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Abstract: Multiple sclerosis (MS) is a neurodegenerative and immune-mediated disorder that characterizes by de-
myelination and neuro-inflammation. This study aimed to investigate the effects of pleiotrophin (PTN) on treatment 
of early injuries of white matter of MS patients. Experimental autoimmune encephalomyelitis (EAE) animal models 
were established by injecting 200 μg myelinoligodendrocyte glyeoprotein 33-35 (MOG35-55) and were divided into 
PTN+MOG group and PBS+MOG group. Meanwhile, normal mice group was assigned as control group (NC group). 
Immunofluorescence double label was used to examined co-expression of molecules. LV5-PTN and LV3-siPTN were 
established and transfected into microglia cells. All brain imaging data was acquired with MRI scanner. Quantitative 
real-time RT-PCR (qRT-PCR) and western blot were used to evaluate mRNA and protein expression, respectively. 
Lesion sites mainly appeared in NAWM of bilateral occipital lobes in EAE models. PTN treatment significantly en-
hanced CCr7 and reduced CD206 expression compared to PBS+MOG group (P<0.05). PTN participated in mitogen-
activated protein kinase (MAPK) signaling pathway in EAE models. PTN treatment significantly regulated levels of 
functional cytokines in both M1 and M2 type microglia cells compared to PBS+MOG group (P<0.05). LV5-PTN and 
LV3-siPTN transfection modulated levels of PTN and MAPK molecule in microglia cells undergoing treatment of 
M1 or M2 inducer. PTN strengthened M1/M2 transformation by regulating functional cytokines. In conclusion, 
PTN regulated functional heterogeneity of microglia cells in EAE animal models of MS by activating CCr-7/CD206 
molecules and functional cytokines. PTN could be considered as a promising candidate molecule for treating early 
injuries of white matter of patients with MS.
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Introduction

Multiple sclerosis (MS) is a progressive, neuro-
degenerative and immune-mediated disorder 
that characterizes by the demyelination and 
neuro-inflammation in central nervous system 
(CNS) [1, 2]. The epidemiological investigations 
reported that the incidence of MS has been sig-
nificantly increased in the past years [3, 4]. 
However, the associated mechanisms have not 
been clarified and the treatments were still with 
lower-efficacy in clinical [5, 6]. Nowadays, the 
most applied therapeutic method for MS is the 

immuno-modulatory treatment, which mainly 
plays the therapeutic roles by reducing or inhib-
iting infiltration immune-cells into the central 
nervous system [7]. The previous study [8] 
reported that glucocorticoids could also regu-
late the growth of inflammatory cells and modu-
late the migration of inflammatory cells to the 
central nervous system. Meanwhile, the gluco-
corticoids could reduce the severity of relapse 
and accelerate the recovery of diseases. Donia 
et al [9] found that dexamethasone significantly 
reduced or relieved the clinical symptoms and 
disorder duration of the experimental autoim-
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mune encephalomyelitis (EAE), which is an 
extensively used animal model for MS.

In clinical, eliminating progression or relapsing 
of neurological disability of MS is the difficulty 
of the clinical therapy. The activated microglia 
cells migrate to pre-active lesions-normal ap- 
pearing white matter (NAWM) of MS lesion at 
earliest stage [10, 11]. Therefore, the microglia 
activation is considered to be an initial patho-
genetic event for MS [12]. However, the nature 
that activates the resident microglia cells and 
triggers the related inflammatory reactions in 
NAWM remain to be elucidated.

Classically activated (M1) and alternatively acti-
vated (M2) microglia are two extremes of acti-
vation states. Activated M1cells produce large 
amounts of pro-inflammatory cytokines, all of 
which contribute to the development and pa- 
thogenesis of EAE in early phase M1 cells [13, 
14]. M2 microglia highly expresses the anti-
inflammatory molecules, all of which play the 
roles of anti-inflammation and tissue repair 
[15]. The NAWM in the pathogenesis processes 
of MS is also in a balance between neuro-pro-
tection and inflammation [16]. Therefore, we 
speculated that striking this balance may dis-
cover a feasible selection for treatment of MS. 

Pleiotrophin (PTN), as a kind of secreted growth 
factor, plays the protective effects and post-
developmental neurotrophic effects on the cen-
tral nervous system [17]. PTN could promote 
the remyelination and expression of which 
increases in microglia post the ischemia/reper-
fusion [18, 19]. Our previous study proved that 
PTN plays a key role in the regulation of microg-
lia by stimulating secretion of neuro-protective 
factors and promoting the cell proliferation 
[20]. 

