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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 (Mg). These monocyte-
derived Mg are very difficult to distinguish from the local activated microglia (MG).
Therefore, the term Mg/MG are often used to define the infiltrated Mg and/or activated MG.
It has been recognized that pro-inflammatory M1-type M@/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""CD68*. Therefore, we speculated
that the M1 cells in the injured spinal cords mainly derived from MG rather than infiltrating
Mg. 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 Mg 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 M@g/MG gradually increased and peaked at 7 days post-injury (dpi), and maintained at
high levels 14, 21 and 28 dpi. Most of the Mg/MG were activated, and the Mg 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 Mg 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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Abstract

Background. Following spinal cord injury (SCI), a large number of peripheral monocytes
infiltrate into the injured area and differentiate into macrophages (M@). These monocyte-derived
Mo are very difficult to distinguish from the local activated microglia (MG). Therefore, the term
Mo/MG are often used to define the infiltrated Mo and/or activated MG. It has been recognized
that pro-inflammatory M1-type Mao/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*CD457o¥CD68*. Therefore, we speculated that the M1 cells in the injured spinal
cords mainly derived from MG rather than infiltrating Me. 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 Mg 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 Me/MG gradually increased and peaked at 7 days post-injury (dpi), and
maintained at high levels 14, 21 and 28 dpi. Most of the Ma/MG were activated, and the Mo
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 Mg 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.

Introduction

Spinal cord injury (SCI) is a is a serious disabling neurological disease, which caused by traffic
accidents, trauma and other reasons (Attal 2021; Perrouin-Verbe et al. 2021; Quadri et al.
2020). As the bridge between the brain and peripheral nerves, the nerves from spinal cord are
distributed to the skin, muscles and various internal organs, once it is damaged, it will cause
serious pathophysiological changes. For patients, SCI brings serious physical and mental pain.
For families and society, it also causes serious economic and social burdens. (Chay & Kirshblum
2020). Therefore, to find effective treatment strategies, we must deeply explore its pathological
mechanism.

After SCI, the local microenvironment is destroyed (Anjum et al. 2020; Fan et al. 2022; Fan et
al. 2018). At the tissue level, SCI leads to blood-brain barrier destruction, local tissue ischemia
and hypoxia, demyelination, and glial scar formation (Anjum et al. 2020). Following SCI, the
secretion of neurotrophins and anti-inflammatory factors decreased, while the production of
oxygen free radicals, excitatory amino acids and pro-inflammatory factors increased (Hao et al.
2017; Harrington et al. 2004). In addition, at the cellular level, SCI not only leads to neuronal
and oligodendrocyte necrosis and astrocyte activation, it also includes the response of immune
cells, such as the local MG activation and the peripheral immune cell infiltration (Donnelly &
Popovich 2008; Lee et al. 2009). Among the immune cells, some have neuroprotective functions,
while others are destructive. The final results of SCI depend on the dynamic balance of these
cells (DiSabato et al. 2016; Wolf et al. 2002). However, which immune cell population play key
role? So far, it is still an open question.
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Previous studies found that local pro-inflammatory M1-type MG (MG) and/or infiltrated M1-
type Mg are absolutely dominant following SCI (Fan et al. 2019; Sato et al. 2012). These suggest
that M1 cells may be the key factor for the imbalance of local immune microenvironment of SCI.
However, so far, it is still a controversial topic that the increasing of M1 cells mainly come from
MG or the infiltrated Mg. For example, it was previously reported that MG play a central role in
modulating of neuroinflammatory response following SCI (Brockie et al. 2021). The other also
reported that inhibiting MG proliferation could improve recovery in mice and non-human
primates after SCI (Poulen et al. 2021). However, many scholars believe that both MG and
infiltrated Mo play the important roles in the microenvironment of SCI, and it likes a "double-
edged sword", which play both neuroprotective and neurodamaging effects (Devanney et al.
2020; Ding et al. 2021). Our recent research showed that in subacute spinal cord injured mice
local M1 cells are mainly CD11b*CD45 /°¥CD68", rather than CD11b"CD45hehCD68* cells
(Chen et al. 2021; Chen et al. 2020). Therefore, we speculated that the M1 cells in the injured
spinal cords mainly derived from MG rather than infiltrating Me. In addition, the dynamics of
these cells after SCI are not completely clear. Because at the early stage of SCI, mice cannot
urinate autonomously and need artificial assistance. Due to the anatomical differences of urinary
system, using the female could reduce the pain, infection and mortality of animals. In this study,
we used only female mice. Therefore, in this study, the female BALB/c mouse SCI model was
made, the activation and proportion of MG and infiltrated Mg at different time points after SCI
were dynamically observed by a panel of specific cell markers using flow cytometry (FCM) and
immunohistofluorescence (IHF).

Materials & Methods

Animals

A total of 150 specific-pathogen free adult female C57BL/6 mice (18-20 g) were obtained from
Chang Zhou Cavens Laboratory Animal Ltd. (Chang Zhou, China; license No. SCXK (Su) 2016-
0010). The mice were kept in a suitable environment with relative humidity of 40%-60% and
temperature of 21-25 °C, 60 air exchanges per hour in the cages, and a 12/12-hour light/dark
cycle with the lights on at 7:00 AM. All experimental designs and reports were referred to
previous to the previous guidelines (Kilkenny et al. 2011). The surgery protocol was approved by
the Animal Care Ethics Committee of Bengbu Medical College. The number of Animal Ethical
Approval was 2017-037. The mice were randomly divided into sham-operated (sham), 1-, 3-, 7-,
14-, 21- and 28-days post-injury (dpi) groups, using a computer based random order generator
(Zhao et al. 2018). The comprehensive description of the total number of mice used is shown in
Figure 1.

