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W OE OERREMPRRME. MARENE. WRERFEAS MRS, WRSEERER N
TR R F LT B R AL /NS 2 HE R % SE B A B B B A S A RN R BB Y R
50 MERRALELE, HHMATFERSWEFHEREM. HERX T/ MNRT AR ENE R
BRAE. ARPHEZEACKARARA. FEBARST, BB/ 20 1 ¥ 8 2 02 3Rk A
T BRaR AT REHRETEES IR R EER. AXUUNEERELATINR,
F RGN L8 0 BT GRS B R R A K B EEATL .

KWW BRI, MNESRa; Ei; HLE

ot 11 5 Ok A LR TR R AN AN B, B
S RE A B 5] R IR AP U V6 97 i SR & i . AR R
A BRIERE AR BRIR S, 88 R A 2R e AR K
filiges . FUIRIE . RO Z0 M Mo Tk e R B R AR
B, WG E R, ™EENSEIRRE
MG E. Hb TR 4R,
Wi PR b 2 $0E Je i T R 15 21 78 7 P I 22 /g, [T
PR IT B J i 0 R AE ML . FoR A A7 FE 2
I PR S TR ¥R T BT RV A . DA B e R TR AT A
ZAER T MET0, M RA O A X /N I 5t 41 B 75
A AEH IR PR IR iR, TR iR,
HHRR /I8 J2 J5 200 PR B8 I R A T AS RN T e I R
TSRO EAR 4 72 5 H PRI R e A4 +F .
AR ST /)N B 5 240 9 A T e e R R R R B AL
HHATZRER, R4 1 DL/ B TR 40 B o A5, ) L3
BRGNS EE, B R IR B YR T SR A
B

/N TR A M ) — R

N TR A0 B A R X A 28 R G A PR R 2
a0, o5 AT PR RS Y 5% ~20%. 4T i
RIBERZE BRI EATRIET 50 28 FE 1) 20 hEtH 40,
BEJERAT B KN, — B ETHRiRmME Rg, Dk
JOR 2 K A A MU A A i A B R R AR AR, JF
W E R E R R B RS . S fbisET .
PRI AN 2 TS B B B oG B B Y, 7 1 SR
/N A A S 2R A R, R T

HIPER S O SE . IbAh, N BTAHfL EE DAAN R TR
A/RBUEAE,  IXELT /NG 57 40 i Fir Ak PR TR 58 2
FLRT 2 R 2%

1 E RS

IEFAEBEFMT, DR T EIRE,
FEARGE A AR R A 7 A IR =52 (adenosin tri-
phosphate, ATP) $if3HE & . H T H XS RGN
N RPERR R AL, /N4 MK RN
SRR I FR S S5 U o B W B AN i
AL, HXF AW YERFOGE N . HBEE T
AR AR A H B, F 783 R B/ B I 40 i 5
AEFE L ANB, T e I AR R T A H P SRR A W i
AT AT v B BRRIR A, AT J% ] I A 855 1 £
o R, N XA REERE L
FRAVEFRVEN, IR RIEE S EMEH DL4EP IE % K
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2. RS

/N Tt 440 A Ry A R 8 R G o LI B —
TERIERT 4, — B R ARAS . I RRE ) B,
AN T A PR B A K R RS, IR R
AL, WIS R, R B, DULR
PR E T, FHRFHAE. ZIhReH 2 gl
R SZAEA T, X852 AR AE TR ]9 5 A B A 6 A
Koy TG, XRS5 M OB B B0 I
/NS BT 40 AT B AR AN [E I R A e D RE IR A, E
BLAYON CEBUTE T 2R M1 AR R ERBOE T
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M2 8, e, MO BL /N A A RT A v A
B 28 R+, Qi 8 PR BB Rl ¥ (tumor necrosis fac-
tor, TNF)-a. [4 41 i ** & (interleukin, IL)-6. IL-12.
IL-15. IL-18. y T & (interferon-y, IFN-y). % 57
— AR A (inducible nitric oxide synthase, iNOS) %
REW A FAER, 0 4 205455 f i 4 50
Rio 53— 75 TH, M2 B/ 5 40 A i o b 4 5 1R
T, W IL-10. IL-4. ALK -p (transforming
growth factor-B, TGF-B), 4EFFHiXiasds, =54
RN, BEZHRALR., Rtz cEEs. KA
RADSHAS fi SRR PE s, AR E 10
A TR R 2 B ) A G B A B B SR AR AL . T A
K, SR T /N A M A S PGB AT MR AR
XA 2 R GE R i 9% 0 P 5 075 2 T fR I 2R 15 2
TAHEMEESR .,

