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A B S T R A C T 

Background: Different from single-pulse transcranial magnetic stimulation (TMS), repetitive TMS (rTMS) 

is able to change and modulate cortical activity beyond the stimulation period. This after-effect renders 

rTMS therapeutic efficacy on neurological and psychiatric disorders.  

Methods: We conducted a comprehensive review of clinical studies employing rTMS as a therapeutic 

approach to treating patients with neuropsychiatric disorders, preclinical studies with animals examining 

neurobiological changes in brain tissue following exposure to rTMS, and studies with cultured cells 

exploring cellular and molecular mechanisms underlying TMS-induced changes, in addition to introducing 

up-to-date knowledge about glia cells. 

Results: Findings revealed that rTMS promotes the transformation of microglia from M1 to M2 phenotype 

and stimulates the astrocyte switch from A1 to A2 phenotype in animal models of neurological and 

psychiatric diseases. In both in vivo and in vitro experiments, rTMS enhances the adaptive myelination of 

oligodendrocytes. Along with these changes, rTMS improves behavioral performances in animal models of 

neuropsychiatric diseases. All of these after-effects last for a relatively long period of time exceeding the 

exposure time of rTMS.  

Conclusion: The after-effects of rTMS on glial cells constitute the neurobiological mechanism for the 

therapeutic efficacy of this physical intervention in patients with neuropsychiatric disorders. 

1. Introduction 

 

Transcranial magnetic stimulation (TMS) is a non-invasive technique 

based on the principles of electromagnetic induction by which a brief 

and rapidly changing electric current induces a fluctuating magnetic field 

that readily penetrates the skull and then induces a second electric 

current within the excitable tissues of the brain [1]. The induced current 

may depolarize cortical neuronal assemblies located directly underneath 

the coil, even in nearby and remote brain regions, thereby exerting 

therapeutic effects [2]. This technique was introduced to clinical practice 

in 1985 by Barker and colleagues [3]. Over the past decades, it has 

become one of the most promising physical therapeutic approaches due 

to its safety, non-invasion, minimal adverse reactions, effectiveness, and 

easily-operation [4]. The neuropsychiatric disorders that have been 

treated by this technique include acute mania, bipolar disorders, 

catatonia, depression, drug craving, hallucinations, 

obsessions/compulsions, panic, post-traumatic stress disorder, and 

schizophrenia, in addition to fibromyalgia, multiple sclerosis, 

neuropathic pain, Parkinson’s disease, and stroke [4-10].  

 

Applying a single TMS pulse over the primary motor cortex (M1) leads 

to a twitch in the target muscle along with a motor-evoked potential that 

can be recorded via surface electromyography [3, 11, 12]. With the same 

electrophysiological mechanism, applying a TMS pulse to the primary 
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visual cortex can induce a brief flash of light, called phosphene, in the 

location of the visual field [13-16]. It is currently believed that the direct 

effect of TMS is to change the membrane potential of target neurons. 

The indirect effects of TMS, however, may involve more biological 

mechanisms, including neurotransmitter release, synaptic plasticity, cell 

survival, as well as neuroinflammatory and immune processes [17].  

 

Different from single-pulse TMS, repetitive TMS (rTMS) is able to 

change and modulate cortical activity beyond the stimulation period, 

which is called after-effects. rTMS protocols can be further categorized 

into single stimulus repeated at fixed inter-stimulus intervals (ISIs, fixed 

frequency) and patterned protocols that use a combination of different 

ISIs [18]. Among patterned rTMS protocols, theta-burst stimulation 

(TBS) (bursts of three pulses at 50-Hz repeated at 200-ms intervals) 

induces longer-lasting after-effects with shorter application time than 

conventional rTMS paradigms [19, 20]. It is believed that rTMS exerts 

its therapeutic effect on neurological and psychiatric disorders through 

the after-effects including gene activation/regulation, de novo protein 

expression, morphological changes, changes in intrinsic firing properties 

and modified network properties resulting from changed inhibition, 

homeostatic processes and glial functions [21, 22].  

 

This review article focuses on the after-effects of rTMS on glial cells in 

the brain in order to provide a latest version of the neurobiological 

mechanisms underlying long-term after-effects of rTMS on brain 

functions. 

