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Abstract
Multiple sclerosis is a kind of autoimmune and demyelinating disease and its pathological symptoms
include in�ammation, myelin loss, astrocytosis, and microgliosis. The colony stimulating factor 1
receptor (CSF1R), as an essential factor for the microglial function, and PLX3397 is its speci�c inhibitor.
In this study, we assessed the effect of different doses of PLX3397 for microglial ablation on glial cells
population and remyelination process. Sixty male C57BL/6 mice (8 weeks old) were divided into 6
groups. The animals were fed with 0.2% cuprizone diet for 12 weeks for chronic demyelination model
induction. For microglial ablation, PLX3397 (290 mg/kg) was added to the animal food for 3, 7, 14 and
21 days. Glial cells number was measured using immunohistochemistry. We evaluated the rate of
remyelination using electron microscopy and Luxol Fast Blue staining. The expression levels of all genes
were assessed by qRT-PCR method. Data were analysed using Graph pad prism and SPSS software.Data
showed that the administration of different doses of PLX3397 signi�cantly (p 0.001) reduced microglial
cells. PLX3397 administration signi�cantly (p 0.001) increased oligodendrocytes population with along
rise of the remyelination compared to the cuprizone mice, which was con�rmed by the results of LFB and
TEM. Gene results showed that PLX3397 treatment reduced CSF1R expression. According to results, the
administration of PLX3397 for 21 days enhanced remyelination by increasing oligodendrocytes in the
chronic demyelination model. These positive effects could be related to the reduction of microglia.

1. Introduction
Multiple sclerosis (MS) is a kind of autoimmune disease characterized with multifocal lesions in the
central nervous system (CNS), which affect almost 2.5 million people worldwide (Goldmann and Prinz
2013). It is a chronic, neurodegenerative disorder and its pathological symptoms consist of in�ammation,
myelin damage and axonal injury, astrocytosis, and microgliosis (Kramann et al. 2016).

Microglia, as CNS resident innate immune cells, respond to in�ammation by the secretion of
in�ammatory cytokines that exacerbate disease symptoms. As such, they play a vital role in both healthy
and pathological conditions (Nimmerjahn, Kirchhoff, and Helmchen 2005). The activated microglia
observed in injured regions of the CNS in the cuprizone model contribute to the in�ammatory process
(Gudi et al. 2014). Some studies suggest that axonal degeneration in diseases such as MS is a result of
in�ammation and chronic demyelination (Bjartmar et al. 2000; Dutta et al. 2006).

When CNS homeostasis changes, the microglia are activated and generally distributed throughout the
CNS close to neurons, astrocytes and oligodendrocytes (Szepesi et al. 2018). The extreme activation of
glial cells damages CNS via signaling molecules such as in�ammatory cytokines, reactive
oxygen/nitrogen species and glutamate in neurodegenerative diseases (Thameem Dheen, Kaur, and Ling
2007). The recent research reveals that an microglial in�ammatory response is related to the bioactive
and in�ammatory factors secretion (Suzuki et al. 2004), which further promotes neuroin�ammation and
neurodegeneration (Monif, Burnstock, and Williams 2010).
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Microglia can destruct oligodendrocytes and the myelin sheath through antigens presentation and
proin�ammatory molecules secretion (Prinz and Priller 2014). Several reports have reported wide damage
and the apoptosis of mature oligodendrocytes (Wolswijk 2000) with oxidized DNA and lipids in these
cells along with myelin loss in MS diseases (Bizzozero et al. 2005). Remyelination is the myelin repair
procedure following demyelination. Viability and proliferation of oligodendrocytes are the key to the
remyelination process, followed by proliferation, recruitment and differentiation of oligodendrocyte
precursor cells (OPCs) into mature myelinating oligodendrocytes (Domingues et al. 2016). 

