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Abstract

Bilobalide (BB), a sesquiterpene isolated from Ginkgo biloba extract, has attracted great interest as a potential
therapeutic agent for several neurological diseases. Multiple Sclerosis (MS) is a chronic immune-mediated
inflammatory and neurodegenerative disease of the Central Nervous System (CNS), which results in demyelination
and axonal degeneration. Experimental Autoimmune Encephalomyelitis (EAE), characterized by infiltration of T cells
and macrophages, neuroinflammation and severe demyelination, is the best imitation and extensively used to study
MS. The recent paper, “The therapeutic potential of bilobalide on Experimental Autoimmune Encephalomyelitis
(EAE) mice”, provides evidence that BB protected myelin sheath by immunomodulatory, anti-inflammation and anti-
apoptosis. In this review, we discussed the findings of BB treatment on EAE.
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Background
Multiple Sclerosis (MS) is a chronic immune-mediated

inflammatory demyelinating disease of the Central Nervous System
(CNS). T cells appear early in lesion formation, and the disease is
considered to be initiated by aberrant responses against CNS
autoantigens, the precise pathogenesis, however, remains enigmatic.
Autoreactive lymphocytes penetrate the Blood-Brain Barrier (BBB)
and infiltrate into CNS to initiate inflammation, followed by gliosis,
apoptosis of oligodendrocytes and demyelination [1]. Experimental
Autoimmune Encephalomyelitis (EAE) is the most commonly used
experimental model for MS, characterized by infiltration of T cells
and macrophages, neuroinflammation and severe demyelination, is the
best imitation and extensively used to study MS. Along with immune
cell infiltration, neuroinflammation can inhibit axonal transport and is
closely associated with microglia activation and the presence of
macrophage-like cells [2]. Thus, EAE has become a powerful tool for
studying disease pathogenesis as well as potential therapeutic
interventions by targeting inflammation, demyelination and
neurodegeneration.

Therapeutic Potential of BB Treatment Based on CPZ-

Cuprizone (CPZ), a selective copper-chelating agent, can
selectively chelate the copper ion of the mitochondrial complex IV
and trigger energy metabolic disorders of mature oligodendrocytes
leading to demyelination, particularly in the Corpus Callosum (CC).
Remarkably, CPZ model reflects several histopathologies of
demyelination found in human progressive MS. The apoptosis of
primary oligodendrocytes and the activation of glial cell are the major
histopathological features of the CPZ model [3]. CPZ feeding also

induces behavioral alterations, such as motor skills, anxiety and
cognition, as observed in MS patients [4]. In recent years, BB has
gained great interest as a potential therapeutic agent for several
neurological diseases, such as Middle Cerebral Artery Occlusion
(MCAO), focal cerebral ischemia, Alzheimer's Disease (AD) and
others. In the previous study, we observed that the protective and
therapeutic potential of BB in CPZ-induced demyelination [5]. The
results showed that CPZ feeding results in extensive demyelination,
accompanied by the enrichment of microglia and astrocytes around
myelin sheath as well as, damage of Blood-Brain Barrier (BBB) and
the infiltration of CD4+ T cells and CD68+ macrophages into the
brain, which were effectively inhibited by the administration of BB.
Surprisingly, autoantibody against MOG35-55 was detectable in the
serum, but markedly inhibited by BB treatment. Subsequently, the data
from flow cytometry showed the infiltration of CD4+IFN-g+ and
CD4+IL-17+ T cells in the brain, revealing that the demyelination
mediated by CPZ feeding can cause the infiltration of Th1 and Th17 T
cells. As expected, the level of IFN-γ and IL-17 also elevated in the
extract of the brain [6]. These results, on one hand, indicate that BB
may protect myelin, and on the other hand, demonstrate that BB may
have the potential to regulate peripheral immunity because of a
peripheral immune response existing in CPZ-induced demyelination.
Therefore, we speculate that BB should be able to treat EAE.

Multiple Biological Effects of BB Treatment Based on Anti-
Inflammation, Immunomodulation and Anti-Apoptosis in
EAE

Firstly, our results also indicated that BB treatment ameliorated the
severity and delayed the onset of EAE, accompanied by suppressing
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inflammation, immunomodulation and demyelination (Figure 1),
implicating the role of BB in treating EAE [7].

Figure 1: The treatment of BB in EAE. Peripheral T cells and
macrophages were active and infiltrated into CNS under the
stimulation of MOG35-55, which triggered a neuroinflammation,
polarization of activated microglia and apoptosis of oligodendrocyte in
EAE. We found that BB can modulate MOG-specific peripheral
lymphocytes response, induce the polarization of macrophage/
microglia and reduced oligodendrocyte apoptosis, thus effectively
ameliorating severity and demyelination of EAE. Abbreviations: BB:
Bilobalide; CNS: Central Nervous System; MOG: Myelin
Oligodendrocyte Glycoprotein peptide; EAE: Experimental
Autoimmune Encephalomyelitis.