T N R AN E A S 5 R AL

T 2 56 T R DO BE AL AR R AR AR T
R R BR 22 B FU R B, /N R 0 4 L 9% 184 B 3 A A
S IR 0 R SR RN e b R PR AR . e g
SRR, HORK N5 A A O S R AR TR A AN T e
MR, S R R SR A R T S A A
FH AT T R B IR Y R LR RN o

1. i R PR T

S S5 44T B T 3 1 PO AT 9% 200 L DR 14D 48 g A
SRy M R P S AN VR A 1 AR T i
3R AT M T B R R R I R R M S T A PR /N R
JoFG 490 L 368 gk SRR TR % 0 L R - 3 — 25 i
i, SRR, B\ N R s P i A
/N AN S AT AR IR R AN R T R
IL-1B. TNF-o. IL-6 ™%, HJflix & 7 v A i a] LA
GRS E R Aot KW, FAH TNF-o &
FSCA IR0 ) FBE f P A% e e R A 2R B P R LG
JRBURARR, PRI BER TNF-o Rk, FHif
DAY B 2 BT VD) BE i e A e b 35 3 1 i o e A T
HEEH TEBER MM, K TNF-o & . 2
i, Liu %5 "% 308 P9 45 245 MRS2395 (/)8 Ji Jsi 4
FER T SZARIIHIFRD 167 B R RS, AR
ERFEPT, NIRRT 4 MR TL-1B+ TL-6
VIR 98 /b, {H TNF-o 1300k 5 AR L IR e 2
So K2 AT BE R B TR AR IR iR A A R
ANFL SEIG SRR ZE R W R R AT R
YE 58 Sk ¥ i P9 ] [X. (rostroventral medulla, RVM) 3=
B A% ELGE M DORAZ R, T HRYCR B R
G Rz Jo R i S K SR LR B SR AL A R, A
JG I NS B RES S AT IE] /G4 R G
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RS B AL . Liu 28 U WAEsE 7 sy
FHIX S KA B AE RVM PR35 B, IF BB
¥ p38 MAPK #1 il 7] (SB203580) fE i 41 il />
IR AR E AL, FRARAH G RA R RIS, BB
PR R . R AIE T 6 JRAIE S T /0N 5 4 e v
A AE B SR IR TP VR S SR ) 0 ) L A T AR A6
I IR IR R TS PR

