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Background. Following spinal cord injury (SCI), a large number of peripheral monocytes
infiltrate into the injured area and differentiate into macrophages (Mø). These monocyte-
derived Mø are very difficult to distinguish from the local activated microglia (MG).
Therefore, the term Mø/MG are often used to define the infiltrated Mø and/or activated MG.
It has been recognized that pro-inflammatory M1-type Mø/MG play "bad guy" roles in the
pathological mechanism of SCI. Our recent research showed that in sub-acute spinal cord
injured mice local M1 cells are mainly CD11b+CD45−/lowCD68+. Therefore, we speculated
that the M1 cells in the injured spinal cords mainly derived from MG rather than infiltrating
Mø. And so far, their dynamics after SCI are not completely clear. Methods. Using an
Infinite Horizon impactor, the female BALB/c mouse SCI model was made by using a 1.3
mm diameter rod and a 50 Kdynes force. Sham-operated (sham) mice only received a
laminectomy without contusive injury. Fow cytometry and immunohistofluorescence were
combined to analyze the dynamic changes of polarized Mø and MG in the acute (1 day),
subacute (3, 7 and 14 days) and chronic (21 and 28 days) phases of SCI. Results. The
total Mø/MG gradually increased and peaked at 7 days post-injury (dpi), and maintained at
high levels 14, 21 and 28 dpi. Most of the Mø/MG were activated, and the Mø increased
significantly at 1 and 3 dpi. However, with the pathological process, the activated MG
increased nearly to 90% at 7, 14, 21 and 28 dpi. Both M1 and M2 Mø were increased
significantly at 1 and 3 dpi. However, they decreased to very low levels from 7 to 28 dpi.
On the contrary, the M2-type MG decreased significantly after SCI and remained at a low
level during the pathological process.
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34 Abstract
35

36 Background. Following spinal cord injury (SCI), a large number of peripheral monocytes 

37 infiltrate into the injured area and differentiate into macrophages (Mø). These monocyte-derived 

38 Mø are very difficult to distinguish from the local activated microglia (MG). Therefore, the term 

39 Mø/MG are often used to define the infiltrated Mø and/or activated MG. It has been recognized 

40 that pro-inflammatory M1-type Mø/MG play "bad guy" roles in the pathological mechanism of 

41 SCI. Our recent research showed that in sub-acute spinal cord injured mice local M1 cells are 

42 mainly CD11b+CD45−/lowCD68+. Therefore, we speculated that the M1 cells in the injured spinal 

43 cords mainly derived from MG rather than infiltrating Mø. And so far, their dynamics after SCI 

44 are not completely clear. 

45 Methods. Using an Infinite Horizon impactor, the female BALB/c mouse SCI model was made 

46 by using a 1.3 mm diameter rod and a 50 Kdynes force. Sham-operated (sham) mice only 

47 received a laminectomy without contusive injury. Fow cytometry and immunohistofluorescence 

48 were combined to analyze the dynamic changes of polarized Mø and MG in the acute (1 day), 

49 subacute (3, 7 and 14 days) and chronic (21 and 28 days) phases of SCI. 

50 Results. The total Mø/MG gradually increased and peaked at 7 days post-injury (dpi), and 

51 maintained at high levels 14, 21 and 28 dpi. Most of the Mø/MG were activated, and the Mø 

52 increased significantly at 1 and 3 dpi. However, with the pathological process, the activated MG 

53 increased nearly to 90% at 7, 14, 21 and 28 dpi. Both M1 and M2 Mø were increased 

54 significantly at 1 and 3 dpi. However, they decreased to very low levels from 7 to 28 dpi. On the 

55 contrary, the M2-type MG decreased significantly after SCI and remained at a low level during 

56 the pathological process.

57

58 Introduction
59 Spinal cord injury (SCI) is a is a serious disabling neurological disease, which caused by traffic 

60 accidents, trauma and other reasons (Attal 2021; Perrouin-Verbe et al. 2021; Quadri et al. 

61 2020). As the bridge between the brain and peripheral nerves, the nerves from spinal cord are 

62 distributed to the skin, muscles and various internal organs, once it is damaged, it will cause 

63 serious pathophysiological changes. For patients, SCI brings serious physical and mental pain. 

64 For families and society, it also causes serious economic and social burdens. (Chay & Kirshblum 

65 2020). Therefore, to find effective treatment strategies, we must deeply explore its pathological 

66 mechanism.

67 After SCI, the local microenvironment is destroyed (Anjum et al. 2020; Fan et al. 2022; Fan et 

68 al. 2018). At the tissue level, SCI leads to blood-brain barrier destruction, local tissue ischemia 

69 and hypoxia, demyelination, and glial scar formation (Anjum et al. 2020). Following SCI, the 

70 secretion of neurotrophins and anti-inflammatory factors decreased, while the production of 

71 oxygen free radicals, excitatory amino acids and pro-inflammatory factors increased (Hao et al. 

72 2017; Harrington et al. 2004). In addition, at the cellular level, SCI not only leads to neuronal 

73 and oligodendrocyte necrosis and astrocyte activation, it also includes the response of immune 

74 cells, such as the local MG activation and the peripheral immune cell infiltration (Donnelly & 

75 Popovich 2008; Lee et al. 2009). Among the immune cells, some have neuroprotective functions, 

76 while others are destructive. The final results of SCI depend on the dynamic balance of these 

77 cells (DiSabato et al. 2016; Wolf et al. 2002). However, which immune cell population play key 

78 role? So far, it is still an open question.
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79 Previous studies found that local pro-inflammatory M1-type MG (MG) and/or infiltrated M1-

80 type Mø are absolutely dominant following SCI (Fan et al. 2019; Sato et al. 2012). These suggest 

81 that M1 cells may be the key factor for the imbalance of local immune microenvironment of SCI. 

82 However, so far, it is still a controversial topic that the increasing of M1 cells mainly come from 

83 MG or the infiltrated Mø. For example, it was previously reported that MG play a central role in 

84 modulating of neuroinflammatory response following SCI (Brockie et al. 2021). The other also 

85 reported that inhibiting MG proliferation could improve recovery in mice and non-human 

86 primates after SCI (Poulen et al. 2021). However, many scholars believe that both MG and 

87 infiltrated Mø play the important roles in the microenvironment of SCI, and it likes a "double-

88 edged sword", which play both neuroprotective and neurodamaging effects (Devanney et al. 

89 2020; Ding et al. 2021). Our recent research showed that in subacute spinal cord injured mice 

90 local M1 cells are mainly CD11b+CD45−/lowCD68+, rather than CD11b+CD45highCD68+ cells 

91 (Chen et al. 2021; Chen et al. 2020). Therefore, we speculated that the M1 cells in the injured 

92 spinal cords mainly derived from MG rather than infiltrating Mø. In addition, the dynamics of 

93 these cells after SCI are not completely clear. Because at the early stage of SCI, mice cannot 

94 urinate autonomously and need artificial assistance. Due to the anatomical differences of urinary 

95 system, using the female could reduce the pain, infection and mortality of animals. In this study, 

96 we used only female mice. Therefore, in this study, the female BALB/c mouse SCI model was 

97 made, the activation and proportion of MG and infiltrated Mø at different time points after SCI 

98 were dynamically observed by a panel of specific cell markers using flow cytometry (FCM) and 

99 immunohistofluorescence (IHF).

