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ARTICLE INFO ABSTRACT

Macrophages can be polarized towards either a classically activated pro-inflammatory (M1) state, or alter-
natively towards an activated anti-inflammatory (M2) state. M1 cells are activated by ligands of toll-like receptor
(TLR) or interferon (IFN)-y and have a toxic effect, whereas M2 cells are activated by interleukin (IL)-4, IL-10,
and IL-13 and have a regenerative effect in vitro and in vivo. Previously studies have shown that these cells play
an important role in the inflammatory responses following spinal cord injury (SCI). Mechanistically, the role of
PTEN in the regulation of macrophage polarization has yet to be fully elucidated. In the present study, we first
evaluated the expression of PTEN in macrophages after SCI. We found that PTEN expression was accumulated in
the macrophages after the SCI surgery. Knock-down of PTEN or inhibition of phospho-PTEN with bpV(pic) in
RAW264.7 cells resulted in increased M2 polarization and decreased M1 polarization. In a rat model of SCI,
grafts containing bpV(pic) reduced spinal tissue cavitation and promoted locomotor improvement, while com-
bining grafts of bpV(pic) and acellular spinal cord (ASC) scaffolds showed a better effect. Moreover, grafts
containing bpV(pic) enhanced M2 polarization and decreased M1 polarization in the macrophages during SCI.
Thus, we have established that PTEN is critical for the polarization of macrophages and the functional recovery
of SCI. Targeting PTEN enhances the macrophages towards to M2 polarization and promoting the functional
recovery in SCI, and this suggest that PTEN may be a future therapeutic target for SCI treatment.
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1. Introduction maintenance of health and function (Halsey et al., 2018).
In the acute phase of spinal cord injury (SCI), inflammatory cells
such as macrophages accumulate at the injured lesion following initial

mechanical trauma to the spinal cord and release a variety of cytokines

Spinal cord injury (SCI) results in profound motor, sensory and
autonomic impairments, which are associated with functional limita-

tions, reduced participation in daily activities, and altered quality of life
(Kirshblum et al., 2011). The rehabilitation of individuals with spinal
cord injury (SCI) can be divided into three distinct phases: acute, sub-
acute and chronic (Burns et al., 2017). The acute and subacute periods,
when combined, generally correspond with the natural history of
neuro-recovery, while the chronic phase is the period when neuro-re-
covery has plateaued.(Burns et al., 2017; Fawcett et al., 2007). Re-
habilitation during the acute and subacute phases focuses on preventing
secondary complications, promoting and enhancing neuro-recovery,
maximizing function, and establishing optimal conditions for long-term

(David and Kroner, 2011; Fleming et al., 2006). Shortly after SCI injury,
blood monocytes migrate to the site of injury, where they then differ-
entiate into macrophages and play an important role in tissue repair
(Allison and Ditor, 2015; Franken et al., 2016; Shechter et al., 2009).
Two major subsets of macrophages can be distinguished based on their
molecular phenotype and function: classically activated pro-in-
flammatory (M1) cells, and alternatively activated anti-inflammatory
(M2) cells (Cambier et al., 2014; Kigerl et al., 2009; Liu and Yang, 2013;
Pieters, 2008; Shapouri-Moghaddam et al., 2018). M1 macrophages
express tumor necrosis factor alpha (TNF-a) and inducible nitric oxide
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synthase (iNOS), and have proteolytic activity. M2 macrophages pos-
sess immune modulatory, phagocytic, tissue repair, and remodeling
properties and express unique molecular markers such as arginase-1
and CD206 (Benoit et al., 2008; Ding et al., 2019; Mosser and Edwards,
2008; Stout and Suttles, 2004). Previous studies have shown that both
M1 and M2 macrophages are present in the injured spinal cord, and that
the spinal cord environment favors polarization towards a pre-
dominantly M1 cytotoxic macrophage phenotype (Gensel and Zhang,
2015; Wang et al., 2015). A few groups have reported that M1 mac-
rophages are neurotoxic, whereas M2 macrophages promote axonal
regeneration after central nervous system (CNS) injury (Ji et al., 2015;
Li et al., 2015, 2016; Ma et al., 2015; Yao et al., 2014; Zhang et al.,
2014). Thus, increasing the M2 cell population and promoting the
presence of this macrophage subtype at the site of injury may be a
promising strategy for tissue repair after SCI (Kong and Gao, 2017). In
addition, the molecular mechanisms underlying the M2 transformation,
and its effect on injured tissues, requires further investigation.

