222224 Acta Pharmaceutica Sinica 2021, 56(2): 511 -519 -« 511 -

RERBER B E RRMMERMR

BREY, AR, EHEL EHE, HLTL K R, F BY
FRAL B OEL DHRHL B OB E N, FRET THRT

(L. = 2Rl A B A PR = 2 B R 25 A R S, B KB 2 (e ) TRkl TR R A TR
s, BT 100050; 2. A E B 2R R B A6 RS 2 B 25 P ST BT, JE 5T 100050)

WE: B {14 5 (osteoprotegerin, OPG) & & ¥ ¥ (ks EW, tHAE MRS . OPG 5% K T--xB SZ ARG LA
TFHc& (receptor activator of nuclear factor-xB ligand, RANKL) 45 & & 35365k B 40 M Ve F o ASHIE 90 22 0 568 205 9 VT
(rutaecarpine, RUT) H A i OPG &3k (113 14, JF A8 i 25 19 I /) BRUVE AR B 1T 7R 40 Bl MC3T3-EL J A\ A8 41 Al
U-20S 1 OPG )8R /K P o 454k 2515 Yo 0 S0 45 TR W], RUT 2 2 {233 MC3T3-EL 4 il 1) i 4 i 5344 Hiim A4 R
TRRN (tartrate resistant acid phosphatase, TRAP) a4 J B, RUT S0 RANKL 755 1)/ B B R4 RAW264.7
W Ak . AR IFSE & B, 5 50 825 % (ovariectomized, OVX) KRB AL AH HL, RUT I 784 (5 mg-kg™-day™)
A7) 2 (45 mg-kg-day™) #E B 423 A, B3I OVX K BB 55 J3 ;5 3 4 30 XUbR S 360 J R 2 e i e € 5 6
S5 R, RUT IR 5 4L AE A4 o (2 328 1 T8 R IR D B o 5 % e A A 245 SR S 7 RUT ARG o 4L A 08 389 n R B i
W1 OPG A3k o B4R R Sk 56 Jok R 240 T r [ I 2 ) 2 B I 25 A W BR T 5 i sh AR B8 B £ (e« 43 1,
AHFFRWI RUT it 1 OPG I F-TE M A AME 3 BB 7 A RO Al B 231k

SRR B B AT B TR BE A B Ak OB KR

& 525 RI66 RRFRIREE: A N E S 0513-4870(2021)02-0511-09

Rutaecarpine exerted anti-osteroporosis

LI Yi-ning”, HAN Xiao-wan**, WANG Wei-zhi*, JIANG Xin-hai!, HAN Jiang-xue', ZHANG lJing',
LI Ni*?, LI Dong-sheng', SHENG Ren', WU Ye-xiang', XU Yang', REN Yu', XU Yan-ni", Sl Shu-yi*"

(1. NHC Key Laboratory of Biotechnology of Antibiotics, National Center for Screening Novel Microbial Drugs, Institute of
Medicinal Biotechnology, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, China;
2. Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, China)

Abstract: Osteoprotegerin (OPG), secreted by osteoblasts, is a marker of bone turnover. OPG can inhibit
osteoclastic differentiation by binding receptor activator of nuclear factor-«B ligand (RANKL). In this study, we
found that rutaecarpine (RUT) had the up-regulating OPG activity, and it could significantly increase OPG protein
levels in both mouse embryonic osteogenic precursor MC3T3-E1 and human osteosarcoma U-20S cells. Osteoblas-
togenic differentiation calcified nodules staining results showed that RUT significantly promoted the osteogenic
differentiation of MC3T3-E1 cells. Osteoclastic differentiation tartrate resistant acid phosphatase (TRAP) staining
results showed that RUT obviously inhibited the osteoclast differentiation of mouse macrophages RAW264.7
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induced by RANKL. In vivo studies showed that low-dose RUT group (5 mg-kg*-day?) and high-dose RUT group
(45 mg-kg*-day™) treatments for 3 months significantly increased bone density in ovariectomized (OVX) rats;
calcein double labeling experiment and toluidine blue staining results indicated that low-dose RUT group promoted
bone formation and decreased bone loss in vivo; immunohistochemistry results showed that low-dose RUT group
increased the expression of OPG in rat femur. All animal procedures were performed in accordance with the
regulations of the Institutional Animal Care and Use Committee of Institute of Medicinal Biotechnology, Chinese
Academy of Medical Sciences. In summary, this study demonstrated that RUT could up-regulate OPG expression
and had promoting osteoblastic differentiation and inhibiting osteoclastic differentiation effects in vitro and in vivo.

