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Abstract
Background

Although recent studies have revealed the powerful antinociceptive effect of human dental pulp stem
cells in an animal model for diabetes and osteoarthritis, its analgesic mechanisms are still largely elusive.
We have previously reported that conditioned medium (CM) from dental pulp stem cells of deciduous
teeth (SHED-CM) or its components, monocyte chemoattractant protein-1 (MCP-1) and the secreted
ectodomain of sialic acid-binding Ig-like lectin-9 (sSiglec-9), directly induces anti-inflammatory M2
macrophages, however the antinociceptive activity of induced M2 is unknown. In this study, we
investigated the antinociceptive effect of SHED-CM, MCP-1, and sSiglec-9 or secretome from M2-induced
by SHED-CM (M2-CM) against neuropathic pain (NP) using a partial sciatic nerve ligation (PSL) mouse
model and analyzed the mechanical bases of their antinociceptive effects.

Methods

PSL mice were treated using SHED-CM with or without mannosylated-Clodrosome, specifically depleting
M2 macrophages, recombinant MCP-1 and sSiglec-9 protein, M2-CM, or fibroblast-CM. Human Schwann
cells activated by TNF-α in vitro were treated with M2-CM. The expression of pro-inflammatory mediators,
neuroprotective factors, the nociceptive receptor, and markers for M1, M2, and activated glial cells in
injured sciatic nerve (SCN), dorsal root ganglion, or spinal cord were evaluated by RT-PCR and
immunohistochemistry. Mechanical allodynia of PSL mice was analyzed via von Frey test.

Results

In the behavioral test, intravenous administration of SHED-CM greatly improved the PSL-induced
hypersensitivity. SHED-CM treatment recruited M2 macrophages in the injured SCN and ipsilateral L4/L5
dorsal root ganglion and suppressed microglial activation in the spinal cord. Specific depletion of the M2
by mannosylated-Clodrosome markedly reduced the antinociceptive effect of SHED-CM. Intravenous
administration of both MCP-1/sSiglec-9 and M2-CM ameliorated the PSL-induced hypersensitivity. We
found that M2-CM directly suppressed the expression of nociceptive receptors as well as
proinflammatory mediators in Schwann cells.

Conclusion

Taken together, our data suggest that SHED-CM ameliorates NP through the induction of the analgesic
anti-inflammatory M2 macrophages. Thus, SHED-CM may present as a potential novel therapeutic
candidate for NP. 

Methods

Animals
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All animal experiments were approved by the Animal Research Committees of Tokushima University and
conformed to the ethical guidelines of the International Association for the Study of Pain (39) and
ARRIVE. Male ICR mice (Charles River, Yokohama, Japan) aged 7–11 weeks were used in all the
experiments. All the mice were housed in plastic cages under standard laboratory conditions (12-hour
dark/light cycle, temperature controlled between 23 and 24°C) and provided with water and food ad
libitum. An overview of the experimental design and workflow is presented in Additional file 1.

Results

SHED-CM prevents the partial sciatic nerve ligation-induced
pain
We tightly ligated 1/3 to 1/2 of the SCN on the right side in mice to induce NP. A decrease in the threshold
for tactile stimuli was observed after nerve ligation. The threshold was reached in a minimum of 3 days
after PSL and was maintained at the level for weeks. Daily intravenous administration of SHED-CM,
immediately after PSL, inhibited PSL-induced mechanical allodynia (Figs. 1a and b; early phase). These
antinociceptive effects of SHED-CM were detected even 3 days after the administration of SHED-CM. In
the von Frey test, the threshold for the right hindpaw at day 3 was 6.73 ± 1.5 g in the SHED-CM group and
4.28 ± 1.48 g in the DMEM group. On day 7, the threshold of SHED-CM group was 8.39 ± 0.99 g, which
was significantly higher than 4.29 ± 1.77 g in the DMEM group. In contrast, no antinociceptive effects
were observed in the Fibro-CM group (Fig. 1b). We also examined whether SHED-CM could attenuate PSL-
induced pain in a well-developed phase (middle phase). SHED-CM treatment exhibited significant
antinociceptive effects in the middle phase model, in which the threshold of the SHED-CM group was
8.07 ± 0.84 g and of the DMEM group was 4.82 ± 0.92 g at 14 days after PSL (Figs. 1c and d). In the late
phase, the threshold of the SHED-CM group was 9.47 ± 0.74 g and that of the DMEM group was 5.07 ± 
0.67 g at 21 days after PSL (Figs. 1e and f). During the SHED-CM treatment, the von Frey test data of the
contralateral side did not show any change (Additional file 3: Suppl. Figure 2). None of the test groups
showed signs of motor weakness during the experimental period.

