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ganglion, DRG) # CCL2 (KB, AMEIEHES CCL2 (500 ng, 25 uL), MLZEHF 2 4K BAM 5 I 16 BE R 4T A s i, R
FA A4 RA )y SR i 5 3, %548 CCL2 %t 2 4K R HE Sy B 15 35 10 DRG #h & T AT IR, 4558 - RJ5 14 d, BCP K ELHIHLMI B
96 R S TR AR 4L, HRM L4 fn LS DRG H CCL2 WKW & TR FARH,; RS CCL2 5, BCP K EA )5 I H B4 i W]
BF % FBTF AL CCL2 512 BCP K, DRG 42 L 2 WAL 1 LL i 34 58 35 i/ F IR T A4, 4518 - CCL2 W] 51k BCP K EUJR T
Yo, HAMNEBLEFI AT fE B CCL2 5% DRG #h&or kb, dEmismmheenéaitk, $278 CCL2 f£ BCP & K B RIEREEM,

[ X#2iA ] CC bR TRk 2, B, WRphests; Bimhr, Zlft

[DOI] 10.3969/j.issn.1674-8115.2019.05.005 [ HE4YZKE ] R739.96 [ XEkFRERD] A

Effects of CC chemokine ligand 2 on pain behavior in a rat model of bone cancer pain and its underlying
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[Abstract] Objective - To investigate the effects of CC chemokine ligand 2 (CCL2) on pain behavior in a rat model of bone cancer pain (BCP) and the
underlying peripheral mechanisms. Methods - BCP models were developed by inoculation of Walker256 mammary gland carcinoma cells into the tibia
medullary cavities of right hind limbs SD rats. The same volume of saline was injected in sham operation (sham) group. The mechanical pain threshold
was measured to judge the success of BCP model. Expression of CCL2 in L4 and L5 dorsal root ganglion (DRG) was detected by immunofluorescence
staining. CCL2 (500 ng, 25 puL) was injected into plantar of the operated side to observe its effects on leg-raising and foot-licking behaviors of hind paws
in BCP and sham rats. Whole-cell patch-clamp recording was used to investigate the effects of CCL2 on membrane potential of acutely dissociated DRG
neurons from the two groups. Results * Fourteen days after operation, the mechanical pain threshold in the right hind paws of BCP rats was significantly
lower than that in sham rats. Compared with the Sham rats, the expression of CCL2 in L4 and L5 DRG of BCP rats was significantly higher. Plantar
injection of CCL2 increased paw lift time in BCP rats. The rate and amplitude of depolarization induced by CCL2 in BCP DRG neurons were significantly
higher than those in sham neurons. Conclusion + CCL2 facilitates pain behavior in BCP rats, and its peripheral mechanism maybe involves CCL2-induced

neuron depolarization to enhance excitability of DRG neurons. These results indicate that CCL2 plays an important role in development of BCP.
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CCL2) HFRME AL LR F -1 (monocyte chemoattractant
protein-1, MCP-1), & # fic 5 R BLIE ) TZ BF s It te I
FRIE G, 5HFEREZ A CClILEF24k 2 (CC
chemokine receptor 2, CCR2) &% & 'k 1% = ¥y = %% M,
CCL2 f£ 4 #f 75 f1 A1 15 AR £ 75 (dorsal root ganglion,
DRG) H#l A o fi. CA Mo ™ & WHTE R P fph 4
g BEL Mk % i A5 T b, CCL2 £ DRG 835 i Y 235 3 3
. feil, Wang % " % Bl BCP Kk B 6 Hh (1) CCL2 1
mRNA FIE [ KER R A B E TG, wrhFEdE CCL2
AT 5 R A 2 R B P AR R R R A e A T, ax
BiF &5 R R W] CCL2 & 7™ A & (1) | %24y -, {H CCL2
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1.1 BHEH

111 LW kB & 180 ~ 200 g [ 4 14 Sprague-
Dawly (SD) Kb, M Filgseil KBS e 9 s ol
FEfik, Zh A P UF AT IES 24 SCXK (i) 20120002, )
WV ATIES 24 SYXK (7)) 2013—0050, K EL/EIE &
TPy rrlse, 4 R/, BHBEEMEoK, MIREA
12012 h, JREEHIEER (25+1) C,