Key words: osteoporosis; rutaecarpine; osteoprotegerin; osteogenic differentiation; osteoclastic differentia-

tion; ovariectomized rat

B Ji B FASE (osteoporosis, OP) 2 5 i UL B 8% &
G, R R B AR H AU S MR, S 80E
e P 86 I DA K B e A i AW i R RN B g Bd i
BCE 4R 0 (osteoblast, OB) i 15 1 72 Bl A B 1 4
(osteoclast, OC) 42 il ) B W WOk SE I, OR 5B =1 %8 1
TR B AR H 0 T A 2 o0 H R, 45 i
KT BT R W2 5] e 5T i AaiER

B 15472 (osteoprotegerin, OPG) i Bk Ay 1 & 4Hl
fg # i ¥ (ostelclastogenesis inhibitory factor,
OCIF), #2& Jift 8 $K 3% [X] ¥ (tumor necrosis factor, TNF)
ARG — A A, A2 8B 4 R R 25 J5T 20 4 A 1
AV TERE R A . R/ B I ik OPG W] 3 B E
AL ER, T OPG R i AL /N B (OPG™) e Ak i %5 2 K
B KAERT &P, T -xB 2 AR 7% A 7 B i
(receptor activator of nuclear factor-xB ligand, RANKL)
F& TNF 8 Z0 il 51 22—, e 32 B0E F 2 5 0 40 B i
A 41 f 32 THD 1R % TR 1 - B 32 AR A AL (RANK) &
&, B FHE AR, OPG il 5 RANKL 35 4+
GG, R A i S T A L 5 RANKL/RANK A
BAE R, T 4% e o) BB 4 i TR BSR40 ] 4 B,
[5 1tk, RANKL/RANK/OPG {5 5 £ Gt f£# JE il Al i 5
R R AEE AR, R BEEE IS 0 OPG /K1t & i
B AA 2 B A B TR

AT 5 S 56 == AT A 1 B N OPG 5 3)
T DX 7 O B T AR A R B RS e G A i A AR 0],
T8 I 7 e R IWAK G W) SR 2K B3 I (rutaecarpine, RUT)
AEfE W] 2 11 OPG M3 1L ; RUT {EAR FhRE (L i2F 1 4
JfL 53 A, U0 BB B A B S A, L RE A K S O L 2 3
(ovariectomized, OVX) K B i B AAE -

MRS A%

RAEEFE LAY R (RUT) T
MR B G EMREAE R AT (58 > 99%, 3
XK, M5 1 i & 287.32, CAS 5 : 84-26-4); DMEM-

e B 1 77 B | a-MEM 15 37 3 R0 8 (9 R e iR
(Thermo /A #1); McCoy's 5A 1 77 5& Al iy 2 IfiL 375 (fetal
bovine serum, FBS) (Gibco /A #); B 24 i 75 5 4% 77 2k
a-MEM 584 55 77 2 tpoIn N 49K 9 50 pg-mL (1) L-47t
INIMER (Thermo 2 ) A2 5 29 10 mmol-L* 1) - H
TBEIR N (TClL A wl); E 70 A5 3 55 95 25 DMEM-
e R IR 58 A B IR AR rhoIn N 24 5 50 ng-mLt )
2H /s B SRANKL (Reprotech A #]); G418 (Amresco 2
H]); PR MR & (Promega A 7)); A OPG. /MR
OPG. K i OPG. K i RANKL. K fi, CTX-1 (C-terminal
telopeptide of collagen type 1) 1 Kk & ALP (alkaline
phosphatase) & Ik 4 % W Fff (enzyme-linked immuno-
sorbent assay, ELISA) {7l & (Fd & 7% VN AE YR
PR 2> W), POl A R IR 1 19 B2 B9 (tartrate resistant acid
phosphatase, TRAP) 4+ 71| & (Sigma A wl); v K 41
ST (RKFEAH)-

