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B E BY: WE 4 (electroacupuncture, EA) Xt & J& & (bone cancer pain, BCP) £ & /N i # 4 2%
K2, FHFST 4T 3t BCP /N BUA %8 A 410l F % 4K 4 (C-X-C chemokine receptor type 4, CXCR4) o i
NLRP3 3% JE /MA (NOD-like receptor family, pyrin domain containing 3, NLRP3) i &t %o, £ & B4 4%
REBEROERNG . FiEk: BRRERZEIFNE L ¥ CSTBL/G6 /N R4 4 % B 4L (Control).
WAL (BCP); HANYBARH»: EREREALS L, HDNR2 AHEA L (BCP). #HA + B 4H4l
(BCP + EA); HAMERNBIE R #M o H— PRI EA + &4 + BH 4 (BCP + EA + Vehicle). # A +
W4T + BB A 4L (BCP + EA + SDF-1), &4 6 A. {£/f Lewis i/ 40/, 7£4f C57BL/6 /D ERE, #
ERAMEA., FERA BT NARNEEREE S RER U REANEZEMBENL B, FH 1
K. MEBH/NR LG R OHARR 34 B 5T B {8 (mechanical withdrawal threshold, MWT) Fo#45 £ X
4T {R 3 (thermal withdrawal latency, TWL). & A %% B 7 4 0 /N B L~L, # i 9 CXCR4. NLRP3.
caspase-1. IL-1B #y&kiA. ZER: HGxtE4 Mk, BCP 4/NRAE 7 K4 MWT fo TWL § & B,
CXCR4. NLRP3. caspase-1. IL-1B &3 ¥ & 7&; 5 BCP 414 th, BCP+EA 41 MWT #u TWL ¥ & 77,
CXCR4. NLRP3. caspase-1. IL-1p &k W] B 4{K; 5 BCP + EA + Veh #4148 th, BCP + EA + SDF-1 41
MWT #1 TWL ] B 1%, CXCR4. NLRP3. caspase-1. IL-1B kAW B I, &it: B4 G TUE
A% BCP AN R W 8, X — 1B ¥ Ak 5 ®.4H 0% CXCR4 # B #E A K.
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Abstract Objective: To observe the analgesic effect of electroacupuncture (EA) on bone cancer pain (BCP)
model mice, and to study the effect of electroacupuncture on chemotactic receptor factor 4 (CXCR4) and its
downstream NLRP3 inflammasome signaling pathway in the spinal cord of BCP mice, and to explore the basic
mechanism of electroacupuncture in relieving bone cancer pain. Methods: In the first part of the experiment,
C57BL/6 mice were randomly divided into a control group (Control) and a model group (BCP). In the second
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part, they were divided into a model group (BCP) and a model + electroacupuncture group (BCP + EA). In the
third part, they were divided into a model + electroacupuncture + solvent group (BCP + EA + Vehicle) and a
model + electroacupuncture + agonist group (BCP + EA + SDF-1), with 6 mice in each group. Animal models
of femoral cancer pain in C57BL/6 mice were established using Lewis lung cancer cells. Groups requiring
electroacupuncture treatment received electroacupuncture at the Sanli and Kunlun points on the left foot on day
8 after modeling, once daily until day 14. Mechanical withdrawal threshold (MWT) for mechanical stimulation
and thermal withdrawal latency (TWL) for thermal pain stimulation were observed in the left hind paw of mice
in each group. The expression of CXCR4, NLRP3, caspase-1, and IL-1p in the spinal cord (L,-L;) of mice were
detected by immunoblotting. Results: In comparison with the control group, mice in the BCP group showed
significantly decreased MWT and TWL and markedly increased expression of CXCR4, NLRP3, caspase-1, and
IL-1B from day 7. Compared with the BCP group, the BCP + EA group showed significantly increased MWT
and TWL and markedly decreased the expression of CXCR4, NLRP3, caspase-1, and IL-1B. Compared with the
BCP + EA + Veh group, the BCP + EA+SDF-1 group showed significantly decreased MWT and TWL
and markedly increased CXCR4, NLRP3, caspase-1, and IL-1p expression. Conclusion: Electroacupuncture
treatment can alleviate nociceptive hypersensitivity in BCP model mice, and this effect may be related to the
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inhibition of CXCR4 pathway activation by electroacupuncture.
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(1) LI BY: 6~8 Ji i SPF 4% {d FE K 4
C57BL/6 /N 50 H, 4K 20~25 g, W E M E
BER st (BIVFATIE S : SYSK(75)2023-
0011) , FREEMRMERIRZ L FH P HOmETE, =
I (20+2)°C, 12 W12 h e/BEEH, H HFEKEE,
FESCIS AT, /N EIRATIE R 3 R P sk
56 5 345 B4R N =R K 5 3h M e B 2 01 e
(IEHHES: 2022118016) , FHFAFAEER B4R
Fr S 56 sh 4 38R0 FH 48 Fa R ) Bm 2 0 25 2 R T
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(2) FEERIGWA S CEE: /DR Lewis Jili 3
g0 CHE R AR, TCM-C742) ; £ v [ Hifk
Anti-CXCR4 (Novus, NB100-74396); % B 77 [ 41
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& Anti-NLRP3 (ABclonal, A24294); 5 50 B i 14
Anti-caspase-1 (HuaBio, SU40-07); i # 7¢ B 40 f&
Anti-IL-1B (HuaBio, A7F7-R); % 5. 5% [% $t 4K Anti-
GAPDH (HuaBio, ET1601-4); I #7417 Hy7 (X
CE PR R K B FRARF R AR, HI200) 5 von
Frey MIJf 1 442 (Ugo basile, 37450-275).