In this study, we observed that PTEN expression accumulated in
macrophages after SCI in rats. Knockdown of PTEN in the cultured
macrophage cell line RAW264.7 resulted in a transition towards a
predominantly anti-inflammatory M2 macrophage phenotype. We then
generated acellular spinal cord (ASC) scaffolds combined with the
PTEN inhibitor bpV(pic), and transplanted these into spinal cord-in-
jured rats. BpV(pic) in combination with an ASC reduced motor neu-
rons loss and improved functional recovery after SCI (Tang et al.,
2019). The macrophages in the injury site following SCI were polarized
towards an M2 phenotype, rather than an M1 type, following grafting
with bpV(pic) or an ASC combined with bpV(pic). Thus, we speculate
that the neuronal protective effect of bpV(pic) after SCI occurs by
promoting the polarization of macrophages towards an M2 phenotype.

2. Results
2.1. PTEN expression accumulates in macrophages after SCI

As previously reported, we observed via western blot analysis that
the expression of PTEN was gradually increased in spinal cords after SCI
(Fig. 1A, B). To examine whether this enhanced PTEN expression was
present specifically in macrophages after SCI, we labeled macrophages
with an anti-F4/80 antibody in rat spinal cord tissue for analysis by
immunofluorescence. We noticed that the expression of F4/80, as well
as the co-expression of PTEN and F4/80, was dramatically increased the
spinal cords tissue (segments containing the lesion and 1 cm on each
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side of the lesion) (Fig. 1C, D). These data suggest that the expression of
PTEN accumulates in macrophages after SCI.

2.2. Inhibition of PTEN activity promotes macrophage polarization to an
M2 phenotype in vitro

To elucidate the role of PTEN in macrophages, we examined cul-
tures of the mouse macrophage cell line RAW264.7. After knockdown
of PTEN with small-interfering (si) RNA in RAW264.7 cells, cells were
stimulated with LPS and IFN-y. The expression levels of classically ac-
tivated (M1) markers including TNF-alpha, CD16/32 and iNOS were
detected via qPCR analysis. As shown in Fig. 2A, the relative mRNA
expression levels of PTEN were decreased, and markers of M1 macro-
phage polarization were greatly minimized. Next, PTEN knockdown
RAW264.7 cells were stimulated with IL-4 to polarize them towards an
M2 phenotype. Using qPCR analysis, the expression levels of M2 mar-
kers Arg-1, CD206, Fizzl, and Ym1 were found to be dramatically in-
creased (Fig. 2B). Additionally, immunoblot analysis confirmed the
expression levels of PTEN, IL-10 and iNOS were decreased, while Arg-1
and CD206 levels were increased in RAW264.7 cells with PTEN
knockdown (Fig. 2C). Moreover, the expression of M1 markers in-
creased and M2 markers were decreased in cells with overexpression of
PTEN via western blot analysis (Fig. 2D). In conclusion, knockdown of
PTEN in macrophages promoted M2 polarization, while inhibiting M1
polarization in vitro, and overexpression of PTEN showed a contrary
effect on M1/M2 polarization. Next, the cultured RAW264.7 cells were
treated with bpV(pic), an inhibitor of PTEN activity. The expression of
phospho-PTEN gradually decreased as the treatment dose of bpV(pic)
increased (0, 10, and 20 nM). A marker of M1 macrophages, iNOS, was
also diminished, while a marker of M2 macrophages, Arg-1, was in-
creased. These results suggested that bpV(pic) treatment increased the
M2/M1 ratio via the inhibition of PTEN activity in macrophages in vitro
(Fig. 2E).

