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Roles of CX3CRI1 in mediation of post-incision induced mechanical pain hyper-

sensitivity: Effects of acupuncture-combined anesthesia
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Institutes of Brain Science and State Key Laboratory of Medical Neurobiology, Fudan University, Shanghai 200032, China

Abstract: Post-incision pain often occurs after surgery and is emergent to be treated in clinic. It hinders the rehabilitation of patients
and easily leads to various types of postoperative complications. Acupuncture-combined anesthesia (ACA) is the combination of
traditional acupuncture and modern anesthesia, which means acupuncture is applied at acupoints with general anesthesia. It was testified
that ACA strengthened the analgesic effect and reduced the occurrence of postoperative pain, but its mechanism was not clear. Numerous
reports have shown that chemokine receptor CX3CR1 is involved in the development and progression of many pathological pains.
The present study was aimed to reveal whether ACA played the analgesic roles in the post-incision pain by affecting CX3CRI1. A
model of toe incision pain was established in C57BL/6J mice. The pain threshold was detected by behavioral test, and the expression
of CX3CRI1 protein was detected by immunohistochemical method and Western blot. The results showed that the significant mechanical
allodynia and thermal hyperalgesia were induced by paw incision in the mice. Mechanical allodynia was significantly suppressed by
ACA, but thermal hyperalgesia was not changed. CX3CR1 was mainly expressed in microglia in the spinal cord dorsal horn, and its
protein level was significantly increased at 3 d after incision compared with that of naive CS7BL/6J mice. ACA did not affect
CX3CRI protein expression at 3 d after incision in the toe incision model mice. Paw withdrawal threshold was significantly increased
at 3 d after incision in CX3CR1 knockout (KO) mice compared with that in the C57BL/6J mice. But the analgesic effect of ACA was
disappeared in CX3CR1 KO mice. Accordingly, it was also blocked when neutralizing antibody of CX3CR1 was intrathecally injected
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(i.t.) 1 h before ACA in the C57BL/6J mice. These results suggest that CX3CR1 in microglia is involved in post-incision pain and

analgesia of ACA.
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Fig. 1. The effects of incision on hind plantar or acupuncture-combined anesthesia (ACA) on mechanical and thermal threshold. 4, B:

Significant mechanical allodynia (4) and thermal hyperalgesia (B) were induced by paw incision. Mean = SEM. P < 0.01, ""P < 0.001

vs naive (two-way ANOVA). C, D: Mechanical allodynia (C) was significantly suppressed by ACA, but thermal hyperalgesia (D) was
not changed. Mean + SEM, n=8. P <0.05, "P < 0.01, ""P < 0.001 vs incision group (two-way ANOVA).
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Fig. 2. The expression of CX3CR1 in the spinal dorsal horn detected by immunohistochemical method. CX3CR1 was mainly expressed

in microglia (Iba-1 positive, 4), but not expressed in neurons (NeuN positive, B) and astrocytes (GFAP positive, C) in post-incision
mice. The pictures in the fourth column are enlargements of the framed areas.
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Fig. 3. The expression of CX3CL1 in the spinal dorsal horn detected by immunohistochemical method. CX3CL1 was mainly expressed

in neuron (NeuN positive, 4), partly in astrocyte (GFAP positive, B), and rarely in microglia (Iba-1 positive, C) in post-incision mice.

The pictures in the fourth column are enlargements of the framed areas.
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Fig. 4. The protein expression of CX3CR1 was increased by hind plantar incision in naive mice, while mechanical hyperalgesia was
relieved in CX3CR1 knockout (KO) mice. 4: The protein level of CX3CR1 was significantly increased at 3 d after paw incision in
C57 BL/6J mice. Mean = SEM, n = 4. "P < 0.05 vs naive (one-way ANOVA). B: Paw withdrawal threshold was significantly
increased at 3 d after incision in CX3CR1 KO mice compared with C57BL/6] mice. Mean = SEM. ""P < 0.001 vs C57BL/6J incision

group (two-way ANOVA).
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Fig. 5. The analgesia of acupuncture-combined anesthesia (ACA) was abolished on CX3CR1 knockout (KO) mice. 4: Anti-nocicep-
tion of ACA was disappeared in CX3CR1 KO mice, and it was also blocked when neutralizing antibody of CX3CR1 was intrathecally
injected (i.t.) 1 h before ACA in the C57BL/6J mice. Mean + SEM, n=8. "P < 0.01, ""P < 0.001 vs C57BL/6J ACA-incision (two-
way ANOVA). B: No significant difference of CX3CR1 protein at 3 d after incision was observed between incision and ACA+incision

groups in C57BL/6J mice. Mean = SEM, n = 4.