2. A4z Ak

TEAOTR S 1R /0N 2 5 248 PR e B 22 o 3R TS24 PR 2R
KN, CAET OIS SRR AR O 1 2 Ak R B
N4 BE P2X A2 4K (P2X4R. P2XT7R). FEIAHE P2Y %
& (P2Y12R). F&MLIE F 524K 2 (cc chemokine receptor
2, CCR2). CXC B fLA ¥ 32k [chemokine (C-X-C
motif) receptor, CXCR] 3. CXCR4. CX3C 74 1k [A]
5244 [chemokine (C-X-3-C motif) receptor, CX3CR] 1.
/1N JS2 5 240 TR 3R THD ) PR A e 2 A R S 5 Al Yz
B W FBUME SRS, R AR N 2
TAANA . 0 HX L8 52 RN T LALR iR B i, IR
O] 7N J2 I 200 B PR 3% A B AR A 40 B IR 1 ) Rk . AT
FNE DR TR DL, R K RCA /N R 4
fiil Hh P2X4R (1R IE L, 45 & 3T N AR b
#, HED P2X4R Z 5B iR RGeS o Jin 2 1Y
R BN J5T 4 B 26 T P2XAR (E 18 5B 8 o 45 I
ZAE A BEEAEH, HE5HERETE M Toll #3214
(toll like receptor, TLR) 4 [ 383 Ao i Pk o 2 5
F (brain-derived neurotrophic factor, BDNF) }%
TNF-o [ 50 WA, 5348, TLR4 Al RgdE T p-38 15
5 10 PR O BE /N R AN R ) P2X4R, S EUH X
AR U AL T2 R R TR A
JRFE G S PRI AR KR, SHNERL S ER]
PUBE B G SR AR S, IRRAESE K
FEMAR, TSI K — RINVEDF RN . Yin 25 1 @
R R RS, IR T CX3CRI 1EH
PR ER . IS, Hu % "ESZ T CX3CR1 1
AHE/NR R AN ERE Rk, BN CX3CRI
PUARTER SR e A UBRR ) RIS, IR AT 4]
/N 5 4 LT AL . B TR B CXCR3 3 A1 T H X
ML RGN R MY BhAh, dhg ekt A
T/ AR e B3R 0K 518 VE A F IR AT R I AR A A
Ko Bu %5 " 7T & BLBH T CXCR3 Al 22 R 1 9 1%
R B, S DA o B ek kb e 7
CXCL10/CXCR3 ] geidd Bud /MR R4l 2 5 &
ST R IXLeH R M A0S, AR/ R
S MO A BE A 2 B R 2R R IB B0, FE [ 40
1) /I o7 248 B 2 T 32 A B i Je R TR T T B8 7 3K
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3. PR E Sk

B 908 I IR /0N B 5T A0 L PR A0 K 2 (S T
HCULE 1D, 4 Janus WEE/ME 5 5 A SOBUE
¥ (janus kinase/signal transducer and activator of tran-
scription, JAK/STAT) i& 12, £2 24 J7 i 1k B8 (1 ¥
(mitogen-activated protein kinase, MAPK) &1, &M
P40 B (protein kinase B, Akt) {5 il i, @© JAK/
STAT 38 8% 1) 0T A2 18 1 7 vh B A A5 5
B2 —, Chen % "V WHoU R I, 16 % K R EP,
A p-JAK2 M1 p-STAT3 & ik T it s
PG R I, p-TAK2 X 5 5 # /) i Jo 40 e 3t
fr, M5 ERKRMMAHE TR O 7R
J5 3% 4k 85 (A ¥ B8 (mitogen-activated protein kinases,
MAPK) 8 5 J G 45 40 g S0 45 5 B (extracellu-
lar regulated protein kinases, ERK). p38 MAPK I
c-Jun % 3 &K 3 # B (c-Jun N-terminal kinase, JNK)
Fk, =G50 EOE Y CUE S 5 /N B 5T 4
AR G . Wang %5 B 7E B i i AR R o [m] R B
AN RANML RIE R BT, #H 4T F p-ERK 1
RikTtim, #— UKD NES U0126 (—Fh
MEK 57D J&, & i 185 K i Bk B80S DA 22
ff. T Hu %5 P2 R IR TR 41 7= A= ) CXCL12
I 55 W T A TN R LA, B S
W 7t 3 B CXCLIZ/CXCR4 T 38 1ok PR ERK p38
MAPK Al INK {5 = il ¥ /5 i R . X

JAK2 _ ERK  p38
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FE7R T BHWr MAPK {5518 I 56 22 fif B 96 175 K I o
T R R A IR AR R E . B Akt 2 —Fh
22 R/ Tr A MR T, R A R I ULEE 3-Ue
(phosphatidylinositol 3-kinase, PI3K) 4 #fi 1 4l Jfg #
GBS, A T RERAIRES . Jin 2 P AR
ARSI ORI, AL AR 1 B I (monocyte che-
moattractant protein, MCP)-1 7] DL /)N i J53 241 B A
PI3K/AKt 5 5 8 . 117 38 2 45 A VE 5 1 MCP-1
AR T A0 ) B IR OK B B p-Akt ERIL, H
BN LT PI3K #4751 LY294002 AN BE 1]/ S5
YRSk, B PTIRAR R MW U . Guan 25 Y
WL E CXCR3 £ FJE K B FF) I 75 AR 22745 (dorsal
root ganglion, DRG) H' [ IABEIN [A]356 1, H. 226X
Gegh W oR CXCR3 5 /M4 i R i dnic 3t
By B PHEFUIESE TR CXCR3 #ud)E, g
Akt M1 ERK {5 5 38 A HEH i BT RS AR