Therefore, the present study used DTI and his-
topathology correlation to test whether PTN 
could modulate two extremes of microglial acti-
vation states proportion in NAWM of EAE. 
Meanwhile, the molecular signals contributing 
to this function were also examined in vitro 
levels.

Materials and methods

Animals

Forty 10-week-old male C57BL/6L mice, weight- 
ing 18±2 g, were purchased from Animal Center 

of the Third Military Medical University, 
Chongqing, China. All mice were kept under 
pathogen-free conditions. The rats were main-
tained in condition of 12 h light/12 h dark cycle 
at temperature of 25°C ± 2°C. The mice freely 
accessed to standard commercial diet (CLEA 
Japan Inc., Shizuoka, Japan) and water. 

This study was performed according to the 
guidance of Care and Use of Laboratory Animals 
of National Institute of Health (NIH). The animal 
experiments were approved by the Ethics 
Committee of Zhongshan Hospital, Xiamen 
University (Xiamen, Fujian Province, China). 

Establishment of EAE animal model

In order to induce the EAE, the following pro-
cesses were conducted in this study (Figure 
1A). In brief, the mice were immunized with a 
injection containing 200 μg myelinoligoden- 
drocyte glyeoprotein 33-35 (MOG35-55) (GL 
Biotech. Ltd., Shanghai, China) in 200 μl phos-
phate-buffered saline (PBS) that emulsified by 
the complete Freund’s adjuvant (CFA, Sigma-
Aldrich, St. Louis, Missouri, USA) (1:1 ratio). On 
the day 0, each mouse received MOG-CFA 
emulsion by subcutaneously injecting into two 
sites of the upper flanks. The mice were subse-
quently intraperitoneally (i.p.) injected with 200 
μl of pertussis toxin (200 ng, Sigma-Aldrich, St. 
Louis, Missouri, USA), which was repeated at 2 
days post-immunization (p.i.). For the control 
mice, which were only immunized with CFA only 
in the experiments. 

Grouping of EAE animal models

All of the EAE models were divided into two 
groups, including PBS+MOG group (20 mice) 
and PTN+MOG group (20 mice). At day 7 post 
the immunization (symptoms onset), the drug 
treatment was initiated by intraperitoneally 
injecting with either 1 µg/µl of PTN (ApexBio 
Tech., Texas, USA) in saline (PTN+MOG group) 
or PBS alone (PBS+MOG group). Meanwhile, 
the mice without any treatment were assigned 
as the normal control group (NC group) for the 
following tests.

Immunofluorescence double label assay

The tissues were fixed and permeabilized with 
4% paraformaldehyde (Sangon Biotech. Co. 
Ltd., Shanghai, China) and 0.5% Triton X-100 
(Sangon Biotech. Co. Ltd.). Then, the tissues 



PTN regulates functional heterogeneity of microglia cells

2015	 Am J Transl Res 2019;11(4):2013-2027

Figure 1. Animal model establishment and observation for LV5-PTN and LV3-siPTN lentivirus packing and transfection into microglia cells. A. Graphs for the pro-
cesses of EAE animal model establishment. B. Plasmid construction of LV5-PTN and LV3-siPTN. C. Identification of PTN expression. D. Oligonucleotide sequence for 
small interfere RNAs. E. Identification for sequence of oligonucleotide sequence.
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were treated with ethanol for 10 min at differ-
ent concentrations and incubated with xylene 
for 10 min at different concentrations, and 
then embedded into the paraffin according to 
the previously published study [21]. For double 
staining of target molecules (including Mac-1, 
PTN, CCr-7, CD206, p-ERK1/2, p-JNK, p-P38), 
the tissues were firstly incubated with rabbit 
anti-mouse PTN polyclonal antibody (1:2000; 
Abcam Biotech, Cambridge, Massachusetts, 
USA), rabbit anti-mouse CCr-7 polyclonal anti-
body (1:2000, Abcam Biotech.), rabbit anti-
mouse CD206 polyclonal antibody (1:2000, 
Abcam Biotech.), rabbit anti-mouse p-ERK1/2 
polyclonal antibody (1:2000, Abcam Biotech.), 
rabbit anti-pJNK polyclonal antibody, rabbit 
anti-mouse p-p39 polyclonal antibody and 
stained with goat anti-rabbit antibody conjugat-
ed with FITC (Abcam Biotech.). Then, the tis-
sues were denatured by using 2 M HCl for 10 
min at 37°C, and incubated with rabbit anti-
mouse Mac-1 polyclonal antibody (Abcam 
Biotech, Cambridge, Massachusetts, USA). The 
tissues were then stained with goat anti-mouse 
antibody conjugated with Alexa Fluor 647 
(Abcam Biotech.). The tissues were mounted in 
an anti-fade containing medium with 0.25  
μg/ml of 4’,6-diamidino-2-phenylindole (DAPI, 
Biyotime Biotech. Shanghai, China) as a DNA 
counter stain. Then, fluorescence images were 
captured with a Laser scanning confocal micro-
scope (Leica, Frankfurt, Germany) fitted with 
appropriate filters for FITC and Texas Red. 