Results
SHED-CM prevents the partial sciatic nerve ligation-induced pain

We tightly ligated 1/3 to 1/2 of the SCN on the right side in mice to induce NP. A decrease in the threshold
for tactile stimuli was observed after nerve ligation. The threshold was reached in a minimum of 3 days
after PSL and was maintained at the level for weeks. Daily intravenous administration of SHED-CM,
immediately after PSL, inhibited PSL-induced mechanical allodynia (Figs. 1a and b; early phase). These
antinociceptive effects of SHED-CM were detected even 3 days after the administration of SHED-CM. In
the von Frey test, the threshold for the right hindpaw at day 3 was 6.73 ± 1.5 g in the SHED-CM group and
4.28 ± 1.48 g in the DMEM group. On day 7, the threshold of SHED-CM group was 8.39 ± 0.99 g, which
was significantly higher than 4.29 ± 1.77 g in the DMEM group. In contrast, no antinociceptive effects
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were observed in the Fibro-CM group (Fig. 1b). We also examined whether SHED-CM could attenuate PSL-
induced pain in a well-developed phase (middle phase). SHED-CM treatment exhibited significant
antinociceptive effects in the middle phase model, in which the threshold of the SHED-CM group was
8.07 ± 0.84 g and of the DMEM group was 4.82 ± 0.92 g at 14 days after PSL (Figs. 1c and d). In the late
phase, the threshold of the SHED-CM group was 9.47 ± 0.74 g and that of the DMEM group was 5.07 ±
0.67 g at 21 days after PSL (Figs. 1e and f). During the SHED-CM treatment, the von Frey test data of the
contralateral side did not show any change (Additional file 3: Suppl. Fig 2). None of the test groups
showed signs of motor weakness during the experimental period.

SHED-CM treatment induces M2-polarized macrophages in PSL

To investigate the analgesic mechanism of SHED-CM, we examined the mRNA expression profiles of
genes involved in pro- and anti-inflammatory responses in the early phase PSL. Seven days after PSL, the
expression of inflammatory genes, TNF-α, IL-1β, and inducible nitric oxide synthase (iNOS), was greatly
increased, but was markedly suppressed by the SHED-CM treatment. In contrast, the SHED-CM treatment
increased the expression of pan macrophage markers, F4/80 and M2-specific molecules, CD206,
arginase-1 (Arg-1), and Ym-1. Notably, we found that the SHED-CM treatment elevated the expression of
an array of neurotrophic and immunosuppressive factors, brain-derived neurotrophic factor (BDNF), nerve
growth factor (NGF), glial cell derived neurotrophic factor (GDNF), and transforming growth factor-β1
(TGF-β1) (Fig. 2). These results show that the SHED-CM treatment converted the proinflammatory
microenvironment of PSL to anti-inflammatory and tissue-protective one.

Immunohistochemical analysis revealed that the number of CD206+ F4/80+ macrophages was
significantly increased, but TNF-α+ S100+ proinflammatory SCs were reduced by the SHED-CM treatment
(Figs. 3a-d).