2.3. Inhibition of PTEN with bpV(pic) improves functional recovery after
SCI

As previously reported, we generated ASC scaffolds from the spinal
cords of normal rats, and combined the ASC scaffold with bpV(pic)
(Tang et al., 2019). We then grafted either ASCs alone, bpV(pic) alone,
or ASCs combined with bpV(pic) into rats receiving SCI surgery. The
bpV(pic) and ASC combined with bpV(pic) conditions resulted in de-
creased motor neuron loss in comparison to control or ASC-only grafted

. Fig. 1. PTEN expression accumulates in mac-
rophages after SCI. A. Immunoblot analysis of
PTEN and GAPDH levels in spinal cord tissue
from rats at 0, 1, 2, 4, 8 weeks post SCL. (n = 3
independent experiments). B. Quantification of
the PTEN expression from rats at 0, 1, 2, 4, 8
weeks post SCI in A. (n = 3 independent ex-
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Fig. 2. Knockdown of PTEN or treatment with bpV(pic) promotes M2 macrophage polarization and decreases M1 polarization in RAW264.7 cells. A. RAW264.7 cells
were treated with small interfering RNA against PTEN and then stimulated with LPS and IFN-y; displayed are the relative mRNA levels of PTEN and the markers of
M1 macrophages (TNF-a, CD16/32 and iNOS). (n = 3 independent experiments). B. RAW264.7 cells treated with small interfering RNA against PTEN and then
stimulated with IL-4; displayed are the relative mRNA levels of PTEN and the markers of M2 macrophages (Arg-1, CD206, Fizz1, and Ym1). (n = 3 independent
experiments). C. Inmunoblot analysis of PTEN, IL-10, iNOS, Arg-1, CD206and GAPDH in RAW264.7 cells with PTEN knockdown and LPS plus IFN-y stimulation.
(n = 3 independent experiments). D. Immunoblot analysis of PTEN, IL-10, iNOS, Arg-1, CD206 and GAPDH in RAW264.7 cells with PTEN overexpression and IL-4
stimulation. (n = 3 independent experiments). E. Inmunoblot analysis of p-PTEN, iNOS, and Arg-1 in RAW264.7 cells after treatment with different concentrations
(0, 10, 20 nM) of bpV(pic). (n = 3 independent experiments). *p < 0.05, **p < 0.01; all data are shown as the mean *+ SD.

spinal cords (Fig. 3A and B). H&E staining also revealed that the bpV
(pic) and ASC combined with bpV(pic) groups displayed a diminished
injury than the other two groups (Fig. 3C). In order to assess functional
recovery, BBB scores were assessed (The BBB scores of the rats in all
group were 21 at 1 day before SCI surgery), as shown in Fig. 3D, from 1
day to 12 weeks post-surgery. The bpV(pic) and ASC combined with
bpV(pic) groups showed higher BBB scores compared to the control and
ASC-only groups, with the ASC combined with bpV(pic) group dis-
playing the highest level of functional recovery after SCI. We then as-
sessed the cell proliferation in the Spinal cords from all groups with IHC
of Ki67. The expression of Ki67 was enhanced in the bpV(pic) and ASC
combined with bpV(pic) groups compared to control or ASC group
(Fig. 3E and F). We also detected the expression of glial marker (GFAP,
Fig. 3G and H) and neuronal marker (B-III-tubulin, Fig. 3I and J) in the
Spinal cords from all groups. As expected, the expressions of GFAP and
B-IlI-tubulin were also increased in the bpV(pic) and ASC combined
with bpV(pic) groups compared to control or ASC group. Afterall, these
data suggest that inhibition of PTEN with bpV(pic) promoted glial scar
formation, but also promoted the axonal outgrowth, improved tissue
sparing and locomotor function after SCI.

2.4. Treatment with bpV(pic) after SCI promotes macrophage polarization
towards an M2 phenotype and inhibits polarization towards an M1
phenotype at the site of injury

To fully investigate the underlying mechanisms by which bpV(pic)

was able to promote functional recovery after SCI, we examined
changes in the expression of M1 and M2 markers in the spinal cord after
SCI. As expected, F4/80 positive cells showed increased CD206 ex-
pression in the bpV(pic) and ASC plus bpV(pic) groups, as assessed by
immunofluorescence staining analysed by confocal microscopy (Fig. 4A
and B). Immunofluorescence analysis using an Arg-1 antibody showed
similar results; the expression of Arg-1 was increased in the bpV(pic)
and ASC plus bpV(pic) groups (Fig. 4C and D). Furthermore, we de-
tected an increase in M2 marker expression with qPCR analysis. Fol-
lowing SCI, the expression levels of IL-10, Fizzl, and Ym1 were ele-
vated in the bpV(pic) and ASC plus bpV(pic) groups (Fig. 4E-G). We
examined M1 markers in the same way; in bpV(pic) and ASC plus bpV
(pic) groups, immunofluorescence staining analysed by confocal mi-
croscopy revealed a reduction of iNOS expression in F4/80 positive
macrophages after SCI (Fig. 5A and B), as well as a lower level of TNF-a
(Fig. 5C and D). The mRNA levels of IL-6, TNF-a, and iNOS were con-
firmed to be reduced in the bpV(pic) and ASC plus bpV(pic) groups
(Fig. 5E-G). These results indicated that in vivo treatment with bpV(pic)
promoted the M2 phenotype and inhibited M1 polarization in macro-
phages after SCI.