MpEIEF Kk A OPG i 4 (-5917~
+19)-7¢ )t 3R B i J D] 1) B2 € % G 48 itk OPG-Luc
U-20S (% UOP) H 558 = Hi AL i R 710, UOP 4]
Jil 5% 7% F & 500 ug-mL! G418 £ 10% FBS 1] McCoy's
SA BEFREE; /N RS 4 I AT AR 48 L MC3T3-E1 4 97 T
£ 10% FBS [ a-MEM $5 3% 4 ; /) L5 4% B 0 20 i
RAW264.7 15 7% T £ 10% FBS ) DMEM #5 3: %, N B
PRI IR 41 i U-208 $5 7% T 7 10% FBS 1) McCoy's 5A 1%
Ik . YHIATE 37 °C 5% CO, 2k 1F T 15 7% IF B 5L 56
FEIRAF -

HEY LA OPG FRIETEMRM K ik T 0
K B 1) UOP 4 A #4455 FL 5% 10% /> 2 P 22 96 L35 B ik
FIHR (Costar A wl). 7 2H fRINGEE f5, # 2 RE 77 25, A
FiBe T4 5% FBS ) McCoy's 5A 1% 37 & [ AS [R) 1k 4k,
AW (R AR 100 pmol-LY), BEANIRE 3N E AL, %
TEXE (ERUT). (WEWEH 24 h )5, 57591
I FH 2% 't 2R I o 22 DRRS I 2% 498 00 . 400 P 2 ' 3 il v
Mo TS AW E X OPG 1 5 %, F| ] GraphPad



PR T A S R B R A AT AL - 513 -

Prism 8.0 B -1E B, 153 24k & AR F I 2 207 RO
(median effect concentration, ECg).

REENIR A M B AN 8] K B RUT (0. 1.0 #
10.0 umol-L) 43 %I {E A F MC3T3-E1 Jz U-20S 41l il
24 h, FEICEGN . FIH RIPA (radio immunoprecipita-
tion assay) 4 i M (SR JE Rl BORAT IR 4 7)) 22
i 210 P, B2 B4 e s 2 1 F BCA (bicinchoninic acid)
KAV E (Pierce 2~ 7)) W A B IR E, FE0Ks &1 i
HERAR [RIAR BE, NN Sx 2 [ FE i 22 P, 7835 10 min.
s 1) 2% 47 1) B 1A B 347 SDS-PAGE (sodium dodecyl
sulfate polyacrylamide gel electrophoresis) Hi ik, 2172
& PVDF (polyvinelidene difuloride) i ; 5% fi fis 4% ¥
HH1h 4°CE®BEE —$i; LA TBST (Tris-buffered
saline tween) FEfE 3 7k (10 min/ik), 4R J5 = 60 7 A1 N
B Ht 1 h, BEGI (Millipore 23 &) B &t .l ]
Image J ¥R 1F 4 E 2% 9T € B . BUARE Ao
T /NE P OPG Hu g B HU 44 (121 000, Abcam); fie 4
GAPDH (glyceraldehydes-3-phosphate dehydrogenase)
TR (114 000, Abcam); HRP ARic L 2 Ht R — bt
AP =41 (1:2 000, A6 5T A2 &M B A 7).

ELISA £ 3 UL A [ % B RUT (0. 1.0 f
10.0 umol-LY) 43 % 4 ¥ MC3T3-E1 J% U-20S 41 iy
48 h, WCAEYN A 3% . 4 °C, 2 000~3 000 r-min & .0
20 min fE Y4 iF . R ELISAR T & I e 4 i b3
H OPG & /K-