SHED-CM treatment induces M2-polarized macrophages in ipsilateral DRG

Immunohistochemical analysis of the ipsilateral L4/L5 DRG, 7 days after PSL, revealed that the SHED-
CM treatment significantly increased the number of CD206+ F4/80+ M2 macrophages compared with the
DMEM control treatment (Fig. 3e). The cell count analysis showed that the number of M2 cells in the
SHED-CM group was significantly higher than that in the DMEM group (Fig. 3f), indicating that M2 not
only accumulated in the ipsilateral SCN, but also in the ipsilateral DRG.

SHED-CM attenuates PSL-induced microglial activation in the spinal cord

Next, we examined microglial activation, 7 days after PSL. As shown in Fig. 3g, a substantial increase in
the number of Iba1+ microglia in the L3/4 ipsilateral dorsal horn was obvious compared with that in the
contralateral horn. Microglial morphology in the ipsilateral side showed activated morphology with a
hypertrophied soma and thicker and retracted processes, whereas that of the contralateral side seemed to
be at the quiescent stage with smaller soma and ramified processes; the two kinds of morphologies are
very distinguishable (43). Notably, in the SHED-CM-treated group, the number of Iba1+ microglia on the
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ipsilateral side was reduced, and their morphologies were very similar to those on the contralateral side
(Fig. 3h). These results demonstrate that SHED-CM treatment suppressed the PSL-induced microglial
activation in the spinal cord.

M2 macrophages induced by SHED-CM are required for its anti-nociceptive activity

Next, we investigated the roles of M2 macrophages in the antinociceptive activity of SHED-CM by
specifically depleting them with m-Clo. After PSL, SHED-CM was injected daily for 7 consecutive days,
and from day 4 to day 6, m-Clo or m-Enc was injected together with SHED-CM (Fig. 4a).

The antinociceptive effects were similar in both the groups at day 3; however, m-Clo, but not m-Enc,
significantly decreased at day 5. On day 7, the von Frey test of the m-Clo, m-Enc, and DMEM groups was
5.49 ± 0.92 g, 7.9 ± 1.33 g, and 4.57 ± 1.00 g, respectively (Fig. 4b). None of the test groups showed signs
of motor weakness during the experimental period.

Immunohistochemical analysis showed that m-Clo, but not m-Enc, reduced the number of CD206+ F4/80+

macrophages in SCN and DRG, while increasing TNF-α+ S100+ proinflammatory SCs in SCN and Iba1+

activated microglia in the spinal cord (Figs. 5a-h). These results show that SHED-CM-induced M2
macrophages are crucial for the suppression of proinflammatory response and antinociceptive activity.

CM from M2 induced by SHED-CM suppressed proinflammatory activities of Schwann cells in vitro

We next examined the biological activity of the secretion from M2 induced by SHED-CM. MCSF-treated
bone marrow cells differentiated into macrophages, which were subsequently stimulated with SHED-CM
for 24 h. Using this procedure, more than 68.48% of the cells differentiated into CD206+F4/80+M2
macrophages (Fig. 6a). We harvested the secretion from M2 induced by SHED-CM as M2-CM.

SCs first detect nerve injury and play a critical role in the development and maintenance of NP. Under
proinflammatory conditions, they express cytokines TNF-α and IL-1β, chemokine MCP-1, and transient
receptor potential ankyrin 1 (TRPA 1) channels, which accelerate neuroinflammation and mechanical
allodynia. We treated human SCs with TNF-α or M2-CM for 24 h and analyzed the gene expression profile.
The TNF-α treatment increased the expression of TRPA1, TNF-α, IL-1β, and MCP-1, whereas the M2-CM
treatment strongly suppressed this upregulation (Fig. 6b).