In the cuprizone model, astrogliosis and microgliosis accompany demyelination at damaged regions
(Petković et al. 2016). In response to the CNS injury or in�ammation, astrocytes and microglial cells play
bene�cial and destructive role, respectively (Bihler et al. 2017). Astrocytes, as another population of glial
cells,  modulate neuroin�ammation but are necessary for the support of neurons and the preservation of
the blood-brain barrier (Jäkel and Dimou 2017). The bene�cial or detrimental effects of microglia and
astrocytes on MS progression are unclear (Correale and Farez 2015). The microglial cells development is
related to Irf8 and the colony stimulating factor 1 receptor (CSF1R) (Gibson, Geraghty, and Monje 2018).
As an essential marker for microglial cells function, CSF1R has two ligands, IL-34 and CSF1 (Patel and
Player 2009). CSF1 adjusts viability, proliferation and differentiation of microglia, and reduced densities
of macrophages in several tissues was seen in mice lacking either CSF1R or CSF1 (Elmore et al. 2014b).
It has been shown that under normal brain conditions, microglia are the only special cell types that
express the CSF1R (Elmore et al. 2014a).  

Pexidartinib, or PLX3397, as a small selective CSF1R inhibitor molecule, crosses the blood-brain barrier
and targets the CSF1/CSF1R pathway. It quickly ablates microglial cells in the CNS. PLX3397 can interact
with the CSF1R juxtamembrane area (Giustini et al. 2018). Therefore, PLX3397 administration can
deplete microglia through CSF1R inhibition. In this study, we investigated the role of microglial ablation
on demyelination process and number of glial cells using different doses of PLX3397 as CSF1R inhibitor
in the cuprizone model. We assessed the cellular and molecular mechanisms of interaction between
microglia and astrocytes/oligodendrocytes, demonstrating that different doses of PLX3397 can decrease
demyelination via microglial reduction.

2. Materials And Methods
2.1. Animals

In the present study, sixty male mice C57BL/6 (8 weeks) were obtained from Pasteur Institute, Iran. They
were preserved for 1 week in the Animal Breeding Centre at Tehran University of Medical Sciences under
normal conditions to adapt to the environment before the study. All experimental procedures were in
compliance with ethical laws of Tehran University of Medical Sciences.

2.2. Experimental Groups 
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The mice were divided into six groups (n=10) including: Control (Ctrl) group fed by normal food;
Cuprizone (CPZ) group fed with a mixed diet containing 0.2% CPZ (Sigma‐Aldrich, St. Louis, MO) for 12
weeks in order to induce the chronic demyelination model of MS. After 12 weeks of cuprizone
administration, PLX3397 (Active Biochem, Hong Kong), a CSF1R inhibitor for microglial depletion, was
given to mice as the mixed diet. The PLX3, PLX7, PLX14 and PLX21 groups were treated with the
PLX3397 (dose of 290 mg/kg) for 3, 7, 14 and 21 days, respectively. At the end of this study, animals
were �rst deeply anesthetized with ketamine/xylazine (ratio 10:1), and then transcardially perfused with
phosphate‐buffered saline (PBS) (Sigma‐Aldrich, St. Louis, MO). For histological procedures, mice were
perfused with 4% paraformaldehyde (PFA) (Sigma-Aldrich, St. Louis, MO, USA). We used 2.5%
glutaraldehyde and 4% PFA perfusion for electron microscopy studies. For the molecular level analysis,
after perfusion with saline, corpus callosum (CC) tissues were immediately dissected. Samples were
rapidly transferred to liquid nitrogen tanks and then froze and kept at−80°C.

2.3. Luxol Fast Blue (LFB) Staining

The LFB staining was used for the evaluation of myelination processes in white matters on para�n
sections. The myelinated �bres were blue and demyelinated areas were white in this staining. After
preparing 5-μm para�n sections of the brain, tissue processing was performed. Depara�nised sections
were incubated in LFB solution (0.01%) overnight at 60 °C. Excess dye was washed off by distilled water.
Then, after air drying sections, they were covered with DPX mounting medium. The LFB stained sections
were assessed under a light microscope (Olympus, Japan) and images were captured by a camera. In the
end, the percentage of myelinated zone was calculated in six experimental groups.

