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Mechanism of interleukin-9-induced osteoclast differentiation in bone erosion of cystic echinococcosis
Wuluhan+Mahan , XIE Zeng-ru  (Department of Traumatic Orthopedics, the First Affiliated Hospital of Xinjiang Medical University ,
Urumgi Xinjiang 830011, China)

Abstract: Objective To investigate the role of interleukin-9 (IL-9) in the invasive growth of bone cystic tissue with cystic echinococcosis
and its molecular mechanisms. Methods Paraffin sections of bone cystic tissues from 8 patients with cystic echinococcosis were collected ,
and paraffin sections of affected knee joint tissues from 8 patients with osteoarthritis were selected as controls. qPCR was used to detect the
expression levels of IL-9 mRNA in bone cystic tissues and osteoarthritis bone tissues. RAW264. 7 cells were divided into the Undifferentia-
tion group (Group 1), the MCSF group (Group 2), the MCSF+RANKL group (Group 3), the MCSF+RANKL+ echinococcosis antigen B
group (Group 4) , and the MCSF+RANKLA+IL-9 group (Group 5). qPCR was used to detect the expression levels of TRAP and cathepsin K
mRNA in cells of each group. Western blot was used to detect the expression levels of p-p65, p65, nuclear factor of activated T-cells 1
(NFATc1) , phosphorylated signal transducer and activator of transcription 3 (p-STAT3) , signal transducer and activator of transcription 3
(STAT3) , phosphorylated extracellular signal-regulated kinase 1/2 (p-ERK1/2) and extracellular signal-regulated kinase 1/2 (ERK1/2) in
cells of each group. Results The expression level of IL-9 mRNA was higher in bone cystic tissues than that in osteoarthritis bone tissues
(P<0.05). Compared with Group 1,the expression levels of TRAP and cathepsin K mRNA in Group 2, Group 3, Group 4 and Group 5 were
significantly increased (P<0.05),as well as the levels of p-p65, p-STAT3 and p-ERK1/2, and the expression levels of NFATc1 (P<0. 05) ;
Compared with Group 3, the above indexes in Group 5 were all increased (P<0.05). Conclusion The expression level of IL-9 is
up-regulated in bone cystic tissues, and it enhances the induction of osteoclast differentiation by up-regulating the nuclear factor- kB
(NF-kB)/STAT3/ERK1/2 signaling pathway, which may play an important role in bone erosion of bone echinococcosis.

Keywords: cystic echinococcosis of the bone ;interleukin-9; osteoclast; NF-k B/NFATc1/RANKIL/RANK ; STAT3/ERK1/2

PERRBR M) I3 (cystic echinococcosis, CE) , i # FR LA BB 52 B0 i B A0 o, fRT AR a0 U, &
AL R B ARLRERZE IR A SR A — R Bk SRR 0. 5%~4. 0%, o REURH R TR H
T HE A 2 AL A 5 PR A A HURY . TE CE R E M CE W T I A AR08 20, 55 2o ] e, R BUR HE

AT P RO SAE  EE AT B B Y I R

[(E€TH] A ERABKARAREES T HA T EIERUATEF AR & 7 AR LR
(2021D01D19) 15 40%"

GEEEER] H30, E-mail: xiezengru@163. com CE B 3L R ANUA S , 38 & 3 o LR G R 2548




490 BRE ARG RE

J REG ANAT OPER SURG 2025,34(6)