Plasmid construction, lentivirus packaging and 
transfection into microglia cells

In this study, the pG-LV5 lentiviral vector (LV5) 
and pG-LV3 lentiviral vector (LV3) (GenePhama 
Co. Ltd, Shanghai, China) were employed to 
construct LV5-PTN and LV3-siPTN, respec- 
tively. Oligonucleotides for constructing PTN 
genes (for pG-LV5 plasmid) and interfere PTN 
genes (for pG-LV-3 plasmid) were designed and 
synthesized by GenePhama Co. Ltd. (Shanghai, 
China). We screened 3 oligonucleotides and 
selected one oligonucleotide as the targeting 
PTN gene sequence (PTN-1483 gene) for estab-
lishing the LV5-PTN plasmid, which exhibited 
higher-density of gene bands (Figure 1B, 1C). 
Oligonucleotide sequence for small interfere 
RNA was listed in Figure 1D, and sequence of 
which was identified to be correct (Figure 1E). 
The DNA double-chains were artificially synthe-

sized by employing GenePhama Co. Ltd. 
(Shanghai, China). Finally, the synthesized dou-
ble-chain sequences of both PTN genes and 
siPTN genes were sub-cloned into pG-LV5 and 
pG-LV3 plasmid to construct the LV5-PTN and 
LV3-siPTN plasmid, respectively.

LV5-PTN and LV3-siPTN plasmid and packing 
plasmids (PG-p1-VSVG, PG-P2-REV, PG-P3-
RRE) were transfected with RNAi-mate (Gene- 
Phama Co., Ltd, Shanghai, China), according to 
manufacturer’s instruction. The viral packaging 
processes were conducted due to the descrip-
tion of the previous study reported [22]. Then, 
the microglia cells were infected with LV5-PTN 
and LV3-siPTN, supplementing with 5 μg/ml 
polybrene (GenePhama Co. Ltd, Shanghai, 
China) for the following experiments. 

MRI acquisition

All brain imaging data were acquired by using 
BIOSPEC 70/20 USR MRI scanner (BioSpec, 
Bruker, Ettlingen, Germany). A standardized 
imaging protocol was used and a rigorous qual-
ity control was also conducted to confirm the 
accuracy of data. A sagittal T1-weighted 3D 
spoiled radient-recalled echo (SPGR) sequence 
(TR/TE=22/8 ms, 1 signal average, 250 mm 
FOV, 1.5 mm slice thickness, 30° flip angle) 
was acquired for region of interest (ROI) defini-
tion, along with an axial proton-density/T2 
weighted dual-echo sequence (TR=3500 ms, 
TE=15 ms and 63 ms, 1 signal average, 90° 
axial slices, 250 mm FOV, 2 mm thick contigu-
ous slices, 256×256 matrix, 90° flip angle). For 
diffusion tensor calculation, a single shot spin-
echo sequence with an EPI readout, TR=8300 
ms, TE=79 ms, 32 contiguous axial slices, 5 
mm thick, and 128×128 matrix was used to 
acquire one on-diffusion-weighted (b=0) and 
25 diffusion-weighted (b=1000 s/mm2) images 
with different diffusion-encoding directions. 
The acquisition of 25 diffusion directions used 
here afforded more robust tensor estimation as 
compared to former studies that relied on 8 
directions [23, 24].