2. ik

(1) Fr 4RI i /N BB B G T B I R L
UG ST AR B 4: # CSTBL/6 /N B BE AL 43 v X R
4 (Control). ALY (BCP); HLAHIT RO ZE 5 2):
TE R AR b, RN R AR (BCP)., 15
A+ HETA (BCP + EA);  HUATEURHLEITR R & 5 it
— BRI + B + T FFIZE (BCP + EA + Vehicle)-
AR + A + 05740 (BCP + EA + SDF-1), #34
6 Ho SR HHBEAESCHR G 71 1Y, N RUE A 3%
SERGTHEAT RRIE . PR RRIR R B R, MR,
FH 20 wl S 4907 5 28 K5 10 wl () LLC 40 A 2 i 22 18
TE S B A BB T S Y o VS S B A 4
H90s, FRUIMIEAE . WA S, FHIGCHE W
HEES AL, P RE . RN RS B
S 10 pl o PBS.

(2) HEF: EEBREHSRFHES
14K, BHAT 1 IRBEE T, EEUEEMm « 2
=R CRBAT R, RMusEEERE T
17 RIBM (R R GEH—RO , B
- 90 45 SR 1) 0 S 6 B R] (R BE 1 /NEE . SR
0.18 mmX 13 mm —X V24, B4 E1EE: “HI200
S 75 REDTAL” , BIT S RITAREN
2 Hz, 1] 30 min, HIEHLIR 0.5 mA. 25 &0
TULH /N BRI IO R 7 &, (AN L.

(3D HUBRIRASIN :  HUBRR A 2 SO BB (me-
chanical withdrawal threshold, MWT) K von Frey £f
Y 225 Ry N AR 52 i Fe bs, B a8 75
LA B A &7 AT . ANRIEHRERT 3 KiE
NLSEIGIAES,  IE AT PSR 40 mine FRHL R
Ja, BN 0.4 g FFURIIE, N4 4F 4224 B S RIR
FF5s, ME/NRZEHBIGE 2R, Wi H Iy
BRI SOBE, REN “X7 5 ez MBI, ik “0”,
BE 1 D0 s AR AR AN — R e 22, BRPEAR I, PEIK
V) B B T AS 2D F 5 mine B ER 1 URBH M OB T — A
B AR kS s, FESRE 6 K, A “up-down”
JiFAHE MWT RI1E.