http://www. jjssxzz. cn

RN IR R N RTINS RSN O E 2 g v =
B HUR T B B 4 i 22 DL T A B, WA B 10
18 A5 B BN AL AR 1) 224 5 T R A0 AR kIR
FRBE/INGE RGN IF G B B Bt . 19 R Y CE A 4
BHZE WG SR B LA, SR B B L PEIRSE . CE fu 4
I AT AR S T AN, A P A . X b
I 5 S5 B R e B ot 2 R OG0 R AR 4L
SPEETE R, PR 4 M o B I AT i 2
PEG %, 2 CE L3420 1 20 40 o B 70 A 35
B o 1% B T--kB Z AR LA (receptor activator of nuclear
factor-k B ligand , RANKL V%A T -k B 3744 ( receptor
activator of nuclear factor-kB, RANK) &4\~ 3 F B/ I
20 . 2% 20 1o B A G A RO R N ML BT A R
AP AL A 2R -9 (interluekin-9, 1L-9) 7E 18 UV |
A AR A PR B AT WS R B IL-9 1E
e MR OG5 2 MRS 3 OC 19 98 55 A B S p VR PR s
e A PR O, AR E e L T R A
SRR B A I B Ui 3R N e U AR
H1IL-9 mRNA BRI 5 PR (RS T A%/
AL, RS TL-9 76 A0 HUBYL 51 19 R AE = b AR
Ve i R P TR AR P R LR

1 MR 57E*E

L1 Stttk

/N BB/ W A i RAW264. 7 41 LI £ % D0
WiFEH W . RNAprep Pure £1 I G 3 41 210 i &L RNA
PRI H £ (#5 . D4390751) FastKing—#£1: RT-PCR
W& (5 . K1232563) | FastKing — #9255 56 ¢
52 AR &5 (SYBR Green; 41t 5 : F3134308) Iy [ b 5t
RMREAL . SIYZAE Bl A T AW AN BT RIS Al
Gt/ R p-p65 BABT (L5 A15354627) . p65 £ 4T (1t
5 :A05153614) J% 1k -4 A A% A - 1 (nuclear factor of
activated T-cells 1, NFATc1) HL47t (415 : A32648687)
W IR Ak — 15 5 5% 5 5 i 5 0% B+ 3 (phosphorylated
signal transducer and activator of transcription 3,p-STAT3)
PSS - A90324150) A5 5 e 5 5 5 SIS I 1
3 (signal transducer and activator of transcription 3,
STAT3) Hidt (L5 : A42013052) . B 2 1L — 2 ffd 41 7
R M M 1/2 (phosphorylated extracellular signal-
regulated kinase 1/2, p-ERK1/2) ®. #t ( it 5 .
A19082345) . 41 il A9 15 F5 S 1/2 (extracellular
signal-regulated kinase 1/2, ERK1/2) ¥ $T ( it 5
A13145256) .GAPDH .47 (4it 5 : A31940536) . HRP-
Prid S0 1gG —ht (4t : G17456325) 14 F 35 [H

Thermo Fisher. F ZH A F W 41 g 45 7% 01 i A +
(macrophage colony-stimulating factor, MCSF; it %5 .
H35476) \FE41 A RANKL (It % : T13257) . HE Z4 A 1L-9
(41t :S25264) 1 F 3 [ Sigma-Aldrich.
1.2 BHEAREE

8 191 B Hu s KB o B2 M eV AR A R B
ZH AV PR , 2220 SV B2 RIS °7 (ML ELISA A6
A3 T E B ) 8112 0 B A HUe |, X & TR U BR R
KB TR BV B T AT o R 8 1 O TY
A BB O B TR R 0 SR RO B T A
LRI (SSp O e 7R Y s S U N 7 N =2
AT ERREETLL, 138 2 3 Be I RAS B2 51 2541k v
(L #ES :20220117032) .