100

101 Materials & Methods
102 Animals

103 A total of 150 specific-pathogen free adult female C57BL/6 mice (18�20 g) were obtained from 

104 Chang Zhou Cavens Laboratory Animal Ltd. (Chang Zhou, China; license No. SCXK (Su) 2016-

105 0010). The mice were kept in a suitable environment with relative humidity of 40%-60% and 

106 temperature of 21-25 °C, 60 air exchanges per hour in the cages, and a 12/12-hour light/dark 

107 cycle with the lights on at 7:00 AM. All experimental designs and reports were referred to 

108 previous to the previous guidelines (Kilkenny et al. 2011). The surgery protocol was approved by 

109 the Animal Care Ethics Committee of Bengbu Medical College. The number of Animal Ethical 

110 Approval was 2017-037. The mice were randomly divided into sham-operated (sham), 1-, 3-, 7-, 

111 14-, 21- and 28-days post-injury (dpi) groups, using a computer based random order generator 

112 (Zhao et al. 2018). The comprehensive description of the total number of mice used is shown in 

113 Figure 1. 

114 Contusive SCI 

115 The mice contusive SCI model was established by using an Infinite Horizon impactor (Precision 

116 Systems & Instrumentation, Lexington, KY, USA), as our previously method (Chen et al. 2021; 

117 Chen et al. 2020).  Inclusion criteria: the animals were undergoing successful contusive SCI, 

118 defined by the T9 site was filled with blood and edema, and the spinal cord was intact and not 

119 ruptured. Exclusion criteria: the degree of injury is not up to the standard, postoperative infection 

120 or sacrifice. Briefly, the mice were anesthetized with 80 mg/kg ketamine and 10 mg/kg xylazine 

121 (both obtained by Sigma-Aldrich, St. Louis, MO, USA), then the vertebral lamina of T9 was 

122 removed, and the spines of T7 and T11 were stabilized with forceps. The T9 spinal cord was 

123 impacted with 50Kdynes force, and the diameter of the impact rod was 1.3 mm. After the impact, 

124 the spinal cord was filled with blood and edema. For the sham group, the T9 vertebral lamina 
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125 only be resected without impact. After operation, the mice were kept in a suitable environment 

126 with relative humidity of 40%-60% and temperature of 21-25 °C. Bladder emptying was carried 

127 out three times a day, and the health status were observed and recorded. At the same time, 

128 meloxicam (5mg/kg, CSN pharm, IL, USA) and chloramphenicol (50mg/kg, Sangon Biotech, 

129 Shanghai, China) were injected subcutaneously daily 7 days after surgery to alleviate pain and 

130 prevent infection. Due to it is necessary to collect spinal cord specimens injured at different time 

131 points, the experimenter could not be blinded to whether the animal belongs to which group. 

132 Flow cytometry

133 At the corresponding time points after surgery, mice were euthanized as mentioned above. After 

134 the mice were completely euthanized, the chest cavity was opened with surgical scissors to 

135 expose the heart. The ventricle was clamped with a vascular clamp to fix the heart. The No.7 

136 needle was inserted into the left ventricle. At the same time, a small opening was cut on the right 

137 atrium so that the blood and lavage solution can be drained. Then, 10ml of 0.01M phosphate-

138 buffered saline (PBS) buffer solution (pH = 7.4) was slowly injected at 250 ml/h with a 

139 microinjection pump. After perfusion, the 5 mm spinal cord segments which contained the injury 

140 center were taken, and the corresponding spinal cord segments were also obtained from the sham 

141 group. The spinal cords of different groups were put into the 45-m nylon mesh and fully ground 

142 with the syringe plunger to obtain single cell suspensions. To obtain enough cells for analysis, 3 

143 spinal cord segments were mixed for one test. The Percoll gradient centrifugation (Amersham 

144 Pharmacia Biotech, Piscataway, NJ, USA) was used to separate the single cells. (Chen et al. 

145 2021; Chen et al. 2020).  Table 1 showed the fluorescent labeled antibodies which used in this 

146 study to identify different immune cell subtypes. The immunoglobulin with the same species, 

147 subtype, dose and fluorescein as the primary antibody was used as the isotype control to 

148 eliminate the background staining caused by the non-specific binding of the antibody. The cells 

149 were collected using a BD Accuri flow cytometer (Becton Dickinson, San Diego, CA, USA), and 

150 data were analyzed using FlowJo7.6.1 software (FlowJo, LLC, Ashland, OR, USA).

151 Immunofluorescence double-staining

152 At the indicated time points post-injury, mice were euthanized as mentioned above. Then, the 

153 mice were perfused with 10mL 0.01 M PBS at 250 mL/h with a microinjection pump with an 

154 injection pump, followed by 10 mL of 4% paraformaldehyde (PFA) at a rate of 180 mL/h. After 

155 perfusion, the 5 mm spinal cord segments which contained the injury center were taken, and the 

156 corresponding spinal cord segments were also obtained from the sham group. The spinal cords 

157 were then fixed in 10 mL of 4% PFA solution at 4°C overnight. The next day, the spinal cords 

158 were removed from the 4% PFA solution and placed in the 20% sucrose solution (prepared in 

159 PBS) at 4°C overnight. To the third day, the spinal cords transferred to the 30% sucrose at 4°C, 

160 until the samples sinking to the bottom of the solution. This process usually needs one day. Next, 

161 the embedding agent (Tissue-Tek, Sakura Finetek USA Inc., Torrance, CA, USA) was used to 

162 embed the spinal cord segments at -20°C. The 6 μm thick transverse sections were cut by using a 

163 Leica CM1900 cryostat (Leica Microsystems, Bannockburn, IL, USA). The IHF assay was 

164 performed as previously described (Chen et al. 2021; Chen et al. 2020). Briefly, the slides were 

165 washed three times with 0.01 M PBS to completely clear the embedding agent. When the slides 

166 were left to dry, the blocking solution (0.01 M PBS containing 10% normal goat serum) were 

167 used for 2 hours at room temperature to eliminate the background staining caused by the non-

168 specific binding of the antibody. After cleaning the blocking solution, the primary antibodies 

169 with appropriate concentration were incubated overnight at 4°C. The next day, the slides were 

170 washed three times with 0.01 M PBS to completely remove the unbound antibodies. Then, the 
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171 secondary antibodies with appropriate concentration were incubated at 37°C for 1 hour. The 

172 primary and FITC and RHO-conjugated secondary antibodies were shown in Table 1. After the 

173 second antibody incubation, the 0.01 M PBS was used to wash the slides for three times, and the 

174 1 μg/ml Hoechst 33342 (Sigma-Aldrich; Cat# B2261) containing medium was used to coverslip 

175 the slides. Finally, the slides were examined using a ZWISS Axio observation microscope (Carl 

176 Zeiss, Oberkochen, Germany). The cell quantification was performed as previously described 

177 (Chen et al. 2021; Chen et al. 2020). Briefly, for each spinal cord, the cells of 5 complete cross-

178 sections containing the injury epicenter (0 mm), rostral (1 mm and 0.5 mm) and caudal (-1 mm 

179 and -0.5 mm) were counted.

180 Statistical analyses

181 The SPSS software v.14.0 (SPSS Inc., Chicago, IL, USA) was used to statistical analysis. The 

182 non-parametric Kruskal Wallis analysis of variance (ANOVA) following by the individual 

183 Mann-Whitney U test was used. The P < 0.05 was considered to be statistically significant.

184

185 Results
186 Temporal pattern of MG and infiltrated Mø following SCI: the flow cytometry (FCM) 

187 analysis

188 To determine the temporal pattern of MG and infiltrated Mø in the spinal cords of sham, 1, 3, 7, 

189 14, 21 and 28 dpi, a panel of cell markers (CD11b, CD45 and CD68) was examined by FCM. 

190 Considering that CD45 is not only a common marker of peripheral leukocytes, it can also be 

191 expressed at a low level in MG (Sedgwick et al. 1998), CD11b is mainly expressed in MG and 

192 monocyte-derived Mø (Martin et al. 2017), and CD68 is the common marker of activated MG 

193 and Mø (Chen et al. 2015; Greaves & Gordon 2002), CD45high population was defined as 

194 peripheral infiltrated leukocytes, CD68+CD11b+ population was activated Mø and MG, 

195 CD45highCD11b+ population was peripheral infiltrated Mø, CD45-/lowCD11b+ population was 

196 MG, CD45highCD68+CD11b+ population was activated peripheral infiltrated Mø, CD45-

197 /lowCD68+CD11b+ population was activated MG, and CD45highCD68-CD11b- population was 

198 peripheral infiltrated leukocytes excluding Mø (Figure 2A).