TELIRE  MC3T3-EL 40 b4 L 5x10° /> %
Bl 12 LB, A7 20 1 78 40 TG B S e p i A 3 TR 2
BERG L RHe L. 59 21 KRG, &5 975, A PBS
(phosphate buffered saline) $E4H i 2 ¥k . 95% £ BE [ &
S0 1 10 min, Z4EKE B 37K, 40 mmol-L 1 Z 40
SYAW (pH 4.2) =i YLt 10 min, ZE 18 /KE P 3K
IIANFHARRZRGE L min, BEAKERIK. BETE
8% (Leica A #], DMIL) T4, A Image J B4 1EAT
AT E BT

B MDA TRAP /2 K I B IR s A0 A
B 40 A TE VR R bR S . R R P R e X )
(#387-A, Sigma A w]) i 17 TRAP 4t o, il i £ Il
TRAP [H 14 4 i 25054 RS B 4 B e /DN BR Wk 4
il RAW264.7 DL L 2x102 4™ 42 Fh T 96 FLAR, 47 41 Jiid
T B Ji5 4 R 1 A4 5 3 45 R 4, 37 °C 5% CO, 2%
TEF6R, M2 R LR HFERER LR
T, TN [ 58 771 (25.5% F7 B IR # V5 VL + 66.3% P il +
8.2% [1) 37% I V7, 100 plL/AL) [# 52 30 s, 2% /K 1k
H IONBC G TR A W (25T AS-BIBEIR & 5 0 4 R £
5, 200 pL/AL), F 37 °CHEELIFE 1L h. Z&1HKIE B

J&, AR E R 2 min, H E RIK e B B AR T
BT RS PSR AZ=3 4N 1 TRAP FH 4
A0 B 9 B 40 R I AT

OVX KR & REMIER 7 7 & % Sprague-
Dawley X fi, 24 H (290~310 g, Jb 5% 4 @ F) 4 S 56 5
IR PR A F]). 6 FOEPE R BRI Bk OF S BT 356 2 g
Jili 20 234 i} I 20 (sham), 18 L OV X K B A g A 7Y
HAEZGHM, PIRREEE 1 J5, B OVX KB NLAE
Ut Hh 28 K A (1 mg-kg?, Sigma 2 \l), B E 20K, K4k 4
JE, R T B R R A0, K 18 I OVX K R BE AL 4>
N3, FA 6 K, ¥ OVX [ B ¥ 71 0.3% CMC-Na
(sodium carboxymethyl cellulose) 7K ¥ #%] 41« RUT 1i%
# & 4H (RUT-L, 5 mg-kg*-day?, % - 0.3% CMC-Na)
ARUT =7 E 41 (RUT-H, 45 mg-kgt-day?, & T 0.3%
CMC-Na) 41, B R Al B 425 1k, 12 Ji 5 /b AER
B, BB #E47 Micro-CT (micro-computed tomography)
GIHT . B SEIG I AE R 2E R A B R 2 AR M R
FLET BN BRI 25 53 22 ORI E 3R 4T

Micro-CT#&  BUKBRH, M OERZ RGN
L2, 1 4% %2 5 P [ €, 48 H] Micro-PET/CT 3
FEAC (45 E Inveon 2 ®]) WK BRI Bz I 32 AT 0 4T .
AR T 2 TAEHLE 50 V, A HLL 400 pA, 75
HER N RAE 3R 10 pm. F19 45 35 I Inveon 43 #t T
VRSl BT =2 5 4 AR SR i, SRR
%5 % (bone mineral density, BMD) %} & JE 4 2 #8 A5
AT E M. BT 455 43 70 % (bone
volume to tissue volume, BV/TV). ‘& /N34 H (trabecular
number, Tb.N). ‘& /4% JE & (trabecular thickness, Th.
Th) & 1 A 58 & 7 kb (bone surface to tissue volume,
BS/BV) Fl /N4%[a] B (trabecular separation, Th.Sp).

H&E (hematoxylin-eosin staining) & 4% £
5 RS [ 52 I 24 h 5, A PBS (0.1 mol-LY) 78 43 i
¥, 3 F 10% EDTA-Na, (0.1 mol-L* PBS it #l, pH
7.2) T4 °C AT WLAS AL BE, AR 5 R # 1 K, 32 21
55, WSS S TR E A RS D) . A ks T i
I J5 3T H&E B, 75 W AEE T W8 I 4p HE I B 4L 21
B .