®1 BEKKEER

i H AL R R HRTTREHE
(%) 87.5 25.0

AR (%) 60.0 55.5
JERFFLERE (T ) 55.5 44.5

R ARAL (%) 100

8K (%) 100
1.3 ¢gPCR

fdi JH RNAprep Pure £1 15t 2 2L ] Jv £ RNA 42
WA F) A2 BUR RNA . f ] FastKing — 42 % RT-PCR
IR & S S A L eDNA . JH FastKing — 25 % [ %
SEEGE AT B (SYBR Green)#t 17 qPCR Y #4 . 1L-9
E [ 514 5'-GCGAGCTCCAGTCCGCTGTC-3", J [i] 51
)5 - TGATGAGGAAGTTGATGTC-3" 3 i 14 £ 12 IR 14
Fi2 lif§ (tartrate-resistant acid phosphatase, TRAP) 1E [1] 5|
¥) 5'-CTCCCCGATCTGCGGCCAC-3", J [i] 5] ¥ 5'-CT
GACCCAATCATCTGGGTG-3'; cathepsin K 1E [1] 5| ¥
5'-GAAACGAAGCCAGACAACAG-3', JZ [ 5| ¥ 5'-CT
TCCATAGCTCCCAGTGG-3'; GAPDH iF [f] 5] ¥ 5'-GG
TAGAGCGGCCGCCATGT-3", JZ [ 5| #) 5'-CAGCTAG
CCTCGCTCCACCT-3'

1.4 fmfniEic

RAW264. 7 LK 37 T & 10% 4 1% 1) DMEM
SERRE IR P, BT & 5%C0, /0 37 CIE IR 2 i 40
ISR A e IR . 2~3 dABAC LR BIR LA 1:20 1
HpfEAR .

1.5 @ ks afe b2 7 X,

211 it 52 56 43 2H « D Undifferentiation 41 (Group 1),
AN ASATAT AL FE ; @ MCSF 41 (Group 2) , A 25 ng/mL
MCSF; @MCSF+RANKL 2 (Group 3) , il A 25 ng/mL
MCSF F1 50 ng/mL 7] % #£ RANKL; @MCSF+RANKL+



BB F A %% ] REG ANAT OPER SURG 2025,34(6)

BT B AL (Group 4) , JILA 25 ng/ml, MCSF 50 ng/ml.
A 1% P RANKL #1 50 ng/mL £ 11 47 Ji B; (5 MCSF+
RANKL+IL-94(Group 5), fiILA 25 ng/mL MCSF .50 ng/mL
AP RANKL 150 ng/mL A A IL-9, _FiR@-~G4
LA IR 6 d, BERE 72 h # —F , 43 5l #b 78 & MCSF |
AP RANKL AU dL b 5 B B 5 4N TL-9 [ fif 45 97
O, ARBRZE A, SR F qPCR 325 052 1 B 440 it 1k
Fra&4) TRAP Fil cathepsin K mRNA H)28 k7K.
1.6 FT46 kKRB H &

S SO R KA R R B RGN T%R
N & AL PR B il £ 5 vk i pMal-c2x 3%
AR Rl 75 1 rHA-B-MBP; il A 5 P - B-D-Ai /G2
FUBE 5 KA IR R R T AR 1 (1 B VE R
B2 At il £ rHA-B 2 124k =4 , 48 SDS-PAGE
Ji HL KR I B 4B T L, T 4 CCR R L BE T
=20 CKIAPRAT -
1.7 Western blot

T 6 FLAR A0 L3 T2 i A T mL 5 9 2 A
F ) RIPA 24 0 24 f 20 i . $EECRVER (1) L 4% A
{E VTR B SDS-PAGE 8 ¢ HL Uk #1254 B PAGE
BERE R RS EN 2 PVDF IR | A 5% B g 15
¥rE B PVDFAE L he MMA—HLTAEW, T4°CH
REIE R & 0 W H A B TAER, ZIR T 5
LM | b, i S ECL AL 2 R OC IRt H i 4
T . R Image J v1. 8. 08K F 3 H H R E H
Sl IR BEAE o HIER 1145 ARV A i K B (A =R A 11 4%
WK +N 2 GAPDH 4545 I FEAA . R b i 2K
P 257 AH X 2 et R (=1 2 Ak 1 8 2 11 45 R
(H AR BERRAL AR 50 KB (E . DUk TR TR B
JEGR APt/ B p-p65 (1:1 000) . p65(1:1 500) .
NFATc1(1:2000) .p-STAT3(1:1000) .STAT3(1:1500) .
p-ERK1/2 (1: 1 000) . ERK1/2 (1: 2 000) . GAPDH
(1:1500) \HRP-#Ric L FHi 4 1gG —Hi(1:5000)
1.8 %itFik