SHED-CM derived M2-CM attenuates neuropathic pain in vivo

To examine the antinociceptive activity of M2-CM, we administered it to the PSL mice. We found that M2-
CM, but not DMEM, prevented PSL-induced allodynia and proinflammatory responses in the SCN (Figs.
7a-c). On the ipsilateral side of L3/4, IBA1+ positive cells were extensively decreased in the M2-CM group
compared with that in the DMEM group (Figs. 7d and e). Taken together, these results suggest that SHED-
CM suppressed the neuroinflammation and mechanical allodynia in part through the analgesic effect of
M2.
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The therapeutic factors in SHED-CM attenuate neuropathic pain in vivo

To confirm the therapeutic effects of a set of M2 inducers, MCP-1 and sSiglec-9, in SHED-CM, we
intravenously administered them to the PSL mice. We found that, in the middle phase setting, the von
Frey test of the right hindpaw of the MCP-1/sSiglec-9 group at day 14 was 7.32 ± 1.75 g, which was
significantly higher than that of the DMEM and PBS groups but was lower than that of the SHED-CM
group (Figs. 7f and g). These results suggest that the promising analgesic ability of SHED-CM may partly
rely on MCP-1/sSiglec-9.

Discussion
Here, we report the potential of SHED-CM for the treatment of NP. Intravenous administration of SHED-CM
in the early, middle, and late phases of PSL mice prevented nociceptive responses. The qPCR and
immunostaining analysis revealed that SHED-CM treatment induced anti-inflammatory M2 macrophages
in injured SCN and DRG, and suppressed the PSL-induced pro-inflammatory conditions in SCN and
microglial activation in SCs. Importantly, the specific depletion of M2 induced by SHED-CM negated its
analgesic effect. Furthermore, our data show that the secretome from M2 directly inhibited the
proinflammatory/pain-inducing property of SCs and restored NP after PSL. Taken together, our data
suggest that the SHED-CM treatment prevented NP mainly through the induction of the analgesic M2. 

M2 has been considered to play a crucial role in ameliorating NP(44). However, the detailed mechanisms
by which M2 inhibits pain have only been investigated in a few studies. It has been reported that
perineural injection of IL-4 resulted in the recruitment of M2 in the SCN in the PSL model, which exhibited
an analgesic effect by inhibiting the expression of proinflammatory cytokines and chemokines in the
injured SCN (14). In a recent study, it was shown that IL-4-induced M2 produced opioid peptides, which
activated the peripheral opioid receptors and, thereby, ameliorated pain (15). We found that the M2-CM
treatment directly suppressed the expression of TRPA1 as well as of proinflammatory cytokines and
chemokines in TNF-α-activated human SCs and effectively inhibited PSL-induced pain. To our knowledge,
this is the first study to demonstrate the analgesic effect of M2-CM. It was recently reported that TRPA1 in
SCs contributes to NP by evoking the NADPH oxidase 1-dependent H2O2 release. TRPA1 silencing in SCs
attenuated nerve injury-induced allodynia and neuroinflammation (45). Thus, based on our findings, we
suggest that, in addition to the previously reported analgesic mechanisms of M2, the direct action of M2
against the proinflammatory/pain-inducing property of SCs may play a significant role in the
multifaceted analgesic actions of M2.