j‘ Q:E‘_?E‘_

g BT, SE A /N R 5T 40 R i oy ik 28 B
T RRAMERIZ AR, BUEH S ESERS S
TR I AR A s AT BEVE AL, F0 S R
2P RN T LAk B R E e I H 1. SR, K

TIN5 A T A AE B R S A A B AL, B
TR R SRR, BT H IS [F] 5256
SEIR: HOHE AT B R A 1) Bt AR PR T I R
RIS, AHSCIG PRI SR IE R > . 73— 71,

Bone Cancer Pain

B NREAESSE RN S K E

JAK2:Janus J4fif 2; STAT3: {5 54 S MESFEHGE R T 3; ERK: JUM0ANM Y & A 38T p38: p38 L& FiHibiE
FIPANE; INK:c-Jun 23 R u Bl ; PI3K: A e VLA 3-8l s Akt: 22 %R/ 75 & B & 13§ ; U0126:MEK #])
#1177 2424, SB503580:p38 I 71 ¥ SP600125:INK #1171 *?'; Wortmannin: PI3K #1171 *¥; LY294002: PI3K

il

W 202079 E Fid00.indd 687 $

(T

2020/9/22 14:18:27 ’7



| T T

* 688 -

/NI S 240 ML T 9 A O D REAR SR AN [ 1 “ 22 il

fie %

M1 B “IEFEBEEE” MR M2 A, KPR

AU 6 /5 205 A S TBEI 472 TLRD
ARERE ). A (B PR o o A
G A R N e S B E N 4
NI A S, S BT BRSO T
T 1

[10]

[11]

W 202079 E Fid00.indd 688

& £ X W

Bray F, Ferlay J, Soerjomataram I, et al. Global cancer
statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185
countries[J]. CA Cancer J Clin, 2018, 68(6):394-424.
RESE A BFUR, L ERRAIRIT
BERE [J]. HIREZABEER , 2019, 40(2):126-130.
Tay TL, Hagemeyer N, Prinz M. The force awakens:
insights into the origin and formation of microglia[J].
Curr Opin Neurobiol, 2016, 39:30-37.

Yang L, Jin P, Wang X, et al. Fluoride activates microg-
lia, secretes inflammatory factors and influences syn-
aptic neuron plasticity in the hippocampus of rats[J].
Neurotoxicology, 2018, 69:108-120.

Sellner S, Paricio-Montesinos R, Spiel A, et al. Mi-
croglial CX3CR1 promotes adult neurogenesis by
inhibiting Sirt 1/p65 signaling independent of CX-
3CL1[J]. Acta Neuropathol Commun, 2016, 4(1):102.
doi: 10.1186/s40478-016-0374-8.

Saijo K, Glass CK. Microglial cell origin and pheno-
types in health and disease[J]. Nat Rev Immunol, 2011,
11(11):775-787.

Watkins LR, Hutchinson MR, Rice KC, ef al. The "toll"
of opioid-induced glial activation: improving the clini-
cal efficacy of opioids by targeting glia[J]. Trends Phar-
macol Sci, 2009, 30(11):581-591.

RIE K, AR L /N o P AR A A A 2 B
Jii AR FE A FE0E e [T]. P R R 2 A0 3, 2018,
24(2):130-134.

Zhou KX, He XT, Hu XF, et al. XPro1595 ameliorates
bone cancer pain in rats via inhibiting p38-mediated
glial cell activation and neuroinflammation in the spinal
dorsal horn[J]. Brain Res Bull, 2019,149:137-147.