Quantitative real-time RT-PCR (qRT-PCR)

The RNAs of microglia cells were extracted  
with the TRIzol regents (Beyotime Biotech. 
Shanghai, China). The Reverse Transcription 
regents (Western Biotech., Chongqing, China) 
was use to synthesize complementary DNAs 
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(cDNAs) according to the manufacturer’s 
instruction. The qRT-PCR assay was conducted 
with the Sybgreen I kit (Western Biotech. 
Chongqing, China) as the fluorescent dye, and 
conducted on a Real-time PCR system (Ep- 
pendorf, Hamburg, Germany). Amplification of 
qRT-PCR was conducted as the following condi-
tions: 94°C for 4 min, 94°C for 20 s, 60°C for 
30 s, 72°C for 30 s, for 35 cycles. The qRT-PCR 
primers for tumor necrosis factor α (TNF-α), 
interleukin 10 (IL-10), interleukin 18 (IL-18), 
transforming growth factor β (TGF-β) and 
β-actin were listed in Table 1. The amplified 
products were loaded onto 1.5% agarose gels, 
and the images were captured and analyzed 
with UVP image scanning system (Mode: 
GDS8000, Sacramento, CA, USA). The relative 
mRNA levels of targeting genes were normal-
ized to the β-actin gene with the comparative 
threshold cycle (2-ΔΔCT) method. 

Western blot assay

The proteins were extracted from the microg 
lia cells by using radioimmunoprecipitation 
assay (RIPA) lysis buffer (Beyotime Biotech., 
Shanghai, China) and separated with the 15% 
sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE, Amersham Bios- 
ciences, Little Chalfont, Buckinghamshire, 
England). The extracted proteins were electro-
transferred onto polyvinylidene fluoride (PVDF, 
Dupont, USA). PVDF membranes were blocked 
with 5% bovine serum albumin (BAS) in PBS 
and incubated with rabbit anti-mouse PTN  
polyclonal antibody (1:3000; Abcam Biotech., 
Cambridge, Massachusetts, USA), rabbit anti-
mouse extracellular regulated kinase 1/2 
(ERK1/2) polyclonal antibody (1:2000; Abcam 
Biotech.), rabbit anti-mouse phosphorylated 

mouse p38 polyclonal antibody (1:3000, 
Sigma-Aldrich), rabbit anti-mouse p-p38 poly-
clonal antibody (1:2000, Amresco Inc., Solon, 
OH, USA) and rabbit anti-mouse glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) 
polyclonal antibody (1:3000, Abcam Biotech., 
Cambridge, Massachusetts, USA) at room tem-
perature for 2 h. The FVDF membranes were 
washed with PBST and incubated with horse-
radish peroxidase (HRP)-conjugated goat anti-
rabbit IgG (Abcam Biotech., Cambridge, Ma- 
ssachusetts, USA). Western bands were visual-
ized with the enhanced chemiluminescence 
(ECL) kit (Thermo Scientific Pierce, Rockford, IL, 
USA). The western blotting bands were scanned, 
captured and analyzed with a UVP image scan-
ning system (Mode: GDS8000, Sacramento, 
CA, USA).

Statistical analysis

All of the data in present study were described 
as mean ± standard deviation (SD) and ana-
lyzed with SPSS software 20.0 (SPSS Inc., 
Chicago, Ull, USA). The data were obtained from 
at least three independent experiments. The 
Student’s t test was used for the statistical 
analysis between two group and One-way 
ANOVA was used for the statistical analysis of 
multiple groups. A statistical significance was 
defined when P<0.05.

Results

MRI exhibited the lesion site of EAE animal 
models

In order to identify the lesion site of the EAE 
animal models, the MRI inspection was con-

Table 1. Primer sequences for the qRT-PCR
Genes Sequences Length (bp)
TNF-α Forwards CCCTCCAGAAAAGACACCATG 183