2.4. Immunohistochemistry

Firstly, brains were �xated with 4% PFA, and they were embedded in para�n after dehydration. Coronal
sections of brain tissues were cut by a microtome (Microm, Walldorf, Germany) for antigen retrieval, and
immersed into citrate buffer before being permeabilized by 20% tween for 30 min. For nonspeci�c
markers blocking, we used 0.1% BSA in 0.1% triton for 1 h. Then, sections were incubated at 4°C with
primary antibodies: anti‐Iba‐1 (1:250; Wako chemicals, Virginia), anti‐GFAP (1:100; Gene Tex, CA) and
anti‐Olig2 (1:100; Gene Tex, CA) overnight. After the addition of secondary antibodies (Vector Labs, CA),
slides were washed with PBS twice; the nuclei were stained with DAPI (4’, 6-diamidino-2-phenylindole) for
1 min. Finally, slides were assessed by a �uorescent microscope (Olympus BX51TRF, Tokyo, Japan)
equipped with a digital camera (Olympus) for capturing images. 

2.5. Real Time-PCR

For gene evaluation, the total messenger RNA (mRNA) of mice CC in experimental groups was extracted
by the Trizol (Invitrogen, CA), chloroform and isopropanol, respectively, and then washed with 75%
ethanol. We used nearly 5 μg of mRNA for complementary DNA (cDNA) synthetize. Afterwards, the cDNA
synthesis was performed with cDNA synthesis kit (Fermentase, Lithuania) for all samples and almost
100 ng of cDNA was enhanced by Power SYBR Green Master mix (Applied Biosystems, California, USA).
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All samples were evaluated in triplicate and analysed with the StepOne Software (Thermo Fisher
Scienti�c, Waltham, MA). The gene expression was compared to GAPDH (Glyceraldehyde 3-phosphate
dehydrogenase) as the reference gene. The data were analysed by the ΔCT method and the results were
normalized relative to the control, and a value of 1 was obtained. In this study, primer sequences for qRT-
PCR were summarized in Table 1.

Table 1: Primer sequences for each gene using the qRT-PCR. 

2.6. Transmission Electron Microscopy (TEM)

In this study, to assess ultrastructures of myelin and axons in experimental groups, we used TEM images.
After brain �xation with 2.5% glutaraldehyde for 2 h and the dissection of CC, the tissues were washed
three times with PBS, and then �xed by 1% osmicacid, before triple washing by PBS. Consequently, after
samples dehydration, they were embedded in resin. For the ultrathin section preparation, we performed
ultramicrotome before using uranyl acetate and lead citrate. Finally, sections were assessed by a CM120
EM followed by assessment and photographing of sections by TEM (LEO 906; Carl‐Zeiss, Jena,
Germany).

2.7. Rotarod Test

In this study, the rotarod test was used for the analysis of motor coordination and balance. This test was
performed by an accelerating rotarod (IITC Life Science Inc, CA). To do so, mice were placed on the
rotating drum, and this process was repeated three times a day for 3 consecutive days. Firstly, each
mouse was placed on the drum for 3 min with progressive acceleration from 4 to 35 rpm. 24 h after the
test, mice were evaluated on the drum with the same speed for 5 min. The time required for each mouse
to maintain its balance on the drum was recorded as latency to fall.

2.8. Data analysis

The results of present study were analysed by the Statistical Package for the Social Sciences software
(SPSS, ver. 24). The differences between groups were assessed by one-way analysis of variance (ANOVA)
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followed by the Tukey test. Also, GraphPad Prism program for chart drawing (Version 7). Data were
expressed as the mean ± SEM. The signi�cance is considered by p≤0.05.