199 Figure 2B showed that the percentages of CD11b+ cells in the groups of sham, 1, 3, 7, 14, 21 and 

200 28 dpi were 6.59%, 6.53%, 6.31%, 18.18%, 12.69%, 12.11% and 12.56%, respectively. The 

201 percentages of CD11b+ cells among sham, 1 and 3 dpi groups had no significant difference (P > 

202 0.05, n = 6). However, at 7 dpi, the proportion increased significantly and reached to peak, 

203 although the proportions decreased at the later time points (14, 21 and 28 dpi), they still 

204 continued at high levels comparing with sham,1 and 3 dpi groups (P < 0.01, n = 6).

205 Figure 2C showed that the percentages of CD68+ cells in the groups of sham, 1, 3, 7, 14, 21 and 

206 28 dpi were 9.87%, 19.91%, 20.43%, 39.47%, 37.40%, 30.75% and 31.87%, respectively. The 

207 percentage of CD68+ cells in the sham-operated spinal cords was the lowest comparing with the 

208 injured groups, and there were statistically significant differences (P < 0.01, n = 6). The 

209 proportions increased significantly after injury, and reached to peak at 7 dpi, and continued at 

210 high levels at 14, 21 and 28 dpi. There were no significant differences among 7, 14, 21 and 28 

211 dpi (P > 0.05, n = 6). However, the percentages of CD68+ cells in these four groups were 

212 significant higher comparing with sham (P < 0.01, n = 6), 1 and 3 dpi (P < 0.05, n = 6).

213 Figure 2D showed that the percentages of CD11b+CD68+ cells in the groups of sham, 1, 3, 7, 14, 

214 21 and 28 dpi were 1.33%, 4.95%, 4.54%, 15.50%, 10.19%, 8.48% and 9.47%, respectively. In 

215 the sham-operated spinal cords, CD11b+CD68+ cells were extremely rare, however, they 

216 increased significantly in the injured groups (comparing with sham, P < 0.01, n = 6). The 
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217 proportions had no significant differences between 1 and 3 dpi (P > 0.05, n = 6). However, it 

218 reached to peak at 7 dpi. Subsequently, the percentages of cells decreased, but remained at high 

219 levels at 14, 21 and 28 dpi. There were no significant differences among 14, 21 and 28 dpi (P > 

220 0.05, n= 6). Although, the percentages of CD11b+CD68+ cells in these three groups were lower 

221 than that of 7 dpi group (P < 0.05, n = 6), they were still significant higher comparing with sham, 

222 1 and 3 dpi (P < 0.01, n = 6).

223 Figure 2E showed that the percentages of CD45high cells in the groups of sham, 1, 3, 7, 14, 21 and 

224 28 dpi were 2.65%, 5.63%, 7.16%, 12.51%, 15.67%, 8.76% and 9.64%, respectively. In the 

225 sham-operated spinal cords, CD45+ cells were extremely rare, and these cells gradually increased 

226 after injury, peaked at 7 and 14 dpi, and then decreased, but still maintained at high levels at 21 

227 and 28 dpi. There was no significant statistical difference between 7 and 14 dpi (P > 0.05, n = 6). 

228 However, comparing with the other groups, the percentages of CD45high cells in these two groups 

229 had significant differences (P < 0.05 or 0.01, n = 6).

230 Figure 2F showed that the percentages of CD11b+CD45high cells in the groups of sham, 1, 3, 7, 

231 14, 21 and 28 dpi were 1.35%, 3.85%, 4.26%, 5.41%, 4.13%, 2.57% and 3.04%, respectively. In 

232 the sham-operated spinal cords, CD11b+CD45high cells were also extremely rare, and these cells 

233 significantly increased after injury, peaked at 7 dpi, and then decreased, but still maintained at 

234 high levels at 14, 21 and 28 dpi. Comparing with the other groups, the percentage of 

235 CD11b+CD45high cells in 7 dpi group had significant differences (P < 0.05 or 0.01, n = 6). In 

236 addition, it should be emphasized that the proportion of CD11b+CD45high cells in each group is 

237 significantly lower than that of their corresponding CD11b+ cells (Figure 2B). This indicates that 

238 the proportion of peripheral infiltrated Mø is significantly lower than that of MG in the injured 

239 spinal cords.

240 Figure 2G showed that the percentages of CD11b+CD45-/low cells in the groups of sham, 1, 3, 7, 

241 14, 21 and 28 dpi were 3.90%, 2.73%, 2.70%, 13.89%, 8.72%, 10.16% and 8.41%, respectively. 

242 Among sham, 1 and 3 dpi groups, the percentages of CD11b+CD45-/low cells had no significant 

243 difference (P > 0.05, n = 6). However, at 7 dpi, the proportion increased significantly and 

244 reached a peak, although the proportions decreased at the later time points (14, 21 and 28 dpi), 

245 they still continued at high levels comparing with sham,1 and 3 dpi groups (P < 0.01, n = 6). 

246 Comparing with the other groups, the percentage of CD11b+CD45-/low cells in the 7 dpi was 

247 significantly higher (P < 0.05 or 0.01, n = 6). In addition, it should be emphasized that except for 

248 the 1 and 3 dpi groups, CD11b+CD45-/low cells constitute the majority of CD11b+ cells (Figure 

249 2B). This shows that except for the two early time points of 1 and 3 dpi, MG are dominant in 

250 proportion to peripheral infiltrated Mø in the injured spinal cord. 

251 Figure 2H showed that the percentages of CD68+CD45high cells in the groups of sham, 1, 3, 7, 14, 

252 21 and 28 dpi were 0.53%, 3.54%, 4.53%, 3.74%, 4.06%, 4.10% and 4.08%, respectively. In the 

253 sham-operated spinal cords, CD68+CD45high cells were also extremely rare, and these cells 

254 rapidly increased after injury. Up to 28 dpi, they still maintained at high levels. Comparing with 

255 the sham group, the percentages of CD68+CD45high cells in the injured groups were significantly 

256 higher (P < 0.01, n = 6). There were no significant differences among the injured groups (P > 

257 0.05, n = 6). In addition, it should be emphasized that the proportion of CD68+CD45high cells in 

258 each SCI group is significantly lower than that of their corresponding CD68+ cells (Figure 2C). 

259 This preliminarily indicates that the proportion of activated peripheral infiltrated Mø is 

260 significantly lower than that of activated MG in the injured spinal cords.

261 Figure 2I showed that the percentages of CD68+CD45-/low cells in the groups of sham, 1, 3, 7, 14, 

262 21 and 28 dpi were 9.17%, 19.18%, 16.59%, 34.83%, 36.30%, 25.57% and 25.32%, 
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263 respectively. The percentage of CD68+CD45-/low cells in the sham-operated spinal cords was the 

264 lowest comparing with the injured groups (P < 0.05 or 0.01, n = 6). The proportions had no 

265 significant differences at 1 and 3 dpi (P > 0.05, n = 6). However, they reached to peak at 7 and 

266 14 dpi, and remained at high levels at 21 and 28 dpi. Among 7, 14, 21 and 28 dpi, there were no 

267 significant differences (P > 0.05, n = 6). In addition, it should be emphasized that the proportion 

268 of CD68+CD45-/low cells in each SCI group is significantly lower than that of their corresponding 

269 CD68+ cells (Figure 2C). This preliminarily indicates that the activated MG is dominant in 

270 proportion to activated peripheral infiltrated Mø in the injured spinal cord.

271 Figure 2K showed that the percentages of CD68+CD11b+CD45high cells in the groups of sham, 1, 

272 3, 7, 14, 21 and 28 dpi were 0.25%, 2.45%, 2.73%, 1.61%, 1.15%, 1.39% and 1.23%, 

273 respectively. In the sham-operated spinal cords, CD68+CD11b+CD45high cells were extremely 

274 rare, and these cells rapidly increased after injury, peaked at 1, 3 and 7 dpi. Comparing with 

275 sham-operated spinal cords, these cells in the 1, 3 and 7 dpi groups are significantly more (P < 

276 0.01, n = 6). Although, comparing with 1, 3 and 7 dpi groups, the proportions decreased to the 

277 lower levels at the later time points (14, 21 and 28 dpi) (P < 0.05, n = 6), they still maintained at 

278 higher levels comparing to the sham-operated group (P < 0.05, n = 6). In addition, it should be 

279 emphasized that the combined application of the three markers is more precise for defining 

280 activated peripheral infiltrated Mø. Comparing with Figure 2H, the proportion of cells in Figure 

281 2K is lower. This accurately indicates that the activated peripheral infiltrated Mø in the injured 

282 spinal cord are significantly inferior to activated MG.