1.1.2 FERF Walker256 KR FLIR B AN B & H
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Sigma 2v&l, JiJRME A, DI H Roche 2y 7,
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a5t 52 1/3 24 [ 9K IRE BT 7 A 0 ol 0 B 4y i 0.5, 1,
2, 4,6, 8 10, 12g, N OSgIFaaRIER LR 6 L
Mo HE 6 M RO, A AR [R] 2
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Jo ) HiLL 5 R ULA i 2 B i 50% (07 150 B oz o il i 2
i, HEACE DAL (mN), RIS R BUAHLARE B .
1.2.4 FRATHELEE  BIRTF AL BCP A AR (4
8 H) Jik B T A LIk & N S IR E B 30 min f, W2
03 10 min Py 2 41 K BRUE i B s Fndn B vk g (JE2k(H) .
ZJEAE 2 KRB Ja R gt & CCL2 500 ng fy AE #L
#hok 25 uL, SEENHEIAPLIR AN, 104 2500 5 g
2 min F R A S Bz A, 105k 30 min, £E4 Basimt
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R EE S E . 20% HEWE R £h 2% oA bk . V1R
(JEEEH 10 um) , SRIGHEAT RS, HUDRG Yl
AT P& Z i AE 92.5 C Bk & 10 min,
Mokit 4 DRG Y) AR E 285, H 0.05 mol/L
PBS 0k 4 1k, Ak S min, gt R ERE A 2 h, A
g8 )5, HnCCL2 (1:500) F11B4 (1:1000) —¥i, {H&
W4 Cidfi, PBSEME 4 kG, IMARR P, =&
PNIRESEIEE 2 h, PBS EEE 4 (RSGHD AT E R, 7E9O0 R
B (Leica DM2500) TAizE, 1M, M4 K DRG 4
@) i EEHLE R 10 5K, % CCL2 APk 40 M 0k 17 i 4,
Zit A R CCL2 Pt 4niu S .
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1.2.6 DRG & cathy Bk WMARE 14dRF
A 8 BCP 4 kb, fif ] 2% 5 I HEB AR P 22711 (L4
FILS) JCE AR B SR (B2 J5 : NaCl 137 mmol/L,
KC1 5.3 mmol/L, MgCl, - 6H,0 1 mmol/L, CaCl,-2H,0
3 mmol/L, sorbitol 25 mmol/L, HEPES 10 mmol/L, pH
673 ~74) v, TEMERIEET I ERARIE w22 K J8] Bl 45 4
RN, 5 A S mg, EGTA 0.95 mg finfigi¢ S mL
BC il B AL A, ETHILIR A HiF L 25 min, 74X g B
O 2min, F EIEIR; BKEEE D S mg, 30 UmL RIKEH
. EGTA 0.95 mg fin 5 mL fig#liR B I BIH LR D, k&%
H1t 25 min, 74 x g B0 2 min, F K, A 200 pL
H B 3R 1 AR AT 1 S IR e A B R i R A B
Zeilile, FIANTR DARAY B HLARAT , o BRI 2T
FHEAETR e A 0.1 mg/mL 2 53 & & FRA | mg/mL FALiE
EAME R B, BT 37 TR (5% CO,), 4l &
4 ~ 16 h BV a] T8 e sk

1.2.7 240l dtics  #3f DRG M B
CO, WERE B, B RO B A 10 55 B FH ) 4t i o0 i
# (B J5: NaCl 145 mmol/L, KCI 3 mmol/L, MgCl, - 6H,0
2 mmol/L, 7% %j ¥% 10 mmol/L, HEPES 10 mmol/L,
CaCl,-2H,0 1 mmol/L, NaOH #§ 5 pH {5 F 72 ~ 73) 1Y
e p b, FERGHE 2 mL/min, {3 ] PC-10 hifil{ (&
Sutter 2y w]) BRI HIC R B EARL, BRRAEAR
WeNig (BeTs: 5Pz e 120 mmol/L, KCI 100 mmol/L,
NaCl 5 mmol/L, CaCl,-2H,0 1 mmol/L, MgCl, - 6H,0
2 mmol/L, EGTA 11 mmol/L, HEPES 10 mmol/L, Mg-
ATP 20 mmol/L, Li-GTP 1 mmol/L, Ji Tris-base il 5 pH
[EFE72~73), BEEMAKEHA3 ~5MQ, fEH
BRMET, ERPNERIMEIT (R E 5
20T 30 pF) dEATEHE. pkhE, wheMBmoRdsE (AL
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10.4 BRI R o 22 T I B R AL, 328 TR BN L 2 £
T —45 mV Tty . ik, fERmHMGE T4
THrERPE R (—40 pA JF4h, BN 10 pA), Ff
RIBEE K AN TE R R AR, BIRRZ T T 9k, &
J&, CCL2 (100 nmol/L) it {4t DAD-12 (£[H
ALA 7)) R A ICRE, ICRAMEICL 2511 5
PRV NS UL, SR pClamp 10.4 B 0f R B 1 i 2 17
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2K B AL B A S 7 d i 2 IR TP AR ALK
B (P=0.001, N=8), R J5 14 d i, BCP 4 K I HLIK
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Fig 1 Changes of mechanical pain threshold in right hind paw of BCP rats