M3E ELISARM R A ELISA 57 & il & K &R
1fiL 7% F OPG \RANKL .CTX-1 fl ALP /K-,

ARRIERERRBEHETTE AU 6%
LRI H&E Qe ta i 43 10 v W 5 FH 28 18 /K5 Bk, R
Ji2 W5 e e £ 10 min, 95% RS 4k, KT 5 BT 543
BN IEHAT R R E . BB T
B AL 3% 3 A 40 BF, b R i 4m e 3k A7 ok 2, A Image
Pro Plus 6 1T 4t iH 40 #7 .



© 514 - 2% 224 Acta Pharmaceutica Sinica 2021, 56(2): 511 -519

FEEFRNIREE SR 4R 13,14 R X
3.4 K WA IR 55, % xF B2 (sham). OVX 41 DL &
RUT-L 20 73 73l 33 5 45 3 4 3%, 4795 38 4 3% e 72 BL 7 S I
V) pst 72 A A 2R UUAR 2R, RIS P T DU 2 (mineral
apposition rate, MAR). MAR = P /045 5 4% = AR 2k
T IV VR S e ] 1) A

RBBELNFLRE HUEY) v H] & 777 F H&E
et FR oy o U B 5 B T 8% EDTA PUEAE B i
W (pH 9.0) M E & TR W TR &, 12
G VIR TN 3% H,0, ¥ ¥ H 3% P I 1 i 48 A6 4
filf; 3% BSA =i ) 141 30 min, FA W, £ 9] A b
T I B B 1 10— Pt (11200, ab73400, Abcam), T &
WACHHIME . HBHETPBSHEEEIMAE—
PG S 8 1) AR S SE A Y e AR T P, B AR 4
T E iR A 50 min. 43 B T PBS H Bk 3 U
B % 2 41 1) DAB (diaminobenzidine) & {4 %, T &
T i e i (8], BHME AR B (. R K
DI #ab B RATARR B G, B RKBE G K
Fr, TR T WS,

SHESH SEEARY LA + AvER [mean +
SEM (standard error of mean)] % 7~ , & [} GraphPad
Prim 8 3K {4 347 45 1 43 #1, 2H 8] 3k 1T Student's t 46 56,
P <0.05 NN RA G L.

HR
1 HEYIRUTEUOPIRE EHWEX X HRithik

WA FR BE RUT (45 # an i 1A Fior) 6 AT UOP
FLRY 20 L 24 h 5, 0 7€ %€ 6 25 i 1 >k %5 42 H 6 OPG
FILTEME R, It EEICC RN, SR ER, b
AW RUT #e 771 & 41 38 n OPG 11415, ECy, fH 9
0.06 pmol-L7?, & K iR 214 170% (K] 1B).

A B 2 207 £cye-006pmolLt
= 18
éﬂ
o] LE16
1 \ N 3=
\ D gild
b N o
512
=
2 Lo+ T . - . 1
RUT - 4 3 2 -1 0 1