(4) FRATIN: 0SR20 G IR I A R R
B8 AR B (thermal withdrawal latency, TWL) 1E A #4
PRI 52 M B 4E AR . RTE A WL & Rk AT, 1%
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BT 10 min, SILHEES 3 K.

(5) GPBEELZEATIN: BN L~L 19 B B3,
TN B B0 1, IINIE & RIPA AW, BYHE,
fifi FFB A A1 AL BT S, 4°C, #E3E 12,000 rpm/min
B0 15 min, HHEC EIE W, BCAVEMNKEE, fiH
RIPA I, FFEMA EFEZMR, 95T
IHAAEYE S min f5, 7 RRAE-80C & M. KA
T HE 30 pg BFER A ERAARRL. fEH 8% ~12%
SDS-PAGE Ji #F 47 HaL Uk, HL Uk 56 % % B 3] PVDF
JEE b, 5% i e 9k =R E A 1 he —HUELEE GV
Anti-CXCR4 (Novus, NB100-74396), % Jf Anti-NLRP3
(ABclonal, A24294), [RJi Anti-Caspase-1 (HuaBio,
SU40-07), U5 Anti-IL-1p (HuaBio, A7F7-R), #Ri
Anti-GAPDH (HuaBio, ET1601-4). 4 C % K — $1 %
HiL®, f#H TBST ¥k 5 min X3 K. BRI
AR L FE P R E R ZRFE 2 h,
Fl TBST {3 5 min X3 K. I ECL & )6 ¥ 75 g
HHL T R, 152 E A6 imaged 34T K FEAE 7
#r, GAPDH NN 2.

3. G T

AW T HE R GraphPad Prism 9.0 #HT 45117
PrAEEL, THEFORSR A% = FrifEiR (X £SEM)
Foore YA LA FIBhSTREA ¢ 006, BARSR] 2
2H 18] Lo K FH 5. R 28 77 22 73 B (one-way ANOVA),
Z 5| H 2 /TR 5 2 8] EL R H Two-way ANOVA
(Bonferroni's multiple comparison test) 734, A48 7K

#E 0=0.05, P<0.05 ANAZEREHGITE L.
#® B
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W /N R BRALRIASE AL A, o BIAEIE AT 1 KA
BERE S 3. 50 74 10 14 KT N2=e (L
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H 1k, 37 0. 7. 8.

EEIR A @ ST AN (72 = 6, X £SEM)

(A) LI RAEE, ARG E . ATy M TA) . BRI IE) s (B) AN RIS TA) s AT A i s 12 St AR (C) A
[ ] . ) A0 R S S R 41

#5p < 0.01, ***P<0.001, XML

Bone cancer pain modelling and evaluation (72 = 6, X =SEM)

(A) The following flow chart provides a comprehensive overview of the experimental procedure, delineating the temporal
framework encompassing modelling, behavioural measurements, and sampling; (B) Mechanical withdrawal threshold at
different time points; (C) Thermal withdrawal latency at different time points.

**P <0.01, ***P < 0.001, compared with control group.
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NEEREI (LB 2A) o SeiRsE R R, SRR
Ebds, 18 + 37 4/ R MWT A TWL #4545 & E
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) 2R 35 AR A A HL A L T E

TE G5 (56 14 R BT A5 §il UM 3E4T G 72 B
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caspase-1. IL-1B & [ & & B & 7+ & (P < 0.001),
& AT TEIT G, B+ 16T 4IX 25111
RGBS AR TR 2 R 2 PRI (P < 0.05, P < 0.01,
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T PR R FENT BCP /N IR RN, S /N R AT 740
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12 KIFUh, EHREEITRI L h, A F/IRES3 K

