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Abstract Objective: To investigate the neuroimmune mechanism of spinal cord stimulation (SCS) in the
treatment of chronic pain. Methods: Electrodes were implanted in healthy mice and continuous SCS was performed
to observe the changes in mechanical pain threshold and the polarisation status of microglia in the spinal cord.
The expression levels of transforming growth factor-B (TGF-B) in the spinal cord and cerebrospinal fluid were
measured, and the effects of SCS on the alteration of mechanical pain threshold after inhibiting the function of
TGF-P were determined. Results: Electrode implantation did not influence the mechanical pain threshold and
locomotor ability of mice. Continuous SCS significantly increased the mechanical pain threshold, the M2
polarisation level and TGF-P expression in microglia in the dorsal horn of the spinal cord, and intrathecal
injection of TGF-p antibody attenuated the effect of SCS on the mechanical pain threshold. Conclusion: Continuous
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SCS exerts analgesic effects by activating spinal microglia into M2 polarised state and releasing TGF-, and

then up-regulates the pain threshold.

Keywords spinal cord stimulation; mechanical pain threshold; microglia; M2 polarisation; TGF-f
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7 4°C L 12,000 g B0 15 min J& i 52010 2 A
JRAEE, FEAE R BCA & Al e & (b &
¥E) regE. SMKE RERNEAR (15 pe)
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Fig. 1 The site of electrode implantation

(A) The connector of the electrodes extends out of the skin from the neck; (B) Schematic diagram of the electrode

implantation site and the connection to external stimulation electrode; (C) The electrode was anatomically positioned at

the level of the 13th thoracic vertebra and the 1st lumbar vertebra; The position of the stimulating electrode was confirmed

by in vivo imaging of the mouse, showing that the electrode is shifted towards the left side (Defined as ipsilateral).
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Fig. 2 Effects of electrode implantation on basal pain threshold and motor function in mice (72 = 6, X =SEM)
(A, B) Schematic of the experimental design; (C, D) Before and after implantation, the mechanical withdrawal threshold
of the ipsilateral and contralateral hindfoot; (E) Before and after implantation, the total distance of movement within 30
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min measured by open field test; (F) Before and after implantation, the latency to fall from a rotating rod.
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(P> 0.05) [R5 EAUMIRBIME: (D) &4 SCS 555 1 K (P = 0.0358). 3 K (P =0.0353) . 5§ 7 K (P =0.0099)

FEE 14 K (P> 0.05) X0 J5 A2 ALk 9 1

*P<0.05, **P<0.01, 5{fSCS 4l CRaMiALD ik

Fig. 3 Effects of spinal cord stimulation on the mechanical withdrawal threshold in mice (72 = 6, X =SEM)
(A, B) Schematic of the experimental design; (C) The mechanical withdrawal threshold of the ipsilateral hindfoot before
and on day 1 (P = 0.002), day 3 (P = 0.0120), day 7 (P = 0.0135), and day 14 (P > 0.05) after consecutive SCS; (D) The
mechanical withdrawal threshold of the contralateral hindfoot before and on day 1 (P = 0.0358), day 3 (P = 0.0353), day 7
(P =0.0099), and day 14 (P > 0.05) after consecutive spinal cord stimulation.
*P <0.05, **P < 0.01, compared with sham SCS group (electrode implantation group).
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/NI A 2.3 R F% (P = 0.0056). &7~ TGF-B
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Spinal cord stimulation activated the microglia in the superficial dorsal horn (72 =3, X £SEM)

(A) Schematic of the experimental design; (B) The representative immunofluorescence microscopy images show the
expression of Iba-1 in the superficial dorsal horn of spinal cord in the mice without stimulation or on day 1 and day 7 after
consecutive spinal cord stimulation; (C) Quantitative and statistical analysis shows the number of Iba-1" cells/mm” in the
bilateral superficial dorsal horn on day 1 (ipsilateral P = 0.0018; contralateral P = 0.0111) and day 7 (ipsilateral P = 0.0009;
contralateral P < 0.0001).

*P<0.05, ¥*P<0.01, *¥*P <0.001, ****P < 0.0001, compared with sham SCS group (electrode implantation group).
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Fig. 5 Spinal cord stimulation increased the expression of Argl in the superficial dorsal horn (72 =4, X £SEM)
(A) Schematic of the experimental design; (B, C) The representative immunofluorescence microscopy images show the

co-expression of Argl and Iba-1 in the superficial dorsal horn of spinal cord in the mice without stimulation or on day 7
after consecutive spinal cord stimulation. The small box in B is magnified in C; (D) Statistical analysis shows the ratio of

Argl and Iba-1 in each group (P < 0.0001).
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Fig. 6 Spinal cord stimulation increased the expression of TGF-f in the spinal cord and CSF (X £SEM)
(A) Schematic of the experimental design; (B) The expression of TGF-B in the CSF in the mice without stimulation or
on day 7 after consecutive spinal cord stimulation (P = 0.0064, unpaired ¢-test, 72 = 4 mice in each group); (C) Left: The
representative western blot images show the expression of TGF-B1 in the spinal cord tissue in the mice without stimulation
or on day 7 after consecutive spinal cord stimulation. Right: Statistical analysis shows the expression of TGF-B1 in each
group (P = 0.0002, unpaired ¢-test, 72 =5 mice in each group).
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