MS is an autoimmune inflammatory disorder caused by the
recruitment of self-reactive lymphocytes in the CNS, mainly CD4+ T
cells [1,8]. Indeed, the infiltration of T helper (Th) cells and the
secretion of the related cytokines and chemokines have been found in
CNS lesions and in Cerebrospinal Fluid (CSF) of MS patients, thus
contributing to the breakdown of the BBB, the activation of resident
microglia and astrocytes, and finally the outcome of
neuroinflammation [9]. For EAE, under the selective injection of
emulsified MOG peptides, lymphocytes recognize them as antigens to
infringing outer, resulting in pathogenic self-reactive T cells migrate to
CNS, and then cause a series of pathological damages [2]. Obviously,
the effectiveness of BB in the treatment of EAE should depend on
whether it can inhibit the activity of peripheral lymphocytes and
reduce the infiltration of peripheral lymphocytes into the CNS, so as to
reduce the activation and amplification of central neuroinflammation,
and finally alleviate demyelination and neurodegeneration. In our
study, BB treatment effectively prevented the infiltration of CD4+ T
cells and CD68+ macrophages in the spinal cord, accompanied by the
down-regulation of inflammatory molecules iNOS, IFN-γ, TNF-α,
IL-6 and IL-17, indicating that the therapeutic effect of BB should be
related to reduced infiltration and neuroinflammation mediated by
peripheral immune cells in EAE. To support our hypothesis, on the 9th
day after immunization, splenocytes of mice were stimulated with
antigen MOG35-55 in vitro to detect whether BB could inhibit
antigen-specific T cell response. Our results showed that BB inhibited
CD4+IFN-γ+ T cells, especially decreased the production of
inflammatory cytokines. These results explained that BB hindered the
invasion of T cells into the spinal cord and seemed to mediate the

tolerance of MOG-specific T cells possibly by decreasing the
production of inflammatory cytokines, therefore improving the EAE.

Secondly, our study revealed that BB contributed to the polarization
of microglia from M1 to M2 phenotype. Microglia are the innate
immune cells of the CNS, and considered to exacerbate
neuroinflammation in MS and EAE. During the induction phase of
MS and EAE, activated microglia modulate their function as Antigen-
Presenting Cells (APC) to initiate naive T cells activation toward Th1
and Th17 cells [10,11]. More importantly, the inflammatory cytokines,
such as TNF-γ, IL-6 and IL-1β, are mainly derived from the activated
microglia, accompanied by the activation of classic M1 phenotype
[10,12]. By using mouse EAE model, our data showed that BB
promoted the transformation of inflammatory M1 toward the anti-
inflammatory M2 phenotype, accompanied by the inhibition of
inflammatory cytokines and the increase of anti-inflammatory
cytokines. Taken together, BB exhibits an anti-inflammatory effect

also revealed that BB resulted in a marked downregulation of Toll-like
receptor 4 (TLR4), MyD88 and p-NF-κB/p65 in EAE mice, which is
related to the suppression of inflammation. Lipopolysaccharide (LPS)
can active the intracellular signaling cascade through ligand-receptor
binding to TLR4, which induces the inflammatory response and
microglia M1 responses [13]. To clarify the effects of BB on the
inflammatory response of microglia, we further carried out in vitro
experiments with BV2 microglia stimulated by LPS. As expected,
LPS stimulated the proliferation and polarization of M1 microglia
(CD16/32+ and IL-12+) as well as the inflammatory response of BV2
cells. However, BB treatment inhibited neuroinflammation, induced
the polarization of anti-inflammatory M2 microglia (CD206+ and
IL-10+) and increased the anti-inflammatory cytokine IL-10. These
results support the idea that BB treatment converted the activated
microglial cells from M1 to M2 phenotype, contributing to the
suppression of inflammation response.

Finally, our data provide evidence that BB could antagonize the
apoptosis of oligodendrocytes in EAE (Figure 1). Previous studies
have shown that oligodendrocyte loss and tissue damage are involved
in the pathological process in MS and EAE, which should be related to
neuroinflammation and immune imbalance. Like neurons,
oligodendrocytes are highly sensitive to different stimuli of injury
including inflammatory response, oxidative stress and infection
[14,15]. It has been demonstrated that the apoptosis of
oligodendrocytes and the destruction of myelin sheaths are
simultaneously derived from reactive T cells and specific autoantibody
[16,17]. Meanwhile, repeated immune attacks further attended to the
death of the surviving oligodendrocytes. Besides, in recent years, the
targeted therapy of oligodendrocytes in MS and EAE has attracted
extensive attention. At present, most of the therapies for MS focus on
immune regulation and disease-modification, so the disease
progression and functional disability can’t be controlled ultimately
[18]. The apoptotic oligodendrocytes are observed in new acute MS
lesions, with the absence of T cells and activated macrophages [19].
One possible explanation is that the demyelination is not improved by
immunomodulation therapy and disease-modification in MS patients.
TNF-α can directly induce oligodendrocyte death, thereby impairing
OPC differentiation because of the presence of the TNF receptor in
oligodendrocyte lineage [20]. IL-17A inhibits the maturation of
oligodendrocyte lineage cells (OPCs) and exacerbates the TNF-α-
induced oligodendrocyte apoptosis [21]. However, the causes of
oligodendrocyte apoptosis remain unclear. Our study described that
BB contributed to the re-balance of pro-and anti-apoptotic proteins
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including the down-regulation of apoptosis proteins (i.e., Cleave-
Caspase-3 and Bax) and up-regulation of the Bcl-2 protein. More
importantly, the administration of BB resulted in a fall of apoptotic
cleaved Caspase-3-positive oligodendrocytes, explaining that BB
protects oligodendrocytes from apoptosis. Besides, BB did not
enhance the expression of NG2, a marker of oligodendrocyte
precursor cells. Moreover, anti-apoptosis of BB was linked with the
decline of inflammatory cytokines. These results supported the anti-
apoptotic effect of BB may be correlated with the decreased TNF-α,
IFN-γ and IL-17.

Conclusion
In summary, our study provided evidence that BB can effectively

alleviate clinical symptoms and reduce myelin loss in EAE, which
should be related to anti-inflammation, immunoregulation and anti-
apoptosis. However, the precise cellular and molecular mechanism of
BB for promoting myelin regeneration remain to be further explored
and confirmed, so, BB can be used for targeting myelin therapy in
clinical MS patients in the future.
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