283 Figure 2L showed that the percentages of CD68+CD11b+CD45-/low cells in the groups of sham, 1, 

284 3, 7, 14, 21 and 28 dpi were 3.61%, 7.54%, 13.10%, 18.15%, 11.06%, 7.03% and 7.48%, 

285 respectively. In the sham-operated spinal cords, CD68+CD11b+CD45-/low cells were also 

286 extremely rare, and these cells gradually increased after injury, peaked at 7 dpi (comparing with 

287 the other groups, P < 0.01, n = 6), and then decreased, but still maintained at high levels at 14, 

288 21 and 28 dpi. Comparing to the sham-operated group, the percentages of CD68+CD11b+CD45-

289 /low cells in all SCI groups had significant differences (P < 0.01, n = 6). It should be emphasized 

290 that this part of the results is the essence of this study. It not only shows the dynamics of MG 

291 activation after SCI, but also clearly confirms that the activated MG are absolutely dominant in 

292 the injured spinal cord.

293 Temporal pattern of MG and infiltrated Mø following SCI: the immunohistofluorescence 

294 (IHF) analysis

295 To verify the temporal pattern of MG and infiltrated Mø detected by FCM, several representative 

296 spinal cords (sham, 1, 7 and 28 dpi) were selected for IHF analysis. CD11b, CD68 and 

297 TMEM119 antibodies were used for immunofluorescence labeling (Figure 3). Here, CD11b is 

298 the common marker of MG and monocyte-derived Mø (Martin et al. 2017), CD68 is the common 

299 marker of activated MG and Mø (Chen et al. 2015; Greaves & Gordon 2002), and TMEM119 is 

300 the specific marker of MG (Bohnert et al. 2020).Therefore, TMEM119+CD11b+ cells are total 

301 MG, TMEM119-CD11b+ cells are monocyte-derived Mø, TMEM119+CD68+ cells are activated 

302 MG, TMEM119-CD68+ cells are activated monocyte-derived Mø, respectively (Figure 3A-H). 

303 The representative images showed that TMEM119+CD11b+ cells could be detected in all groups 

304 (Figure 3A-D). The statistical results (Figure 3E) showed that the number (cells/mm2) of 

305 TMEM119+CD11b+ cells had no significant difference between sham (117.50 ± 19.30) and 1 dpi 

306 (200.33 ± 16.59) groups (P > 0.05, n = 6). Comparing with the other three groups, there were 

307 most TMEM119+CD11b+ cells in 7 dpi (537.33 ± 99.80) (P < 0.01, n = 6). Although, the cells 

308 were decreased at 28 dpi (308.33 ± 50.27), the number still significantly more comparing with 
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309 sham and 1 dpi groups (P < 0.01, n = 6). In the sham-operated spinal cords, TMEM119-CD11b+ 

310 cells were extremely rare (Figure 3A), and they significantly increased in the three SCI groups 

311 (Figure 3B-D). The statistical results (Figure 3F) showed that the numbers of TMEM119-

312 CD11b+ cells in all three SCI groups were significant more than that of sham (70.17 ± 7.65) 

313 group (P < 0.01, n = 6). Comparing with the other three groups, there were also most TMEM119-

314 CD11b+ cells in 7 dpi (201.80 ± 42.53) group (P < 0.05, n = 6). There was no significant 

315 statistical difference between 1 (144.83 ± 9.45) and 28 dpi (155.20 ± 62.30) groups (P > 0.05, n 

316 = 6).

317 In the representative images of Figure 4A, both TMEM119+CD68+ and TMEM119-CD68+ cells 

318 were extremely rare in sham-operated spinal cords. However, both of them could be detected in 

319 all SCI groups (Figure 4B-D). The statistical results (Figure 4E and F) showed that the numbers 

320 of these two types of cells had significant differences among sham and SCI groups (P < 0.01, n = 

321 6). Comparing with the three other groups, there were most TMEM119+CD68+ cells in 7 dpi 

322 (473.50 ± 64.48) group (P < 0.01, n = 6). Although, the number of these cells decreased at 28 dpi 

323 (269.67 ± 42.49), it still significantly more comparing with sham (6.67 ± 6.31) and 1 dpi (156 ± 

324 43.75) groups (P < 0.01, n = 6). Comparing with the other two groups, TMEM119-CD68+ cells 

325 were most in 1 (155.00 ± 18.51) and 7 dpi (124.75 ± 34.88) groups (P < 0.01, n = 6). Although, 

326 the cells decreased at 28 dpi (61.33 ± 25.24), their number still significantly more comparing 

327 with sham (0.00 ± 0.00) group (P < 0.01, n = 6).

328 The above analysis showed that the verification results of IHF are basically consistent with the 

329 temporal pattern of MG and infiltrated Mø in the injured spinal cords detected by FCM.

330 Temporal pattern of SCI-induced M1 and M2 differentiation of Mø and MG: the FCM 

331 analysis

332 To further explore the temporal pattern of SCI-induced M1 and M2 differentiation of Mø and 

333 MG, FCM was used by combining CD68, CD45, CD11b and CCR7 antibodies. Here, 

334 CD11b+CD68+CCR7+ subpopulation was defined as total M1 cells, CD11b+CD68+CCR7- 

335 subpopulation was defined total M2 cells, CD11b+CD45-/lowCD68+CCR7+ subpopulation was 

336 defined as MG-derived M1 cells, CD11b+CD45-/lowCD68+CCR7- cells subpopulation was 

337 defined MG-derived M2 cells, CD11b+CD45highCD68+CCR7+ subpopulation was defined as 

338 peripheral infiltrated M1 cells, CD11b+CD45highCD68+CCR7- subpopulation was defined as 

339 peripheral infiltrated M2 cells(Chen et al. 2021; Chen et al. 2020). 

340 As shown in Figure 5A, the same size �region� of total CD11b+ cells (R1) were set for each 

341 sample in the pseudocolor plots of CD45/CD11b, and then the percentage of each cell population 

342 was analyzed in the pseudocolor plots of CD68/CCR7 by setting the boundary between negative 

343 and positive with isotype-matched antibodies. The statistical results (Figure 5B) showed that the 

344 percentage of CD11b+CD68+CCR7+ cells in the sham-operated spinal cords was the lowest 

345 (10.45%) comparing with the injured groups, and there were statistically significant (P < 0.01, n 

346 = 6). The proportions significantly increased after injury (1 dpi, 36.25% and 3 dpi, 52.02%), and 

347 reached to peak from 7 dpi (58.17%), and maintained at high levels at 14 (63.83%), 21 (68.35%) 

348 and 28 dpi (60.28%). There were no significant differences among 7, 14, 21 and 28 dpi (P > 

349 0.05, n = 6). However, the percentages of CD11b+CD68+CCR7+ cells in these four groups were 

350 significant higher comparing with sham and 1 dpi (P < 0.01, n = 6).

351 Figure 5C showed that the percentages of CD11b+CD68+CCR7- cells in the groups of sham, 1, 3, 

352 7, 14, 21 and 28 dpi were 15.42%, 8.73%, 17.76%, 19.92%, 9.53%, 15.77% and 15.92%, 

353 respectively. Among all groups, there were no significant differences (P > 0.05, n = 6). However, 

354 when converted to total M1/M2 ratio, its temporal pattern was obvious. As shown in Figure 5D, 
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355 the total M1/M2 ratios in sham, 1, 3, 7, 14, 21 and 28 dpi were 0.69 ± 0.31, 4.76 ± 1.97, 3.92 ± 

356 1.19, 3.97 ± 0.43, 5.71 ± 2.01, 4.77 ±1.55 and 3.85 ± 0.52, respectively. The ratio was very low 

357 in the sham-operated spinal cords and significantly increased after SCI. Comparing with the 

358 sham group, the ratios in all SCI groups were significant increased (P < 0.01, n = 6). However, 

359 among all SCI groups, the ratios had no significant differences (P > 0.05, n = 6).