3. Discussion
Inflammation is a prominent mediator of secondary damage in the

CNS following injury(Guerrero et al., 2012; Yang et al., 2017). In the
current study, we showed that the inhibition of PTEN played a crucial
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Fig. 3. BpV(pic) and ASC combined with bpV(pic) improves functional recovery after SCI. A. Nissl staining of motor neurons in the large anterior horn in different
transplantation groups, 4 weeks post-SCI. Arrows are pointing to the cell bodies of the neurons. (n = 5); scale bar = 50 um. B. Counts of the numbers of motor
neurons in the anterior horn of the spinal cord. (n = 5). C. Representative H&E staining of spinal cords from different groups at 4 weeks post-SCIL. (n = 5); scale
bar = 50 um. D. Plot of BBB locomotor scores of the different transplantation groups at different time points (from 1 day to 12 weeks) post-SCI. (n = 5). E.
Representative immunohistochemistry images of Ki67 in spinal cords from different groups at 4 weeks post-SCIL. (n = 5); scale bar = 50 pm. Arrows are pointing to
the positive cells. F. Quantification of the Ki67 positive cells in E. (n = 5). G. Representative immunofluorescence images of GFAP (green) in spinal cords from
different groups of rats at 4 weeks post-SCI. (n = 5); scale bar = 50 um. H. Quantification of the GFAP positive cells in G. (n = 5). I. Representative immuno-
fluorescence images of B-III-tubulin (green) in spinal cords from different groups of rats at 4 weeks post-SCI. (n = 5); scale bar = 50 um. J. Quantification of the B-III-
tubulin positive cells in G. (n = 5). * means P < 0.05 compared to the control group; # means P < 0.05 compared to the ASC group; ns= not significant. All data
are shown as the mean = SD.
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Fig. 4. BpV(pic) and ASC combined with bpV(pic) promotes M2 macrophage polarization in the injury site after SCI. A. Representative confocal immunofluorescence
images of F4/80 (red) and CD206 (green) in spinal cords from different groups of rats at 4 weeks post-SCIL (n = 5); scale bar = 50 um. B. Quantification of the CD206
expression in F4/80 positive macrophages in a. (n = 5). C. Representative immunofluorescence images of Arg-1 in spinal cords from different groups of rats at 4
weeks post-SCIL (n = 5). Scale bar = 50 pm. D. Quantification of the Arg-1 expression in c. (n = 5). E. Relative mRNA levels of IL-10, Fizz1 (F), and Ym1 (G) in spinal
cords from different groups of rats at 4 weeks post-SCIL. (n = 5). *means P < 0.05 compared to the control group; # means P < 0.05 compared to the ASC group;
ns= not significant. All data are shown as the mean = SD.
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Fig. 5. BpV(pic) and ASC combined with bpV(pic) decreases M1 polarization in the injury site after SCI. A. Representative confocal immunofluorescence images of
F4/80 (red) and iNOS (green) in spinal cords from different groups of rats at 4 weeks post-SCL. (n = 5); scale bar = 50 pm. B. Quantification of the iNOS expression in
F4/80 positive macrophages in a. (n = 5). C. Representative immunofluorescence images of TNF-a in the spinal cords from different groups of rats at 4 weeks post-
SCIL (n = 5). Scale bar = 50 um. D. Quantification of the TNF-a expression in c. (n = 5). E. Relative mRNA levels of IL-6, TNF-a (F), and iNOS (G) in the spinal cords
from different groups of rats at 4 weeks post-SCI. (n = 5). *means P < 0.05 compared to the control group; # means P < 0.05 compared to the ASC group; ns= not

significant. All data are shown as the mean = SD.