3. Results
3.1. The results of QRT-PCR

The speci�c genes of glial cells including microglia (CSF1R), astrocytes (GFAP) and oligodendrocytes
(Olig2) in the CC of animals were evaluated by real time PCR method. The qRT-PCR data revealed that the
chronic cuprizone-induced model enhanced the expression level of CSF1R and GFAP genes in
comparison with the Ctrl group (p≤.001), which was con�rmed by microgliosis and astrocytosis in the
corpus callosum region in this model (Fig. 1A, B). Moreover, the mRNA levels revealed that the
administration of PLX3397, as the CSF1R inhibitor, with varying periods such as 3, 7, 14 and 21 days
signi�cantly (p≤.001) reduced the gene expression of CSF1R compared to the cuprizone group. The
PLX3397 treatment for 21 days was more effective in terms of microglial ablation,  so that more than
95% of the microglia were removed after 21 days (Fig. 1A). However, the PLX3397 administration for
various days did not have a signi�cant effect on the expression level of GFAP gene compared to CPZ
mice (Fig. 1B). Besides, the data indicated that oligodendrocytes rate dropped in the cuprizone group
(p≤.001 vs. control), suggesting myelin destruction in this model. Furthermore, the results revealed that
PLX3397 treatment for 7, 14 and 21 days could signi�cantly increase Olig2 gene level compared to CPZ
mice (Fig. 1C). PLX3397 treatment for 21 days with the more than 95% microglial ablation had the
highest effect on increasing oligodendrocyte number.

The results of this part demonstrated that PLX3397 administration could inhibit CSF1R receptor as a
speci�c marker of microglia and decrease these cells in the cuprizone model without affecting
astrocytosis. However, PLX3397 treatment increased the population of oligodendrocytes after the
cuprizone demyelination model.

To discover how microglial ablation in the corpus callosum of CPZ mice responds to immune factors, we
assessed the in�ammatory factors by the qRT-PCR. The results suggested that astrocytosis and
microgliosis in the cuprizon model could increase (p≤.001 vs. control) the expression level TNF-α and IL-
6 as pro-in�ammatory factors (Fig. 2A, B). The analysed data showed that the depletion of microglia with
PLX3397 for 3, 7, 14 and 21 days leads to dramatic reductions in the expression of pro-in�ammatory
genes, including TNF-α and IL-6 (Fig. 2A, B). PLX3397 treatment for 21 days with greater microglial
ablation had the highest effect on the reduction of in�ammatory factors. Also, microglial elimination can
inhibit in�ammation by decreasing pro-in�ammatory cytokines including IL-6 and TNF-α.

3.2. The results of immuno�uorescence

In the present study, we assessed the effects CSF1R inhibitor, PLX3397, on glial population in the CPZ
mice using the immuno�uorescence (IF) method. Firstly, the microglial number was calculated at the
gene level using the real time PCR in CC with CSF1R genes (as the target of PLX3397) following PLX3397
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administration. Also, these gene results of PLX3397 treatment was con�rmed by IF of Iba‐1 (green) as a
speci�c marker of microglia in the CC (Fig. 3A). As shown in IF images, microgliosis in the CPZ group and
PLX administration could reduce microglial number (Fig. 3A). The quantitative analysis of data exhibited
that cuprizone administration signi�cantly (p≤0.001) increased the number of Iba‐1possitive cells
compared to the Ctrl (Fig. 3B). The PLX treatment for 3, 7, 14 and 21 days signi�cantly (p≤0.001)
reduced microglial population in comparison with CPZ group (Fig. 3B). Hence, after 21 days, the
microglial number dropped to more than 95% compared to these cells in the cuprizone model.

These results showed microgliosis in the CPZ model and PLX3397, as a CSF1R inhibitor, can be used for
the reduction and depletion of microglia.

After the real time qRT-PCR assessment, astrocytes number was measured at the protein level by the IF of
GFAP, and astrogliosis was observed in the CC images of cuprizone mice (Fig. 4A). The quantitative
analysis of data showed that GFAP+ cells signi�cantly rose in the CPZ group compared to the Ctrl
(p≤.001) and the expression of GFAP protein was not signi�cantly different in the PLX treatment groups
after 3, 7, 14 and 21 days compared to the CPZ group (Fig. 4B). Results of the qRT-PCR and IF indicated
that cuprizone administration led to astrogliosis after 12 weeks and PLX3397, as CSF1R inhibitor, had no
effect on astrogliosis in the CPZ model.