360 As shown in Figure 5E, in the pseudocolor plots of CD11b/CD45, the same size �region� of 

361 CD11b+CD45-/low cells (R2) were set for each sample, and then the percentages of cell 

362 populations were analyzed same as Figure 5A. The statistical results (Figure 5F) showed that the 

363 percentage of CD11b+CD45-/lowCD68+CCR7+ cells in the sham-operated spinal cords was the 

364 lowest (11.45%) comparing with the injured groups, and the differences were statistically 

365 significant (P < 0.01, n = 6). The proportions significantly increased after injury (1 dpi, 44.90%; 

366 3 dpi, 59.70% and 7 dpi, 61.65%), and reached to peak at 14 (73.72%) and 21 dpi (70.48%), and 

367 continued at high level at 28 dpi (63.17%). There were no significant differences among the 

368 groups of 3, 7 and 28 dpi, and between 7 and 21 dpi (P > 0.05, n = 6). However, the percentages 

369 in the groups of 3, 7, 14, 21 and 28 dpi were significantly higher than that of 1 dpi (P < 0.05 or 

370 0.01, n = 6).

371 Figure 5G showed that the percentages of CD11b+CD45-/lowCD68+CCR7- cells in the groups of 

372 sham, 1, 3, 7, 14, 21 and 28 dpi were 20.35%, 8.52%, 19.38%, 18.47%, 10.37%, 17.30% and 

373 18.05%, respectively. Among all groups, there were no significant differences (P > 0.05, n = 6). 

374 However, when converted to total M1/M2 ratio, its temporal pattern was more obvious. As 

375 shown in Figure 5H, the M1/M2 ratios of MG in the groups of sham, 1, 3, 7, 14, 21 and 28 dpi 

376 were 0.62 ± 0.36, 4.48 ± 1.02, 3.29 ± 0.91, 3.52 ± 0.92, 7.03 ± 2.05, 4.26 ± 1.10 and 3.53 ± 0.62, 

377 respectively. The ratio was very low in sham group and increased after SCI, peaked at 7 dpi, and 

378 then decreased at 21 and 28 dpi. In the group of 7 dpi, the ratio of was significantly higher than 

379 those of the other groups (P < 0.05, n = 6). Among the groups of 1, 3, 21 and 28 dpi, the ratios 

380 had no significant differences (P > 0.05, n = 6). However, they still maintained at high levels 

381 comparing with the sham-operated spinal cords (P < 0.01, n = 6).

382 In Figure 5I, in the pseudocolor plots of CD11b/CD45, the same size �region� of 

383 CD45highCD11b+ cells (R3) were set for each sample, and then the percentages of cell 

384 populations were analyzed same as Figure 5A. Figure 5J showed that the percentages of 

385 CD11b+CD45highCD68+CCR7+ cells in the groups of sham, 1, 3, 7, 14, 21 and 28 dpi were 

386 4.70%, 29.29%, 45.38%, 48.80%, 57.20%, 59.16% and 70.35%, respectively. The cell percent 

387 showed an increasing trend after SCI, and reached the highest levels at 28 dpi. However, there 

388 were no significant differences among the groups of 7, 14, 21 and 28 dpi (P > 0.05, n = 6), which 

389 were statistically significant comparing with the groups of sham and 1dpi (P < 0.05 or 0.01, n = 

390 6). In Figure 5K, the percentages of CD11b+CD45highCD68+CCR7- cells in the groups of sham, 

391 1, 3, 7, 14, 21 and 28 dpi were 3.69%, 4.37%, 20.30%, 18.10%, 7.80%, 4.37% and 3.46%, 

392 respectively. The cell percentages were highest at 3 and 7 dpi, which were statistically significant 

393 comparing with the other groups (P < 0.01, n = 6). However, among the groups of sham, 1, 14, 

394 21 and 28 dpi, the differences were not significant (P > 0.05, n = 6).

395 When converted to the ratio of infiltrated M1/M2, its temporal pattern was more obvious. As 

396 shown in Figure 5l, the infiltrated M1/M2 ratios in the groups of sham, 1, 3, 7, 14, 21 and 28 dpi 

397 were 1.26 ± 0.36, 7.92 ± 4.67, 2.30 ± 0.47, 3.30 ± 1.06, 7.78 ± 1.99, 14.84 ± 5.47 and 22.16 ± 

398 7.11, respectively. The ratio was very low in sham group, and there was a transient rise at 1 dpi. 

399 Then, it decreased to sham level at 3 and 7 dpi, and then the ratio showed an increasing trend 

400 from 14 to 28 dpi, it reached the highest levels at 28 dpi. Among sham, 3 and 7 dpi groups, the 
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401 ratios had no significant differences (P > 0.05, n = 6). However, comparing with the other 

402 groups, the ratios were significant lower (P < 0.05 or 0.01, n = 6).

403 Temporal pattern of SCI-induced M1 and M2 differentiation of Mø and MG: the IHF 

404 analysis

405 To verify the temporal pattern of SCI-induced M1 and M2 differentiation of Mø and MG 

406 detected by FCM, several representative spinal cords (sham, 1, 7 and 28 dpi) were selected for 

407 IHF analysis. CD68, TMEM119, CCR7 and Arg1 antibodies were used for immunofluorescence 

408 labeling (Figures 6 and 7). Here, CD68+CCR7+ and CD68+Arg1+ label total M1 and M2 cells, 

409 respectively (Figure 6); TMEM119+ CCR7+ and TMEM119+Arg1+ cells are M1 and M2 MG, 

410 respectively (Figure 7A-J). Therefore, (CD68+CCR7+ minus TMEM119+CCR7+) and 

411 (CD68+Arg1+ minus TMEM119+Arg1+) are M1 and M2 monocyte-derived Mø, respectively 

412 (Figure 7K and L). 

413 The representative images showed that CD68+CCR7+, CD68+Arg1+, TMEM119+CCR7+ and 

414 TMEM119+Arg1+ cells were both extremely rare in sham-operated spinal cords (Figures 6A and 

415 E, 7A and E). However, these cells could be detected in all SCI groups (Figure 6B-D, F-H, and 

416 7B-D, F-H). 

417 The statistical results (Figure 6I) showed that the numbers of CD68+CCR7+ cells in the groups of 

418 sham, 1, 7 and 28 dpi were 2.67 ± 2.50, 235.33 ± 5.13, 577.17 ± 40.18 and 543.17 ± 31.35, 

419 respectively. All SCI groups were significant more than that of sham-operated spinal cords (P < 

420 0.01, n = 6). Up to 7 dpi, the cell number reached to peak, and continued at high levels at 28 dpi. 

421 The differences were not significant between 7 and 28 dpi (P > 0.05, n = 6). However, both of 

422 them were more than 1 dpi (P < 0.01, n = 6).

423 In Figure 6J, the numbers of CD68+Arg1+ cells in the groups of sham, 1, 7 and 28 dpi were 3.83 

424 ± 3.43, 105.33 ± 9.56, 72.83 ± 10.55 and 150.17 ± 22.21, respectively. Although, all SCI groups 

425 were significant more than sham group in the numbers of CD68+Arg1+ cells (P < 0.01, n = 6), the 

426 7 dpi had the least number of cells among the three SCI groups, and there were most cells in 28 

427 dpi group. The pairwise comparisons of the three SCI groups were statistically significant (P < 

428 0.01, n = 6).

429 In Figure 7I, the numbers of TMEM119+CCR7+ cells in the groups of sham, 1, 7 and 28 dpi were 

430 3.17 ± 1.83, 205.17 ± 9.97, 412.33 ± 18.04 and 410.17 ± 50.92, respectively. The overall change 

431 trend of cell number was similar to that of CD68+CCR7+ cells. Figure 7J showed that the 

432 numbers of TMEM119+Arg1+ cells in the groups of sham, 1, 7 and 28 dpi were 4.33 ± 2.42, 

433 85.83 ± 10.68, 50.00 ± 4.29 and 125.00 ± 13.33, respectively. The overall trend was also similar 

434 to that of CD68+Arg1+ cells.

