥9<<0.05) , oim/oim /|
S AR A4S T AR (1. 10 mmol/L)
SrR Tl 7 d J5, Joit mRNA 7Kk 2 K F
SrR 349 55 50 s AR Sy 0 LA B A4 3 b A DG
Calcr, Trap. CTSK Wik (P ¥<<0.05, K
3A~3F) . SR THl5AMF T, c-fos Al NFATcl £
FIRKFHIEAL (P 1<0.05, B 3G~31) .

2.4 StR 4] oim ) R AL E a0 T AR K E IF K
HARMEE S Trap Yo 25 BIR, oim/oim /MR
BB e B £ T wewt /N, ZERA S
FE N (P<0.05) , StR FHATH oim/oim /)N
BB 1 A T OB O 2 R AR ( P<<0.05,
Kl 4) ., BHBELKERE R, oim/oim /)N
B B Al B R R E RS T owt/wt /DR
(P<<0.05) , M%T SrR )5 oim/oim /NS,
A B 200 R B WO M B 2 SR R B RS i T
(P<0.05, F5) .
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1 gRT-PCR 1% B FREMEEKT SrR {23 5 B AL
Fig1 SrR stimulating differentiation of osteoblasts in vitro measured by qRT-PCR and Western blotting
A-C: qRT-PCR; D-F: Western blotting. qRT-PCR: Quantitative real-time polymerase chain reaction; SrR: Strontium ranelate;
Runx2: Runt-related transcription factor 2; ALP: Alkaline phosphatase; OCN: Osteocalcin; GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase; wt/wt: Wild type. "P<<0.05 vs oim/oim group; “P<0.05 vs oim/oim+SrR (1 mmol/L) group. n=3,x+s

ool

0.6 *A

041 *

ALP activity (D)
=
Alizarin red S (D,,,)

B2 ALPRBMFRL S L EKN SrR R EHESURT L
Fig2 SrR promoting osteoblast differentiation and mineralization in vitro measured by ALP and alizarin red S staining
A: Representative pictures of ALP staining (original magnification: X40) and ALP activity outcomes; B: Representative pictures
of alizarin red S staining (original magnification: X40) and quantitative analysis outcomes. SrR: Strontium ranelate; ALP: Alkaline

phosphatase; wt/wt: Wild type. "P<<0.05 vs oim/oim group; “P<<0.05 vs oim/oim -+ SrR (1 mmol/L) group. n=3, x*s
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3 qRT-PCR %u%El BRENTE %4 SrR MFIH B 4514
Fig 3 SrR inhibiting differentiation of osteoclasts in vitro measured by qRT-PCR and Western blotting
A-C: gqRT-PCR outcomes of Calcr, Trap and CTSK; D-F: Western blotting outcomes of Calcr, Trap, and CTSK; G-1: Western

blotting outcomes of c-fos and NFATc1. qRT-PCR: Quantitative real-time polymerase chain reaction; SrR: Strontium ranelate; Calcr:

Calcitonin receptor; Trap: Tartrate-resistant acid phosphatase; CTSK: Cathepsin K; c-fos: Cellular oncogene fos; NFATc1: Nuclear

factor of activated T-cell c1; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; wt/wt: Wild type. "P<<0.05 vs oim/oim group;

£P<0.05 vs oim/oim -+ SrR (1 mmol/L) group. n=3,x=%s

2.5 SrR %t oim /> R84 BB 4a i Ak B an L3 T
% oimfoim /NRBE MG T ARRIRIE (0,
1. 10 mmol/L ) StrR F7i 3 d Ji7, MTT 5 2 h J5HY
Diyso 4T3 1.9140.17, 1.8940.21, 2.04%0.19,
10 mmol/L SrR 5 0 mmol/L SrR Z[a|Z R4 it
B (P>0.05) o #&/R~ SR Xt oim 7N AR E A
MITCHA 3%, StR WIREAEHE oim /N EUSCE 40 L
Bt oim/oim /N BMMC 45T AR (0, 1.
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Fig 4 SrR inhibiting osteoclastogenesis of oim mice in vitro

A: Trap staining pictures of osteoclasts (original magnification: X40); B: Numbers of osteoclasts based on Trap staining. SrR:

Strontium ranelate; wt/wt: Wild type. "P<<0.05 vs oim/oim group; “P<<0.05 vs oim/oim+SrR (1 mmol/L) group. n=3,X+s
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Fig 5 SrR inhibiting osteoclast bone resorption of oim mice in vitro

A: Pit formations of osteoclast resorption (original magnification: X40); B: Resorption rate of osteoclasts detected by pit formation

assay. StR: Strontium ranelate; wt/wt: Wild type. "P<<0.05 vs oim/oim group; “P<<0.05 vs oim/oim~+SrR (1 mmol/L) group. n=3, x£s
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