Reverse CACCCCGAAGTTCAGTAGACAG
IL-18 Forwards AATGGAGACCTGGAATCAGACA 160

Reverse TCAGTCTGGTCTGGGGTTCA 
IL-10 Forwards GGACAACATACTGCTAACCGACTC 110

Reverse CCTGGGGCATCACTTCTACC
TGF-β Forwards GGCGGTGCTCGCTTTGTA 136

Reverse GATGGCGTTGTTGCGGTC
β-actin Forwards GAGACCTTCAACACCCCAGC 236

Reverse ATGTCACGCACGATTTCCC

ERK1/2 (p-ERK1/2) polyclonal antibody 
(1:2000; Abcam Biotech.), rabbit anti-
mouse extracellular regulated kinase  
5 (ERK5) polyclonal antibody (1:3000, 
Sigma-Aldrich, St. Louis, Missouri, USA), 
rabbit anti-mouse phosphorylated ER- 
K5 (p-ERK5) monoclonal antibody (1: 
3000, Bio-Rad Laboratories, Hercules, 
CA, USA), rabbit anti-mouse C-Jun 
N-terminal kinase (JNK) polyclonal 
(1:2000, Thermo Scientific Pierce, 
Rockford, IL, USA), rabbit anti-mouse 
phosphorylated JNK (p-JNK) polyclonal 
antibody (1:2000, Sangon Biotech. Co. 
Ltd., Shanghai, China), rabbit anti-
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ducted in this study. The diffusion tensor imag-
ing (DTI) and perfusion imaging (PWI) images 
were captured at day 9 post the immunization 
and day 26 post the immunization, respective-
ly. Both of the DTI and PWI images in PBS+MOG 

(Figure 2A) and PTN+MOG group (Figure 2B) 
showed that the lesion sites mainly appeared in 
NAWM of bilateral occipital lobes. Therefore, in 
the following experiments, we focused on the 
NAWM as lesion site in of EAE animal model.

Figure 2. Imaging for DTI and PWI of EAE animal models and co-localization evaluation of Mac-1 and PTN in microg-
lia cells. A. The DTI and PWI images in PBS+MOG group at 9 and 26 days. B. The DTI and PWI images in PTN+MOG 
group at 9 and 26 days. C. Co-localization of Mac-1 and PTN in microglia cells examined using immunofluorescence 
double label assay. White arrows represent the co-localized Mac-1 and PTN (Merged staining cells).
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PTN mainly expressed in microglia cells of EAE 
models

Immunofluorescence double label assay was 
performed to examine expression of PTN in 
EAE models. In this study we selected the 
Mac-1 molecule as biomarker for microglia 
cells [25]. Therefore, the results showed that 
the PTN and Mac-1 co-localized in microglia 
cells, which suggested that PTN was expressed 
in microglia cells. Therefore, the results indi-
cated that there were more PTN stained microg-
lia cells in PTN+MOG group compared to both 
NC group and PBS+MOG group (Figure 2C).   

PTN treatment enhanced CCr7 and reduced 
CD206 expression

In order to observe the evolution process of 
functional heterogeneity of microglia cells, the 

immunofluorescence double label assay was 
conducted. The results showed that the posi-
tively merged staining microglia cells were sig-
nificantly enhanced in PTN+MOG group com-
pared to that of PBS+MOG group (Figure 3A). 
However, the positively merged staining microg-
lia cells in PTN+MOG group were significantly 
reduced compared to that of PBS+MOG group 
(Figure 3B).

PTN participated in mitogen-activated protein 
kinase (MAPK) signaling pathway in EAE mod-
els

The MAPK signaling pathway key biomarkers 
[26], including ERK1/2, JNK and p38, were 
examined by using immunofluorescence dou-
ble label assay. The results showed that levels 
of p-ERK1/2 in microglia cells of EAE models 

Figure 3. Co-localization of Mac-1 and CCr-7 or CD206 in microglia cells examined using immunofluorescence 
double label assay. A. Co-localization of Mac-1 and CCr-7 in microglia cells. B. Co-localization of Mac-1 and CD206 
in microglia cells. 
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were significantly increased in PTN+MOG group 
compared to that in PBS+MOG group (Figure 
4A, P<0.05). However, the levels of p-JNK 
(Figure 4B) and p-p38 (Figure 4C) in microglia 
cells of EAE models were significantly decreased 
in PTN+MOG group compared to that of 
PBS+MOG group (P<0.05).

PTN treatment regulated functional cytokines 
in M1 and M2 type microglia cells

In this study, the functional cytokines secreted 
by M1 type microglia cells, such as TNF-α and 
IL-18, and functional cytokines secreted by M2 
type microglia cells, such as IL-10 and TGF-β, 

Figure 4. Co-localization of Mac-1 and p-ERK1/1, p-JNK, p-p38 in microglia cells examined using immunofluores-
cence double label assay. A. Co-localization of Mac-1 and p-ERK1/2 in microglia cells. B. Co-localization of Mac-1 
and p-JNK in microglia cells. C. Co-localization of Mac-1 and p-p38 in microglia cells. White arrows represent the 
co-localized Mac-1 and p-ERK1/1, p-JNK or p-p38 (Merged staining cells).
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were examined [27]. The results showed that 
the levels of TNF-α (Figure 5A) and IL-18 (Figure 
5B) secreted by M1 type microglia cells were 
significantly decreased in PTN+MOG group 
compared to that of PBS+MOG group (P<0.05). 
Meanwhile, the levels of IL-10 (Figure 5C) and 
TGF-β (Figure 5D) secreted by M2 type microg-
lia cells were significantly increased in PTN+ 
MOG group compared to that of PBS+MOG 
group (P<0.05).