After oligodendrocyte evaluation at the gene expression level, we also assessed these cells with the Olig2
protein marker using IF technique in six experimental groups. The IF images displayed a reduction in the
expression of Olig2 marker, indicating a drop in oligodendrocytes number in the cuprizone group (Fig.
5A). The quantitative analysis of the immuno�uorescence sections exhibited that the number of Olig2
positive cells decreased signi�cantly (p≤.001) in CPZ vs. Ctrl. Also, PLX3397 treatment for 3 and 7 days
had no signi�cant effect on oligodendrocytes number, but PLX3397 administration for 14 , 21 days
upregulated the expression of the Olig2 (Fig 5B). These results indicate oligodendrocyte reduction, which
is a sign of demyelination and impossibility of spontaneous remyelination in the corpus callosum in the
cuprizone model. PLX3397 administration for 14 and 21 days increased oligodendrocyte number in this
model.

3.3. LFB results for the assessment of myelin damage recovery

In this study, we used LFB staining to evaluate demyelination and remyelination levels in six groups. The
myelination part in LFB-stained CC sections was in blue in the Ctrl group. However, the demyelination
region was in white in the CPZ group, which indicated cuprizone addition to the mice diet for 12 weeks for
the induction of chronic demyelination in CC (Fig. 6A). Also, the quantitative analysis displayed that PLX
(290 mg/kg) administration for 3 and 7 days had no signi�cant effect on remyelinayion process.
However, PLX (290 mg/kg) treatment for 14 and 21 days signi�cantly increased remyelination rate in CC
following demyelination induction by the cuprizone (Fig. 6B).

3.4. TEM results for the assessment of myelin damage recovery
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In this study, cuprizone digestion for 12 weeks damaged myelin sheath and axons. Therefore, we used
TEM for assessing the ultrastructure of myelin sheaths and axons in CPZ group and groups received
PLX3397 for 3, 7, 14 and 21 days. The TEM images showed that in the CPZ group, as opposed to other
groups, the number of demyelinated �bres increased. Also, myelin sheaths disruption with a gap between
myelin layers as well as axons destruction were observed (Fig. 7). The electron microscopy images
display that PLX treatment for 3 and 7 days has no effect on the recovery of myelin and axonal damage.
However, PLX administration for 14 and 21 days could bridge the gap between myelin sheaths layers and
reduce the number of demyelinated �bres (Fig. 7), which were consistent with LFB images.

3.5. A rotarod test for the assessment of motor de�cits

The rotarod test is extensively used to assess the motor coordination of rodents. It is especially sensitive
to detecting motor dysfunctions. In the present study, we used this test to evaluate balance and motor
coordination in cuprizone-induced demyelination model treated with different doses of PLX3397. The
results showed that cuprizone administration for 12 weeks signi�cantly (p≤ .001) reduced mobility time
on the rotarod system compared to the Ctrl group. This suggests that chronic cuprizone model can
induce motor de�cits. The PLX treatment for 3 and 7 days had no effect on mean running time, but mice
receiving PLX for 14 and 21 days stayed longer on the drum related to the CPZ group (Fig. 8). The results
illustrate that PLX administration for 14 and 21 days can improve motor de�cit via microglial ablation in
the cuprizone model.

4. Discussion
The current therapies for neurodegenerative diseases such as MS are effective only in a minority of
patients. Also, these treatments can only slow disease progression but they cannot deter disease process
and lead to remyelination and repair. For this reason, comprehensive studies of factors involved in the
pathogenesis of MS are needed to recognize novel therapeutic objectives and create suitable therapies
for MS patients. MS is a chronic in�ammatory autoimmune demyelinating disease of the CNS that is
characterized with oligodendrocyte loss, astrogliosis and microgliosis (Liu et al. 2017). It has been shown
that microglia activation in MS can exacerbate this disease (Nelson, Soma, and Lavi 2002). Knowing that
the activated microglia-dependent in�ammation is associated with the pathogenesis of MS, we focused
on the effect of PLX3397 administration for 3, 7, 14 and 21 days as a speci�c CSF1R inhibitor for
microglial ablation on remyelination and glial cells population in the cuprizone demyelination model.