25 %5, CX3CRIZ 255 A MR TR 1) 11 00 1

B J5 RATK I CSTBL/6T /)N B 25 T 1 25 52 45 ik
WARE3dMG THEREFARYAORE3IAW
CX3CRI Rk, 4R EIR : 52565 & R4
b FFARA /N EEMZ R (Student’s r-test, £ =
0.536 3, P=0.594 2)( & 5B).

DA Egs SRR, mbREh Al CX3CRI 5244, 4t
IR BRI I # H1 55, &8 CX3CR1 25445
A IR 5 SR A

3 #Wig
R P e M A P e LR B i K SR B )

PR, HAEAY, W55 R& R LE, &
BITAE RS VRIS, M E R AR E. R
P AHI 9020 DA 0) TAF R A G SCRRGE, A7 AE T4
22 L AUR TR R 4R i CX3CL1 5 HAE /N K 5 48 i
L HIME— 24k CX3CR1 5 5B T 7L I0E]/N
IR A (R Bk, Iz 518 MRk
AERERE ST, ARFFE KR T CX3CR1 fEA G
PRIFAIE 25 5 A RIE R AR A . U1 Dk e #
CX3CRI1 5 CX3CL1 fE#EE AP A RIs, FHH
CX3CR1 MEE/KFAERG 3 d BER & EAH
Firh, AR T W7 2L BH B CX3CL/CX3CR1
T RIS UE AR TS R, CX3CRI1 KO /MR
SR PRV VK S BB AT, TR 24 5 A IR I P AT R
IR SE AR DU 5 $H TS CX3CR1 HAIHLA4 BA
BHIT CX3CR1 IYER, 455 CX3CR1 KO /M —
o XL RIRIR, 2 A RIS AT LTRSS A S5 9
CX3CRI MXZHFARYINE, FNMBZE T2
526 R IR A S5 B8

AT AR CXICRI 0 (1) R H L 4T
3Hr, HETF CX3CRI1 2 5 ZF&mINLHEIRE T, &
IT4E ) TL-1, IL-6 #1 TNF-o 7] § 7 CX3CR1 /1 &
AR AR R E LR . SR B E R nT
DA st 38 1 5 i B ] o 2068 BRI, U T
T U /N R AR K A R S AR, B
TG /N B A AN R DU LI e s . R
JRAETE T, [R5 At G P2 A i — RE R TR
RUEM R T, fIL-1. IL-6. TNF-a & (20, 3
W R UHE SIE M. CX3CRI B RIALE /NI 44
H, TR R RG2S YV ) CX3CRI AT
PR BE DR IR SRk, A HU A /N e S5 4T ) 98
PN SRR A R S R BRI T
CX3CRI [ 15 F e ot 40 B R0, ANTAT IR T |

243

HIEFTE AR EUL B 5 7R AR 18 I 5 LA
B(CCL) , AR IL-6 5 5 CX3CRI R IE N,
BHWr CX3CR1, B CCI ft 5|t i v okt bl 2 78
PV g BIREER, AR, VIOARERSE
KA LR, A2 B AN 7 fil . CX3CR1 10,
2 55 258 G IR BURIEH -