Contusive SCI

The mice contusive SCI model was established by using an Infinite Horizon impactor (Precision
Systems & Instrumentation, Lexington, KY, USA), as our previously method (Chen et al. 2021;
Chen et al. 2020). Inclusion criteria: the animals were undergoing successful contusive SCI,
defined by the T9 site was filled with blood and edema, and the spinal cord was intact and not
ruptured. Exclusion criteria: the degree of injury is not up to the standard, postoperative infection
or sacrifice. Briefly, the mice were anesthetized with 80 mg/kg ketamine and 10 mg/kg xylazine
(both obtained by Sigma-Aldrich, St. Louis, MO, USA), then the vertebral lamina of T9 was
removed, and the spines of T7 and T11 were stabilized with forceps. The T9 spinal cord was
impacted with 50Kdynes force, and the diameter of the impact rod was 1.3 mm. After the impact,
the spinal cord was filled with blood and edema. For the sham group, the T9 vertebral lamina
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only be resected without impact. After operation, the mice were kept in a suitable environment
with relative humidity of 40%-60% and temperature of 21-25 °C. Bladder emptying was carried
out three times a day, and the health status were observed and recorded. At the same time,
meloxicam (5mg/kg, CSN pharm, IL, USA) and chloramphenicol (50mg/kg, Sangon Biotech,
Shanghai, China) were injected subcutaneously daily 7 days after surgery to alleviate pain and
prevent infection. Due to it is necessary to collect spinal cord specimens injured at different time
points, the experimenter could not be blinded to whether the animal belongs to which group.
Flow cytometry

At the corresponding time points after surgery, mice were euthanized as mentioned above. After
the mice were completely euthanized, the chest cavity was opened with surgical scissors to
expose the heart. The ventricle was clamped with a vascular clamp to fix the heart. The No.7
needle was inserted into the left ventricle. At the same time, a small opening was cut on the right
atrium so that the blood and lavage solution can be drained. Then, 10ml of 0.01M phosphate-
buffered saline (PBS) buffer solution (pH = 7.4) was slowly injected at 250 ml/h with a
microinjection pump. After perfusion, the 5 mm spinal cord segments which contained the injury
center were taken, and the corresponding spinal cord segments were also obtained from the sham
group. The spinal cords of different groups were put into the 45-um nylon mesh and fully ground
with the syringe plunger to obtain single cell suspensions. To obtain enough cells for analysis, 3
spinal cord segments were mixed for one test. The Percoll gradient centrifugation (Amersham
Pharmacia Biotech, Piscataway, NJ, USA) was used to separate the single cells. (Chen et al.
2021; Chen et al. 2020). Table 1 showed the fluorescent labeled antibodies which used in this
study to identify different immune cell subtypes. The immunoglobulin with the same species,
subtype, dose and fluorescein as the primary antibody was used as the isotype control to
eliminate the background staining caused by the non-specific binding of the antibody. The cells
were collected using a BD Accuri flow cytometer (Becton Dickinson, San Diego, CA, USA), and
data were analyzed using FlowJo7.6.1 software (FlowJo, LLC, Ashland, OR, USA).
Immunofluorescence double-staining

At the indicated time points post-injury, mice were euthanized as mentioned above. Then, the
mice were perfused with 10mL 0.01 M PBS at 250 mL/h with a microinjection pump with an
injection pump, followed by 10 mL of 4% paraformaldehyde (PFA) at a rate of 180 mL/h. After
perfusion, the 5 mm spinal cord segments which contained the injury center were taken, and the
corresponding spinal cord segments were also obtained from the sham group. The spinal cords
were then fixed in 10 mL of 4% PFA solution at 4°C overnight. The next day, the spinal cords
were removed from the 4% PFA solution and placed in the 20% sucrose solution (prepared in
PBS) at 4°C overnight. To the third day, the spinal cords transferred to the 30% sucrose at 4°C,
until the samples sinking to the bottom of the solution. This process usually needs one day. Next,
the embedding agent (Tissue-Tek, Sakura Finetek USA Inc., Torrance, CA, USA) was used to
embed the spinal cord segments at -20°C. The 6 pm thick transverse sections were cut by using a
Leica CM1900 cryostat (Leica Microsystems, Bannockburn, IL, USA). The [HF assay was
performed as previously described (Chen et al. 2021; Chen et al. 2020). Briefly, the slides were
washed three times with 0.01 M PBS to completely clear the embedding agent. When the slides
were left to dry, the blocking solution (0.01 M PBS containing 10% normal goat serum) were
used for 2 hours at room temperature to eliminate the background staining caused by the non-
specific binding of the antibody. After cleaning the blocking solution, the primary antibodies
with appropriate concentration were incubated overnight at 4°C. The next day, the slides were
washed three times with 0.01 M PBS to completely remove the unbound antibodies. Then, the
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secondary antibodies with appropriate concentration were incubated at 37°C for 1 hour. The
primary and FITC and RHO-conjugated secondary antibodies were shown in Table 1. After the
second antibody incubation, the 0.01 M PBS was used to wash the slides for three times, and the
1 pg/ml Hoechst 33342 (Sigma-Aldrich; Cat# B2261) containing medium was used to coverslip
the slides. Finally, the slides were examined using a ZWISS Axio observation microscope (Carl
Zeiss, Oberkochen, Germany). The cell quantification was performed as previously described
(Chen et al. 2021; Chen et al. 2020). Briefly, for each spinal cord, the cells of 5 complete cross-
sections containing the injury epicenter (0 mm), rostral (1 mm and 0.5 mm) and caudal (-1 mm
and -0.5 mm) were counted.

Statistical analyses

The SPSS software v.14.0 (SPSS Inc., Chicago, IL, USA) was used to statistical analysis. The
non-parametric Kruskal Wallis analysis of variance (ANOV A) following by the individual
Mann-Whitney U test was used. The P < 0.05 was considered to be statistically significant.

Results

Temporal pattern of MG and infiltrated Me following SCI: the flow cytometry (FCM)
analysis

To determine the temporal pattern of MG and infiltrated Mg in the spinal cords of sham, 1, 3, 7,
14, 21 and 28 dpi, a panel of cell markers (CD11b, CD45 and CD68) was examined by FCM.
Considering that CD45 is not only a common marker of peripheral leukocytes, it can also be
expressed at a low level in MG (Sedgwick et al. 1998), CD11b is mainly expressed in MG and
monocyte-derived Mg (Martin et al. 2017), and CD68 is the common marker of activated MG
and Mg (Chen et al. 2015; Greaves & Gordon 2002), CD45heh population was defined as
peripheral infiltrated leukocytes, CD68"CD11b* population was activated Mg and MG,
CD45highCD11b* population was peripheral infiltrated Mo, CD457°CD11b* population was
MG, CD45hehCD68*CD11b* population was activated peripheral infiltrated Mg, CD45-
MowCD68*CD11b* population was activated MG, and CD45¢hCD68-CD1 1b- population was
peripheral infiltrated leukocytes excluding Mg (Figure 2A).