FULARLE, A4+ HEF + BSNFIZH ) MWT F1 TWL B
B (P<0.05, WK 4B, 4C) . CXCR4. NLRP3.
caspase-1. IL-1B )G BN Ss R R, SiaHI4
FHEL, BRI FIEORE R E & (P<
0.01, P <0.001, WK 5 . PL_L4g55% %P CXCR4
(R ITE 1  T H S BCP /N SR KAEIR BN
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X5 BEAE R 7 — 8 P, B R IE R TN B AT
TBYT I E AT BCP /N R — @ R N, 7

S

2025/10/22 11:58:56 ’7



——

(T

¢ 760 - FF [E PR R 7 44 & Chinese Journal of Pain Medicine 2025, 31 (10)
A

BEREISE EREEF

] 4 1 [ | L1 1 [ ] [ > O EREITHEMET

1 0 1 2 3 4 5 6 7 8 9 10 M1 12 13 14

[ st
O o O @ O O
O o0oogoooddano
B C
—0— BCP —a— BCP + EA —0— BCP —a— BCP + EA
315 15,
kel @2
e >
= 1.0 T 104 . .
Y] ©
S 5
$ 0.5- 2 5
IS T
g :
© [0
£ £
% 0 T T T T T T 0 T T T T T T
-1 7 8 10 12 14 -1 7 8 10 12 14
Days after TCI Days after TCI

2 HUERXN R RN (72 = 6, X =SEM)
(A) SLIRAE IR, BFRIERIN R AT I (] ORI A AT T (], e TS E: IRy 2 Hz,
I 16) 30 miny FHCBIR 0.5 mA; (B) FLUEF T TS HUBORI WA AL S BIEARAG s (C) FIEFT T #h e 2 s S5 AR 3
£
*P<0.001, 5 BCP #4lAHLL

Fig. 2 Analgesic effects of electroacupuncture in mice (72 = 6, X =SEM)
(A) The following flow chart provides a comprehensive overview of the experimental procedure, delineating the time
frame including modelling, behavioural measurements, sampling, and electro-acupuncture interventions, parameters of
electroacupuncture intervention: treatment frequency 2 Hz, duration 30 min, stimulation current 0.5 mA; (B) Changes in
mechanical withdrawal threshold after electroacupuncture intervention; (C) Changes in thermal withdrawal latency after

W 20257 10814 3 .indd 760

electroacupuncture intervention.
*P <0.01, compared with BCP group.

ML b ] B 5 g AT LA/ B B8 - CXCR4 A
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Bt PR 2808 1T e S FLET BT LA Hi] CXCR4-NLRP3
TR BEE K.

A 8 PO 1 R e TR AT B T DR TS 1 R B
HUAMRE T FHM S uL, M et .
Shen £ P Jf 43 &k B0, BCP K% f SDF-1 78 45 6 &
TEI R 4i M i A8, VER 40 B CXCR4
M55 KK T . B BF 70 R B, NLRP3 /£ 8 #E
BRIt NI, B R AN s A
Fik, NLRP3 {806 v LLE S /08 e 53 40 i 7% 16
1M 51 A2 4 28 980 5 B0 MR Bk, i HL I8 o 24 3 2
il NLRP3 1] LLZE A o i B2 S8 BT 70 48 3%
], CXCR4-NLRP3 15 5l 75 7 g 1 4% o 2 A 81 22
VEFH o TE/NRRAL B #2218 M IR0 R AR A o, 0 g
] CXCR4 W] 3@ it 7 2 5 i it ot 48 A TXNIP/

S

NLRP3 % JiF 41 0 ok 22 ff 1 40 0 BV e 200 it
Ab, FEAME ] fi3 IR AR A o, SDF-1 1 R 5 T 0%
CXCR4, JEifii# i NF-«xB/NLRP3 15 5 3@ #% /1 '3 #8
AT, SPEDRA L % SDF1/CXCRA4-
NF-«kB-NLRP3 {5 5 4 U ] 47 R bl B A% 40 o £ T
O f A () SR AR AR OGP B, X e AUt SRR,
CXCR4-NLRP3 {5 5 il 1 9 & i Ak ¥ 5 4 1 4 0
B, ATRENEIRIGIT IRALET I 0 T R AT R
71N, TR A L B A A A AT A0S ) R B A
FfE [ CXCR4, #2240 T4 A NLRP3 {55
WA, FEURRRAE.