The cuprizone model is a toxic experimental model (without an autoimmune component) with
pathogenesis comparable to MS (Kipp et al. 2009). In this study, we �rst used the chronic cuprizone
model, after which microglia were ablated by the CSF1R inhibitor (PLX3397) according to our previous
study (Tahmasebi et al. 2020). Cuprizone-induced demyelination model in animals is used to study MS-
related lesions. It is characterized by the degeneration of oligodendrocytes and the demyelination of
diverse brain regions that consist of the corpus callosum (Kipp et al. 2009). For chronic demyelination
induction, we used cuprizone diet for 12 weeks. Moreover, the cuprizone model is similar to III and IV MS
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types in humans. The chronic cuprizone model leads to oligodendrocyte apoptosis, astrogliosis,
demyelination, microglia cell activation, and phagocytosis of myelin sheaths (Kipp et al. 2009).

Microglia, as CNS resident innate immune cells, are in a quiescent state with thin processes under
physiological conditions; however, they are enlarged with retracted processes under the pathological
stimulation (Monif, Burnstock, and Williams 2010). The researches showed that microglia expressed
NADPH oxidase and increased reactive oxygen specious on the one hand and produced in�ammatory
factors and contributed to axonal injury and neurodegeneration on the other hand (van Horssen et al.
2012). Therefore, microglial ablation can slow disease progression, provide neuroprotection and increase
myelin and axonal repair by reducing harmful pro-in�ammatory factors and oxidative stress (Airas,
Nylund, and Rissanen 2018). It has been shown that CSF1R signalling is necessary for the survival and
proliferation of microglia. PLX3397 administration can ablate microglia via the CSF1R inhibition.
Numerous studies have demonstrated that inhibiting microglial activation attenuates the severity of EAE
(Popovic et al. 2002).

In this study, we observed astrogliosis and microgliosis in IF images and real time PCR analysis of the
cuprizone model. In line with our results, Andrew et al., (2012) reported that cuprizone caused
microgliosis and astrogliosis in the corpus callosum (Steelman, Thompson, and Li 2012). Moreover, the
results of IF and qRT- PCR showed that PLX3397 administration for 3, 7, 14 and 21 days lead to
microglial ablation in the cuprizone model. The data suggest that PLX treatment for 21 days decreased to
microglial number to more than 95% compared to the cells in the cuprizone model, but different doses of
PLX administration had no effect on astrocytes population, which is similar to the study of Tahmasebi et
al. (2020) (Tahmasebi et al. 2020).

The activated microglia release various in�ammatory chemokines that aggravate the disease severity
(Nelson, Soma, and Lavi 2002). The qRT-PCR results showed that IL-6 and TNF-α were upregulated in the
cuprizone group and PLX3397 administration in different days downregulated these pro-in�ammatory
factors. In keeping with our study, Wang et al. (2019) revealed that activated microglia produced TNF-α in
EAE mice, which could induce extreme glutamate and lead to the dysfunction of neurons and
oligodendrocytes (Wang et al. 2019).