Figure 2B showed that the percentages of CD11b* cells in the groups of sham, 1, 3, 7, 14, 21 and
28 dpi were 6.59%, 6.53%, 6.31%, 18.18%, 12.69%, 12.11% and 12.56%, respectively. The
percentages of CD11b" cells among sham, 1 and 3 dpi groups had no significant difference (P >
0.05, n = 6). However, at 7 dpi, the proportion increased significantly and reached to peak,
although the proportions decreased at the later time points (14, 21 and 28 dpi), they still
continued at high levels comparing with sham,1 and 3 dpi groups (P < 0.01, n = 6).

Figure 2C showed that the percentages of CD68" cells in the groups of sham, 1, 3, 7, 14, 21 and
28 dpi were 9.87%, 19.91%, 20.43%, 39.47%, 37.40%, 30.75% and 31.87%, respectively. The
percentage of CD68™ cells in the sham-operated spinal cords was the lowest comparing with the
injured groups, and there were statistically significant differences (P <0.01, n = 6). The
proportions increased significantly after injury, and reached to peak at 7 dpi, and continued at
high levels at 14, 21 and 28 dpi. There were no significant differences among 7, 14, 21 and 28
dpi (P > 0.05, n = 6). However, the percentages of CD68™ cells in these four groups were
significant higher comparing with sham (P < 0.01, n =6), 1 and 3 dpi (P < 0.05, n =6).

Figure 2D showed that the percentages of CD11b"CD68" cells in the groups of sham, 1, 3, 7, 14,
21 and 28 dpi were 1.33%, 4.95%, 4.54%, 15.50%, 10.19%, 8.48% and 9.47%, respectively. In
the sham-operated spinal cords, CD11b*CD68* cells were extremely rare, however, they
increased significantly in the injured groups (comparing with sham, P < 0.01, n = 6). The
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proportions had no significant differences between 1 and 3 dpi (P > 0.05, n = 6). However, it
reached to peak at 7 dpi. Subsequently, the percentages of cells decreased, but remained at high
levels at 14, 21 and 28 dpi. There were no significant differences among 14, 21 and 28 dpi (P >
0.05, n=6). Although, the percentages of CD11b*CD68" cells in these three groups were lower
than that of 7 dpi group (P < 0.05, n = 6), they were still significant higher comparing with sham,
1 and 3 dpi (P < 0.01, n=06).

Figure 2E showed that the percentages of CD45"igh cells in the groups of sham, 1, 3, 7, 14, 21 and
28 dpi were 2.65%, 5.63%, 7.16%, 12.51%, 15.67%, 8.76% and 9.64%, respectively. In the
sham-operated spinal cords, CD45" cells were extremely rare, and these cells gradually increased
after injury, peaked at 7 and 14 dpi, and then decreased, but still maintained at high levels at 21
and 28 dpi. There was no significant statistical difference between 7 and 14 dpi (P > 0.05, n = 6).
However, comparing with the other groups, the percentages of CD45"eh cells in these two groups
had significant differences (P < 0.05 or 0.01, n = 6).

Figure 2F showed that the percentages of CD11b*CD45" b cells in the groups of sham, 1, 3, 7,
14, 21 and 28 dpi were 1.35%, 3.85%, 4.26%, 5.41%, 4.13%, 2.57% and 3.04%, respectively. In
the sham-operated spinal cords, CD11b*CD45"" cells were also extremely rare, and these cells
significantly increased after injury, peaked at 7 dpi, and then decreased, but still maintained at
high levels at 14, 21 and 28 dpi. Comparing with the other groups, the percentage of
CD11b"CD45high cells in 7 dpi group had significant differences (P < 0.05 or 0.01, n = 6). In
addition, it should be emphasized that the proportion of CD11b*CD45h¢h cells in each group is
significantly lower than that of their corresponding CD11b* cells (Figure 2B). This indicates that
the proportion of peripheral infiltrated Mg is significantly lower than that of MG in the injured
spinal cords.

Figure 2G showed that the percentages of CD11b*CD457°% cells in the groups of sham, 1, 3, 7,
14, 21 and 28 dpi were 3.90%, 2.73%, 2.70%, 13.89%, 8.72%, 10.16% and 8.41%, respectively.
Among sham, 1 and 3 dpi groups, the percentages of CD11b"CD45°¥ cells had no significant
difference (P > 0.05, n = 6). However, at 7 dpi, the proportion increased significantly and
reached a peak, although the proportions decreased at the later time points (14, 21 and 28 dpi),
they still continued at high levels comparing with sham,1 and 3 dpi groups (P < 0.01, n = 6).
Comparing with the other groups, the percentage of CD11b"CD457°% cells in the 7 dpi was
significantly higher (P < 0.05 or 0.01, n = 6). In addition, it should be emphasized that except for
the 1 and 3 dpi groups, CD11b"CD4571°% cells constitute the majority of CD11b* cells (Figure
2B). This shows that except for the two early time points of 1 and 3 dpi, MG are dominant in
proportion to peripheral infiltrated Mg in the injured spinal cord.

Figure 2H showed that the percentages of CD68"CD45"igh cells in the groups of sham, 1, 3, 7, 14,
21 and 28 dpi were 0.53%, 3.54%, 4.53%, 3.74%, 4.06%, 4.10% and 4.08%, respectively. In the
sham-operated spinal cords, CD68*CD45high cells were also extremely rare, and these cells
rapidly increased after injury. Up to 28 dpi, they still maintained at high levels. Comparing with
the sham group, the percentages of CD687CD45Meh cells in the injured groups were significantly
higher (P < 0.01, n = 6). There were no significant differences among the injured groups (P >
0.05, n = 6). In addition, it should be emphasized that the proportion of CD68+*CD45high cells in
each SCI group is significantly lower than that of their corresponding CD68* cells (Figure 2C).
This preliminarily indicates that the proportion of activated peripheral infiltrated Mo is
significantly lower than that of activated MG in the injured spinal cords.