lg RUT / pmol L

Figure 1 A: Structure of rutaecarpine (RUT); B: Dose-response
curve for RUT in osteoprotegerin (OPG) -Luc plasmid stabled
transfected U-20S cells (UOP). UOP cells were seeded in 96-well
plates (5x10* cells/well), and then treated with different concentra-
tions of RUT for 24 h. Luciferase activity was detected using lucif-
erase determining kits. n = 3, mean #* standard error of mean
(SEM)
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Figure 2 Effects of RUT on OPG expression and secretion in both MC3T3-E1 and U-20S cells. MC3T3-E1 and U-20S cells were treated
with RUT for 24 h, respectively. A - D: The total OPG expression, total receptor activator of nuclear factor-«B ligand (RANKL), and glycer-
aldehydes-3-phosphate dehydrogenase (GAPDH) expression levels in cells were detected by Western blot, respectively; E and F: The OPG
expression levels in cell supernatants were examined by enzyme-linked immunosorbent assay (ELISA). n = 3, mean + SEM. "P < 0.05, "P <
0.01, ™P < 0.001 vs control (without RUT)
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Figure 3 Effects of RUT on osteoblast differentiation in MC3T3-E1 cells using alizarin red S (ARS) staining assay. MC3T3-E1 cells were
treated with RUT (0, 1.0, and 10.0 umol-L*) in osteogenic medium for 21 days. A: Representative images of ARS staining for mineraliza-
tion were shown; B: Quantification of mineralization according to the results of Alizarin red S staining. Scale bar = 100 um. n = 3, mean *
SEM. "™"P < 0.001 vs control (without RUT)
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Figure 4 Effects of RUT on osteoclast differentiation in RANKL induced RAW264.7 cells. Tartrate-resistant acid phosphatase (TRAP)
staining of RAW264.7 cells treated with or without RUT at the indicated concentrations in the presence of RANKL for 3 days. A: Represen-
tative images were shown; B: Quantitative analysis of TRAP-positive multinuclear cells. TRAP-positive multinucleated (nuclei > 3) cells
were counted as osteoclasts. Scale bar = 100 um. n = 3, mean + SEM. #*P < 0.001 vs control; "“P < 0.001 vs RANKL only group
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Figure 5 RUT attenuates bone mass loss in an ovariectomized (OVX) osteoporosis rat model. A: Representative Micro-CT images of dis-
tal femurs from sham, OVX, low-dose RUT group (RUT-L, 5 mg-kg™-day™), and high-dose RUT group (RUT-H, 45 mg-kg™-day™), respec-
tively; B: Representative H&E staining of femurs from each group of rats at 40x magnification. Scale bars = 500 um; C: Trabecular bone pa-
rameters were shown after analyzed by Micro-CT. Trabecular bone parameters include bone mineral density (BMD), bone surface to tissue
volume (BV/TV), trabecular thickness (Th.Th), trabecular separation (Th.Sp), and trabecular number (Th.N). n = 6, mean + SEM. #P<0.05,
#P<0.01 vs sham-operated group; “P<0.05, "P<0.01, ""P<0.001 vs OV X group
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Figure 6 Serum parameters in rats. A - E: OPG (A), RANKL (B), OPG/RANKL ratio (C), alkaline phosphatase (ALP, D), and C-terminal
telopeptide of collagen type 1 (CTX-1, E) levels in serum of rats treated with RUT-L (5 mg-kg*-day*), RUT-H (45 mg-kg*-day™), or vehicle
(0.3% CMC-Na). n = 6, mean = SEM. #P < 0.01, **P < 0.001 vs sham group; "P < 0.05, ”P < 0.01, ™P < 0.001 vs OV X group
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Figure 7 RUT treatment promotes bone formation in OVX rats. A: Toluidine blue staining. Scale bar = 100 um; B: Count the numbers of

osteoblasts (N.Ob) per millimeter of trabecular bone surface (BS) and percent osteoblast perimeter (Ob.S/BS) were calculated; C: Represen-

tative calcein double labeling images were shown; D: Mineralization deposition rate (MAR) was calculated as in methods part; E: Immuno-
histochemical staining OPG expression in femurs in OV X rats. Scale bar = 200 um. n = 6, mean + SEM. #P<0.001 vs sham group; “P<0.05,

""P<0.001 vs OVX group

i AR o AR 28, A3 TR — 25 40 HT RUT % OPG
F Ak 1S TR 5 Wnt/g-catenin 5 Sl A k.
A, B T R 1 20900 Runt AH DG % S R 1 2129045 4 2 B
YU S AR G L A, ANHERR RUT W] B2 [H]
I S A3 2 5 1 434 AF DR 1 B 1 SR R A AR 8 1R 1
F, 5 Bk — 5 SO B K

25 TR, 1E @ i Ak M TR B AL A 1 R 2
LRI (RUT) BERS 3G & -9 % (OPG) I #K ik, ik
FSCHE 20 A, FEAA Y S0 AR A, ASBIE TR Y
PUH TGRS 250 0 B A T S0 AR A K S Ak
EW.

fEB Bk 7 AR VF A e TR R O i
TSEH . AR TR /N AT VS 110 B A S B A KA 43

EHEE EZHE LS KR B REAENS 5N s
B, ZEARTEVARMER RAT AR S SR 0 B T, K
T ERNGE VR YA F] PR S RO

FUT I P A& 275 B AEAE R 2R 7 R

References

[1] Raisz LG. Pathogenesis of osteoporosis: concepts, conflicts, and
prospects [J]. J Clin Invest, 2005, 115: 3318-3325.