 

2. rTMS Promotes the Transformation of Microglia from M1 to 

M2 Phenotype 

 

Microglia are the resident immune cells in the brain. They monitor the 

brain microenvironment by sensing and regulating neuronal activity [22-

24], and maintain the brain homeostasis by removing the necrotic cells 

and debris timely [25]. Microglial activation as defined by the number 

and morphological changes has been considered to play important roles 

in pathologic brain states such as various neuropsychiatric disorders [26, 

27].  

 

By combining in vivo localized proton magnetic resonance spectroscopy 

(1H-MRS) and postmortem histological analysis, an early study reported 

that the application of high intensity, low frequency rTMS does not 

affect microglial number in the motor cortex or hippocampus in normal 

healthy rats [28], demonstrating the safety of this physical intervention. 

Later on, an extremely low-frequency magnetic field (ELF-MF) showed 

neuroprotective function in an animal model of global cerebral ischemia 

by decreasing neuronal death and inhibiting activation of astrocytes and 

microglia [29]. In another animal study, high intensity and frequency 

rTMS attenuated microglial activation in the injured spinal cord [30].  

 

In a recent animal study, intermittent TBS (iTBS) improved motor 

function by regulating microglial polarization via toll-like receptor 4 

(TLR4)/nuclear factor κ-B (NF-κB)/NOD-like receptor thermal protein 

domain associated protein 3 (NLRP3) signaling pathway in cerebral 

ischemic mice [31]. Moreover, rTMS exerted robust neuroprotection in 

a rat stroke model via altering inflammatory and oxidative status and 

preserving mitochondrial integrity in the peri-infarct zone [32]. These 

effects of rTMS on microglia and neuroinflammation in preclinical 

studies may account for clinical benefits of rTMS for stroke 

rehabilitation in humans [6]. Indeed, high frequency rTMS applied on 

the affected dorsolateral prefrontal cortex (DLPFC) of stroke patients 

was shown to significantly reduce the mRNA level of pro-inflammatory 

cytokines, including interleukin (IL)-1β, IL-6, and tumor necrosis factor 

(TNF)-α, in blood samples of the patients [33].  

 

Neuroinflammation involves in the pathogenesis of psychiatric disorders 

such as major depressive disorder, schizophrenia and psychotic 

disorders, substance use, as well as obsessive-compulsive disorder [34, 

35]. Therefore, the therapeutic effects of rTMS on clinical 

manifestations of patients with psychiatric disorders may be related to 

the anti-inflammation action of it as demonstrated in the aforementioned 

animal studies. Of the few preclinical studies exploring therapeutic 

effects of rTMS in animal models of psychiatric disorders, the following 

ones provide supporting evidence for the above inference. Tian et al. 

reported that rTMS improves anxiety and depression-like behaviors and 

reduces levels of inflammatory factors TNF-α, inducible nitric oxide 

synthase (iNOS), IL-1β, and IL-6 in the hippocampus of rats subjected 

to chronic unpredictable mild stress (CUMS) [36].  

 

In another animal study, rTMS (15 Hz) ameliorated depression-like 

behaviors in CUMS mice while reversed the CUMS-induced 

neuroinflammation by promoting the polarization transformation of 

microglia from pro-inflammatory M1 to the anti-inflammatory M2 

phenotype in the mice [37]. Moreover, deep rTMS effectively reduced 

behavioral anomalies while blocking myelin breakdown and 

oligodendrocyte (OL) loss in cuprizone-fed mice, along with dampened 

microglia activation and rectified cytokine levels (IL-1β, IL-6, and IL-

10) at lesion sites [38]. The cuprizone-fed mouse has been accepted as 

an animal model of schizophrenia for its relevance to the white matter 

abnormality and neuroinflammation in the brain of patients with 

schizophrenia [39-41]. Taken together, these data from animal studies 

provide new insights into the mechanism for the therapeutic effects of 

rTMS on clinical manifestations of patients with psychiatric disorders, 

some of which involve neuroinflammation with microglia as a critical 

player (Figure 1) [34]. 

 

Consistent with the foregoing preclinical studies, rTMS applied to the 

left DLPFC at 10 Hz was shown to reduce the serum levels of IL-1β and 

TNF-α in elderly patients with refractory depression in a human study. 