Figure 21 showed that the percentages of CD68"CD457°% cells in the groups of sham, 1, 3, 7, 14,
21 and 28 dpi were 9.17%, 19.18%, 16.59%, 34.83%, 36.30%, 25.57% and 25.32%,
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respectively. The percentage of CD68"CD4571V cells in the sham-operated spinal cords was the
lowest comparing with the injured groups (P < 0.05 or 0.01, n = 6). The proportions had no
significant differences at 1 and 3 dpi (P > 0.05, n = 6). However, they reached to peak at 7 and
14 dpi, and remained at high levels at 21 and 28 dpi. Among 7, 14, 21 and 28 dpi, there were no
significant differences (P > 0.05, n = 6). In addition, it should be emphasized that the proportion
of CD68*CD45-1ow cells in each SCI group is significantly lower than that of their corresponding
CD68" cells (Figure 2C). This preliminarily indicates that the activated MG is dominant in
proportion to activated peripheral infiltrated Mg in the injured spinal cord.

Figure 2K showed that the percentages of CD68"CD11b*CD45hgh cells in the groups of sham, 1,
3,7, 14,21 and 28 dpi were 0.25%, 2.45%, 2.73%, 1.61%, 1.15%, 1.39% and 1.23%,
respectively. In the sham-operated spinal cords, CD68"CD11b"CD45"i¢h cells were extremely
rare, and these cells rapidly increased after injury, peaked at 1, 3 and 7 dpi. Comparing with
sham-operated spinal cords, these cells in the 1, 3 and 7 dpi groups are significantly more (P <
0.01, n = 6). Although, comparing with 1, 3 and 7 dpi groups, the proportions decreased to the
lower levels at the later time points (14, 21 and 28 dpi) (P < 0.05, n = 6), they still maintained at
higher levels comparing to the sham-operated group (P < 0.05, n = 6). In addition, it should be
emphasized that the combined application of the three markers is more precise for defining
activated peripheral infiltrated Me. Comparing with Figure 2H, the proportion of cells in Figure
2K is lower. This accurately indicates that the activated peripheral infiltrated Mg in the injured
spinal cord are significantly inferior to activated MG.

Figure 2L showed that the percentages of CD68"CD11b"CD*-1o¥ cells in the groups of sham, 1,
3,7, 14, 21 and 28 dpi were 3.61%, 7.54%, 13.10%, 18.15%, 11.06%, 7.03% and 7.48%,
respectively. In the sham-operated spinal cords, CD68"CD11b"CD*1o% cells were also
extremely rare, and these cells gradually increased after injury, peaked at 7 dpi (comparing with
the other groups, P < 0.01, n = 6), and then decreased, but still maintained at high levels at 14,
21 and 28 dpi. Comparing to the sham-operated group, the percentages of CD68"CD11b"CD*-
Nlow cells in all SCI groups had significant differences (P < 0.01, n = 6). It should be emphasized
that this part of the results is the essence of this study. It not only shows the dynamics of MG
activation after SCI, but also clearly confirms that the activated MG are absolutely dominant in
the injured spinal cord.

Temporal pattern of MG and infiltrated Me following SCI: the immunohistofluorescence
(IHF) analysis

To verify the temporal pattern of MG and infiltrated Mo detected by FCM, several representative
spinal cords (sham, 1, 7 and 28 dpi) were selected for IHF analysis. CD11b, CD68 and
TMEM119 antibodies were used for immunofluorescence labeling (Figure 3). Here, CD11b is
the common marker of MG and monocyte-derived Mg (Martin et al. 2017), CD68 is the common
marker of activated MG and Mg (Chen et al. 2015; Greaves & Gordon 2002), and TMEM119 is
the specific marker of MG (Bohnert et al. 2020).Therefore, TMEM119*CD11b* cells are total
MG, TMEM119-CD11b" cells are monocyte-derived Mg, TMEM119*CD68" cells are activated
MG, TMEM119-CD68* cells are activated monocyte-derived Mg, respectively (Figure 3A-H).
The representative images showed that TMEM119*CD11b" cells could be detected in all groups
(Figure 3A-D). The statistical results (Figure 3E) showed that the number (cells/mm?) of
TMEMI119"CD11b" cells had no significant difference between sham (117.50 + 19.30) and 1 dpi
(200.33 £ 16.59) groups (P > 0.05, n = 6). Comparing with the other three groups, there were
most TMEM119*CD11b" cells in 7 dpi (537.33 £ 99.80) (P < 0.01, n = 6). Although, the cells
were decreased at 28 dpi (308.33 + 50.27), the number still significantly more comparing with
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sham and 1 dpi groups (P <0.01, n = 6). In the sham-operated spinal cords, TMEM119-CD11b"
cells were extremely rare (Figure 3A), and they significantly increased in the three SCI groups
(Figure 3B-D). The statistical results (Figure 3F) showed that the numbers of TMEM119-
CD11b" cells in all three SCI groups were significant more than that of sham (70.17 + 7.65)
group (P <0.01, n = 6). Comparing with the other three groups, there were also most TMEM119-
CDI11b"cells in 7 dpi (201.80 £ 42.53) group (P < 0.05, n = 6). There was no significant
statistical difference between 1 (144.83 £ 9.45) and 28 dpi (155.20 + 62.30) groups (P > 0.05, n
=0).

In the representative images of Figure 4A, both TMEM1197CD68"and TMEM119-CD68* cells
were extremely rare in sham-operated spinal cords. However, both of them could be detected in
all SCI groups (Figure 4B-D). The statistical results (Figure 4E and F) showed that the numbers
of these two types of cells had significant differences among sham and SCI groups (P <0.01,n =
6). Comparing with the three other groups, there were most TMEM119*CD68" cells in 7 dpi
(473.50 £ 64.48) group (P <0.01, n = 6). Although, the number of these cells decreased at 28 dpi
(269.67 £42.49), it still significantly more comparing with sham (6.67 + 6.31) and 1 dpi (156 +
43.75) groups (P < 0.01, n = 6). Comparing with the other two groups, TMEM119-CD68* cells
were most in 1 (155.00 £ 18.51) and 7 dpi (124.75 + 34.88) groups (P < 0.01, n = 6). Although,
the cells decreased at 28 dpi (61.33 + 25.24), their number still significantly more comparing
with sham (0.00 + 0.00) group (P <0.01, n = 6).