In our previous studies, we identified a set of M2 inducers, sSiglec-9 and MCP-1, by secretome analysis of
SHED-CM. Neither MCP-1 nor sSiglec-9 alone could recapitulate the M2-inducing activity of SHED-CM.
The combination of MCP-1 and sSiglec-9 recapitulated the SHED-CM activity for the induction of M2-like
macrophages. In this study, we found that the antinociceptive activity of the MCP-1/sSiglec-9 treatment
was significantly inferior to that of SHED-CM. Even after M2 depletion, the threshold for tactile stimuli of
the m-Clo group was significantly better than that of the DMEM group. These data raise the possibility
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that SHED-CM is composed of anti-pain factors other than MCP-1/sSiglec-9. In a previous study (33), we
characterized the soluble factors in SHED-CM by performing an LC-MS/MS analysis and found that
SHED-CM contained 51 of the array proteins at levels more than 10-fold higher than those detected in
fibroblast-CM. It was reported that secreted frizzled-related protein 1 (SFRP1), a Wnt antagonist, is a
therapeutic agent for NP because of its anti-inflammatory activity (46). TGF-β inhibits the expression of
proinflammatory cytokines and hence suppresses the activation and proliferation of glial cells in the
spinal cord in a mouse nerve injury model (47, 48). Notably, TGF-β also suppresses nerve injury-induced
spinal cord synaptic plasticity and DRG neuronal hyperexcitability (49). Recently, the effectiveness of
alpha 2 macroglobulin (A2M) was investigated in the neurogenic thoracic outlet syndrome and other
forms of cervical brachial syndrome. A2M is a plasma protein that acts as a molecular trap for
inflammatory factors, which counteracts inflammation and hence ameliorates pain (50). Hepatocyte
growth factor (HGF) shown to possess potential angiogenic and neurotrophic properties. HGF attenuates
NP by suppressing pain-related genes, activating transcription factor 3 (ATF3), α2δ1, and colony
stimulating factor 1 (CSF1) in DRG neurons (51). In diabetic NP, increasing glucose-6-phosphate
dehydrogenase in DRGs attenuated hindpaw hypersensitivity because of suppression of toll-like receptor
4 (52). The concentrations of these factors in SHED-CM may be quite low; however, we believe that the
combinatorial effects of these factors in SHED-CM may provide therapeutic benefits for treating NP. The
roles of these therapeutic factors in SHED-CM-mediated analgesic effects should be investigated in the
future.

Conclusions
In this study, we demonstrate the potential of SHED-CM for treating NP. Although the treatment of NP
remains a clinical challenge, our results suggest that increasing M2 macrophages after the
administration of SHED-CM may be a promising method to modify the microenvironment in peripheral
nerves and, thereby, cure neuropathic pain.

Abbreviations
NP, neuropathic pain; CM, conditioned medium; SHED, stem cells from human exfoliated deciduous teeth;
SHED-CM, conditioned medium derived from stem cells from human exfoliated deciduous teeth; M2-CM,
conditioned medium derived from M2 macrophage; Fibro-CM, fibroblast-CM; DPSC, dental pulp stem cell;
DMEM, Dulbecco’s modified Eagle’s medium; MCSF, macrophage colony stimulating factor; PSL, partial
sciatic nerve ligation; SC, Schwann cell; SCN, sciatic nerve; m-Enc, mannosylated control liposome; m-Clo,
mannosylated-Clodrosome; MCP-1, monocyte chemoattractant protein-1; sSiglec-9, secreted ectodomain
of sialic acid-binding Ig-like lectin-9; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; TNF-α, tumor
necrosis factor-α; IL-1β, interleukin-1β; iNOS, inducible nitric oxide synthase; Arg-1, arginase-1; BDNF,
brain-derived neurotrophic factor; NGF, nerve growth factor; GDNF, glial cell derived neurotrophic factor;
TGF-β, transforming growth factor-β; TRPA1, transient receptor potential ankyrin 1; SFRP1, secreted
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frizzled-related protein 1; A2M, alpha 2 macroglobulin; HGF, hepatocyte growth factor; ATF3, activating
transcription factor 3; CSF1, colony stimulating factor 1.
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Gene 　 Forward

