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Role of astrocytic MeCP2 in the regulation of central
nervous system myelination

INTRODUCTION

In all complex nervous systems neuronal cells coexist with glial cells. This suggests that
neuron-glia interactions are principle features for proper functioning of both types of
cells. One principle neuro-glia interaction is myelination- process by which an axon
becomes insulated by the continuous wrapping of the lipid rich glial membrane known as
myelin. In PNS, Schwann cells perform the function of myelination while
oligodendrocytes are the myelinating cells of the CNS. Myelination occurs through a
number of sequential steps: migration of oligodendrocyte precursor cells (OPCs) along
the white matter tracks, adhesion of the oligodendrocyte process to the axon, spiralling of
the process around the axon, compaction of the myelin sheath (Nave & Trapp, 2008;
Nave & Werner, 2014). The need for myelination occurs to support the effective
transduction of action potentials via saltatory impulse propagation and also providing an
additional trophic and metabolic support to the axons.

Myelination depends on a number of intrinsic transcription factors like Oligl, YY1,
Sox10, signaling pathways like integrin, neuregulin, notch signaling and extrinsic factors
like trophic factors such as neurotrophins, growth factors, electrical activity from neurons
and the myelinating milieu supported by a number of secreted factors from astrocytes.
Moreover, cell-cell interaction between neurons and oligodendrocytes also known as axo-

glial interactions, is another key factor influencing myelination.

Astrocytes and Myelination: Astrocytes are important in assisting CNS myelination
(Barnett & Linington, 2013; Kiray et al., 2016; Williams et al., 2007). Studies have
demonstrated that astrocytes regulate CNS myelination by secreting factors which
promote or inhibit myelination. Some of these factors are: LIF (Ishibashi et al., 2006), y-
secretase (Sorensen et al., 2008; Watkins et al., 2008), CXCL10 (Nash et al., 2011),
PDGF (Bagler et al., 1990), TIMP-1 (Moore et al., 2011), CNTF (Nash et al., 2011),
neurotrophins like BDNF (Xiao et al., 2010), NGF (Yin et al., 2012), which drive the

myelination event. Presence of astrocytes in myelinating cultures also increase the speed



of myelin wrapping around axons (Watkins et al., 2008). The crucial role of astrocytes in
myelination is evident by the failure to replicate the complex cellular environment of

myelination in vivo in their absence (Talbott et al., 2005).

Axo-glial junctions and astrocytes: The ability of myelinated axons to conduct saltatory
conductions depends on the distribution of numerous molecular components into distinct
domains- the internode, the paranode and the node of Ranvier which form as the result of
specific interactions between axons and myelinating cells (Devaux & Faivre-Sarrailh,
2013). The first molecular constituent of the nodal junctions is the axonal contactin-
associated protein, Caspr or Paranodin (Einheber et al., 1997) the glial ligand for which is
the neurofascin isoform NF155, which is expressed by myelinating glia in the paranodal
region (Tait et al., 2000). In addition other molecules- namely Notchl (Hu et al., 2004),
Neuregulin (Canoll et al., 1996) and NCAM (Charles et al., 2000) have been reported to
be expressed at the site of axo-glial interactions. A special class of astrocytes extends
through the nodal gap substance and approaches the node where it becomes closely
associated with the nodal part of the axon membrane (Araque et al., 1999; Perez-Alvarez
& Araque, 2013). They secrete extracellular matrix protein cytotactin (Rieger et al.,
1986) which functions in electrical coupling of extracellular ions during the conduction
of action potentials, clearing extracellular potassium released by neuronal activity
(Serwanski et al., 2017; Waxman & Quick, 1978) and buffering the perinodal space
(Gutnick et al., 1981; Masa & Mugnaini, 1982). Thus, the assembly and/or maintenance
of nodal membrane may be indirectly related to the presence of perinodal astrocyte

processes (Black & Waxman, 1988).

Astrocytes and Neuronal interactions: The ratio of astrocytes to neurons varies among
species, increasing proportionally with the complexity of the neural network
(Banaclocha, 2007). Astrocytes have been long known support and promote neuronal
survival and neurite formation through secretion of various trophic factors in the neuronal
surroundings including NGF, BDNF, LIF, FGF-2 and CNTF (Albrecht et al., 2007;
Drukarch et al., 1998; Messersmith et al., 2000; Schwartz & Nishiyama, 1994). They are
also found to be closely associated with axons at an early stage of their myelination by

oligodendrocytes (loannidou et al., 2014). An important role of astrocytes is to act as a



regulator of synaptic transmission via gliotransmitter release which coordinates neuronal
activity through dynamic communication between the astrocytic process and the pre- and
postsynaptic terminals (Halassa et al., 2009). Thus astrocytes are in direct communication
with neurons, modulating their function and ultimately providing a significant impact on

physiological and pathological conditions.