The above analysis showed that the verification results of IHF are basically consistent with the
temporal pattern of MG and infiltrated Mg in the injured spinal cords detected by FCM.
Temporal pattern of SCI-induced M1 and M2 differentiation of Mo and MG: the FCM
analysis

To further explore the temporal pattern of SCI-induced M1 and M2 differentiation of M@ and
MG, FCM was used by combining CD68, CD45, CD11b and CCR7 antibodies. Here,
CD11b"CD68*CCR7" subpopulation was defined as total M1 cells, CD11b*CD68"CCR7-
subpopulation was defined total M2 cells, CD11b"CD45"°YCD68"CCR7" subpopulation was
defined as MG-derived M1 cells, CD11b"CD45”°o%CD68*CCR7- cells subpopulation was
defined MG-derived M2 cells, CD11b"CD45"¢"CD68*CCR7" subpopulation was defined as
peripheral infiltrated M1 cells, CD11b"CD45"ehCD68*CCR7- subpopulation was defined as
peripheral infiltrated M2 cells(Chen et al. 2021; Chen et al. 2020).

As shown in Figure 5A, the same size “region” of total CD11b* cells (R1) were set for each
sample in the pseudocolor plots of CD45/CD11b, and then the percentage of each cell population
was analyzed in the pseudocolor plots of CD68/CCR7 by setting the boundary between negative
and positive with isotype-matched antibodies. The statistical results (Figure 5B) showed that the
percentage of CD11b*CD68*CCR7" cells in the sham-operated spinal cords was the lowest
(10.45%) comparing with the injured groups, and there were statistically significant (P < 0.01, n
= 6). The proportions significantly increased after injury (1 dpi, 36.25% and 3 dpi, 52.02%), and
reached to peak from 7 dpi (58.17%), and maintained at high levels at 14 (63.83%), 21 (68.35%)
and 28 dpi (60.28%). There were no significant differences among 7, 14, 21 and 28 dpi (P >
0.05, n = 6). However, the percentages of CD11b"CD68*CCR7* cells in these four groups were
significant higher comparing with sham and 1 dpi (P <0.01, n = 6).

Figure 5C showed that the percentages of CD11b*CD68"CCR7- cells in the groups of sham, 1, 3,
7, 14, 21 and 28 dpi were 15.42%, 8.73%, 17.76%, 19.92%, 9.53%, 15.77% and 15.92%,
respectively. Among all groups, there were no significant differences (P > 0.05, n = 6). However,
when converted to total M1/M2 ratio, its temporal pattern was obvious. As shown in Figure 5D,
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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 +
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
in the sham-operated spinal cords and significantly increased after SCI. Comparing with the
sham group, the ratios in all SCI groups were significant increased (P < 0.01, n = 6). However,
among all SCI groups, the ratios had no significant differences (P > 0.05, n = 6).

As shown in Figure 5E, in the pseudocolor plots of CD11b/CD45, the same size “region” of
CD11b"CD45"ow cells (R2) were set for each sample, and then the percentages of cell
populations were analyzed same as Figure SA. The statistical results (Figure 5F) showed that the
percentage of CD11b"CD457/o%CD68"CCR7* cells in the sham-operated spinal cords was the
lowest (11.45%) comparing with the injured groups, and the differences were statistically
significant (P < 0.01, n = 6). The proportions significantly increased after injury (1 dpi, 44.90%;
3 dpi, 59.70% and 7 dpi, 61.65%), and reached to peak at 14 (73.72%) and 21 dpi (70.48%), and
continued at high level at 28 dpi (63.17%). There were no significant differences among the
groups of 3, 7 and 28 dpi, and between 7 and 21 dpi (P > 0.05, n = 6). However, the percentages
in the groups of 3, 7, 14, 21 and 28 dpi were significantly higher than that of 1 dpi (P < 0.05 or
0.01, n=106).

Figure 5G showed that the percentages of CD11b*CD45”oCD68*CCR7- cells in the groups of
sham, 1, 3, 7, 14, 21 and 28 dpi were 20.35%, 8.52%, 19.38%, 18.47%, 10.37%, 17.30% and
18.05%, respectively. Among all groups, there were no significant differences (P > 0.05, n = 6).
However, when converted to total M1/M2 ratio, its temporal pattern was more obvious. As
shown in Figure 5H, the M1/M2 ratios of MG in the groups of sham, 1, 3, 7, 14, 21 and 28 dpi
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,
respectively. The ratio was very low in sham group and increased after SCI, peaked at 7 dpi, and
then decreased at 21 and 28 dpi. In the group of 7 dpi, the ratio of was significantly higher than
those of the other groups (P < 0.05, n = 6). Among the groups of 1, 3, 21 and 28 dpi, the ratios
had no significant differences (P > 0.05, n = 6). However, they still maintained at high levels
comparing with the sham-operated spinal cords (P < 0.01, n = 6).

In Figure 51, in the pseudocolor plots of CD11b/CD45, the same size “region” of
CD45highCD11b" cells (R3) were set for each sample, and then the percentages of cell
populations were analyzed same as Figure SA. Figure 5] showed that the percentages of
CD11b"CD45MehCD68TCCR7* cells in the groups of sham, 1, 3, 7, 14, 21 and 28 dpi were
4.70%, 29.29%, 45.38%, 48.80%, 57.20%, 59.16% and 70.35%, respectively. The cell percent
showed an increasing trend after SCI, and reached the highest levels at 28 dpi. However, there
were no significant differences among the groups of 7, 14, 21 and 28 dpi (P > 0.05, n = 6), which
were statistically significant comparing with the groups of sham and 1dpi (P <0.05 or 0.01, n =
6). In Figure 5K, the percentages of CD11b"CD45"e"CD68*CCR7- cells in the groups of sham,
1,3,7,14, 21 and 28 dpi were 3.69%, 4.37%, 20.30%, 18.10%, 7.80%, 4.37% and 3.46%,
respectively. The cell percentages were highest at 3 and 7 dpi, which were statistically significant
comparing with the other groups (P < 0.01, n = 6). However, among the groups of sham, 1, 14,
21 and 28 dpi, the differences were not significant (P > 0.05, n = 6).