Gu X, Zheng Y, Ren B, et al. Intraperitoneal injection
of thalidomide attenuates bone cancer pain and decreas-
es spinal tumor necrosis factor-o. expression in a mouse
model[J]. Mol Pain, 2010, 6(1):64. doi: 10.1186/1744-
8069-6-64.

Liu M, Yao M, Wang H, ef al. P2Y 12 receptor-mediated
activation of spinal microglia and p38MAPK pathway
contribute to cancer-induced bone pain[J]. J Pain Res,
2017, 10:417-426.

——

(T

rh [ E & 5 2 2 & Chinese Journal of Pain Medicine 2020, 26 (9)

[12]

[13]

[14]

[17]

(20]

[22]

(23]

[24]

S

Liu X, Bu H, Liu C, et al. Inhibition of glial activation
in rostral ventromedial medulla attenuates mechanical
allodynia in a rat model of cancer-induced bone pain[J].
J Huazhong Univ Sci Technolog Med Sci, 2012, 32(2):
291-298.

R, T, EUMF, 55 . P2X4 ZARE KRR
HE IR P AR AL BT RENLA [7]. b ORI R 2R
2011, 17(1):41-45.

Jin XH, Wang LN, Zuo JL, et al. P2X4 receptor in the
dorsal horn partially contributes to brain-derived neu-
rotrophic factor oversecretion and toll-like receptor-4
receptor activation associated with bone cancer pain[J].
J Neurosci Res, 2015, 92(12):1690-1702.

Meng X, Gao J, Zuo JL, et al. Toll-like receptor-4/p38
MAPK signaling in the dorsal horn contributes to P2X4
receptor activation and BDNF over-secretion in cancer
induced bone pain[J]. Neurosci Res, 2017, 125:37-45.
Yin Q, Cheng W, Cheng MY, et al. Intrathecal injection
of anti-CX3CRI1 neutralizing antibody delayed and at-
tenuated pain facilitation in rat tibial bone cancer pain
model[J]. Behav Pharmacol, 2010, 21(7):595-601.

Hu JH, Yang JP, Liu L, et al. Involvement of CX3CR1
in bone cancer pain through the activation of microglia
p38 MAPK pathway in the spinal cord[J]. Brain Res,
2012, 1465:1-9.

Vinet J, de Jong EK, Boddeke HW, ef al. Expression of
CXCL10 in cultured cortical neurons[J]. J Neurochem,
2010, 112(3):703-714.

Bu H, Shu B, Gao F, et al. Spinal IFN-y-induced pro-
tein-10 (CXCL10) mediates metastatic breast cancer-in-
duced bone pain by activation of microglia in rat mod-
els[J]. Breast Cancer Res Treat, 2014, 143(2):255-263.
Chen SP, Sun J, Zhou YQ, et al. Sinomenine attenuates can-
cer-induced bone pain via suppressing microglial JAK2/
STAT3 and neuronal CAMKII/CREB cascades in rat
models[J]. Mol Pain, 2018, 30(5):165-168.

Wang L, Yao M, Yang J, et al. Cancer-induced bone
pain sequentially activates the ERK/MAPK pathway in
different cell types in the rat spinal cord[J]. Mol Pain,
2011, 7(1):48.

Hu XM, Liu YN, Zhang HL, et al. CXCL12/CXCR4
chemokine signaling in spinal glia induces pain hy-
persensitivity through MAPKs-mediated neuroinflam-
mation in bone cancer rats[J]. J Neurochem, 2015,
132(4):452-463.

Jin D, Yang J, Hu J, et al. MCP-1 stimulates spinal mi-
croglia via PI3K/Akt pathway in bone cancer pain[J].
Brain Res, 2015, 1599:158-167.

Guan XH, Fu QC, Shi D, et al. Activation of spinal
chemokine receptor CXCR3 mediates bone cancer pain
through an Akt-ERK crosstalk pathway in rats[J]. Exp
Neurol, 2015, 263:39-49.

2020/9/22 14:18:27 ’7