CX3CR1 BEZ 5 VIO R fG9H, XNAEE2E G
W AR R PR, XLFR_AIER . AT REHI
F /& CX3CL1/CX3CRI1 {5 5 i@ #% H A X [a) I 15 1
. ©4 %018 CX3CL1/CX3CRI1 fEMZL R 4ih K%
HEBRHELRYER - 1A FPELN IR 2 B
CX3CRI ¥ Ay LAUR T /05 52 57 240 P ) 3 A0 FH 7%
SKARY &0 B TR S AR SRR, CX-
3CL1 7] AP 2 L L Re iz S & oo i 2k, ek
BB, B /N 5T 4 B PR i A AN A2 2 R
TR ™. CX3CLL AE N —FhoUa 35 A 7, 7E
f R BE B, m] DL N g 2 0 B 51 R Y IL-23 A0
TNF-a [J2IA 3 (KA FERS 7] DLBH b/ LPS 5[5
(1) B R 4 i TNF-o0 88L& ERK1/2 FiT NF-kB (1]
wEmR1L P, PRk, CX3CRI1 %47 CUR R4 26555 &k
P XCEAE L, W RE S T R AN il 2 OB TR
CX3XL1 W% UIMHG, T2 —PiaER.

SEVH

1 Liu TY (X% X), Yang HY, Chu LX, Kuai L, Gao M. The
present situation and analysis of acupuncture anesthesia.
Chin Acupunct Moxib (F1[E £ 4%) 2007; 27(12): 914-916 (in
Chinese with English abstract).

2 Chen WT (B&3C4%), Fu GQ, Shen WD. Progresses of studies
on acupuncture analgesia for postoperative reaction. Acu-
punct Res (51T %7) 2013; 38(1): 83—87 (in Chinese
with English abstract).

3 Xu D (#%:#F), Fang JQ. Prospect of acupuncture balanced
anesthesia for surgical stress. J Clin Acupunct Moxib (¥ %
Ik 24 &) 2010; 4: 68-71 (in Chinese with English
abstract).

4 Brennan TJ, Vandermeulen EP, Gebhart GF. Characterization
of a rat model of incisional pain. Pain 1996; 64(3): 493-501.

5 Clark AK and Malcangio M. Fractalkine/CX3CRI1 signaling
during neuropathic pain. Front Cell Neurosci 2014; 8: 121.

6 Sun JL, Xiao C, Lu B, Zhang J, Yuan XZ, Chen W, Yu LN,
Zhang FJ, Chen G, Yan M. CX3CL1/CX3CRI1 regulates
nerve injury-induced pain hypersensitivity through the
ERKS signaling pathway. J Neurosci Res 2013; 91(4): 545-
553.

7 Morganti JM, Nash KR, Grimmig BA, Ranjit S, Small B,



244

10

11

12

13

14

15

16

17

Bickford PC, Gemma C. The soluble isoform of CX3CLl1 is
necessary for neuroprotection in a mouse model of Parkin-
son’s disease. J Neurosci 2012; 32(42): 14592-14601.

Bian C, Wang ZC, Yang JL, Lu N, Zhao ZQ, Zhang YQ.
Up-regulation of interleukin-23 induces persistent allodynia
via CX3CL1 and interleukin-18 signaling in the rat spinal
cord after tetanic sciatic stimulation. Brain Behav Immun
2014; 37: 220-230.

Cao H, Zheng JW, Li JJ, Meng B, Li J, Ge RS. Effects of
curcumin on pain threshold and on the expression of nuclear
factor kappa B and CX3C receptor 1 after sciatic nerve
chronic constrictive injury in rats. Chin J Integr Med 2014,
20(11): 850-856.

Marelli G, Belgiovine C, Mantovani A, Erreni M, Allavena P.
Non-redundant role of the chemokine receptor CX3CR1 in
the anti-inflammatory function of gut macrophages. Immu-
nobiology 2017; 222(2): 463-472.

Cunha C, Gomes C, Vaz AR, Brites D. Exploring new
inflammatory biomarkers and pathways during LPS-induced
M1 polarization. Mediators Inflamm 2016; 2016: 6986175.
Zhou YQ, Gao HY, Guan XH, Yuan X, Fang GG, Chen Y,
Ye DW. Chemokines and their receptors: potential therapeutic
targets for bone cancer pain. Curr Pharm Des 2015; 21(34):
5029-5033.