When converted to the ratio of infiltrated M1/M2, its temporal pattern was more obvious. As
shown in Figure 51, the infiltrated M1/M2 ratios in the groups of sham, 1, 3, 7, 14, 21 and 28 dpi
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 +
7.11, respectively. The ratio was very low in sham group, and there was a transient rise at 1 dpi.
Then, it decreased to sham level at 3 and 7 dpi, and then the ratio showed an increasing trend
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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ratios had no significant differences (P > 0.05, n = 6). However, comparing with the other
groups, the ratios were significant lower (P < 0.05 or 0.01, n = 6).

Temporal pattern of SCI-induced M1 and M2 differentiation of Me and MG: the IHF
analysis

To verify the temporal pattern of SCI-induced M1 and M2 differentiation of Mg and MG
detected by FCM, several representative spinal cords (sham, 1, 7 and 28 dpi) were selected for
IHF analysis. CD68, TMEM119, CCR7 and Argl antibodies were used for immunofluorescence
labeling (Figures 6 and 7). Here, CD68"CCR7" and CD68*Argl™* label total M1 and M2 cells,
respectively (Figure 6); TMEM119* CCR7"and TMEM119"Argl* cells are M1 and M2 MG,
respectively (Figure 7A-J). Therefore, (CD68*CCR7* minus TMEM119*CCR7%) and
(CD68"Argl™ minus TMEM119"Argl™) are M1 and M2 monocyte-derived Mg, respectively
(Figure 7K and L).

The representative images showed that CD68"CCR7*, CD68*Argl™, TMEM119"CCR7* and
TMEMI119"Argl™ cells were both extremely rare in sham-operated spinal cords (Figures 6A and
E, 7A and E). However, these cells could be detected in all SCI groups (Figure 6B-D, F-H, and
7B-D, F-H).

The statistical results (Figure 6I) showed that the numbers of CD68*CCR7" cells in the groups of
sham, 1, 7 and 28 dpi were 2.67 +2.50, 235.33 £5.13, 577.17 £40.18 and 543.17 £ 31.35,
respectively. All SCI groups were significant more than that of sham-operated spinal cords (P <
0.01, n=6). Up to 7 dpi, the cell number reached to peak, and continued at high levels at 28 dpi.
The differences were not significant between 7 and 28 dpi (P > 0.05, n = 6). However, both of
them were more than 1 dpi (P <0.01, n = 6).

In Figure 6], the numbers of CD68"Argl™ cells in the groups of sham, 1, 7 and 28 dpi were 3.83
+3.43,105.33 £ 9.56, 72.83 +£ 10.55 and 150.17 + 22.21, respectively. Although, all SCI groups
were significant more than sham group in the numbers of CD68Argl* cells (P < 0.01, n = 6), the
7 dpi had the least number of cells among the three SCI groups, and there were most cells in 28
dpi group. The pairwise comparisons of the three SCI groups were statistically significant (P <
0.01,n=06).

In Figure 71, the numbers of TMEM119"CCR7" cells in the groups of sham, 1, 7 and 28 dpi were
3.17+£1.83,205.17 £ 9.97,412.33 + 18.04 and 410.17 £ 50.92, respectively. The overall change
trend of cell number was similar to that of CD68*CCR7* cells. Figure 7] showed that the
numbers of TMEM119"Argl* cells in the groups of sham, 1, 7 and 28 dpi were 4.33 £2.42,
85.83 £10.68, 50.00 + 4.29 and 125.00 + 13.33, respectively. The overall trend was also similar
to that of CD68*Argl™ cells.

In Figure 7K, the numbers of infiltrated CD68"CCR7" cells in the groups of sham, 1, 7 and 28
dpi were 0.00 + 0.00, 30.17 £ 11.72, 164.83 + 45.64 and 133.00 + 56.67, respectively. All SCI
groups were significant more than that of sham-operated spinal cords (P <0.01, n=6). Up to 7
dpi, the cell number reached to peak. Although the number of cells had a decreasing trend, it
remained at a higher level at 28 dpi. The difference was not significant between 7 and 28 dpi (P
>0.05, n = 6). However, both of them were more than 1 dpi (P <0.01, n = 6). Figure 7L showed
that although the numbers of infiltrated CD68*Argl™ cells could be detected in SCI groups, they
were very rare in all groups. The numbers in the groups of sham, 1, 7 and 28 dpi were 0.00 +
0.00, 19.50 £ 12.65, 22.83 + 12.04 and 25.17 £+ 15.74, respectively. All three SCI groups were
significant more than that of sham group (P < 0.01, n = 6). Among the SCI groups, there were no
significant differences (P > 0.05, n = 6).
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The above analysis showed that the results of IHF are basically consistent with the M1 and M2
differentiation of Mg and MG detected by FCM.

Summary of dynamic changes of MG, infiltrated Mo and their subsets

To further summarize the dynamic changes of MG, Mg, peripheral infiltrated M1/M2 Mg, and
M1/M2 MG after SCI, we integrated and analyzed the above results (Figure 2-7).

As shown in Figure 8 (first row), the proportions of total Me/MG in the groups of sham, 1, 3, 7,
14, 21 and 28 dpi were 7%, 6%, 6%, 18%, 13%, 12% and 14%, respectively. It was suggested
that the proportions in the injured spinal cords gradually increased and peaked at 7 dpi. Although
the proportions decreased at 14, 21 and 28 dpi, they were still maintained at high levels
compared with sham, 1 and 3 dpi groups.

The second row of Figure 8 further summarized the proportions of activated cells in total
Mo/MG. We found that the proportions were 24%, 80%, 69%, 84%, 82%, 72% and 74% at
sham, 1, 3, 7, 14, 21 and 28 dpi, respectively. It was suggested that most of the Ma/MG were
activated following SCI.

Next, the dynamic changes of activated Mo and MG were further analyzed. As shown in row 3
of Figure 8, the proportions of activated Mg in the groups of sham, 1, 3, 7, 14, 21 and 28 dpi
were 13%, 49%, 74%, 11%, 11%, 12% and 13%, respectively, and the proportions of activated
MG were 87%, 51%, 26%, 89%, 89%, 88% and 87%, respectively. It can be concluded that in
the sham spinal cord, MG were absolutely dominant and Me were few. In the acute phase of SCI
(1 and 3 dpi), the proportions of activated Mg increased significantly. However, with the
progression of the SCI, the proportions of activated MG increased nearly to 90% in subacute
phase (7 and 14 dpi) and chronic phase (21 and 28 dpi).