Astrocytes and Oligodendrocytes’ interactions: Astrocytes function in close proximity
with oligodendrocytes and are involved in their development and biogenesis. They induce
oligodendrocytes to align their processes with axons (Meyer-Franke et al., 1999).
Astrocytes release ATP, adenosine and neurotransmitters that elicit transient increase of
cytosolic Ca2+ which in turn regulates almost all cellular processes in oligodendrogial
differentiation (Butt, 2006; Ishibashi et al., 2006). Certain cytokines like LIF (Biancotti et
al., 2008; Ishibashi et al., 2009; Nair et al., 2008) and neurotrophins like NGF and BDNF
(Miyamoto et al., 2015) are also secreted by astrocytes which are crucial for timing
oligodendrogenesis, development and function. Proximity of astrocytes enhances and
remodels the myelination substrate of the neighboring oligodendrocytes non-cell
autonomously (lacobas & lacobas, 2010). Myelin membrane formation by
oligodendrocytes also requires extracellular lipids provided by astrocytes (Camargo et al.,
2017).

MeCP2

MeCP2 is a member of a family of DNA-binding proteins and a genome-wide,
transcriptional modulator involved in many CNS functions. MeCP2 is reported to be the
key molecule involved in the neurodevelopmental disease, Rett syndrome characterized
by loss of motor skills, microcephaly, mental retardation and autism (Amir et al., 1999).
It is found in most tissues and cell types in the body but with highest expression levels in
the brain especially in post migratory neurons. MeCP2 is reported to interact with some
master transcriptional regulators such as REST and coREST, in regulating neuronal and
glial cell specificity (Ballas et al., 2005). These REST and coREST, in turn regulate Itgbl

(Integrin beta 1 precursor- an integrin required to maintain oligodendrocyte-axonal



contact during myelination), 1D4 (factor differentially regulating myelination by altering
myelin proteins), Gpr158 and many more. REST and coREST also have diverse functions
in modulating several signalling pathways such as Notch, Neuregulin and Integrin
signalling which mediates cell-cell interactions (Abrajano et al., 2009).

MeCP2 deficiency is known to cause microcephaly in major brain regions, delayed
neuronal maturation and synaptogenesis, reduced dendritic spine density, dendritic
branching, abnormal number of axons and a defect in axonal targeting (Guy et al., 2011).
Neural maturation and synapse formation correlate with MeCP2 protein levels which
increases as the cells mature (Kaufmann et al., 2005). Recently, expression of MeCP2 has
been reported in glial cells- oligodendrocytes, astrocytes and microglia. MeCP2-deficient
oligodendrocytes differentially express myelin specific proteins (Sharma et al., 2015)
whereas MeCP2-deficient microglia cause dendritic and synaptic damage mediated by

elevated glutamate release (Maezawa & Jin, 2010).

Astrocytes and MeCP2: Recently presence of MeCP2 was reported in astrocytes at a
five-fold lower level than in neurons. Its deficiency causes neuronal morphological
abnormalities like reduced dendritic outgrowth, disruption of support for neuronal
dendritic maturation and causes abnormal dendritic arborisation (Ballas et al., 2009;
Maezawa et al., 2009). In addition, it was studied that MeCP2 negative astrocytes exert a
non-cell autonomous effect that negatively influence MeCP2 levels of normal astrocytes;
this effect is partially mediated by gap junction communication. Astrocytes from RTT
male mice, as well as their conditioned medium, cause aberrant dendritic morphology in
WT hippocampal neurons. Whereas, re-expression of MeCP2 in astrocytes significantly
improves locomotion, anxiety levels and average lifespan, suggesting that astrocyte
dysfunction is involved in the neuropathology and characteristic phenotypic regression of
RTT (Maezawa et al., 2009). Loss of MeCP2 from astrocytes also causes dysregulation
of genes of tripartite synapse like Cntn1, Syn2, Gabrgl and Grial; which could affect the
ability of astrocytes to sense neuronal activity and to modulate synaptic transmission
(YYasui et al., 2013).



In view of all the above reports, we hypothesized that astrocytic MeCP2 have a pivotal
role in oligodendrocyte and neuronal physiology by secreting some essential factors

along with regulation of axo-glial interactions and myelination related events.