435 In Figure 7K, the numbers of infiltrated CD68+CCR7+ cells in the groups of sham, 1, 7 and 28 

436 dpi were 0.00 ± 0.00, 30.17 ± 11.72, 164.83 ± 45.64 and 133.00 ± 56.67, respectively. All SCI 

437 groups were significant more than that of sham-operated spinal cords (P < 0.01, n = 6). Up to 7 

438 dpi, the cell number reached to peak. Although the number of cells had a decreasing trend, it 

439 remained at a higher level at 28 dpi.  The difference was not significant between 7 and 28 dpi (P 

440 > 0.05, n = 6). However, both of them were more than 1 dpi (P < 0.01, n = 6). Figure 7L showed 

441 that although the numbers of infiltrated CD68+Arg1+ cells could be detected in SCI groups, they 

442 were very rare in all groups. The numbers in the groups of sham, 1, 7 and 28 dpi were 0.00 ± 

443 0.00, 19.50 ± 12.65, 22.83 ± 12.04 and 25.17 ± 15.74, respectively. All three SCI groups were 

444 significant more than that of sham group (P < 0.01, n = 6). Among the SCI groups, there were no 

445 significant differences (P > 0.05, n = 6).
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446 The above analysis showed that the results of IHF are basically consistent with the M1 and M2 

447 differentiation of Mø and MG detected by FCM.

448 Summary of dynamic changes of MG, infiltrated Mø and their subsets

449 To further summarize the dynamic changes of MG, Mø, peripheral infiltrated M1/M2 Mø, and 

450 M1/M2 MG after SCI, we integrated and analyzed the above results (Figure 2-7).

451 As shown in Figure 8 (first row), the proportions of total Mø/MG in the groups of sham, 1, 3, 7, 

452 14, 21 and 28 dpi were 7%, 6%, 6%, 18%, 13%, 12% and 14%, respectively. It was suggested 

453 that the proportions in the injured spinal cords gradually increased and peaked at 7 dpi. Although 

454 the proportions decreased at 14, 21 and 28 dpi, they were still maintained at high levels 

455 compared with sham, 1 and 3 dpi groups.

456 The second row of Figure 8 further summarized the proportions of activated cells in total 

457 Mø/MG. We found that the proportions were 24%, 80%, 69%, 84%, 82%, 72% and 74% at 

458 sham, 1, 3, 7, 14, 21 and 28 dpi, respectively. It was suggested that most of the Mø/MG were 

459 activated following SCI.

460 Next, the dynamic changes of activated Mø and MG were further analyzed. As shown in row 3 

461 of Figure 8, the proportions of activated Mø in the groups of sham, 1, 3, 7, 14, 21 and 28 dpi 

462 were 13%, 49%, 74%, 11%, 11%, 12% and 13%, respectively, and the proportions of activated 

463 MG were 87%, 51%, 26%, 89%, 89%, 88% and 87%, respectively. It can be concluded that in 

464 the sham spinal cord, MG were absolutely dominant and Mø were few. In the acute phase of SCI 

465 (1 and 3 dpi), the proportions of activated Mø increased significantly. However, with the 

466 progression of the SCI, the proportions of activated MG increased nearly to 90% in subacute 

467 phase (7 and 14 dpi) and chronic phase (21 and 28 dpi).

468 Finally, we further analyzed the proportion of M1 and M2 subsets in the activated MG and 

469 infiltrated Mø. As shown in row 4 of Figure 8, in sham, 1, 3, 7, 14, 21 and 28 dpi groups, the 

470 proportions of M1 Mø were 7%, 43%, 51%, 7%, 9%, 17% and 12%, respectively. The 

471 proportions of M2 Mø were 6%, 6%, 23%, 3%, 1%, 1% and 0%, respectively. The proportions 

472 of M1 MG were 31%, 43%, 20%, 69%, 79%, 66% and 68%, respectively. The proportions of 

473 M2 MG were 56%, 8%, 6%, 21%, 11%, 16% and 20%, respectively. 

474 These results showed that there are very few peripheral Mø in the sham-operated spinal cords, 

475 and the proportion of MG is absolutely dominant, and the MG are mainly M2 subset. In the acute 

476 phase of SCI, the proportion of peripheral infiltrated Mø increased transiently, and M1 Mø are 

477 absolutely dominant, but in the subacute phase, M1 MG were absolutely dominant and continued 

478 to the chronic phase (28 dpi, the longest time point observed in this study).

479

480 Discussion
481 Inflammation is one of the important mechanisms of secondary pathological damage in SCI 

482 (Mallon et al. 2021). After SCI, with the destruction of blood spinal cord barrier, MG are 

483 activated, the inflammatory factors and chemokines are increased, and the peripheral immune 

484 cells infiltrate into the injured spinal cord to form an immune microenvironment, resulting in 

485 neuronal death and demyelination (Brockie et al. 2021; Rezvan et al. 2020; Shields et al. 2020). 

486 Following SCI, the different immune cell subsets with different functions affect the local 

487 immune microenvironment by producing different cytokines (Mishra et al. 2021). Previous 

488 studies have found that the local cellular components of the injured spinal cord include locally 

489 activated MG, infiltrated Mø, lymphocytes, neutrophils, dendritic cells, etc., and these cells are 

490 divided into different subsets, which have the functions of neuroprotective and neurodamaging 

491 effects (Hu et al. 2016; Ma et al. 2015; Milich et al. 2021). Moreover, neurodamaging subsets 
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492 (such as M1, Th1, Th17, etc.) are dominant, which is an important mechanism of spinal cord 

493 pathological injury (Chen et al. 2021; Chen et al. 2020). However, which of these complex 

494 immune cell populations plays a key role? So far, there is no final conclusion. 

495 Generally, in the rodent model, the pathological process of traumatic SCI is divided into the 

496 acute (< 48 h), subacute (2 to 14 dpi) and chronic (> 14 dpi) phases (Rodrigues et al. 2018; Shi et 

497 al. 2017). Following SCI, a large number of peripheral blood-derived monocytes infiltrate into 

498 the injured spinal cord and differentiate into Mø, which are indistinguishable from the local MG, 

499 therefore the term Mø/MG was often used to define the infiltrated Mø and/or activated MG in the 

500 literatures (Fan et al. 2020; Gao et al. 2021; Rismanbaf et al. 2021). However, with the 

501 development of research methods, peripheral infiltrated Mø and locally activated MG can be 

502 identified (Chen et al. 2021; Chen et al. 2020; Milich et al. 2021). Our recent studies have found 

503 that proinflammatory M1 cells are absolutely dominant at 7 dpi following SCI, and these cells 

504 mainly from MG rather than peripheral infiltrated Mø (Chen et al. 2021; Chen et al. 2020). This 

505 suggests that M1 cells derived from MG might be the key inflammatory cells in the 

506 microenvironment of injured spinal cords. However, the dynamic patterns of MG, infiltrated Mø 

507 and their subsets during the whole pathological process of SCI are still unclear. Therefore, the 

508 purpose of this study was to explore the dynamic patterns of these cells after SCI using the 

509 strategy of combining FCM and IHF. 

510 The results showed the proportions of total Mø/MG following SCI peaked at 7 dpi. Although the 

511 proportions decreased at 14, 21 and 28 dpi, they were still maintained at high levels comparing 

512 with sham, 1 and 3 dpi. This change trend is consistent with the previous reports of us and others 

513 (Chen et al. 2015; Kigerl et al. 2009; Wang et al. 2015). After SCI, most of the Mø/MG in the 

514 injured spinal cords was activated, especially from 7 to 28 dpi, the proportions of activated cells 

515 were the highest. The proportions of activated Mø increased significantly at 1 and 3 dpi. 

516 However, with the progression of pathological process, the proportions of activated MG 

517 increased nearly to 90% at 7, 14, 21 and 28 dpi. These demonstrate that in the early stage of SCI, 

518 the peripheral Mø infiltrate into the injured area rapidly, and the activated MG and Mø are in a 

519 roughly balanced state. This is consistent with previous report (Hellenbrand et al. 2021). 