2.2 CCL2 £ BCP Kk DRG ik 15

O Sk 7 EZ I, CCL2 fEECRIIE v R IE &
TEH, Bk, BAOERAGIESRICH L7552 T BCP KL
DRG H CCL2 F iAW fLIE i, KJ5 14d, BCP KE L4
F1L5 DRG f CCL2 P #2250 H (293.67+17.34) i
%2 THF AL KR (133.00+419.55, P=0.004) ([&2),
CCL2 KB EE» Ai TH/NA % DRG £, HKH
CCL2 5 1B4 Mg fir, i B4 g Jsz 105 F Vi1 w2 Jse it
P TCHIbRES, KW CCL2 Kk AL 5P AT B UIFH L
Y DRG f#iZoer, A Ja 2ot CCL2 £t BCP HH iy fE HI 4
ISR .
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Fig 2 Number of CCL2-positive DRG neurons in BCP and sham-operation rats

2.3 HpJEYE CCL2 % BCP Kk RPEHAT A

G 8N S U 25 B4R o CCL2 fRATRES: 5 1 BCP (1)
k. Bk, ST E— 2 E ] CCL2 1y i AT LA 5 1 9%
i, BAERST 14 d FIRTFALLFD BCP 4Lk BUL i
CCL2 (500 ng, 25puL), M5 2 41 A 546 6 R i i 1%
Ol RFARHAKREAETS CCL2 2, HAHENA XM
FERAT R, M% T CCL2 J5, fEHT S min 254 /0 &6 IR

07 A mERH

304 —O— BCP ]

r ARSI ] /s

e A

I e £t

102 N

SRS SUHEL, 5 min JE A EIRIT A, i BCP ok
BUETEST CCL2 2T, B/REESA B &M s 7T
Jy, MRS CCL2 J 2 min A5 LU B ERIIFN TR R £ 1
H, Pra kg A Bt R 27 (24.71+£3.02)s (N=8), &
FEETHRFEARAKREDN (3.13£1.82)s (P=0.000, N=8),
H.BCP K BRI A7 0 AT LAGEFR 52 12 min /245, &KW
CCL2 fIfimT LA 51k BCP KA1 (K 3),

s
O.x =
_; 4 R
11 !I"_ .
U5 A N B -
o] ATAEEy  AAAADEmDE R
T T T T T & T T T T T T T T T T T T
B—6—4-20 20 6 8 101214 16 18 20 22 24 26 28 30

M £

& CCL2 F5 /min

IE: ©P=0.000, ?P=0.035, “P=0.001, ®P=0.003, °P=0.012, °P=0.043, S{HFALLILE,

3 RIkiESt CCL2 5k BCP XRARBITA
Fig 3 Pain behavior of BCP rats facilitated by plantar injection of CCL2

2.4 CCL2 %} BCP K[l DRG #gg it by PER 55

£ o 2 25 B L2 W] CCL2 T 34 5% BCP K L% i 7
J3, LN EPLHI L &t 2?2 BTk, JAHELET
CCL2 *f 21 45 85 1 R F- AR 41 Fn BCP 4 K il DRG i £
TCMGEHL AL RE MR, FAT 13k BRUE B 758 /N T 30 pF /v
% DRG fiZ2 ek 475595, 2 41 K 5L DRG £ ST 1y I
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HEAWE2ZES R T AL vs BCP 4. (25.80+0.47) pF
vs (25.08+1.22) pF, P=0.549], CCL2 #] 2] 2 /b & [ F
A KB DRG #2850 & A BB ) Z AR AL I bz, T8 %
B2 BE A (11.90+1.57)mV (N=11), Tfi /£ BCP 4] k
fl, CCL2 m] L5132 #%) 50% (1) DRG #fi £ ¢ % = W 8. 1)
FeARA I R FE P BE B B VR AL R L, 22 I e E A
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(& 4), LiR&ERFKW], CCL2 ¥ BCP K DRG #i £ 7T
SLAT PR RO T2 TR T AR B RN, $i27 BCP
KPR T AR T REA: H BCP KB DRG v B ERIA
f) CCL2 5% DRG fhZ T4 e PR /.

