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Transcranial direct current stimulation alleviates pain in rats with knee osteoarthritis by
inhibiting MCP-1/CCR?2 signaling pathway

GUO Renyi, FU Yingjie, LIN Ding, WANG Yuncheng

(Key Laboratory of Emergency and Trauma of Ministry of Education, Department of Rehabilitation, The First Affiliated Hospital , Hainan Medical Univer-
sity , Haikou 570102, China)

Abstract Objective To explore the mechanism by which transcranial direct current stimulation (tDCS) alleviates pain in rats with
knee osteoarthritis (KOA) via the monocyte chemoattractant protein 1 (MCP-1) /C-C motif chemokine receptor 2 (CCR2) signaling
pathway. Methods Male SD rats were randomly divided into sham, model ,tDCS, and tDCS+MCP-1 groups, with 10 rats in each group.
Thermal withdrawal latency (TWL) and mechanical withdrawal threshold (MWT) were measured. The expression and localization of the
pain mediator nerve growth factor (NGF) protein in knee joint tissue and ionized calcium-binding adapter molecule 1 (Ibal) protein in
dorsal root ganglia were detected by immunohistochemistry. The expression of interleukin-6 (IL-6) and interleukin-18 (IL-18) proteins in
knee joint tissue, pain-related proteins tropomyosin receptor kinase A (TrkA), growth-associated protein 43 (GAP43),and calcitonin gene-
related peptide (CGRP) in dorsal root ganglia,and MCP-1 and CCR2 proteins in knee joint tissue and spinal cord was detected by Western
blotting. Results Compared with the sham group, TWL and MWT decreased (P < 0.05),and the levels of NGF,1L-6,1L-18,Ibal , TrkA ,
GAP43,CGRP,MCP-1,and CCR2 increased in the model group (P < 0.05). Compared with the model group, these indicators improved
in the tDCS group (P < 0.05). Compared with the tDCS group , these indicators were partly reversed in the tDCS+MCP-1 group (P < 0.05).
Conclusion tDCS alleviates pain symptoms in KOA rats by inhibiting pro-inflammatory factors and pain-related proteins,and the mecha-
nism may be related to the inhibition of the MCP-1/CCR2 signaling pathway.

Keywords transcranial direct current stimulation; monocyte chemoattractant protein 1; C-C motif chemokine receptor 2; knee osteo-

arthritis; pain
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Tab.1 Comparison of TWL and MWT among rats in each group

Item Sham group (n = 10)  Model group (n = 10) tDCS group (n = 10)  tDCS+MCP-1 group (n = 10) F P
TWL(s)
After modeling 2438 +2.56 6.27 + 1.56" 6.34x1.15 6.23£1.28 274.201 <0.001
After treatment 24.09 +2.38 6.10 £1.23" 20.75 +2.19” 941+ 157" 208.813 <0.001
MWT (g)
After modeling 15.58 +2.86 3.73 £1.05" 3.68 +1.28 3.67+1.53 106547  <0.001
After treatment 15.43 £2.65 324+ 1.17" 12.85 £2.34”% 8.45+131"" 73334 <0.001

1) P < 0.05 vs. sham group at the same time point;2) P < 0.05 vs. model group at the same time point;3) P < 0.05 vs. tDCS group at the same time point;4)
P <0.05 vs. after modeling within group.
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A, sham group; B, model group; C,tDCS group; D, tDCS+MCP-1 group.
E1 #EAKUFRNEEXBRBRATARFNGFEANKIEMENL x 400
Fig.1 Expression and localization of NGF protein in rat knee joint tissue in each group detected by immunohistochemistry x 400
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1,sham group;2, model group;3,tDCS group;4,tDCS+MCP-1 group.
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e e
0 23 b A il 24 S A )
24 tDCSXTKOAj( ﬁj{‘ H *E }[13 Z EF‘%J%?FE?Q% EI Fig.2 Expression of pro-inflammatory cytokines in rat knee joint
%@Jﬁ%?ﬁ ﬂf’lﬂ tissue in each group detected by Western blotting
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Tab.2 Comparison of pro-inflammatory cytokine expression in knee joint tissue, pain-related protein expression in dorsal root gan-

glia, and MCP-1/CCR2 signaling pathway-associated protein expression in knee joint tissue and dorsal root ganglia in each

group
It Sham group Model group tDCS group tDCS+MCP-1 group F p
o (n=10) (n=10) (n=10) (n=10)
1L-6/GAPDH 0.31 +0.03 0.97 +0.08" 0.38 +0.02” 0.82 + 0.08” 89.702 <0.001
IL-18/GAPDH 0.26 + 0.03 0.89 +0.09"” 0.37 +0.04” 0.74 +0.07” 68.981 <0.001
TrkA/GAPDH 0.14+0.01 0.95 +0.09"” 0.26 +0.03” 0.73 + 0.06” 138.898 <0.001
GAP43/GAPDH 0.13 +0.01 1.06 + 0.09" 0.24 +0.03” 0.82 + 0.08” 156.097 <0.001
CGRP/GAPDH 0.17 +0.02 0.93 +0.09"” 0.29 +0.03” 0.77 +0.07” 113.119 <0.001
MCP-1/GAPDH
Knee joint 0.17 £0.02 0.82 £0.08" 0.18 £0.02” 0.62 +0.05” 130.753 <0.001
Dorsal root ganglia 0.13 £0.01 0.59 +0.06" 0.11 £0.01” 0.43 £0.04” 122.296 <0.001
CCR2/GAPDH
Knee joint 0.26 +0.03 0.88 +0.08" 0.24 +0.03” 0.57 0.05” 102.383 <0.001
Dorsal root ganglia 0.27 +0.03 0.91 £0.08" 0.35 £0.03” 0.75 +0.07" 87.450 <0.001

1) P < 0.05 vs. sham group;2) P < 0.05 vs. model group;3) P < 0.05 vs. tDCS group.
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1,sham group;2, model group;3,tDCS group; 4, tDCS+MCP-1 group.
El3 Western blotting# il & AKX R ERMZ T HTrkA. GAP43,
CGRPEHMIRIE
Fig.3 Expression of TrkA, GAP43, and CGRP proteins in rat
dorsal root ganglia in each group detected by Western
blotting
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A, sham group; B, model group; C,tDCS group; D, tDCS+MCP-1 group.
B4 HEAAUFHNZTERRERWETHIbalZAKRIE x400
Fig.4 Expression of Ibal protein in rat dorsal root ganglia in each group detected by immunohistochemistry x 400
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A, knee tissue; B, dorsal root ganglia. 1,sham group;2,model group;3,
tDCS group;4,tDCS+MCP-1 group.
El5 Western blotting#:ill & AKX R X T AL FMEIRHLZ T &
MCP-1. CCR2EAMFRIX
Fig.5 Expression of MCP-1 and CCR2 proteins in rat knee joint
tissue and dorsal root ganglia in each group detected by
Western blotting
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