520 However, in our report, the activated MG are dominant after 7 days. Although, this is not 

521 consistent with previous report (Hellenbrand et al. 2021), it is consistent with the recent reports 

522 which using single-cell RNA sequencing to analyze the temporal changes at molecular and 

523 cellular levels in the injured mouse spinal cords (Li et al. 2022; Milich et al. 2021). The possible 

524 reason is that MG response following acute SCI limits infiltrated Mø dispersion (Plemel et al. 

525 2020). Accordingly, we further found that both the proportions of M1 and M2 Mø were 

526 increased significantly at 1 and 3 dpi. However, they decreased to very low levels from 7 to 28 

527 dpi. This phenomenon also shows that the activated MG might inhibit both infiltrated M1 and 

528 M2 Mø. Following SCI, the M1 MG increased and maintained at high levels from 7 to 28 dpi. 

529 On the contrary, the proportion of M2 MG decreased significantly after SCI and remained at a 

530 low level during the whole pathological process. According to these results, we can infer that M1 

531 cells are the main activated MG in following SCI. They inhibit not only the infiltration of 

532 peripheral monocytes, but also the polarization of these cells into M2 Mø. In the same way they 

533 can also inhibit the polarization of themselves into M2 MG. Therefore, M1 cells derived from 

534 MG are the key cells involved in proinflammatory response following SCI.

535 Following SCI, the main effector cells are the peripheral infiltrated Mø and resident MG (David 

536 & Kroner 2011). In fact, whether the immune response of these cells is good or bad depends on 

537 their subtypes and functional characteristics. Based on their functions, Mø/MG can be divided 
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538 into M1 and M2 subtypes. M1 cells can damage nerve cells by secreting inflammatory cytokines. 

539 M2 cells can regulate immune inflammatory response, remove necrotic tissue fragments, 

540 promote vascular regeneration, tissue reconstruction and repair (Kigerl et al. 2009; Kroner et al. 

541 2014; Wang et al. 2015). In this study, we demonstrated that most Mø and MG in the injured 

542 spinal cords are M1 cells, only a small number showing M2 phenotype and they are transient. 

543 This shows that the predominance of M1 macroglia and lower number of M2 macroglia and/or 

544 Mø may contribute to the early inflammatory response and secondary damage following SCI. 

545 Therefore, for clinical transformation and application of Mø/MG, it is very necessary to 

546 determine the appropriate �time window� of these cells for immune intervention. Our temporal 

547 dynamic analysis suggests that the acute and early stage of subacute phase may be the "window 

548 period" for immune intervention targeting MG. In this time window, using effective intervention 

549 measures to timely inhibit the differentiation of MG into M1 type, rather than focusing on the 

550 infiltration and activation of peripheral monocytes, is of positive significance for increasing the 

551 proportion of M2 cells of injured spinal cord, improving the immune microenvironment and 

552 providing neuroprotection.

553 One limitation of this study is that the temporal dynamic analysis and the "window period" for 

554 immune intervention targeting MG only from mouse SCI model. Whether these laws are 

555 consistent with human related diseases still need to be further explored.

556

557 Conclusions
558 In summary, this study not only demonstrate that the pro-inflammatory M1 cells mainly come 

559 from MG rather than infiltrated Mø after SCI, but also determine their dynamic patterns. 

560 Therefore, these findings not only answer the academic debate about which of the infiltrating Mø 

561 and MG plays a key role, but also determines the appropriate �time window� of immune 

562 intervention targeting M1-type MG for the treatment of SCI.
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732 Figure 1 The conclusive figure that explains the pathway and the whole idea of this 

733 research.
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734

735 Figure 2 Temporal pattern of MG and infiltrated Mø following SCI detected by FCM. 

736

737 A: The representative pictures of FCM in sham and injured spinal cords. B-L: The temporal 

738 pattern of the indicated cell populations after SCI. The blue, red, green, purple, yellow, black and 

739 brown bars indicate sham, 1, 3, 7, 14, 21 and 28 dpi, respectively. Data represent mean ± SD (n = 

740 6). *P < 0.05, **P < 0.01 (Non-parametric Kruskal-Wallis ANOVA, following by the individual 

741 Mann-Whitney U test).

742

743 Figure 3 Temporal pattern of MG and infiltrated Mø following SCI detected by IHF.

744

745  A-D: The representative pictures of TMEM119 (green) and CD11b (red) in the spinal cords of 

746 sham and contusion epicentre at T9 segmental level (A: sham; B: 1 dpi; C: 7 dpi; D: 28 dpi). E 

747 and F: Quantitative analysis the cells of CD11b+TMEM119+(E) and CD11b+TMEM119-(F). The 

748 blue, red, green and purple bars indicate sham, 1, 7 and 28 dpi, respectively. Data represent mean 

749 ± SD (n = 6). *P < 0.05, **P < 0.01. (Non-parametric Kruskal-Wallis ANOVA, following by 

750 the individual Mann-Whitney U test).

751

752 Figure 4 Temporal pattern of activated MG and infiltrated Mø following SCI detected by 

753 IHF. 

754

755 A-D: The representative pictures of TMEM119 (green) and CD68 (red) in the spinal cords of 

756 sham and contusion epicentre at T9 segmental level (A: sham; B: 1 dpi; C: 7 dpi; D: 28 dpi). E 

757 and F: Cellular quantitation of CD68+TMEM119+(E) and CD68+TMEM119- (F). The blue, red, 

758 green and purple bars indicate sham, 1, 7 and 28 dpi, respectively. Data represent mean ± SD (n 

759 = 6). *P < 0.05, **P < 0.01. (Non-parametric Kruskal-Wallis ANOVA, following by the 

760 individual Mann-Whitney U test).

761

762 Figure 5 Temporal pattern of SCI-induced M1 and M2 differentiation of Mø and MG 

763 detected by FCM. 

764 A, E and I: Representative images of total M1 and M2 cells (A), M1 and M2 MG (E), M1 and 

765 M2 Mø (I) detected by FCM in sham and injured spinal cords. B-D, F-H and J-L: The temporal 

766 pattern of the indicated cell populations after SCI. The blue, red, green, purple, yellow, black and 

767 brown bars indicate sham, 1, 3, 7, 14, 21 and 28 dpi, respectively. Data represent mean ± SD (n = 

768 6). *P < 0.05, **P < 0.01. (Non-parametric Kruskal-Wallis ANOVA, following by the 

769 individual Mann-Whitney U test).

770

771 Figure 6 Temporal pattern of SCI-induced differentiation of total M1 and M2 cells 

772 following SCI detected by IHF. 

773

774 A-H: The representative pictures of CCR7 (green) and CD68 (red) (A-D), and Arg1 (green) and 

775 CD68 (red) (E-H) in the spinal cords of sham and contusion epicentre at T9 segmental level (A, 

776 E: sham; B, F: 1 dpi; C, G: 7 dpi; D, H: 28 dpi). I and J: Cellular quantitation of CD68+CCR7+(I) 

777 and CD68+Arg1+(J). The blue, red, green and purple bars indicate sham, 1, 7 and 28 dpi, 

778 respectively. Data represent mean ± SD (n = 6). *P < 0.05, **P < 0.01. (Non-parametric 

779 Kruskal-Wallis ANOVA, following by the individual Mann-Whitney U test).
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780

781 Figure 7 Temporal pattern of SCI-induced M1 and M2 differentiation of Mø and MG 

782 following SCI detected by IHF. 

783

784 A-H: The representative pictures of CCR7 (green) and TMEM119 (red) (A-D), and Arg1 (green) 

785 and TMEM119 (red) (E-H) in the spinal cords of sham and contusion epicentre at T9 segmental 

786 level (A, E: sham; B, F: 1 dpi; C, G: 7 dpi; D, H: 28 dpi). I-L: Cellular quantitation of 

787 TMEM119+CCR7+ (I), TMEM119+Arg1+ (J) cells, infiltrated M1 Mø (K) and infiltrated M1 Mø 

788 (L). The blue, red, green and purple bars indicate sham, 1, 7 and 28 dpi, respectively. Data 

789 represent mean ± SD (n = 6). *P < 0.05, **P < 0.01. (Non-parametric Kruskal-Wallis ANOVA, 

790 following by the individual Mann-Whitney U test).