{ii H GraphPad Prism v8 4t i 27 8 {4 X B He it 4 74k
P THEBEE DR ARE 22 (o) R . W2 (] LUK
K KB, 2 4] bR R B R T 2= T .
P<0. 05 2R BEAGIHE L,

2 BB
2.1 B RRmREAEEEALIL-9 KT LR
B U B S R E A 24U 1L-9 mRNA 3k /K

HTHEXPTREESHALN, 2R ERIT¥E X
(P<0.05), WK 1,

http://www. jjssxzz. cn 491
30 — OF R RBEBHA
. Y TP S P
e i
¥ 20 -
-’Dz;
o
<
% 10
R
=
0 T T
*: P<0.05

E1 (PCREMNEBXTREEFHANBEHFEEEE
A £ A IL-9 mRNA 7K F
2.2 & RIRBAIL-9 3 R IA A/ B A 4 e AR
B am e AL
5 Group 1 b, Group 2. Group 3. Group 4.Group 5
P TRAP 1 cathepsin K mRNA (ESSLY S SEpI e
(P<0.05). 5 Group 3 It , Group 5 4l it f* TRAP FI
cathepsin K mRNA M 2% 35 K S 3 FF & (P<0.05)
W2,

*

W3 s

"’§<' 2 * %Iﬂﬁﬁ

= (| Mﬁs}

< IR
B R
=

E ]

[_4

(=]
1

0-

A 1D DY A\ T D k <5
6‘°°Q 6‘°°%<°°QG‘°°%‘°°Q ® 6‘0\& 6‘0\% ‘0\&6@\&(}‘0\& ®

a: TRAP mRNA & ik 7K “F ; b: cathepsin K mRNA & ik K -
#.P<0.05
B2 Ei%/E AR A S 4 AE 3 L AR S ) mRNA 7k

2.3 & kiR BAIL-9 ¥ Ak LA R 4 il A NF-kB/
NFATc145 %5
5 Group 1 4Lt , Group 2.Group 3.Group 4.Group 5
21 P NF-kB 3 p-p65 7K Fl NFATe 1 ) 2 35 7K -
¥ 7t 5 (P<0.05) 5 5 Group 3 #H [t , Group 5 41 fitg
p-p65 7K Fll NFATe1 (1) 3¢ 15 /K 3F- 3 7 & (P<0. 05) ,
DL 3,
2.4 & kIR B A IL-9 ¥ Ak LR F 4a i A STAT3/
ERK1/2 1% % i %
5 Group 1401, Group 2.Group 3.Group 4.Group 5
A0 L p-STAT3 Fll p-ERK 1/2 7K 44 T+ 5 (P<0. 05) 5 5
Group 3 #H [t , Group 5 4fl fifd 1 p-STAT3 Fl p-ERK1/2 7K
SRR (P<0. 05), WL 4.



492 A F K% 2% ] REG ANAT OPER SURG  2025,34(6) http://www. jjssxzz. c¢n
= Group 1 =8 Group 2 == Group 3
Group 1 Group2 Group3 Group4 Group$5 =1 Group 4 IGroup 5
p-pos w—— G GEED D D
iy
X
pos WS GNP GEED IS A
=
=
juang
NFATC s weese GEmms SN DD ©
el
aro (D QD D D W
p-p65/p65 NFATcl
*:P<0.05
B3 SEWEME A NF-kB/NFATc1{ESKE
£ g’ » X 5
6‘0\& 6(0"9 G‘OQQ 0&0\3Q Ggo"Q mm Group | mm Group2 =3 Group3 =3Group 4 =3 Group 5
1.5+
p-STAT3 e sy W SN (Y
i
staT: D A - - A
#
“
p-ERK1/2 wes S @D -. =
o
S 1T T 1 B
GAPDH
- . - - . p-STAT3/STAT3 p-ERK1/2/ERK1/2
*.P<0.05
B4 SHEMBEHMA STATI/ERKI/2ESEHKF
3 g (1 f e, A 5 B % B/ W40 L LA MCSF B 175

B U B T A2 W U B A= X2 .CT F
MRI. i B B A5 AR 2 138 5 Rk i IR
PEVERRAE , 7E BV AE 10 30 2, 051 40 A A B W AL
PRI B AR TR R