Hu JH, Yang JP, Liu L, Li CF, Wang LN, Ji FH, Cheng H.
Involvement of CX3CR1 in bone cancer pain through the
activation of microglia p38 MAPK pathway in the spinal
cord. Brain Res 2012; 1465: 1-9.

Sun S, Cao H, Han M, Li TT, Zhao ZQ, Zhang YQ.
Evidence for suppression of electroacupuncture on spinal
glial activation and behavioral hypersensitivity in a rat model
of monoarthritis. Brain Res Bull 2008; 75(1): 83-93.

Sun S, Chen WL, Wang PF, Zhao ZQ, Zhang YQ. Disruption
of glial function enhances electroacupuncture analgesia in
arthritic rats. Exp Neurol 2006; 198(2): 294-302.

Zhao X (B Jik), Liu HZ, Zhang YQ. Effect of P2X7 receptor
knock-out on bone cancer pain in mice. Acta Physiol Sin (4
PH22HR) 2016; 68(3): 224-232 (in Chinese with English
abstract).

Clark AK, Gruber-Schoffnegger D, Drdla-Schutting R, Ger-
hold KJ, Malcangio M, Sandkiihler J. Selective activation of

microglia facilitates synaptic strength. J Neurosci 2015;

18

19

20

21

22

23

24

25

26

HE P EH Acta Physiologica Sinica, June 25, 2018, 70(3): 237-244

35(11): 4552-4570.

Rock RB, Gekker G, Hu S, Sheng WS, Cheeran M, Lokens-
gard JR, Peterson PK. Role of microglia in central nervous
system infections. Clin Microbiol Rev 2004; 17(4): 942—
964.

Mizutani N, Sakurai T, Shibata T, Uchida K, Fujita J,
Kawashima R, Kawamura YI, Toyama-Sorimachi N, Imai T,
Dohi T. Dose-dependent differential regulation of cytokine
secretion from macrophages by fractalkine. J Immunol 2007;
179(11): 7478-7487.

Wu H, Wang K, Li G, Meng D, Han J, Wang G, Li YU.
Effects of transcutaneous acupoint electrical stimulation on
the imbalance of Thl, Th2, Th17 and Treg cells following
thoracotomy of patients with lung cancer. Exp Ther Med
2016; 11(2): 495-502.

Sun S, Maoying QL, Cao H, Li TT, Han M, Pan HL, Wang
YQ, Zhao ZQ, Zhang YQ. Is functional state of spinal
microglia involved in the anti-allodynic and anti-hyperalgesic
effects of electroacupuncture in rat model of monoarthritis?
Neurobiol Dis 2007; 26(3): 558-568.

Shan S, Hong-Min T, Yi F, Jun-Peng G, Yue F, Yan-Hong T,
Yun-Ke Y, Wen-Wei L, Xiang-Yu W, Jun M, Guo-Hua W,
Ya-Ling H, Hua-Wei L, Ding-Fang C. New evidences for
fractalkine/CX3CL1 involved in substantia nigral microglial
activation and behavioral changes in a rat model of Parkin-
son’s disease. Neurobiol Aging 2011; 32(3): 443-458.
Cheng W, Zhao Y, Liu H, Fan Q, Lu FF, Li J, Yin Q, Yan
CD. Resveratrol attenuates bone cancer pain through the
inhibition of spinal glial activation and CX3CR1 upregula-
tion. Fundam Clin Pharmacol 2014; 28(6): 661-670.

Lee KM, Jeon SM, Cho HJ. Interleukin-6 induces microglial
CX3CRI1 expression in the spinal cord after peripheral
nerve injury through the activation of p38-MAPK. Eur J
Pain 2010; 14(7): 682 el-el2.

Roche SL, Wyse-Jackson AC, Gomez-Vicente V, Lax P,
Ruiz-Lopez AM, Byrne AM, Cuenca N, Cotter TG. Proges-
terone attenuates microglial-driven retinal degeneration and
stimulates protective fractalkine-CX3CRI1 signaling. PLoS
One 2016; 11(11): e0165197.

Wang LH (EFFUL), Cheng HK. Immunologic function of
microglia. Int J Immunol ([F FR 4% 2% 4% &) 2005; 1: 37-40
(in Chinese).



