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Experimental study on the inhibition of Formononetin on the differentiation of osteoclasts induced by RANKL
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ABSTRACT Objective:To establish the in vitro study model of osteoclasts induced by RANKL, to elaborate the effect of
formononetin (FO) ,an effective component of Caulis Spatholobi,on the differentiation and function of bone marrow mononu-

clear macrophages (BMMs) into osteoclasts,and to explore the molecular mechanism of its inhibition. Methods : The BMMs in
femur and tibia were isolated from 20 clean C57/BL6 mice of 4 to 6 weeks old, 10 males and 10 females, each weighing (20+
2) g. The BMMs in femur and tibia were cultured and proliferated in vitro with a—=MEM medium. BMMs were cultured with M—
CSF and different concentrations of anthocyanin (5 to 50 wm) respectively for 4 days,and CCK8 of cell proliferation and toxic-
ity was detected. BMMs in good growth condition were added to M—CSF and RANKL to induce osteoclast differentiation in turn.
There was no special treatment in the control group. DMSO was added to the control group with DMSO solvent. Each observa-
tion group was added with different concentrations of awnasin (1 to 20 pm). After 6 days of culture, the osteoclasts were count-

ed and statistically analyzed. The expression of NFATc1,c-Fos and ERK, the key transcription factors in osteoclast differentia-
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tion,, were detected by Western blot, RNA was extracted at 4 days,and the activity of ctsk,trap, MMP9 and Car2 were detected

by real time PCR. Results: CCKS8 test results showed that awnstein could inhibit the activity of BMMs in a dose —dependent

manner,and had no significant toxic effect on the growth of bmms within the safe concentration range of <20 uM (P=0.278>

0.05). The results of trap staining showed that awnstein could inhibit osteoclast production in a dose-dependent manner in the

concentration range of (1 to 20 pM) ,especially in 10 uM (P=0.000<0.05). Western blot showed that 10 p m could significant-

ly inhibit the expression of NFATc1 and c-Fos,but not the expression of ERK. In terms of osteoclast function, the expression of
ctsk (P=0.000<0.05) , trap (P=0.000<0.05) ,MMP9 (P=0.000<0.05) and Car2 (P=0.000<0.05) related to osteoclast function

were detected by real time PCR. Conclusion: The effective component of Caulis Spatholobi can inhibit the proliferation and

differentiation of primary mononuclear macrophages into osteoclasts,and down regulate the expression of osteoclast bone re-

sorption related proteins and genes,which may be one of the mechanisms of its prevention and treatment of bone destruction

and collapse in osteonecrosis of femoral head.
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Tab.1 Primer sequence of osteoclast PCR

HHN 5]
F:5’-CCTGTACGCCAACACAGTGC-3"
R:5’- ATACTCCTGCTTGCTGATCC-3

B-actin

MMP9 F:5-CTTCTTCTCTGGACGTCAAATG-3
R:5’-CATTTTGGAAACTCACACGCC-3’
Car2 F:5’- AGAGAACTGGCACAAGGACTT -3
R:5’- CCTCCTTTCAGCACTGCATTGT -3~
Ctsk F:5’ = GATGCTTACCCATATGTGGGC -3
R:5’ - CATATCCTTTGTTTCCCCAGC -3’
TRAP F:5’ = GCCAAGATGGATTCATGGGTGG -3’
R:5’- CAGAGACATGATGAAGTCAGCG-3’
NFATecl F:5 - TGTTCTTCCTCCCGATGTCT -3
R:5’- CCCGTTGCTTCCAGAAAATA -3°
c—Fos F:5’ - TGTTCTTCCTCCCGATGTCT -3’