11-9 & —Fh Z2 850 40 B PR 1~ , Be ) & 01 o il B
P T2 41 i 4300 , VT 45K & B0 H B A Z Rl Ak IR, OF
P JAE PRG3R R e R e 8 M G 1) 2 s ML
R G BEAE FHY 7R RO DG R A 2
1L-9 Fl 1L-9 SZ AR (1) 22 3K 7K 48 in L 5 21 23 R E 78 AR
%, B IL-9 n] {2 24 B PE T17 40 234k , 1 5 35 5 4 s
 FATE-9 10 A A, 8 128 XA 56T e g 2 J Y i
H IL-9 A 50 F W40 M AKT/FoxO1 {75538 %, 1958
HERREVE M AR RN 5 RE R, BT S, BELIBT 11.-9 ]
ol 2 T P 4 P PR 4 € 2 R R A 4% /0 RV AR 11 ¢
iE K TL-9 38 S AR 2 SRE FIHG A S 5%
18 B ZEPE MR, RIRIE R A R LI 19 )2
2 5 G0E JN R AR AE AT T 10 22 Flope s 1) F Jig . A
FERTIN T U R R PR BRI O R
B LU B TL-9 mRNA 7K, & 807 B 9% 1 2 21
1L-9 mRNA 7K-F-BH I 34 &5, A A 1L-9 Al Gl i A 5 8
A HUB Y 5 | S 1 B 21 2R A B AR Tl R I A AR
ORI

X IL-9 S 15 2 5 4 Bk 41 200 J&] 1 i 41 41

S (Group 2) . MCSF+RANKL HX 4 5§ (Group 3) Al
MCSF+RANKL+ £ # $1 J7 B B 5 15 5 (Group 4) 5
MCSF+RANKLAIL-9 ¥ 455 5 (Group 5) &b 21, I 46 ]
Tz 5 41 B oAb B 5 40 TRAP Fil cathepsin K mRNA [
IR o T B A 6 300 5 D M ) IO R i Tl TRAP
il cathepsin KA S H WL, [HH, TRAP il cathepsin K
18 3% TR 2 10 B 40 L Ak ) BR PR AR S . AR R
I, Group 4 Fl Group 5 ¥JHEHEL & MCSF+RANKL 753 51
A2/ 240 e Te] 1 15 40 23 K, TRAP il cathepsin K
mRNA A7 5, H5 Group 34H EE , Group 5 B T
fiE JJ 5% , TRAP F11 cathepsin K mRNA /K8 & . 1
A1 BT JE B AN A] 3858 MCSF+RANKL 75 5 (1) 4%/
I 5 290 e 1) 0 R 40 B, TL-9 R RE 2 535 oLl s 3t
JE B 114 9 i P T A 1 A A A A

6% 1 240 L R0 8% - 240 LT R 6 35 RANK, RANKL
F2 T E R A L R A L T 4 R e 8 4
2335 . RANKL 5 RANK 254 J5 A S0l B 40 i 1 43
PRI “F5 40 ) R TG PR, RANKIL ) 3 35 % f
PERGEAN B E T T A BOE i B 1, 7
1% B 40 43 Ak o A P, RANKL 34006 NF-«B 37 3 (40
p65) , fifi T 0] 4 i A% 5 32 I A S 5 SN NFATel
1M NFATe 12 A S0 40 M 23 A DG PR e 3k 1 = 7%
SR PR, ] A S ARSI B AN B A Ak G B A 5 0



BB F A %% ] REG ANAT OPER SURG 2025,34(6)

http://www. jjssxzz. cn 493

STAT3/ERK1/2 , % i RIS A 5 B 40 e iy 4 i 45 A

Z ¥ B A G R DL R R WA O B i R

ERK1/2 {5 5 05 35 38 RANK f9 3% 325 FIHA 5 B 1

20 M 73 AL G ] ERK1/2/AKT {5 538 6 1) 1 1k

AJ 4 i) RANKL- 8¢ MCSF-37 S 79 85 40 1 73 16

STAT3 (1l 2 Ak 0T 32 A0 S A2/ 5 Wk A4 L ) 98 e

PAETE AL A 6] B A LAY A, STAT3 2 4ERS B AR S

OGS S (™, ABFFEAR T, Group 4 Hh g Hi g

i B B A MCSF+RANKL 4b B AE % i S 18 p-p65.