791

792 Figure 8 Summary of dynamic changes of MG, infiltrated Mø and their subsets.

793

794 This is an integrated analysis of the above results (Figure 2-7). The purpose is to summarize the 

795 dynamic changes of MG, infiltrated Mø and their subsets. The first to seventh lines indicate 

796 sham, 1, 3, 7, 14, 21 and 28 dpi, respectively. The first row shows the proportions of total 

797 Mø/MG (red) and the other cells (green). The second row shows the proportions of activated 

798 (light green) and resting (brown) cells in total Mø/MG. The third row shows the proportions of 

799 activated Mø (blue) and activated MG (yellow) in the activated Mø/MG. The fourth row shows 

800 the proportion of M1 and M2 subsets in the activated MG and infiltrated Mø (dark blue: M1 Mø; 

801 light blue: M2 Mø; dark yellow: M1 MG; light yellow: M2 MG).

802

803 Tables
804

805 Table 1 Antibodies used in the study

806

807
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Figure 1
The conclusive figure that explains the pathway and the whole idea of this research
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Figure 2
Temporal pattern of MG and infiltrated Mø following SCI detected by FCM

A: The representative pictures of FCM in sham and injured spinal cords. B-L: The temporal
pattern of the indicated cell populations after SCI. The blue, red, green, purple, yellow, black
and brown bars indicate sham, 1, 3, 7, 14, 21 and 28 dpi, respectively. Data represent mean
± SD (n = 6). *P < 0.05, **P < 0.01 (Non-parametric Kruskal-Wallis ANOVA, following by the
individual Mann-Whitney U test).
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Figure 3
Temporal pattern of MG and infiltrated Mø following SCI detected by IHF

A-D: The representative pictures of TMEM119 (green) and CD11b (red) in the spinal cords of
sham and contusion epicentre at T9 segmental level (A: sham; B: 1 dpi; C: 7 dpi; D: 28 dpi). E

and F: Quantitative analysis the cells of CD11b+TMEM119+(E) and CD11b+TMEM119-(F). The
blue, red, green and purple bars indicate sham, 1, 7 and 28 dpi, respectively. Data represent
mean ± SD (n = 6). *P < 0.05, **P < 0.01. (Non-parametric Kruskal-Wallis ANOVA, following
by the individual Mann-Whitney U test).
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Figure 4
Temporal pattern of activated MG and infiltrated Mø following SCI detected by IHF

A-D: The representative pictures of TMEM119 (green) and CD68 (red) in the spinal cords of
sham and contusion epicentre at T9 segmental level (A: sham; B: 1 dpi; C: 7 dpi; D: 28 dpi). E

and F: Cellular quantitation of CD68+TMEM119+(E) and CD68+TMEM119- (F). The blue, red,
green and purple bars indicate sham, 1, 7 and 28 dpi, respectively. Data represent mean ±
SD (n = 6). *P < 0.05, **P < 0.01. (Non-parametric Kruskal-Wallis ANOVA, following by the
individual Mann-Whitney U test)
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Figure 5
Temporal pattern of SCI-induced M1 and M2 differentiation of Mø and MG detected by
FCM

A, E and I: Representative images of total M1 and M2 cells (A), M1 and M2 MG (E), M1 and M2
Mø (I) detected by FCM in sham and injured spinal cords. B-D, F-H and J-L: The temporal
pattern of the indicated cell populations after SCI. The blue, red, green, purple, yellow, black
and brown bars indicate sham, 1, 3, 7, 14, 21 and 28 dpi, respectively. Data represent mean
± SD (n = 6). *P < 0.05, **P < 0.01. (Non-parametric Kruskal-Wallis ANOVA, following by the
individual Mann-Whitney U test).
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Figure 6
Temporal pattern of SCI-induced differentiation of total M1 and M2 cells following SCI
detected by IHF

A-H: The representative pictures of CCR7 (green) and CD68 (red) (A-D), and Arg1 (green) and
CD68 (red) (E-H) in the spinal cords of sham and contusion epicentre at T9 segmental level
(A, E: sham; B, F: 1 dpi; C, G: 7 dpi; D, H: 28 dpi). I and J: Cellular quantitation of

CD68+CCR7+(I) and CD68+Arg1+(J). The blue, red, green and purple bars indicate sham, 1, 7
and 28 dpi, respectively. Data represent mean ± SD (n = 6). *P < 0.05, **P < 0.01. (Non-
parametric Kruskal-Wallis ANOVA, following by the individual Mann-Whitney U test).
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Figure 7
Temporal pattern of SCI-induced M1 and M2 differentiation of Mø and MG following SCI
detected by IHF

A-H: The representative pictures of CCR7 (green) and TMEM119 (red) (A-D) , and Arg1
(green) and TMEM119 (red) (E-H) in the spinal cords of sham and contusion epicentre at T9
segmental level (A, E: sham; B, F: 1 dpi; C, G: 7 dpi; D, H: 28 dpi). I-L: Cellular quantitation of

TMEM119+CCR7+ (I), TMEM119+Arg1+ (J) cells, infiltrated M1 Mø (K) and infiltrated M1 Mø (L).
The blue, red, green and purple bars indicate sham, 1, 7 and 28 dpi, respectively. Data
represent mean ± SD (n = 6). *P < 0.05, **P < 0.01. (Non-parametric Kruskal-Wallis ANOVA,
following by the individual Mann-Whitney U test).
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Figure 8
Summary of dynamic changes of MG, infiltrated Mø and their subsets

This is an integrated analysis of the above results (Figure 2-7). The purpose is to summarize
the dynamic changes of MG, infiltrated Mø and their subsets. The first to seventh lines
indicate sham, 1, 3, 7, 14, 21 and 28 dpi, respectively. The first row shows the proportions of
total Mø/MG (red) and the other cells (green). The second row shows the proportions of
activated (light green) and resting (brown) cells in total Mø/MG. The third row shows the
proportions of activated Mø (blue) and activated MG (yellow) in the activated Mø/MG. The
fourth row shows the proportion of M1 and M2 subsets in the activated MG and infiltrated Mø
(dark blue: M1 Mø; light blue: M2 Mø; dark yellow: M1 MG; light yellow: M2 MG).
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Table 1(on next page)

Antibodies used in the study

Antibodies used in the study
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1 Table 1 Antibodies used in the study

2

Antigen
Host Species and 

Clone
Cat. # or Lot# RRID Conjugation Source

Used 

concentration 
Methods

CD11b rat monoclonal 14-0112-82 AB_467108

CD45 rat monoclonal 14-0451-82 AB_467251

CD68 rat monoclonal MA5-16674 AB_2538168

Arg1 rabbit polyclonal PA5-29645 AB_2547120

Invitrogen

CCR7 rabbit polyclonal ab191575

TMEM119 rat monoclonal ab209064 AB_2800343

NO

Abcam

Rat IgG (H+L) goat polyclonal 112-095-143 AB_2338199
Fluorescein 

(FITC)

Rabbit IgG (H+L) goat polyclonal 111-025-144 AB_2337932
Rhodamine 

(TRITC)

Jackson 

ImmunoResearch

1:200 IHF

CCR7 rat monoclonal 47-1971-82 AB_2573974

IgG2b kappa Isotype 

Control
rat 47-4321-82 AB_1271997

APC-eFluor 

780 (AF780)
0.25 µg/test

CD11b rat monoclonal 12-0112-81 AB_465546 0.125 µg/test

IgG2b kappa Isotype rat 12-4031-82 AB_470042
PE

Invitrogen

0.25 µg/test

FCM
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Control

CD68 rat monoclonal MA5-16676 AB_2538170

IgG2b kappa Isotype 

Control
rat 11-4031-82 AB_470004

FITC

CD45 rat monoclonal 17-0451-82 AB_469392

IgG2b kappa Isotype 

Control
rat 17-4031-82 AB_470176

APC 0.125 µg/test

3
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