mouse GAPDH Forward AACTTTGGCATTGTGGAAGG

mouse GAPDH Reverse GGATGCAGGGATGATGTTCT

mouse F4/80 Forward CCAGAAGGCTCCCAAGGAT

mouse F4/80 Reverse TCTGCTCACTTTGGAGTATCAAGT

mouse TNF-α Forward CCCTTTACTCTGACCCCTTTATTGT

mouse TNF-α Reverse TGTCCCAGCATCTTGTGTTTCT

mouse IL-1β Forward CCTCTGATGGGCAACCACTT

mouse IL-1β Reverse TGCTGCCTAATGTCCCCTTG

mouse iNOS Forward AGCCAAGCCCTCACCTACTTC

mouse iNOS Reverse GCCTCCAATCTCTGCCTATCC

mouse CD206 Forward CAGGTGTGGGCTCAGGTAGT

mouse CD206 Reverse TGTGGTGAGCTGAAAGGTGA

mouse Arginase-1 Forward CTCCAAGCCAAAGTCCTTAGAG

mouse Arginase-1 Reverse GGAGCTGTCATTAGGGACATCA

mouse Ym-1 Forward CTCTCCAGAAGCAATCCTGAAGAC

mouse Ym-1 Reverse GCCCAACTGGTATAGTAGCACATC

mouse BDNF Forward TTAATCGGCTTCACAGGAGACA

mouse BDNF Reverse AGAACGAACAGAAACGAAGAAGAGA

mouse NGF Forward ACAGACATCAAGGGCAAGGAG

mouse NGF Reverse GCACCCACTCTCAACAGGATT

mouse GDNF Forward TGCTAAAGGAAAGGGTCAGGAG

mouse GDNF Reverse GCTCAGATGGATAGAAGAGGAGATG

mouse TGF-β1 Forward CCACCTGCAAGACCATCGAC

mouse TGF-β1 Reverse CTGGCGAGCCTTAGTTTGGAC

human GAPDH Forward CTGGGCTACACTGAGCACC

human GAPDH Reverse AAGTGGTCGTTGAGGGCAATG

human TRPA1 Forward AAGCCGTTGCGCTTCTTC

human TRPA1 Reverse GACATTCATCCCATCTTTTGCTC
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human TNF-α Forward GAGGCCAAGCCCTGGTATG

human TNF-α Reverse CGGGCCGATTGATCTCAGC

human IL-1β Forward CCTGTCCTGCGTGTTGAAAG

human IL-1β Reverse GGGAACTGGGCAGACTCAAA

human MCP-1 Forward AGAATCACCAGCAGCAAGTGTC

human MCP-1 Reverse CGGAGTTTGGGTTTGCTTGT

Figures

Figure 1

Intravenous administration of SHED-CM attenuates partial sciatic nerve ligation (PSL)-induced
neuropathic pain. (A) Time course of SHED-CM treatment in the early phase model. (B) The ipsilateral
paw withdrawal thresholds in the early phase. ANOVA with Tukey’s post-hoc test (n = 9 in each group). (C)
Time course of SHED-CM treatment in the middle phase model. (D) The ipsilateral paw withdrawal
thresholds in the middle phase. Student’s t test (n = 5 in each group). (E) Time course of SHED-CM
treatment in the late phase model. (F) The ipsilateral paw withdrawal thresholds in the late phase.
Student’s t-test (n = 5 in each group). Data represent the mean ± SD. *** p < 0.001 and ****p < 0.0001 for
the SHED-CM vs. DMEM or SHED-CM vs. Fibro-CM comparisons.
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Figure 2

SHED-CM treatment converted proinflammatory microenvironment to anti-inflammatory and tissue-
protective one. qPCR analysis of the indicated mRNAs in the sciatic nerves after 7 days from PSL in the
early phase model. Results are expressed relative to the levels in the sham-operated model. Student’s t-
test (n = 3, per group). Data represent the mean ± SD. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Figure 3

SHED-CM treatment induces M2 macrophages and suppresses the activation of microglia. (A, B)
Representative images of immunofluorescent staining of CD206, F4/80 (A) and TNF-α, S100β (B) in SCN;
(C, D) Quantification of CD206+F4/80+ cell numbers (C) and TNF-α+ S100β+ area (D) in SCN; (E) Images
of immunofluorescent staining of CD206, F4/80 in L4/5 DRG; (F) Quantification of CD206+F4/80+ cell
numbers in L4/5 DRG. (G) IBA1 in the ipsilateral dorsal horn of L3/4 spinal cord; (H) IBA1+ cell numbers
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in spinal cord after 7 days from partial sciatic nerve ligation (PSL) in the early phase model. Scale bar: 50
μm in (A, B and E) and 200 μm in (G). Student’s t-test (n = 3, per group). Data represent the mean ± SD. *p
< 0.05, **p < 0.01, ***p < 0.001.