R:5’-GGATTTGACTGGAGGTCTGC -3

1.7 Sitseabs

K1 SPSS 22.0 #4748 1430 B , 8 it BERER Y
bR 22 (xs ) Frm o Horp W1 40 A9 B i . TRAP
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2 #R
2.0 YR B RO P A 45
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{8 : %I 4 0.627+0.050, DMSO 41 0.625+0.021,5 uM
TEARAEZE 4 0.618+0.013,10 wM Al % 4H :0.607+
0.260,20 pM 4R #E Z 4 0.607+0.014,25 pM 44
& H 0.486+0.011,40 uM = 4% 48 X 4H 0.468 +
0.031,50uM £ 4% £ % 20 0.436+0.061, 7£ 25.40,
50 WM AR AL, S IAM LR BG4 E
X (P<0.05), 7EVRE <20 uM B} 4% W22 4] % BMMs
20 A K TG I 7 PR RN (P>0.05) , DA 1, Hidp e
20 WM K2 LR e BE AR AL K X BMMs 19 39 P A
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R 4E CCK8 SLon gL, 7E 0t th 1 28 42 A 30
103 N (<20 M) 5 43 21 98 47 5 B 40 i 5% % 9F 00
%% BMMs 7ER% 5 240 il A= i 4~6 d ik T TRAP 4t
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ZH o P PN A 20 M AR 6 R 4 21.2043.20,DMSO
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AR AL E 4 17.30+0.26,5 uM P46 48 2 41 9.20+
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B (P>0.05),7F 5.10,15 .20 pM ¥ 4, 2= 5 A
FH R E L (P<0.05) , L B R 5~20 wM ¥ B

NS
1

W6 E (Ab)

Con DMSO 5pM 10pM 20pM 25uM 40pM 50 pM

1 R[] BE 22 A 2K 3R (5~50 M) X 46 - B2 4% 15 I 200 1 (BMIMs ) {55 1 # 5 TR)
(A450), 5XF B4 b4, DMSO 41,:=0.162,P=0.876; t“#{ £ % 5 pM 4 ,:=0.493,P=
0.637; TR AE 2 10 uM 41 ,1=1.129,P=0.296; = #l§ £ £ 20 pM 41 ,1=1.176,P=0.278;
TERNAEZE 25 pM 41 ,1=3.602, P=0.009<0.05 ; =45 £ & 40 pM 4 ,1=6.490, P=3.37-E4<
0.05; P2 HHAE K 50 pM 4, 1=6.189,P=4.50-E4<0.05

Fig.1 Effects of different concentrations of Formononetin (5 to 50 pm) on the activity of
bone marrow mononuclear macrophages (BMMs) (A450). Compared with the control
group,DMSO group,t=0.162,P =0.876;In 5 pM group,t =0.493,P =0.637;In 10 pM
group,t=1.129,P=0.296 ;In 20 wM group,t=1.176,P=0.278 ;In 25 uM group,t=3.602, P=
0.009<0.05;In 40 uM group,=6.490,P=3.37-E4<0.05;In 50 uM group,:=6.189,P=
4.50-E4<0.05

2 A AR EE U A A1 ) A A A AR (TRAP 3 £5,%200) TRAP Y 0, 3 45 1
PO A T A0 T P Wl R TG U6 1, 25 O 2% A A0 5 i 2/ 1 % R 41 J. DMSO 4,
A A6 3R AE 22 4 1 5] dak 31 TR (<200 oMU PR 000 8 - 200 o %) 43 T X - 240 L g 9%
I B I 11 5% e

Fig.2

mononetin  (TRAP stainingx200) The activity of tartrate-resistant acid phosphatase was

Inhibition of osteoclastogenesis in a concentration - dependent manner of For-

detected by TRAP staining. The number of osteoclasts in each observation group was less
than that in the control group and DMSO group. Formononetin inhibited the differentiation
of osteoclasts in a safe dose range (<20 wM ) ,but had no significant effect on the activity of

osteoclasts.
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2.3 A0 A Ak R O AR 1 E A

HE 4l TRAP Ye (5 45 5L ) - 240 M
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CTSK Fi Car 2 35 AR 16 % 240 5 Xf |
Wb, 25 A 51 2#E L (P<0.05),
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S B AN e W MR T e L PRl CTSK
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AT IR Z 5 RE S TS — R B D g S
S DTS TR o A4 TRAP Y a2
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e, DMSO 41 ,1=-0.079,P=0.940; T % 1 pM 41 ,1=1.044,P=0.344 ; TR {E % 2

G PR R, FRA RE TR B, (R0 0 i
14 B WAL R O B AR L0k L, 4 2
TR AN 5 1 Je Sk TR AT o A
B 20 23 A A 2 BE S 2 WA BE OIS
SRR AR T BORE AR, Bk
RIRSZ TARKIIN S, — B R AR
WoRIF A= DY RE SR A, AT S SRR R B
TNZERGRIR | I A AE AL/ N I T Y R Y
e WLE KRR I E