role in regulating M2 macrophage activation and improving locomotor
recovery after SCI in rats. The expression level of PTEN was sig-
nificantly increased in macrophages after SCI. In cultured macrophages,
knockdown of PTEN or treatment with bpV(pic) to inhibit the phos-
phorylation of PTEN promoted M2 polarization and decreased M1 po-
larization. in vivo, bpV(pic) treatment enhanced the cell proliferation,
promoted M2 macrophage activation, increased the abundance of M2-
type macrophages at the injury site, axonal outgrowth to the lesion
cavity, and improved tissue sparing and locomotor function after SCIL.
Furthermore, combining bpV(pic) with ASC scaffolds made from the
spinal cord of rats enhanced the effect of bpV(pic) on promoting M2
polarization. Our studies suggested that PTEN may be a regulator of the
polarization of M1/2 macrophages, and thus targeting PTEN may be a
potential therapeutic target for the promotion of neurological recovery
after SCI.

Previous studies have revealed that macrophages possess a high
degree of plasticity, with the ability to quickly adjust in response to CNS
damage(Gensel et al., 2009; Laskin, 2009). It has also been suggested
that alternatively-activated macrophages are involved in recovery fol-
lowing SCI(Hausmann, 2003). In our study, M2-type macrophages were
increased following knockdown of PTEN or by inhibition of PTEN ac-
tivity with bpV(pic). Other studies have reported that classically acti-
vated macrophages, producing pro-inflammatory cytokines and oxida-
tive metabolites, are predominant at the site of injury and surrounding
tissue after SCI(Novak and Koh, 2013). Following the inhibition of
PTEN expression or PTEN activity, M1 related pro-inflammatory cyto-
kines (such as IL-6) were diminished, resulting in an obstruction of the
secondary injury process. Using immunofluorescence labeling of spe-
cific markers (such as CD206 and Arg-1), we confirmed that M2-type
macrophages were elevated at the injury site after SCI. As has been
reported in other studies, an elevation of M2-type macrophages in the
injury site promoted axonal outgrowth to the lesion cavity, tissue
sparing, and functional recovery from SCI(Ma et al., 2015). We also
noticed that the expression of glial marker GFAP increased after bpV
(pic) treatment, which means inhibition of PTEN would promote glial
scar formation in SCI. All in all, we speculate that the effect of bpV(pic)
on macrophages exert dominant effect in the neuronal recovery after
SCI.

60

While our findings were in agreement with previous reports(Liu
et al., 2019), more interestingly, we showed that an ASC combined with
bpV(pic) had an enhanced effect on promoting M2 polarization. In our
previous studies, ASC scaffolds, seeded with human umbilical cord
blood-derived mesenchymal stem cells, were able to bridge a spinal
cord cavity and promote long-distance axonal regeneration and func-
tional recovery following SCI in rats(Liu et al., 2013). Here, we showed
an enhanced effect of an ASC scaffold upon combination with bpV(pic),
the inhibitor of PTEN activity. We speculate that this was due to the fact
that the ASC scaffold was made using spinal cords from the same spe-
cies used in the study. The ASC material therefore had perfect biomi-
metic properties, and was likely able to recruit more macrophages to
the injury site. Furthermore, when an ASC was combined with the effect
of the PTEN inhibitor bpV(pic), M2 polarization was able to be greatly
enhanced. We believe that macrophage polarization is only one possible
mechanism for the observed neuroprotective effect of bpV(pic) in
combination with an ASC scaffold after SCI. Further studies are thus
needed in order to uncover the precise mechanism of action of PTEN in
the regulation of macrophage polarization.

In the present study, we found that the expression of PTEN sig-
nificantly increased in macrophages following SCI. We then used the
inhibitor of PTEN, bpV(pic), and ASCs combined with bpV(pic) to treat
SCI in rats. Functional recovery was greatly improved and damage to
the spinal cord tissue was ameliorated, with an accumulation of M2-
type macrophages observed at the injury site. These results suggest that
inhibiting PTEN promotes the M2 polarization of macrophages, re-
sulting in improved functional recovery following SCI.