2N S5 DL AR FLAHE R IR 9T A AL
B2 = BN R AR YT X R
22975 R PR AN R AH SCPE IR 38 3 IR IT L
B, AR ML H AT AN R . Wang & B @ i x)
BCP KRR ML (dorsal root ganglion, DRG) [1]
BERR A B A T2 o A, S5 R R ALY R h A
Z MR [ (mammalian target of rapamycin, mTOR) {5
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Eg 1.5 Eg 2.0
cxcrs [ R ] 41 <0 §3
GAPDH [Fm e e S e e S e | 36 KD 2E 2% 10-
3205+ €05
— (s3] xg 057
NLRP3 [ B O S S B B B M| 1 <O 2 o] g ol
GAPDH I--.-.---I 36 KD Control BCP BCP +EA Control BCP BCP + EA
D caspase-1 E IL-1B
%’é 2 %’é 2]
v [ <0 ;¢ i
GAPDH [P S S — ————| 3 D s ' 25 ']
s 0 504
Control BCP BCP +EA Control BCP BCP +EA
B3 AR/ EBEN CXCR4. NLRP3. caspase-1. IL-1B [{J3RiX (72 =6, X =SEM)
(A) Yo P BRI /N B L~L, B 88 CXCR4. NLRP3. caspase-1. IL-18 PL X GAPDH #ik /A EEH#%; (B-E)
%t GAPDH #rEfb o B F R IAGE i K
#6xP < 0.001, HxfHEAMLL: P <0.05, “P<0.01, 5 BCP+EA 4Lk
Fig. 3 Expression levels of CXCR4, NLRP3, caspase-1, and IL-1f in the spinal cord of mice (72 =6, X TSEM)
(A) Representative images of CXCR4, NLRP3, caspase-1, IL-1f, and GAPDH expression in the spinal cord of mice from
L,-L¢ detected by immunoblotting; (B-E) Statistical images of protein expression after normalization to GAPDH.
*#%P < (0.001, compared with control group; “P < 0.05, “P < 0.01, compared with BCP + EA group.
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(A) LR RFEE, IEIEBIN R AT 220052 I 6] BRI (8] L A AT J9U [R] DA & SDF-1 88 N 5T I E); - (B)
SDF-1 # A5 5 HUBCRI A /2 S 5 B 284k (C) SDF-1 #i§ A A5 5 e 2 S5 v AR A2 4k
*P<0.05, 5 BCP+EA+ Veh 414
Fig. 4 Intrathecal injection of SDF-1 reverses the analgesic effect of electroacupuncture in mice (72 = 6, X =SEM)

(A) The following flow chart provides a comprehensive overview of the experimental procedure, delineating the timeframe
including modelling, behavioural measurements, sampling, electro-acupuncture interventions and intrathecal injection
of SDF-1; (B) Changes in mechanical withdrawal threshold after intrathecal injection of SDF-1; (C) Changes in thermal

withdrawal latency after intrathecal injection of SDF-1.
*P < 0.05, compared with BCP + EA + Veh group.
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Fig. 5 Intrathecal injection of SDF-1 reverses the inhibitory effects of electroacupuncture on CXCR4, NLRP3, caspase-1,

and IL-1f in the mouse spinal cord (72 = 6, X =SEM)

(A) Representative images of CXCR4, NLRP3, caspase-1, IL-1f, and GAPDH expression in the spinal cord of mice from
L,-L¢ detected by immunoblotting; (B-E) Statistical images of protein expression after normalization to GAPDH.
**P <0.01, ***P<0.001, compared with BCP + EA + Veh group.
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