Finally, we further analyzed the proportion of M1 and M2 subsets in the activated MG and
infiltrated M. As shown in row 4 of Figure §, in sham, 1, 3, 7, 14, 21 and 28 dpi groups, the
proportions of M1 Mg were 7%, 43%, 51%, 7%, 9%, 17% and 12%, respectively. The
proportions of M2 Mg were 6%, 6%, 23%, 3%, 1%, 1% and 0%, respectively. The proportions
of M1 MG were 31%, 43%, 20%, 69%, 79%, 66% and 68%, respectively. The proportions of
M2 MG were 56%, 8%, 6%, 21%, 11%, 16% and 20%, respectively.

These results showed that there are very few peripheral Mg in the sham-operated spinal cords,
and the proportion of MG is absolutely dominant, and the MG are mainly M2 subset. In the acute
phase of SCI, the proportion of peripheral infiltrated Mg increased transiently, and M1 Mg are
absolutely dominant, but in the subacute phase, M1 MG were absolutely dominant and continued
to the chronic phase (28 dpi, the longest time point observed in this study).

Discussion

Inflammation is one of the important mechanisms of secondary pathological damage in SCI
(Mallon et al. 2021). After SCI, with the destruction of blood spinal cord barrier, MG are
activated, the inflammatory factors and chemokines are increased, and the peripheral immune
cells infiltrate into the injured spinal cord to form an immune microenvironment, resulting in
neuronal death and demyelination (Brockie et al. 2021; Rezvan et al. 2020; Shields et al. 2020).
Following SCI, the different immune cell subsets with different functions affect the local
immune microenvironment by producing different cytokines (Mishra et al. 2021). Previous
studies have found that the local cellular components of the injured spinal cord include locally
activated MG, infiltrated Mg, lymphocytes, neutrophils, dendritic cells, etc., and these cells are
divided into different subsets, which have the functions of neuroprotective and neurodamaging
effects (Hu et al. 2016; Ma et al. 2015; Milich et al. 2021). Moreover, neurodamaging subsets
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(such as M1, Thl, Th17, etc.) are dominant, which is an important mechanism of spinal cord
pathological injury (Chen et al. 2021; Chen et al. 2020). However, which of these complex
immune cell populations plays a key role? So far, there is no final conclusion.

Generally, in the rodent model, the pathological process of traumatic SCI is divided into the
acute (< 48 h), subacute (2 to 14 dpi) and chronic (> 14 dpi) phases (Rodrigues et al. 2018; Shi et
al. 2017). Following SCI, a large number of peripheral blood-derived monocytes infiltrate into
the injured spinal cord and differentiate into M@, which are indistinguishable from the local MG,
therefore the term Mo/MG was often used to define the infiltrated M@ and/or activated MG in the
literatures (Fan et al. 2020; Gao et al. 2021; Rismanbaf et al. 2021). However, with the
development of research methods, peripheral infiltrated Mg and locally activated MG can be
identified (Chen et al. 2021; Chen et al. 2020; Milich et al. 2021). Our recent studies have found
that proinflammatory M1 cells are absolutely dominant at 7 dpi following SCI, and these cells
mainly from MG rather than peripheral infiltrated Mo (Chen et al. 2021; Chen et al. 2020). This
suggests that M1 cells derived from MG might be the key inflammatory cells in the
microenvironment of injured spinal cords. However, the dynamic patterns of MG, infiltrated Mo
and their subsets during the whole pathological process of SCI are still unclear. Therefore, the
purpose of this study was to explore the dynamic patterns of these cells after SCI using the
strategy of combining FCM and IHF.

The results showed the proportions of total Me/MG following SCI peaked at 7 dpi. Although the
proportions decreased at 14, 21 and 28 dpi, they were still maintained at high levels comparing
with sham, 1 and 3 dpi. This change trend is consistent with the previous reports of us and others
(Chen et al. 2015; Kigerl et al. 2009; Wang et al. 2015). After SCI, most of the Me/MG in the
injured spinal cords was activated, especially from 7 to 28 dpi, the proportions of activated cells
were the highest. The proportions of activated Mg increased significantly at 1 and 3 dpi.
However, with the progression of pathological process, the proportions of activated MG
increased nearly to 90% at 7, 14, 21 and 28 dpi. These demonstrate that in the early stage of SCI,
the peripheral Mg infiltrate into the injured area rapidly, and the activated MG and Mg are in a
roughly balanced state. This is consistent with previous report (Hellenbrand et al. 2021).
However, in our report, the activated MG are dominant after 7 days. Although, this is not
consistent with previous report (Hellenbrand et al. 2021), it is consistent with the recent reports
which using single-cell RNA sequencing to analyze the temporal changes at molecular and
cellular levels in the injured mouse spinal cords (Li et al. 2022; Milich et al. 2021). The possible
reason is that MG response following acute SCI limits infiltrated Mg dispersion (Plemel et al.
2020). Accordingly, we further found that both the proportions of M1 and M2 Mg were
increased significantly at 1 and 3 dpi. However, they decreased to very low levels from 7 to 28
dpi. This phenomenon also shows that the activated MG might inhibit both infiltrated M1 and
M2 Mag. Following SCI, the M1 MG increased and maintained at high levels from 7 to 28 dpi.
On the contrary, the proportion of M2 MG decreased significantly after SCI and remained at a
low level during the whole pathological process. According to these results, we can infer that M1
cells are the main activated MG in following SCI. They inhibit not only the infiltration of
peripheral monocytes, but also the polarization of these cells into M2 Mg. In the same way they
can also inhibit the polarization of themselves into M2 MG. Therefore, M1 cells derived from
MG are the key cells involved in proinflammatory response following SCI.