LV5-PTN and LV3-siPTN transfection modu-
lated levels of PTN in microglia cells

In order to verify the efficacy of transfection, 
the PTN expression in LV5-PTN and LV3-siPTN 
groups was evaluated by using qRT-PCR and 
western blot assay, respectively. The results 
indicated that both of the PTN mRNA (Figure 
5E) and protein (Figure 5F) levels were signifi-
cantly increased in LV5-PTN group and signifi-
cantly decreased in LV3-siPTN group compared 
to that of NC or Blank group (P<0.05).

PTN modulated MAPK molecules in microglia 
cells undergoing M1 or M2 inducer treatment

The microglia cells in NC group, Blank vector 
group, LV5-PTN group and LV3-siPTN group 

were treated with M1 inducer and M2 inducer, 
respectively. In this study, the MAPK molecules 
in above groups were examined by using west-
ern blot assay (Figure 6A). The results indicat-
ed that the PTN significantly modulated the 
p-ERK5 (Figure 6B), p-ERK1/2 (Figure 6C), 
p-p38 (Figure 6D) and p-JNK (Figure 6E) expres-
sion of microglia cells undergoing M1 or M2 
inducer treatment, in both LV5-PTN group and 
LV3-siPTN group compared to that of NC group 
or Blank vector group (all P<0.05). However, 
there were no effects of PTN treatment on 
expression of ERK5, ERK1/2, p38 and JNK 
molecules of microglia cells undergoing M1 or 
M2 inducer treatment.

PTN promoted the microglia cell transforma-
tion from M1 to M2

The results illustrated that the CCr7 levels in 
LV5-PTN+M1 inducer group were significantly 
decreased compared to the Blank+M1 inhibitor 
group (Figure 7A, P<0.05). Meanwhile, the 
CD206 levels in LV5-PTN+M2 inducer group 
were significantly increased compared to that 
of the Blank+M2 inhibitor group (Figure 7B, 
P<0.05). Moreover, the LV3-siPTN acted the 
adverse effects compared to that of the LV5-

Figure 5. Examination for functional cytokines expression in both M1 type and M2 type microglia cells and deter-
mination for PTN expression in LV5-PTN and LV3-siPTN transfected microglia cells. A. Statistical analysis for the 
TNF-α expression detecting by RT-PCR assay in M1 type microglia cells. B. Statistical analysis for the IL-18 expres-
sion detecting by RT-PCR assay in M2 microglia cells. C. Statistical analysis for the IL-10 expression detecting by 
RT-PCR assay in M2 type microglia cells. D. Statistical analysis for the TGF-β expression detecting by RT-PCR assay 
in M2 type microglia cells. **P<0.01 vs. PBS+MOG group. E. mRNA levels of PTN in LV5-PTN and LV3-siPTN trans-
fected microglia cells. F. PTN protein expressions in LV5-PTN and LV3-siPTN transfected microglia cells. *P<0.05, 
**P<0.01 vs. NC group.
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PTN treatment for the transformation (Figure 
7).

PTN strengthened the M1/M2 transformation 
by regulating functional cytokines

In order to further confirm the PTN induced 
M1/M2 transformation, the functional cyto-
kines were examined in all of the M1 or M2 
inducer treated microglia cells. The results indi-
cated that the levels of M1 microglia cells 
secreted functional cytokines, TNF-α (Figure 
8A) and IL-18 (Figure 8B), in LV3-siPTN group 
were significantly increased compared to that 
of Blank group (P<0.05). Furthermore, the lev-
els of M2 microglia cells secreted functional 
cytokines, IL-10 and TGF-β, in LV5-PTN group 
were significantly increased compared to that 
of Blank group (P<0.05).