4. Methods and materials
4.1. Acute spinal cord injury model and graft transplantation

Adult male Sprague-Dawley rats (250-300 g) were purchased from
the animal center of Youjiang Medical College for Nationalities. All
animals were housed in standard temperature conditions with a 12h
light/dark cycle and regularly fed with food and water. All surgical
procedures were performed under anesthesia by intraperitoneal injec-
tion with 10% chloral hydrate (0.4 ml/100 g). The skin was incised to
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expose the vertebral column and to perform a laminectomy at the T9
level. Under a surgical microscope, two right-sided hemisections of the
spinal cord were created using a microdissection scissor at levels T9 and
T10. Animals that underwent laminectomy without SCI were used as a
sham control (n = 4). Animals with a hemisected SCI were randomly
divided into four groups and received the graft transplantation at 1 day
post-surgery: animals treated with an ASC scaffold implantation
(n = 6), animals treated with bpV(pic) (100 mg/kg) implantation
(n = 6), animals treated with the implantation of an ASC scaffold with
bpV(pic) (100 mg/kg) (n = 6), and SCI only (control, n = 6). To pre-
vent infection, rats were treated with ampicillin (100 mg/kg) and
gentamicin (12 mg/kg) subcutaneously once a day following surgery
for 3 days. Manual bladder expression was performed twice a day until
they regained bladder control, approximately 3 to 5 days after initial
injury. All animal experiments were approved by the local ethics
committee for animal research at Youjiang Medical College for
Nationalities, and were performed in accordance with international
standards for animal welfare.

4.2. ASC scaffold preparation

Adult Sprague Dawley (SD) rats were sacrificed by intraperitoneal
injection with 10% chloral hydrate (60 ml/kg). The thoracic spinal
cords were harvested. The chemical extraction for ASC preparation was
based on a previously described procedure(Tang et al., 2019). Briefly,
thoracic spinal cords were treated with a series of detergents including
distilled water, Triton X-100 and sodium deoxycholate solution. All
samples were subsequently freeze-dried for 24 h in a freeze dryer and
sterilized by irradiation (3 kGy) with Cobalt-60 gamma rays before
being used.

4.3. Locomotion recovery assessment

Motor function recovery was assessed using the Basso, Beattie, and
Bresnahan (BBB) locomotor rating scale. Individual rats were placed on
an open field and observed for 4min by two observers blind to the
treatment condition. A score of 0 indicates complete immobility, and a
score of 21 indicates normal function. The scores were graded ac-
cording to the rat’s motor motion and rating scale. The test was carried
out once a week after transplantation up to 12 weeks post-surgery.

4.4. In vitro experiments

The RAW264.7 cell line (TIB-71) (ATCC, Manassas, VA, USA) was
cultured in Dulbecco’s Modified Eagle Medium (DMEM) containing
10% fetal bovine serum (Gibco, Carlsbad, CA, USA). For M1 or M2
polarization, cultured Raw264.7 cells were incubated with IFN-y
(20 ng/mL) and LPS (100 ng/mL) for 6 h or with IL-4 (20 ng/mL) for
48 h. For the knockdown of PTEN expression, we transiently transfected
cells with siRNA using Lipofectamine RNAi MAX (Invitrogen, Carlsbad,
CA, USA) in Opti-MEM medium (Invitrogen), according to the manu-
facturer’s instructions. The sequences of SiRNA used in this study were
as follows: PTEN, sense: 5-CGUGUACUACCUCAUGAGCUU-3’, anti-
sense: 5’-GCGCAGAUACGUUCAUAGCUU-3’; Non-specific siRNA se-
quences were used as negative controls, sense: 5-UUCUCCGAACGUG
UCACG UTT-3, and antisense: 5-ACGUGACACGUUCGGAGAATT-3".
The efficiency of transfection was measured by western blot and qRT-
PCR.

4.5. Western blot analysis

Animals were deeply anesthetized with an overdose of chloral hy-
drate, the spinal cords tissue segments containing the lesion (1 cm on
each side of the lesion) was quickly removed, put on ice, frozen in li-
quid nitrogen, and kept at —80 °C until use. Tissues and cells were lysed
using lysis buffer (62.5 mM Tris —HCI [pH 6.8], 10% glycerol, 2% SDS,
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50 mM dithiothreitol, and 0.01% bromophenol blue at 96 °C for 10 min.
The samples were separated with SDS-PAGE for 70 min, and after
electrophoresis, proteins were transferred onto membranes (Bio-Rad
Laboratories, USA) using a wet transfer method. Each membrane was
then incubated in primary antibodies overnight at 4°C on a shaker.
After incubation in specific secondary antibodies, immunoblots were
detected using an enhanced chemiluminescence kit (ECL kit, pro-
teintech, USA).