Following SCI, the main effector cells are the peripheral infiltrated Mo and resident MG (David
& Kroner 2011). In fact, whether the immune response of these cells is good or bad depends on
their subtypes and functional characteristics. Based on their functions, Me/MG can be divided
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into M1 and M2 subtypes. M1 cells can damage nerve cells by secreting inflammatory cytokines.
M2 cells can regulate immune inflammatory response, remove necrotic tissue fragments,
promote vascular regeneration, tissue reconstruction and repair (Kigerl et al. 2009; Kroner et al.
2014; Wang et al. 2015). In this study, we demonstrated that most M@ and MG in the injured
spinal cords are M1 cells, only a small number showing M2 phenotype and they are transient.
This shows that the predominance of M1 macroglia and lower number of M2 macroglia and/or
Mg may contribute to the early inflammatory response and secondary damage following SCI.
Therefore, for clinical transformation and application of M@/MG, it is very necessary to
determine the appropriate “time window” of these cells for immune intervention. Our temporal
dynamic analysis suggests that the acute and early stage of subacute phase may be the "window
period" for immune intervention targeting MG. In this time window, using effective intervention
measures to timely inhibit the differentiation of MG into M1 type, rather than focusing on the
infiltration and activation of peripheral monocytes, is of positive significance for increasing the
proportion of M2 cells of injured spinal cord, improving the immune microenvironment and
providing neuroprotection.

One limitation of this study is that the temporal dynamic analysis and the "window period" for
immune intervention targeting MG only from mouse SCI model. Whether these laws are
consistent with human related diseases still need to be further explored.

Conclusions

In summary, this study not only demonstrate that the pro-inflammatory M1 cells mainly come
from MG rather than infiltrated Mg after SCI, but also determine their dynamic patterns.
Therefore, these findings not only answer the academic debate about which of the infiltrating Mo
and MG plays a key role, but also determines the appropriate “time window” of immune
intervention targeting M1-type MG for the treatment of SCI.
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Figures

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 Mo 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).

Figure 3 Temporal pattern of MG and infiltrated Me 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*TMEMI119%(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).

Figure 4 Temporal pattern of activated MG and infiltrated Me 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"TMEM1197(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).

Figure 5 Temporal pattern of SCI-induced M1 and M2 differentiation of Me 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 Mg (1) 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).

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 Argl (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"CCR77(I)
and CD68"Argl1*(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 < (.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 Mo and MG
following SCI detected by IHF.

A-H: The representative pictures of CCR7 (green) and TMEM119 (red) (A-D), and Argl (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
TMEMI119"CCR7* (I), TMEM119*Argl™ (J) cells, infiltrated M1 Mg (K) and infiltrated M1 Mg
(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 < (.01. (Non-parametric Kruskal-Wallis ANOVA,
following by the individual Mann-Whitney U test).

Figure 8 Summary of dynamic changes of MG, infiltrated Me 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 Mg 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
Mo/MG (red) and the other cells (green). The second row shows the proportions of activated
(light green) and resting (brown) cells in total M@/MG. The third row shows the proportions of
activated Mg (blue) and activated MG (yellow) in the activated Me/MG. The fourth row shows
the proportion of M1 and M2 subsets in the activated MG and infiltrated Mg (dark blue: M1 Mg;
light blue: M2 Mg; dark yellow: M1 MG; light yellow: M2 MG).

Tables

Table 1 Antibodies used in the study
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Figure 1

The conclusive figure that explains the pathway and the whole idea of this research

sham 18
1dpi 18 sham 6
3dpi 18 1dpi 6
7dpi 18 7dpi 6
14 dpi 18 28 dpi 6
21 dpi 18
28 dpi 18
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Temporal pattern of MG and infiltrated Mg 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 Mg 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 Mg 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"TMEM1197(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 SCl-induced M1 and M2 differentiation of Mg 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
Mg (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 SCl-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 Argl (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). | and J: Cellular quantitation of

CD68"CCR77(l) and CD68*Arg17(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).

Peer] reviewing PDF | (2022:10:78476:0:2:NEW 20 Oct 2022)



400pm 400pm

400um 400um

400pm o TINLE 400um

400pm . 0 400pm

e J & 200+ [p——
= 3 1504
+2 < [
& =
2 100-
8 g 100 "
+ +
2 2
[a] 0O 501
(&) (&)
= I
2 9 0

sham 1 7 28
dpi

Peer] reviewing PDF | (2022:10:78476:0:2:NEW 20 Oct 2022)



Peer]

Figure 7

Temporal pattern of SCl-induced M1 and M2 differentiation of Mg and MG following SCI
detected by IHF

A-H: The representative pictures of CCR7 (green) and TMEM119 (red) (A-D) , and Argl
(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* (1), TMEM119"Argl* ()) cells, infiltrated M1 Mg (K) and infiltrated M1 Mg (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 Mg 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 Mg 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 Mg/MG (red) and the other cells (green). The second row shows the proportions of
activated (light green) and resting (brown) cells in total Mg/MG. The third row shows the
proportions of activated Mg (blue) and activated MG (yellow) in the activated Mg/MG. The
fourth row shows the proportion of M1 and M2 subsets in the activated MG and infiltrated Mg

(dark blue: M1 Mg; light blue: M2 Mg; dark yellow: M1 MG; light yellow: M2 MG).
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2
Host Species and Used
Antigen Cat. # or Lot# | RRID Conjugation Source Methods
Clone concentration
CD11b rat monoclonal 14-0112-82 AB_467108
CD45 rat monoclonal 14-0451-82 AB_467251
Invitrogen
CcDes8 rat monoclonal MA5-16674 AB_2538168
NO
Arg1 rabbit polyclonal PA5-29645 AB_2547120
CCR7 rabbit polyclonal ab191575
Abcam 1:200 IHF
TMEM119 rat monoclonal ab209064 AB 2800343
Fluorescein
Rat IgG (H+L) goat polyclonal 112-095-143 AB_2338199
(FITC) Jackson
Rhodamine ImmunoResearch
Rabbit IgG (H+L) goat polyclonal 111-025-144 AB_2337932
(TRITC)
CCR7 rat monoclonal 47-1971-82 AB_ 2573974
APC-eFluor
IgG2b kappa Isotype 0.25 ugltest
rat 47-4321-82 AB_1271997 780 (AF780)
Control Invitrogen FCM
CD11b rat monoclonal 12-0112-81 AB_465546 0.125 ug/test
PE
IgG2b kappa Isotype | rat 12-4031-82 AB 470042 0.25 ug/test
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Control

CD68 rat monoclonal MA5-16676 AB_2538170

IgG2b kappa Isotype FITC
rat 11-4031-82 AB_470004

Control

CD45 rat monoclonal 17-0451-82 AB_469392

IgG2b kappa Isotype APC
rat 17-4031-82 AB_470176

Control

0.125 pg/test

3
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