Figure 4

Effects of M2 depletion on SHED-CM-mediated behavioral recovery after partial sciatic nerve ligation
(PSL). (A) Time course of M2 depletion in the early phase model. After PSL, mice were daily administered
either 0.5 mL of SHED-CM or DMEM. From day 4 to 6, mannosylated-Clodrosome (m-Clo; for M2
depletion) or mannosylated-Encapsome (m-Enc; negative control) were injected together with SHED-CM.
(B) The ipsilateral paw withdrawal thresholds. m-Clo, but not m-Enc, significantly inhibited the anti-
nociceptive effects of SHED-CM. Notably, the paw withdrawal threshold in the m-Clo group was
significantly higher than that in the DMEM group. ANOVA with Tukey’s post-hoc test (n = 10, per group).
Data represent the mean ± SD. ****p < 0.0001, for the m-Clo vs. m-Enc or DMEM comparisons.
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Figure 5

Effects of depletion of SHED-CM-induced M2 on the activation of Schwann cells and microglia. (A)
Representative images of immunofluorescent staining of CD206, F4/80 (A) and TNF-α, S100β (B) in
sciatic nerve (SCN); CD206, F4/80 in L4/5 DRG (C) and IBA1 in the ipsilateral dorsal horn of L3/4 spinal
cord (D) after 7 days from the partial sciatic nerve ligation (PSL). Scale bar: 50 μm in (A, B and C), 200
μm in (D). (E-H) Quantification analysis of CD206+F4/80+ cell numbers (E) and TNF-α+ S100β+ area (F)
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in SCN, CD206+ F4/80+ cell numbers in L4/5 dorsal root ganglion (DRG) (G) and IBA1+ cell numbers in
spinal cord (H). Student’s t-test (n = 3, per group). Data represent the mean ± SD. *p < 0.05, **p < 0.01,
***p < 0.001.

Figure 6

M2-CM suppresses the pro-nociceptive properties of TNF-α-activated Schwann cells in vitro. (A) Flow
cytometry analysis of SHED-CM-induced M2 polarization. Mouse bone marrow-derived macrophages
were treated with SHED-CM for 24 h and stained with F4/80 and CD206 antibodies. (B) qPCR analysis of
human Schwann cells treated with TNF-α with or without M2-CM. Notably, M2-CM strongly inhibited the
TNF-α-mediated elevation of pro-nociceptive factors and channels in Schwann cells. ANOVA with Tukey’s
post-hoc test (n = 3 per group). Data represent the mean ± SD; **p < 0.01, ****p < 0.0001.

Figure 7

Analgesic effect of M2-CM and MCP-1/sSiglec-9. (A) Time course of M2-CM treatment in the early phase
model. (B) The ipsilateral paw withdrawal thresholds in the early phase model. Student’s t-test (n = 10 in
each group). (C) qPCR analysis of the sciatic nerves after 7 days from the partial sciatic nerve ligation
(PSL) for the indicated mRNAs. Results are expressed relative to the levels in the sham-operated model.
Student’s t-test (n = 3, per group). (D) The immunofluorescent staining of IBA1 in the ipsilateral dorsal
horn of the L3/4 spinal cord. Scale bar: 200 μm. (E): Quantitative analysis of the number of IBA1+ cells.
Student’s t-test (n = 3, per group). (F): Time course of MCP-1/sSiglec-9 treatment in the middle phase
model. (G): The ipsilateral paw withdrawal thresholds in the middle phase model. ANOVA with Tukey’s
post-hoc test (n = 5 in each group). Data represent the mean ± SD; *, p < 0.05; **, p < 0.01; ****, p < 0.0001,
for the M2-CM vs. DMEM or MCP-1/sSiglec-9 vs. PBS comparisons.
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