BB 2 A JB ) Sk TR AL 13X 26 B
AR KA B BRI o R AN

WM 41,0=2.531,P=0.052; = # £ K 5 pM 41 ,1=18.974,P=7.494E-06<0.05 ; 1=l 1£ %

10 pM 41 ,:=14.652,P=2.675E-05<0.05; P #i £ 2 15 uM 41 ,1=16.959, P=1.304E-05<

0.05; =R FE % 20 M 41 ,1=14.849, P=2.506E-05<0.05

Fig.3 The numbers of osteoclast in different concentration (1-20 wM) of Formononetin
(Number/Visual field). Compared with the control group,DMSO group,:=-0.079,P =
0.940;1In the 1 pM group,:=1.044,P=0.344 ;In the 2 uM group,=2.531,P=0.052;In the
5 uM group,:=18.974,P=7.494E-06<0.05;In 10 uM group,:=14.652,P=2.675E-05<
0.05;In 15 uM group,t=16.959,P=1.304E-05<0.05; In the 20 uM group,:=14.849,P=

2.506E-05<0.05
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Tab.2 Expression of relevant indicators of Formononetin inhibitory on the osteoclast differentiation and function (x+s)

215 LA NFATel c—Fos TRAP CTSK MMP9 Car2

X B 2R 15 8.428+0.340 7.586+0.251 4.958+0.078 2.979+0.135 2.921+0.123 4.049+0.171
DMSO #4 15 8.278+0.314 7.426+0.407 4.921+0.169 2.934+0.191 2.893+0.052 4.077+0.301
TR 10 pM 41 15 1.714+0.210 2.914+0.104 1.495+0.173 0.778+0.118 1.025+0.082 1.714+0.210

T 5 A A e, DMSO 21 4 40 4 Ak 415 10 6 57 19 1 NFATel :4=1.187,P=0.255 ;c—Fos :1=1.324 , P=0.207 ; 13 W% I M1 56 2 4 TRAP:1=0.979 ,
P=0.344;CTSK :1=0.877,P=0.560 ; MMP9 :1=0.752 , P=0.434 ; Car 2:¢t=—0.302,P=0.759, T-fHfE 2 10 uM ¥ i 41 5 x5 BE 4 Lo &, W1 40 B 0 AL A1 5%
MY %% 53 [ F NFATel :¢=54.324,P=1.098E-17<0.05 ;c—Fos :1=63.988, P=1.119E-18<0.05; & W it # 5 % [ TRAP:1=73.499,P=1.617E-19<0.05;
CTSK :1=43.199, P=2.668E-16<0.05 ; MMP9 .1=47.071 , P=8.08 18E-17<0.05 ; Car 2 :1=32.470, P=1.3989E-14<0.05

Note : Compared with the control group ,DMSO group , the expression of transcription factors NFATel :1=1.187,P=0.255 ;c-Fos :1=1.324,P=0.207 ; The ex-
pression of TRAP::=0.979,P=0.344;CTSK::=0.877,P=0.560 ; MMP9::=0.752 , P=0.434 ; Car 2::=-0.302,P=0.759. Compared with the control group,
10 uM Formononetin group,the expression of transcription factors NFATc1::=54.324 ,P=1.098E-17<0.05 ;¢ —Fos::=63.988 ,P=1.119E-18<0.05 ; The
expression of TRAP:1=73.499 ,P=1.617E-19<0.05;CTSK ::=43.199, P=2.668E—-16<0.05 ; MMP9 ::=47.071 ,P=8.08 18E-17<0.05 ; Car 2::=32.470,P=
1.3989E-14<0.05
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Fig.4 Formononetin inhibits the expression of NFATcl F1 ¢—Fos in osteoclastogenesis

The expression of key transcription factors NFATc1 and c—Fos in osteoclasts differentiation

induced by BMMs was significantly inhibited at 10 pM Formononetin
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Fig.5 The expression of phosphorylated protein ERK in osteoclast differentiation was not

significantly regulated by 10 uM Formononetin when stimulated by key proteins for 0,5

and 10 minutes
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Fig.6  Formononetin significantly inhibit the expression of osteoclast functional genes
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