And this change correlated with Hamilton depression rating scale scores 

[42]. In a pilot study with a small sample size, the partial changes in 

cognitive function following rTMS treatment were significantly 

correlated with IL-1β level changes, although the treatment did not 

significantly change the serum levels of proinflammatory cytokines (IL-

1β, IL-6 and TNF-α) in treatment-resistant depression [43]. Notably, 

another human study did not detect any significant effects of TBS on the 

cytokine panels or any correlations between improvement in depressive 

symptoms and changes in serum inflammatory markers [44]. These 

results are not consistent with previous studies reporting decreased 

serum levels of inflammatory cytokines after antidepressant [45-47] or 

TMS treatment [42]. In another random, double blind, sham controlled 
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study, rTMS treatment for 4 weeks caused a significant increase of IL-2 

and C-reactive protein (CRP) levels, while sham-rTMS resulted in an 

increase of interferon-γ (IFN-γ) levels [48]. These inconsistent results 

from human studies indicate the complexity of the pathogenesis of 

human mental disorders and call for further studies to explore the 

underlying mechanisms for the seemingly conflicts.  

 

3. rTMS Stimulates the Astrocyte Switch from A1 to A2 

Phenotype 

 

Astrocytes are the most abundant glial cells in the brain and serve a basic 

role in the maintenance of the neuronal microenvironment and 

homeostasis. In addition to providing metabolic and physical supports to 

neurons, astrocytes are the primary source of energy for neurons and 

involve in neuronal and synaptic signaling [49, 50]. They are able to 

respond to neuronal activity with calcium motivation and release of 

gliotransmitters which further impact synaptic activity [51] thus play 

important roles in the pathogenesis of neuropsychiatric disorders.  

 

In an early in vitro study, the acute magnetic stimulation (10 Hz for 10 

s) given to cultured astrocytes induced a transient increase in glial 

fibrillary acidic protein (GFAP) level that lasts for 3 days [52]. In a 

recent study, 1 Hz magnetic stimulation resulted in a significant rise in 

intracellular calcium in the cytoplasmic and nuclear compartments of the 

cultured astrocytes [53]. The same group also reported that low intensity 

repetitive magnetic stimulation reduces expression of genes related to 

inflammation and calcium signaling in cultured mouse cortical 

astrocytes [54]. These findings demonstrate the ability of 1 Hz repetitive 

magnetic stimulation to modulate specific aspects of astrocytic 

phenotype, potentially contributing to the known effects of low intensity 

rTMS on excitability and neuroplasticity of brain cells. 

 

Consistent with the above interpretation, rTMS at an extremely low-

frequency magnetic field showed neuroprotective functions in the 

hippocampus in a model of global cerebral ischemia through reduction 

of neuronal death and inhibiting activation of astrocytes and microglial 

cells [29]. Similarly, rTMS attenuated astrocyte activation at the site of 

spinal cord injury in rats [30]. In an animal model of the experimental 

autoimmune encephalomyelitis (EAE), TMS modified astrogliosis, cell 

density and lipopolysaccharide levels [55]. In an animal model of 

neuropathic pain, high-frequency rTMS relieved neuropathic pain 

through down-regulating the over-expression of nNOS in ipsilateral 

dorsal root ganglia (DRG) and inhibiting the activity and proliferation of 

astrocytes in L4-6 spinal dorsal horn ipsilateral to the neuropathic pain 

[56].  

 

Moreover, high frequency rTMS improved functional recovery of 

ischemic rats by inhibiting neurotoxic polarization of astrocytes [57]. 

And rTMS was shown to suppress the excessive astrocyte-vessel 

interactions while promoting the astrocyte switch from A1 to A2 in the 

peri-infarct cortex after stroke (Figure 2) [32]. In a more recent animal 

study, high frequency rTMS improved depression-like behavior, 

attenuated neural apoptosis, and reversed reduction of astrocytes in a rat 

model of CUMS [58]. Importantly, high-frequency rTMS for 3 days 

applied in healthy rats did not alter astroglia reactivity or inflammatory 

responses such as microglia proliferation while the same treatment up-

regulated neuronal metabolic activity in limbic brain structures, along 

with higher c-Fos levels in the nearest cortical area, providing further 

evidence for the effectiveness and safety of rTMS as a brain modulation 

therapy [59]. 