[2] Chen X, Wang Z, Duan N, et al. Osteoblast-osteoclast interac-
tions [J]. Connect Tissue Res, 2018, 59: 99-107.

[3] Coughlan T, Dockery F. Osteoporosis and fracture risk in older
people [J]. Clin Med (Lond), 2014, 14: 187-191.

[4] Ominsky MS, Stolina M, Li X, et al. One year of transgenic

overexpression of osteoprotegerin in rats suppressed bone resorp-



BT RO IR BB (R R 5

519

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

tion and increased vertebral bone volume, density, and strength
[J]. J Bone Miner Res, 2009, 24: 1234-1246.

Ozaki Y, Koide M, Furuya Y, et al. Treatment of OPG-deficient
mice with WP9QY, a RANKL-binding peptide, recovers alveolar
bone loss by suppressing osteoclastogenesis and enhancing
osteoblastogenesis [J]. PLoS One, 2017, 12: e0184904.

Simonet WS, Lacey DL, Dunstan CR, et al. Osteoprotegerin: a
novel secreted protein involved in the regulation of bone density
[J]. Cell, 1997, 89: 309-319.

Nagy V, Penninger JM. The RANKL-RANK story [J]. Geron-
tology, 2015, 61: 534-542.

Infante M, Fabi A, Cognetti F, et al. RANKL/RANK/OPG sys-
tem beyond bone remodeling: involvement in breast cancer and
clinical perspectives [J]. J Exp Clin Cancer Res, 2019, 38: 12.
Silva I, Branco JC. Rank/Rankl/opg: literature review [J]. Acta
Reumatol Port, 2011, 36: 209-218.

Gong S, Han X, Li X, et al. Development of a high-throughput
screening strategy for upregulators of the OPG/RANKL ratio
with the potential for antiosteoporosis effects [J]. J Biomol
Screen, 2016, 21: 738-748.

Ren H, Liang D, Shen G, et al. Effects of combined ovariectomy
with dexamethasone on rat lumbar vertebrae [J]. Menopause,
2016, 23: 441-450.

Rochette L, Meloux A, Rigal E, et al. The role of osteoprotegerin

[13]

[14]

[15]

[16]

[17

[18]

[19]

[20]

and its ligands in vascular function [J]. Int J Mol Sci, 2019,
20: 705.

Guo QP. Improvement of alizarin red stain method for osteo-
blasts [J]. Technol Life (B} 5 421%), 2012, 4: 174.

Trouvin AP, Goeb V. Receptor activator of nuclear factor-kappa
B ligand and osteoprotegerin: maintaining the balance to prevent
bone loss [J]. Clin Interv Aging, 2010, 5: 345-354.

Walsh MC, Choi Y. Biology of the RANKL-RANK-OPG system
in immunity, bone, and beyond [J]. Front Immunol, 2014, 5: 511.
Zhou ZH, Xiao JR. Regulation of Wnt/beta-catenin signaling in
bone development and bone tumor [J]. Chin J Surg (th A4k %} 4
%), 2018, 56: 797-800.

Agholme F, Li X, Isaksson H, et al. Sclerostin antibody
treatment enhances metaphyseal bone healing in rats [J]. J Bone
Miner Res, 2010, 25: 2412-2418.

Han X, Gong S, Li N, et al. A novel small molecule which
increases osteoprotegerin expression and protects against
ovariectomy-related bone loss in rats [J]. Front Pharmacol, 2019,
10: 103.

Zhou N, Li Q, Lin X, et al. BMP2 induces chondrogenic differen-
tiation, osteogenic differentiation and endochondral ossification
in stem cells [J]. Cell Tissue Res, 2016, 366: 101-111.

Komori T. Runx2, an inducer of osteoblast and chondrocyte
differentiation [J]. Histochem Cell Biol, 2018, 149: 313-323.