BCP £

CCL2Z, 100 nmol
D
60
il
o 50
=
& 40
=
# 304
=t 20441
b 20y
g 2
LT 11/54
(4] T
A BCP #]

IE: A. CCL2 512 {RF- A4 DRG #Z It 1R (L& ; B. CCL2 542 BCP 44 DRG LAk fLfillEl s C. CCL2 5142 2 2K DRG #h &t XL (LAVIREE ;s D. 2 ZAKEL DRG

e ek CCL2 PG, ©P=0.011, ©P=0.003, SRFRAE.,
4 CCL2 xH&F R4E#1 BCP KR DRG #42 LK s LAY M0

Fig 4 Effects of CCL2 on membrane potential of DRG neurons in sham-operation and BCP rats

AHZE R B AT A i AR BCP AR 7575, HI
1 FLI I AT Walker256 {15+ 2 KRG IR E AL, TERR
BCP #7Y, ARMFRATAFEER TR, KJg 7 dFFBCP KE
A e BB RS [ 1 O S B I TR FARA KRR, HARSE
14 d v} BCP 40 KR AUHUA RI(E S AR S T —AMaEld, &
W BCP # YN 5 Eh . ASBF T S S S S ¥ R Ji5 14 d
AR ERHEA T 920, RO sERt BCP A5Y UL ARERE o

2 TiWF g Y W, (R 58 4 9B R 7 (complete
Freund’s adjuvant, CFA) S RMRE, DR EMEAY
M4 22735 (chronic compression of DRG, CCD), £
£E%, (spinal nerve ligation, SNL) . &AL 1 £ 45 25
5 (chronic constriction injury, CCI) %% & (1Y fih £ 355 BR
PEFEHE Y, DRG it CCL2 YA i, #&75 CCL2 &
ORI . AL B AR AR RN R D T S A B,
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BCP & — FPfL il 45 5 Z 18 e, 3 H R Anph 2
SRERPEZCR R A, R R AT AE BCP B! K il DRG
d CCL2 ikt sy M. AWF% " %W BCP KL DRG
Hi CCL2 ) mRNA 55 HH EL o FRL0 58 n 2 3 15, HB 6
CCL2 7£ mRNA FI& H/KERIZGES B3 I, 8N T
CCL2 5y it ik, Mi¥iNgs T CCL2 rhFndufs vl s
Wi BCP 4724 1, AWFI G S a5 K% W BCP KR
L4 F1 L5 DRG H CCL2 fRiA (R FARA R B2 LA,
H 5502 e iobribidy 1B4 Koy fobr: 5 HiRBFoTs:
R, $#r CCL2 25 BCP ik k.
AR — %52 T R 5 SMEPE CCL2 X BCP
R T AR A KB AT AR, K BLE S CCL2 g,
BCP K FUA B FIER A E) 22 2 TR FARARR, FKW
CCL2 5|#2 BCP #9547 4 W . 58 T % HE 4, Abbadie % "
S B AR M S 28 95 BEAME A KB DRG A CCR2 mRNA
MR B, 3 IR AT A2 B G () o AL
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fill [ g 5 BCP ki DRG Ht CCR2 Zfh3Rik FiRA L, 15
et — P Hy S R W IR

PR I R AR T B0 Rl - aniilEs . P i &
MR, R TOMNAME LI sk, DAERIRFRE " %W
CCL2 "] 3458 DRG 2 e >4 e, 4n CCL2 w4 it
AL AR R 25 1 8 (chronic constrictive injury, CCT)
K DRG $ift £ JC Jiic HL (19 % H 5 Sun 25 Y %% B CCL2 W[ 5]
RIS 38 AR ph 2 45 7Y (chronic compression of DRG,
CCD) K DRG #h& ek A Ehit, FBAREFERIIA
s . Ek, 17558 T CCL2 %t BCP kil DRG
P TCHISLAT PR SO, ASRIEFCR A BREE SRR B, CCL2
Al 5]k BCP 4 K i DRG th £ 7k A Ze AL F-PEBE & s 1E
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