 

Intriguingly, high frequency (5/10 Hz) rTMS for 7 days improved 

CUMS-induced depressive-like behaviors, increased 5-

hydroxytryptamine (5-HT), dopamine (DA) and norepinephrine (NE) 

levels, decreased the 5-hydroxyindole acetic acid (5-HIAA) level, 

lowered sirtuin1 (Sirt1) and monoamine oxidase-A (MAO-A) 

expression, and reduced MAO-A activity in the PFC [60]. Moreover, 

rTMS ameliorated depression/anxiety-like behaviors in an animal model 

of EAE by inhibiting neurotoxic reactive astrocytes in a recent animal 

study [61]. In a human study, high frequency rTMS applied to the left 

DLPFC potentiated glutamatergic neurotransmission in depressed 

adolescents [62]. In patients with PD, high frequency rTMS regulated 

astrocyte activation by modulating the endocannabinoid system [63]. 

Taken together, these data provide evidence for the involvement of 

astrocytes in mediating effects of TMS on synaptic structure and 

transmission (Figure 2). 

 

4. rTMS Enhances the Adaptive Myelination of 

Oligodendrocytes  

 

OLs are the neural cells myelinating axons in the central nervous system 

(CNS). They arise from oligodendrocyte precursor cells (OPC) and 

follow a specific sequential process to become fully differentiated and 

functional. These glial cells play important roles in neuroplasticity, 

neuron nourishment, myelination and nerve repair, in addition to helping 

maintain normal physiological and adaptive functions of the brain [64, 

65]. There are increasing number of reports on OL dysfunction 

associated with major psychiatric diseases such as schizophrenia [66]. 

 

Adaptive myelination, defined as experience-driven oligodendrogenesis 

and myelination, has been suggested as a significant and lifelong form 

of neural plasticity which can impact various CNS functions by building 

a rapport between neurons and oligodendroglia [67]. Accumulating 

evidence indicates that rTMS has the potential to regulate the process of 

adaptive myelination. For instance, low-field magnetic stimulation 

(LFMS, a novel transcranial neuromodulation technology that has shown 

promising therapeutic potential for a variety of neuropsychiatric 

conditions) promoted the differentiation of OPCs via non-canonical 

TGF-β signaling pathways [68]. Relevantly, another in vitro study 

reported that low frequency pulsed electromagnetic field (PEMF) 

promoted the differentiation of OPCs, up-regulated the expression level 

of miR-219-5p and down-regulated Lingo1 during the differentiation of 

OPCs [69].  

 

Furthermore, in vivo studies found that low-intensity transcranial 

magnetic stimulation [LI-TMS, delivered as 600 pulses of 10 Hz (60 s), 

iTBS (192 s), or cTBS (40 s)] promoted the survival and maturation of 

newborn OLs in the adult mouse brain [70]. In a more recent study, 5 Hz 

rTMS treatment improved depression-like behavior, attenuated neural 

apoptosis, and increased the number of Olig2-positive cells in the hilus 
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of the dentate gyrus and the prefrontal cortex in a rat model of depression 

[71]. All these studies demonstrate that rTMS possesses the potential to 

influence the adaptive myelination process of OLs, although it is rTMS 

parameter- and context-dependent. 

 

5. rTMS Effects on OLs in Indirect and Direct Ways 

 

The rTMS inherently carries an associated electric field that can induce 

electrical and chemical changes in excitable cells such as neurons. Given 

the tight contact between neuronal axons and membranous processes of 

OLs, the effects of rTMS on neurons may be subsequently transmitted 

to OLs exemplified by a pioneer study showing that synaptic inputs 

could induce cellular depolarization in OPCs and affect the calcium 

signaling cascades [72]. A later study reported that daily 1 h sessions of 

electrical stimulation (ES) promoted myelin segment formation in mixed 

cultures of DRG neurons and OLs, and exposure of DRG neurons to ES 

prior to OL addition enhanced myelin segment formation, suggesting 

that ES promotes myelination in a manner involving neuron-specific 

signaling [73].  