Remyelination is the procedure of myelin formation and repair that ensues demyelination. Remyelination
usually fails in chronic MS due to disarrayed differentiation of OPCs. In the present study, the results of IF
and qRT-PCR revealed that Olig2 marker level in corpus callosum decreased in the cuprizone group,
representing oligodendrocyte population downregulation and demyelination. According to our study,
Kuhlmann et al. demonstrated that microglia activation caused oligodendrocyte apoptosis, both of which
are two histopathological hallmarks of the cuprizone animal model (Kuhlmann et al. 2008). However,
PLX3397 administration with microglial ablation for 14 and 21 days could increase oligodenerocyte
number in the cuprizon model. Haider et al. reported the DNA and lipid oxidation of oligodendrocytes and
neurons, together with in�ammation, could cause demyelination, axonal and neuronal damage in MS
(Haider et al. 2011). 
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The recent data shows that activated microglia, as a major source of oxidative stress, release ROS and
NO radicals and play a crucial role in neurodegenerative disease (Fischer et al. 2013). OPCs are at risk of
oxidative stress due to higher levels of proapoptotic proteins and lower levels of antiapoptotic proteins
and antioxidant enzymes (Butts, Houde, and Mehmet 2008).

The demyelination and remyelination rate in six experimental groups were evaluated by the LFB staining.
Our results revealed that the induction of chronic cuprizone model decreased myelination by more than
90%, and PLX3397 treatment for 3 and 7 days had no effect on remyelination. However, PLX3397
administration for 14 and 21 days, reducing activated microglia and pro-in�ammatory factors, enhanced
remyelination and increased oligodenerocyte number. In the same vein, Slowik et al. (2015) observed the
corpus callosum demyelination of C57BL/6J mice during 0.2% cuprizone treatment using by LFB-stained
sections (Slowik et al. 2015).

Finally, the ultrastructures of myelin sheath and axon were analysed by TEM. The results indicated that
healthy myelin structure was disrupted, and there was a gap between myelin sheath layers in CPZ mice.
Also, the number of demyelinated �bres increased after cuprizone digestion. PLX3397 administration for
3 and 7 days had no effect on remyelination while PLX3397 therapy for 14 and 21 days led to myelin
repair, as veri�ed by LFB results. In addition, Cruz-Martinez et al. (2016) studied the effect of
intraventricular injection of mesenchymal stem cells on remyelination in a chronic demyelinating model.
The electron microscopy images in their study showed that the chronic cuprizone model impaired myelin
sheath and increased demyelinated axons, as veri�ed by the TEM results (Cruz-Martinez et al. 2016).

In sum, we found that PLX3397 administration for 14 and 21 days after cuprizon model induction can
enhance remyelination and axonal repair through microglial ablation, pro-in�ammatory factors reduction
and increased oligodendrocyte number.

Conclusion
Our study demonstrated that cuprizone model, as one of the MS models, can give rise to demyelination
with oligodendrocytes loss, microgliosis and astrocytosis. Also, we revealed that different doses of
PLX3397 administration ablated microglial cells in the brains of CPZ mice. Microglial depletion
signi�cantly suppressed microglial activation and decreased neuroin�ammation and neurological
de�cits. Thus, microglial cells play a vital role in the pathogenesis of the MS disease and ablation of
these cells can offer a suitable approach for the treatment of MS patients.
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Figure 1

The effect of different doses of PLX3397 administration (3, 7, 14 and 21) on genes of glial cells assessed
by qRT-PCR in the cuprizone model. The real-time PCR using speci�c primer for (A) CSF1R as a speci�c
gene for microglia, (B) GFAP for astrocytes and (C) Olig2 as a oligodendrocyte gene. The data analysis
manifested the rising expressions of CSF1R and GFAP with a reduction in Olig2 level in the untreated
cuprizone group; however, PLX3397 digestion reduces microglial speci�c gene without affecting
astrocytes genes. The expression levels of Olig2 gene increased in PLX3397 treatment after 7, 14 and 21
days. GAPDH was as housekeeping gene for normalization of gene expression. Values are expressed as
the mean ± SEM. ***p≤.001, **p≤.01 and *p≤.05. CPZ, cuprizone; qRT-PCR, quantitative real time
polymerase chain reaction; SEM, standard error of mean.