Discussion

Nowadays, to reduce or inhibit rates of MS pro-
gression, a large numbers of immuno-suppres-

sive and immuno-modulatory agents or drugs 
have been extensively discovered and applied 
in clinical [28]. PTN is a kind of cytokine, the 
expression of which is highly up-regulated in 
the diverse-pathologies for central nervous sys-
tem [29]. The diverse-pathologies of central 
nervous system mainly characterizes by the 
overt-neuro-inflammation, including ischemia, 
addictive diseases, neurodegenerative disor-
ders, neuropathic pain [30, 31]. PTN mainly 
expresses and distributes in the brain during 
the embryonic development and always be up-
regulated in the damaged neurons or neural 
tumors, such as glioma [32]. Therefore, we 
investigated the effects of PTN on the function-
al heterogeneity of microglia cells in MS animal 
models. 

In this study, we firstly established the EAE 
mouse models of multiple sclerosis. EAE model 
is a kind of adequate model for remitting and 
relapsing MS. MS model mainly characterizes 
by the remission periods and relapse period of 

Figure 6. Evaluation for the MAPK molecules expression in microglia cells undergoing M1 or M2 inducer treatment. 
A. Western blot assay for MAPK molecules expression. B. Statistical analysis for p-ERK5 expression. C. Statistical 
analysis for p-ERK1/2 expression. D. Statistical analysis for p-p38 expression. E. Statistical analysis for p-JNK expres-
sion. F. Statistical analysis for ERK1/2 expression. G. Statistical analysis for ERK5 expression. H. Statistical analy- 
sis for JNK expression. I. Statistical analysis for p-p38 expression. 1. NC+M1 inducer, 2. NC+M2 inducer, 3. Blank 
vector+M1 inducer, 4. Blank vector+M2 inducer, 5. LV5-PTN+M1 inducer, 6. LV5-PTN+M2 inducer, 7. LV3-siPTN+M1 
inducer, 8. LV3-siPTN+M2 inducer. *P<0.05, **P<0.01, #P<0.05 VS. NC+M1 INDUCER OR NC+M2 inducer group. 
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clinical symptoms responding to the infiltrating 
inflammatory cells [11]. The MRI technology is 
extensively used in the injury lesions inspection 
in MS patients or animal EAE model [33]. In our 
study, the DTI images showed that the lesion 
sites of MS mainly distributed in the NAWM of 

bilateral occipital lobes. Therefore, we mainly 
focused on the NAWM regions as the lesion site 
in of EAE animal model in the following experi-
ments. Meanwhile, the immunofluorescence 
double label assay was also conducted to 
examine the PTN levels of NAWM in the PTN 

Figure 7. CCr7 and CD206 distribution in microglia cells undergoing M1 or M2 inducer treatment. A. CCr7 expres-
sion in microglia cells. B. CD206 expression in microglia cells. *P<0.05, **P<0.01 vs. NC+M1 inducer or NC+M2 
inducer group. 
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treated EAE models. The Mac-1 molecule is the 
key biomarker for the microglia cells, therefore, 
we conducted the immunofluorescence double 
label assay for co-localizing the PTN and Mac-1 
and confirm the expression of PTN in EAE mod-
els. The results showed that the TPN expres-
sion was significantly increased in PTN+MOG 
group compared to that of PBS+MOG group, 
which suggests that PTN also targeted the 
NAWM regions and is consistent with previous 
study [34]. Meanwhile, the results also hint that 
the NAWM could be selected as a candidate of 
therapeutic size by the PTN in MS therapy.

The biomarkers of functional heterogeneity of 
microglia cells, CCr7 (for M1 type microglia 
cells) and CD206 (for M2 type microglia cells) 
[35], have also been analyzed by using the 
immunofluorescence double label assay. Our 
results indicated that the CCr-7 and CD206 
positive stained microglia cells were obviously 
enhanced in PTN+MOG group compared to that 
of PBS+MOG group for the in vivo experiment. 
Meanwhile, CCr7 levels in LV5-PTN+M1 inducer 
group were significantly decreased compared 
to that of Blank+M1 inhibitor group, which sug-

gests that PTN promoted the transformation 
from M2 to M1 microglia cells. The CD206 lev-
els in LV5-PTN+M2 inducer group were signifi-
cantly increased compared to that of Blank+M2 
inhibitor group, which suggests that PTN pro-
moted the transformation from M1 to M2 
microglia cells. Moreover, the LV3-siPTN act- 
ed the adverse effects compared to that of 
LV5-PTN treatment for the transformation. The 
above data showed that the CCr-7 and CD206 
changed following with the treatment of the 
PTN in both in vivo and in vitro experiments. All 
of the CCr-7 and CD206 findings suggest that 
PTN participated in modulation of functional 
heterogeneity of microglia cells.