 

In animal studies, neural stimulation in the mouse brain enhanced OPC 

proliferation, differentiation and myelination within the underlying 

white matter [74]. Moreover, optogenetic stimulation to neurons in the 

pre-motor cortex of mammalian brain promoted OPC proliferation, 

differentiation and thicker myelin formation while increased neural 

activity [75]. Likewise, in vivo optogenetic stimulation to neurons was 

shown to induce OPC proliferation, differentiation and remyelination in 

demyelinated lesions [76]. As for mature OLs, they can sense and 

respond to neuronal activity, as well as adjust the properties of their 

myelin sheath to modulate conduction velocity [77, 78]. Taken together, 

the aforementioned previous studies demonstrate that a stimulation to 

neurons may indirectly act on the local OLs following the rTMS-induced 

changes in neuronal activity.  

 

Further evidence supporting this conclusion come as the follows: i) theta 

burst firing of the pre-synaptic neuron was shown to trigger the insertion 

of AMPA (calcium-permeable α-amino-3-hydroxy-5-methyl-4-

isoxazole-propionicaci) receptors at the OPC postsynaptic density in a 

process termed glial long-term potentiation (LTP) [79], ii) blocking 

neuronal action potentials in vivo decreased OPC proliferation [80] and 

OL production [72], iii) repeated electric stimulation to neurons in the 

motor cortex promoted the activity-dependent proliferation of OPCs in 

the corresponding corticospinal tract [81], iv) neuronal activity biases 

axon selection for myelination in vivo [82], v) the direct current 

stimulation to neuron-OL co-cultures enhanced the survival and 

myelinating capacity of the Ols [83], vi) the axonal electrical activity is 

known to increase OPCs maturation and myelination through axon-

derived neurotransmitters: ATP, glutamate, adenosine and GABA 

(Figure 3) [84].  

 

In addition to the foregoing indirect effects, the direct effects of rTMS 

on OLs can not be ignored. In an in vitro study by Dolgova et al., a 40-

Hz low-field magnetic stimulation (LFMS; 20 min daily for five 

consecutive days) transiently elevated the level of TGF-β1 in the culture 

media of CG4 cells, a bipotential glial progenitor cell line that can 

differentiate into either OL or type 2-astrocyte. In correlation with the 

TGF-β1 levels, the percentage of cells possessing complex branches and 

expressing the immature OL marker O4 increased, indicating the 

accelerated differentiation of CG4 cells towards OLs in the LFMS-

exposed cultures [68]. Relevantly, another in vitro study reported that 

low frequency PEMF promoted the differentiation of OPCs, up-

regulated miR-219-5p level and down-regulated the Lingo1 level during 

the differentiation of OPCs (Figure 3) [69].  

 

6. Molecular Mechanisms Involved in the After-Effects of rTMS 

on Glial Cells 

 

rTMS can exert effects on glial cells directly or indirectly as 

demonstrated in the in vitro experiments reviewed above. However, in 

animals and humans, rTMS definitely functions in both direct and 

indirect ways involving multiple molecules, as described below. 

 

Accumulating evidence shows that rTMS, especially high frequency 

rTMS, affects the polarization of microglia and promotes the 

transformation of microglia into the anti-inflammatory M2 phenotype 

[31, 32, 36, 85-87]. In vivo and in vitro experimental studies have 

demonstrated the key roles of NF-κB signaling pathway for rTMS to 

inhibit the inflammatory phenotype of microglia and promote the anti-

inflammatory phenotype. In a recent animal study, early intervention of 

20 Hz rTMS suppressed neuroinflammatory responses by regulating the 

PI3K/Akt/NF-κB signaling pathway in the early stage of 5xFAD mice to 

decrease pro-inflammation cytokines, thereby alleviated the AD 

pathology [85]. Similarly, long-term rTMS treatment significantly 

alleviated inflammatory response, which was accompanied by a decrease 

in the levels of phosphorylated NF-κB and signal transducer and 

activator of transcription 6 (STAT6) in a stroke animal model [86].  

 

In another animal study, iTBS was found to promote the transformation 

of microglia to M2 phenotype and down-regulate the levels of TLR4, 

NF-κB and p-NF-κB in cerebral ischemic mice, suggesting that iTBS 

may regulate the polarization of microglia through NF-κB signaling 

pathway [31]. Moreover, the inhibition of NF-κB signaling pathway in 

microglia was related to the regulation of let-7b-5p miRNA by rTMS 

[87]. Taken together, the existing evidence suggests that the inhibition 

of NF-κB activation may be the final common pathway for rTMS to 

regulate inflammatory response of microglia under various conditions. 