4.6. Immunofluorescence analysis

10 um frozen spinal cord tissue sections were rewarmed at room
temperature for 30 min and blocked with sheep serum working solution
at room temperature for 2h. The tissues were incubated in primary
antibodies overnight at 4 °C. The sections were subsequently washed 3
times and incubated in the corresponding fluorescent secondary anti-
bodies (Goat anti-rabbit 594 and Goat anti-mouse FITC, 1:500, Thermo
Fisher Scientific, Waltham, MA, USA) for 1 h at room temperature. The
sections were then stained with DAPI, and observed by fluorescent
microscopy (Olympus, Japan). The percentages of the double positive
cells were quantified in at least three versions from three different
slices.

4.7. Antibodies

Anti-p-PTEN (#9554, Cell Signaling Technology, USA), anti-PTEN
(#9188, Cell Signaling Technology, USA), anti-F4/80 (ab6640, abcam,
USA), anti-GFAP (#3670, Cell Signaling Technology, USA), anti-beta-
III-tubulin (#5568, Cell Signaling Technology, USA), anti-IL-10 (60269-
1-Ig, proteintech, USA), anti-iNOS (ab15323, abcam, USA), anti-TNF-a
(GTX110520, Genetex, USA), anti-Arg-1 (#93668, Cell Signaling
Technology, USA), anti-CD206 (ab64693, abcam, USA), anti-GAPDH
(ACO033, abclonal, China).

4.8. Nissl staining

Sections were rewarmed at room temperature for 30 min, then im-
mersed in 100% ethanol, 75% ethanol, and distilled water for 30 s each,
then stained with a 0.1% cresyl violet solution at 37 °C for 5 min. The
sections were washed in distilled water, immersed in 95% ethanol for
30s, and soaked in anhydrous ethanol, anhydrous ethanol, and xylene
for 5 min each. The sections were sealed with neutral gum and observed
under a microscope.

4.9. Quantitative RT-PCR

Total RNA was isolated with Trizol (Life Technologies, USA) and
reverse transcription was performed with reverse transcriptase (Takara
Bio, Japan) according to the manufacturer’s instructions. RT-PCR was
performed using multiple kits (SYBR Premix Ex TAQ, Takara Bio,
Japan) according to the manufacturer’s instructions. To determine the
expression of mRNA, each gene was normalized to the expression level
of the housekeeping gene GAPDH. The primers used in the present
study are listed below: Arg-1, forward: ACCTGGCCTTTGTT GATGTCC
CTA, reverse: AGAGATGCTTCCAACTGCCAGACT; CD206, forward:
TTGG ACGGATAGATGGAGGG, reverse: CCAGGCAGTTGAG GAGGTTC;
TNF-a up: CTCAAGCCCTGGTATGAGCC, down: GGCTGGGTAGAGAAC
GGATG; iNOS up: TTGCTTCTGTGCTAATGCGG, down: AAGGCGTAGC
TGAACAAGGA; IL-10 up: CAGTCAGCCAGACCCACA, down: GGCAAC
CCAAGTAACCCT; IL-6 up: TCCTACCCC AACTTCCAATGC, down: TAG
CACACTAGGTTTGCCGAG; Yml, forward, AGAAGG GAGTTTCAAA
CCT, reverse, GTCTTGCTCATGTGTGTAAGTGA; Fizz-1, forward: TCCA
GCTGATGGTCCCAGTGAATA, reverse: ACAAGCACACCCAGTAGCA
GTCAT; GAPDH, forward: TCAACGACCCCTTCATTGAC, reverse: ATG
CAGGGATGAT GTTCTGG;
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4.10. Statistical analysis

All experiments were performed at least three times. All data were
presented as the mean * standard deviation (SD) using SPSS version
20.0 software for statistical analysis, with graphs generated in
GraphPad Prism 6.0. The student’s t-test was used to assess statistically
significant differences in the data between groups. A p-value of less
than 0.05 was considered statistically significant. Statistical sig-
nificance indicated as ns for not significant; * or # for P < 0.05; ** for
P < 0.01; *** for P < 0.001;
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