The in vivo experiments showed that levels of 
p-ERK1/2 were significantly increased, p-JNK 
and p-p38 levels were significantly decreased 
in microglia cells of EAE models in PTN+MOG 
group compared to that in PBS+MOG group. 
This result suggests that the PTN participated 
in mitogen-activated protein kinase (MAPK) sig-
naling pathway [26, 36] in EAE models. 
Moreover, the in vitro experiments also showed 
that the PTN significantly modulated the 

Figure 8. Evaluation for functional cytokines expression in microglia cells undergoing M1 inducer or M2 inducer 
treatment. A. Statistical analysis for the TNF-α expression in microglia cells undergoing M1 inducer treatment. B. 
Statistical analysis for the IL-18 expression in microglia cells undergoing M1 inducer treatment. C. Statistical analy-
sis for the IL-10 expression in microglia cells undergoing M2 inducer treatment. D. Statistical analysis for the TGF-β 
expression in microglia cells undergoing M2 inducer treatment. *P<0.05, **P<0.01 vs. NC+M1 inducer or NC+M2 
inducer group. 
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p-ERK5, p-ERK1/2, p-p38 and p-JNK expres-
sion of microglia cells undergoing M1 or M2 
inducer treatment, in both LV5-PTN group and 
LV3-siPTN group compared to that of NC group 
or Blank vector group. These results suggest 
that the PTN modulated MAPK molecules in 
microglia cells undergoing M1 or M2 inducer 
treatment in vitro levels. However, the levels of 
p-ERK1/2 in vivo experiments were decreased, 
and the levels of p-ERK1/2 in vitro were 
increased, it seems controversial. Actually, for 
the molecules of MAPK signaling pathway, 
there are many factors affecting the changes or 
expression of the protein kinases, such as the 
p-ERK1/2. In the following study, we would  
clarify the mechanisms for the changes of 
p-ERK1/2 in both in vivo and in vitro levels.

Furthermore, the levels of the regulating func-
tional cytokines of M1/M2 transformation [37] 
were also evaluated in M1 or M2 inducer treat-
ed microglia cells. Actually, the regulating func-
tional cytokines of M1 type microglia cells 
include TNF-α and IL-18, and regulating func-
tional cytokines of M2 type microglia cells 
include IL-10 and TGF-β [27]. Our results 
showed that levels of TNF-α and IL-18 secreted 
by M1 type microglia cells were significantly 
decreased in PTN+MOG group compared to 
that of PBS+MOG group. Meanwhile, levels of 
IL-10 and TGF-β secreted by M2 type microglia 
cells were significantly increased in PTN+MOG 
group compared to that of PBS+MOG group. 
The present results also indicated that levels of 
M1 microglia cells secreted TNF-α and IL-18 in 
LV3-siPTN group were significantly increased 
compared to that of Blank group, which sug-
gests that PTN could regulate the transforma-
tion of microglia cells from M2 to M1 type. 
Furthermore, levels of M2 microglia cells 
secreted IL-10 and TGF-β in LV5-PTN group 
were significantly increased compared to that 
of Blank group, which suggests that the PTN 
could also regulate the transformation of 
microglia cells from M1 to M2 type. Totally, the 
present study suggests that PTN plays impor-
tant roles for triggering the microglia cells from 
the M2 type to M1 as well as from the M1 type 
to M2 type. The conclusion of this study is criti-
cal for the future investigation for discovering 
drugs targeting the pathogenesis of MS in 
clinical.

In conclusion, the lesion sites mainly appeared 
in the NAWM of bilateral occipital lobes. PTN 

mainly expressed in microglia cells of EAE  
models, and enhanced CCr7, reduced CD206 
expression both in vivo and in vitro levels.  
PTN participated in mitogen-activated protein 
kinase (MAPK) signaling pathway in EAE mod-
els and regulated functional cytokines in both 
M1 and M2 type microglia cells treated with or 
without M1 or M2 inducer. PTN promoted the 
M1/M2 transformation by regulating the CCr-7/
CD206 molecules and functional cytokines. 
Totally, PTN regulated functional heterogeneity 
of microglia cells of EAE animal models of MS 
by activating CCr-7/CD206 molecules and func-
tional cytokines. PTN could be considered as a 
promising candidate molecule for treating early 
injuries of white matter of MS patients.
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