p-STAT3 Fll p-ERK1/2 i 7K *F- Fl NFATc1 i 3 35 K-

Group 5 1 IL-9 4 MCSF+RANKL AL B RE A 3] [ A

A 0 H 5 Group 3 M1 EE , Group 5 A5 S HE 1 B ik,

NFATcl i 235 K- LA & p-p65 . p-STAT3 Fl p-ERK1/2

AIZKP B e o U TL-9 A 5 B S AE S N7t b ] 44 o

A, H JR% e TR - A0 e R VRS R B T A 1)

BT

25k LTI  TL-9FE B et 1 4Urh 355 1M, JfREfE

FEVRAI B 3T 138 NF-«B/STAT3/ERK1/2 {5 538 % 4 5%

5 A0 A, AT RETE 6 O Y R R el rh

HEEH.

[B% 30k ]

[1] Lopez-Bernus A, Belhassen-Garcia M, Carpio-Perez A, et al. Is cystic
echinoccocosis re-emerging in western Spain? [J] Epidemiol Infect,
2017,143(15):3351-3357. doi: 10. 1017/50950268815000618.

(2] ®PR¥E v %5 Brsifu RO i A5 e L B4 Sem [T ], sh s
PF 2, 2023, 44 (11) : 112-116. doi: 10. 3969/j. issn. 1007-5038.
2023. 11. 020.

[3] Salman F, Khan MI, Hussain I, et al. Pathological fracture of femoral
neck in a middle-aged woman: a rare presentation of primary hydatid
cyst disease in humans [J]. BMJ Case Rep, 2018, 2018:
ber2017222980. doi: 10. 1136/ber-2017-222980.

(4] % F 1 oA A M, 55 . B dumrse =R B0 ). hiECT
1 MRI 2% &, 2023, 21 (12) : 172-174. doi: 10. 3969/j. issn. 1672-
5131.2023. 12. 053.

[5] Ono T, Hayashi M, Sasaki F, et al. RANKL biology : bone metabolism,
the immune system, and beyond [J]. Inflamm Regen, 2020, 40: 2.
doi: 10. 1186/541232-019-0111-3.

[6] Chakraborty S,Kubatzky KF,Mitra DK, et al. An update on interleukin-9:
from its cellular source and signal transduction to its role in immuno-
pathogenesis [J]. Int J Mol Sci, 2019,20(9) : 2113. doi: 10. 3390/
ijms20092113.

[7] Licona-Limén P, Arias-Rojas A, Olguin-Martinez E. IL-9 and Th9 in
parasite immunity [J]. Semin Immunopathol, 2017, 39 (1) : 29-38.
doi: 10. 1007/s00281-016-0606-9.

[8] Chakraborty S, Schneider J, Mitra DK, et al. Mechanistic insight of
interleukin-9 induced osteoclastogenesis [J]. Immunology, 2023, 169
(3):309-322. doi: 10. 1111/imm. 13630.

[9] Kim SY, Oh Y, Jo S, et al. Inhibition of human osteoclast differentia-
tion by kynurenine through the aryl-hydrocarbon receptor pathway [J].
Cells,2021,10(12) :3498. doi: 10. 3390/cells10123498.

[10] Mariki A, Barzin Z, Fasihi Harandi M, et al. Antigen B modulates

anti-inflammatory cytokines in the EAE model of multiple sclerosis

[J]. Brain Behav,2023,13(2):e2874. doi: 10. 1002/brb3. 2874.

[11] Rt O W S 0ett 55 . ARk Wy 2 41 P05 B 19l 4 4lifk
Lo (0] o e 9 2 Ay 5 95 A AU AR, 2005, 23 (5) £ 296—
299. doi:10. 3969/j. issn. 1000-7423. 2005. 05. 010.