Figure 2

The effect of PLX3397 administration for 3, 7, 14 and 21 days on pro-in�ammatory genes in the
cuprizone model were assessed by qRT-PCR. (A, B) The relative mRNA expression of TNF-α and IL-6
revealed that expression levels of TNF-α and IL-6 genes soared after CPZ treatment vs. Ctrl. The PLX3397
treatment for varying days decreased in�ammatory genes in the CPZ model. GAPDH was a housekeeping
gene for the normalization of gene expression. Values are expressed as the mean ± SEM. ***p≤.001,
**p≤.01 and *p≤.05. CPZ, cuprizone; qRT-PCR, quantitative real time polymerase chain reaction; SEM,
standard error of mean.
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Figure 3

IF assessment of microglial cell speci�c marker. (A) These images show the CC sections of microglial cell
(Iba-1, green) and nuclei (DAPI, blue). Arrows point to the nuclei overlap with Iba-1 positive cells (40×
�eld). (B) Quanti�cation of IF images revealed augmented Iba-1 level in the CPZ group, and PLX therapy
signi�cantly diminished this marker. Values are expressed as the mean ± SEM. ***p≤.001, **p≤.01 and
*p≤.05. CC, corpus callosum; CPZ, cuprizone; IF, immuno�uorescence; DAPI, 4′,6‐diamidino‐2‐
phenylindole.
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Figure 4

The evaluation of astrocyte speci�c marker with IF. (A) These images exhibit CC sections of astrocytes
(GFAP, green) and nuclei (DAPI, blue). Arrows point to nuclei overlap with GFAP positive cells (40× �eld).
(B) Quanti�cation of IF images displayed an increase in GFAP+ of CPZ mice and PLX3397 was unable to
signi�cantly reduce this protein expression. Values are expressed as the mean ± SEM and ***p≤.001. CC,
corpus callosum; CPZ, cuprizone; IF, immuno�uorescence; DAPI, 4′,6‐diamidino‐2‐phenylindole.
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Figure 5

Immuno�uorescence evaluation of oligodendrocyte speci�c marker. (A) These IF images are CC sections
of oligodendrocytes (Olig2, green) and nuclei (DAPI, blue). Arrows point to nuclei overlap with Olig2
positive cells in merged pictures (40× �eld). (B) The quantitative analysis of IF images displayed
downregulation in Olig2 protein in the CPZ mice, and PLX administration could signi�cantly increase this
marker after 14, 21 days. Values are expressed as the mean ± SEM. ***p≤.001, **p≤.01 and *p≤.05. CC,
corpus callosum; CPZ, cuprizone; DAPI, 4′,6‐diamidino‐2‐phenylindole; IF, immuno�uorescence.
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Figure 6

Effect of PLX3397 administration for 3, 7, 14 and 21 days on myelin damage recovery in corpus
callosum. (A) LFB staining was used for myelin sheath evaluation. (B) Quantitative analysis of LFB-
stained sections of CC indicated an increase in the demyelinated zone in the CPZ mice, which declined
after PLX treatment for 14 and 21 days. Values are expressed as mean ± SEM . ***p≤.001, **p≤.01 and
*p≤.05. CC, corpus callosum; CPZ, cuprizone; LFB, Luxol Fast Blue.
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Figure 7

Assessment of PLX3397 treatment on ultrastructures of axon and myelin sheaths in the cuprizone model
using TEM images. In this study, we observed disruptions and gaps between layers of myelin sheaths in
the cuprizone mice. TEM sections revealed that PLX3397 could diminish myelin de�cits in the cuprizone
mice after 14 and 21-day administration. The yellow arrow points to damaged myelin sheath. CPZ,
cuprizone; TEM: Transmission electron microscopy.

Figure 8
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Assessments of the effect of PLX3397 treatment for 3, 7, 14 and 21 days on neurological behavioural
de�cits in cuprizone mice. The results of rotarod assay showed that cuprizone digestion diminished
motor coordination, while PLX3397 administration improved neurological behavioural de�cits. Values are
expressed as mean ± SEM. ***p≤.001, **p≤.01 and *p≤.05. CPZ, cuprizone; SEM, standard mean error.