In addition, the nuclear factor-E2-related factor 2 (Nrf2) also participates 

in the rTMS mediated anti-inflammatory effect in a CUMS model [36]. 

And BDNF-mediated biological response is involved in the regulatory 

effect of rTMS on microglia [88]. All these data point to a broad 

spectrum of molecules that may mediate the effect of rTMS on 

microglia. 
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Fig. 1. rTMS promotes the transformation of microglia from M1 to M2 phenotype. 

 

Similar to microglia, astrocyte exists in two types of polarized states of 

neurotoxic A1 type and neuroprotective A2 type. Recent studies have 

reported that rTMS promotes the transformation of astrocytes from A1 

phenotype to A2 phenotype and reverses the astrogliosis response [32, 

57, 61, 63, 89]. Specifically, high frequency rTMS reduced the levels of 

endocannabinoid receptor 2 (CB2R) in activated astrocytes and its 

ligands 2-arachidonoylglycerol (2-AG) and anandamide (AEA) in an 

animal model of PD, suggesting an important role of the endogenous 

cannabinoid system in the rTMS-induced phenotype transformation of 

astrocytes [63]. In an in vitro study, rTMS was shown to promote the 

synthesis and secretion of glial-derived neurotrophic factor (GDNF) by 

astrocytes [89]. In a CUMS animal model, chronic stress caused a 

significant increase of apoptosis of astrocyte, which were effectively 

reversed by rTMS. This reversal effect was accompanied by an increased 

expression of fibroblast growth factor 2 (FGF2), which mainly comes 

from astrocytes and promotes the proliferation of astrocyte [58]. 

Moreover, high frequency rTMS reduced the expression of Sirt1 in 

astrocytes, thereby regulating the level of monoamine transmitters and 

exerting antidepressant effect [60]. These previous studies provide 

experimental evidence for the molecular mechanisms underlying the 

effects of rTMS on astrocytes dependent on experimental conditions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. rTMS stimulates the astrocyte switch from A1 to A2 phenotype. 
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Effects of rTMS on OLs and myelination may be achieved in direct, 

indirect, or both ways as reviewed before. The molecular mechanisms 

underlying the indirect effects involve some contact-mediated signaling 

factors and some soluble signaling factors. For instance, Chen et al. 

reported that neural stimulation increases the axonal location of N-

cadherin, a calcium-dependent cell adhesion molecule that may promote 

myelination as the inhibition of N-cadherin function decreases 

myelination [90]. Dolgova et al. reported that gamma frequency low-

field magnetic stimulation elevates the level of TGF-β1 secretion and 

accelerates differentiation of OLs in an OL culture model. Moreover, 

Akt and Erk1/2 signaling proteins involve in the TGF-β-mediated 

differentiation effect of TMS [91].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. rTMS effects on OLs in indirect and direct ways. 

 

Sun et al. showed that both high frequency and low frequency low field 

magnetic stimulation repairs the myelin sheath and increase the 

expression of neuregulin-1 (NRG1) and its receptor ErbB4 in the 

cuprizone-induced demyelinating mouse model [92]. Both NRG1 and 

ErbB4 are well-known signaling molecules involved in OL 

development. Last but not least, rTMS showed a modulatory effect on 

the glutamate and gamma-aminobutyric acid systems as the treatment 

increased glutamate levels in the hippocampus and the striatum, but 

decreased the glutamate concentration in the hypothalamus of rats. The 

similar changes also happened in gamma-aminobutyric acid 

concentrations in the same brain regions [93]. Through this effect, rTMS 

has the potential to facilitate myelination and oligodendrogenesis as 

glutamate receptors-mediated signaling identified in OLs and OPCs 

plays an important role in the regulation of activity-dependent 

myelination [94]. 

 

In conclusion, glial cells (microglia, astrocyte, OL) may be affected 

electrically (directly) and/or chemically (indirectly) by rTMS. 

Consequently, the normalized glial cells exert their protective effects on 

brain neurons. It is these after-effects that make rTMS effective in 

treating neurological and psychiatric disorders. Involving in the neuron-

glia interactions are many molecules, exemplified by NF-κB, BDNF and 

Nrf2 in regulating microglia, CB2R, GDNF and FGF2 in modulating 

astrocytes, and N-cadherin, TGF-β and NGR1-ErbB4 effecting on OLs 

(Figures 1-3). 
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