[12] Sun H, Wang S, Tan W, et al. Echinococcus granulosus promotes
bone resorption by increasing osteoclasts differentiation [J]. Acta
Trop,2023,248:107027. doi: 10. 1016/j. actatropica. 2023. 107027.

[13] Chakraborty S, Kubatzky KF, Mitra DK, et al. An update on
interleukin-9: from its cellular source and signal transduction to its
role in immunopathogenesis [J]. Int ] Mol Sci, 2019,20(9) : 2113.
doi: 10. 3390/ijms20092113.

[14] Chowdhury K, Kumar U, Das S, et al. Synovial IL-9 facilitates
neutrophil survival, function and differentiation of Th1l7 cells in
rheumatoid arthritis [J]. Arthritis Res Ther, 2018, 20 (1) : 18. doi:
10. 1186/s13075-017-1505-8.

[15] Wang YH, Peng YJ, Liu FC, et al. Interleukin 26 induces macro-
phage 1L-9 expression in rheumatoid arthritis [J]. Int J Mol Sci,
2023,24(8):7526. doi: 10. 3390/ijms24087526.

[16] Xu W, Tian K,Li X, et al. IL-9 blockade attenuates inflammation in a
murine model of methicillin-resistant ~ Staphylococcus — aureus
pneumonial J]. Acta Biochim Biophys Sin (Shanghai),2020,52(2):
133-140. doi: 10. 1093/abbs/gmz149.

[17] Zou SC, Pang LL, Mao QS, et al. 1L-9 exacerbates the development of
chronic obstructive pulmonary disease through oxidative stress [J].
Eur Rev Med Pharmacol Seci, 2018, 22 (24) . 8877-8884. doi:
10. 26355/eurrev_201812_16656.

[ 18] Ethiraj LP, Fong ELS, Liu R, et al. Colorimetric and fluorescent
TRAP assays for visualising and quantifying fish osteoclast activity
[J]. Eur J Histochem, 2022, 66(2) : 3369. doi: 10. 4081/ejh. 2022.
3369.

[19] Yasuda H. Discovery of the RANKL/RANK/OPG system[J]. ] Bone
Miner Metab, 2021, 39 (1) : 2-11. doi: 10. 1007/s00774-020-
01175-1.

[20] Walsh MC, Choi Y. Regulation of T cell-associated tissues and T cell
activation by RANKL-RANK-OPG[J]. J Bone Miner Metab,2021,39
(1):54-63. doi: 10. 1007/500774-020-01178-y.

[21]Li Y, Zhuang Q, Tao L, et al. Urolithin B suppressed osteoclast
activation and reduced bone loss of osteoporosis via inhibiting ERK/
NF- kB pathway [J]. Cell Prolif, 2022, 55 (10) : e13291. doi: 10.
1111/cpr. 13291.

[22] Oh JH, Lee NK. Up-regulation of RANK expression via ERK1/2 by
insulin contributes to the enhancement of osteoclast differentiation
[J]. Mol Cells, 2017, 40 (5) : 371-377. doi: 10. 14348/molcells.
2017.0025.

[23] Pennanen P, Kallionpiisi RA, Peltonen S, et al. Signaling pathways in
human osteoclasts differentiation: ERK1/2 as a key player[J]. Mol
Biol Rep, 2021, 48 (2) : 1243-1254. doi: 10. 1007/511033-020-
06128-5.

[24] Zhu L, Wang Z, Sun X, et al. STAT3/mitophagy axis coordinates
macrophage NLRP3 inflammasome activation and inflammatory bone
loss[J]. J Bone Miner Res, 2023,38(2) :335-353. doi: 10. 1002/
jbmr. 4756.

[25] Zhou S, Dai Q, Huang X, et al. STAT3 is critical for skeletal
development and bone homeostasis by regulating osteogenesis [ J].
Nat Commun, 2021, 12 (1) : 6891. doi: 10. 1038/541467-021-
27273-w.

(%A B