In the present study, we focused on the effect of MeCP2 on molecules secreted by
astrocytes which have been known to regulate myelination, its effect on oligodendrocyte
and neuronal survival and proliferation, in regulation of axo-glial assembly molecules
like Caspr, NF155, Nrgl, Notch receptors and finally on the overall effect of deficient
astrocytic MeCP2 on key myelination genes.

Findings from the current study enhances the existing understanding on the involvement
of astrocytic MeCP2 in myelination which will help to understand several brain disorders

characterized by dysfunctional myelination.

Objectives:

1. To determine the role of MeCP2 on astrocyte secreted factors regulating myelination.
2. To determine the effect of MeCP2 deficient astrocytes on oligodendrocytes and
neuronal survival, proliferation and differentiation.

3. To study the effect of astrocytic MeCP2 in mapping of axo-glial interactions and

events of myelination.

1. To determine the role of MeCP2 on astrocyte secreted factors regulating
myelination

In the present study, we hypothesized that MeCP2 regulates certain astrocytic genes that
are known to influence myelination. We transfected astrocytes with specific MeCP2
SIRNA to induce a 40-50% silencing of MeCP2 and analysed certain astrocytic genes-
CNTF, LIF, PDGFR and CXCL10. It was found that levels of CNTF and LIF
(myelination promoters) were inhibited and those of PDGFR and CXCL10 (myelination
inhibitors) were elevated in response to MeCP2 deficiency in astrocytes. Also, secreted
levels of BDNF, a key neurotrophin involved in CNS myelination were found to be

decreased in MeCP2 knockdown astrocyte condition media in spite of elevated levels of



BDNF in astrocyte protein pool thus suggesting role of MeCP2 in affecting the secretory
pathway of BDNF in astrocytes.

2. To determine the effect of MeCP2 deficient astrocytes on oligodendrocytes and
neuronal survival, proliferation and differentiation.

We studied the effect of MeCP2 deficient astrocytes on oligodendroglial survival and
proliferation for which oligodendrocyte precursor cells (OPCs) were grown in MeCP2
knockdown astrocyte condition media (MKACM). Results indicate decreased cell
viability in OPCs grown in MKACM compared to DMEM control indicating contribution
of astrocytes in oligodendrocyte survival possibly by secreting some cell soluble factors.
Moreover, the proliferation capacity of OPCs was also compromised in presence of
MKACM compared to control. An interesting observation was in the form of
oligodendrocyte morphological studies where Myelin Basic Protein (MBP) fluorescence
levels were found to be elevated along with its extensive branching morphology in
MKACM treated oligodendrocytes. Astrocytic MeCP2 is also found to regulate neuronal
growth and survival. Neuronal morphology showed shorter and aberrant dendritic process
morphology when cultured in MKACM, an observation concurrent with transcript and
protein expression of neuronal marker, Tujl which was down-regulated in neurons

treated with MKACM, in addition to regulating the cell survival of neurons.

3. To study the effect of astrocytic MeCP2 in mapping of axo-glial interactions and
events of myelination.

To study the role of MeCP2 in regulation of axo-glial interactions, some key axo-glial
molecules were identified and their transcript levels were analysed in MeCP2 deficient
oligodendrocytes and MeCP2 deficient DRG neurons. NF155 and Notch are axo-glial
genes which are known to be expressed on oligodendroglial cell membrane during the
initial phases of myelination. We observed down regulation of NF155 gene in MeCP2
knockdown oligodendrocytes while Notch was up-regulated but not significantly. We
then assessed the expression of Caspr and Nrgl- axo-glial genes known to be expressed
on neuronal membrane and observed significant up-regulation of both Caspr and Nrgl in
MeCP2 knockdown DRG neurons which indicates regulation of these genes by DRG
MeCP2.



To assess the effect of astrocytic MeCP2 on axo-glial interaction genes, co-cultures of
DRG neurons and oligodendrocytes were plated on wild type and MeCP2 siRNA
transfected astrocytes followed by analysing the transcript levels of axo-glial interaction
genes- NF155, Notch, Caspr and Nrgl. Transcript levels of oligodendrocyte specific axo-
glial genes- NF155 and Notch were not regulated whereas neuronal specific axo-glial
genes- Caspr and Nrgl were significantly up-regulated by astrocytic MeCP2 compared to

co-cultures with wild-type astrocytes.

Primary cell cultures of oligodendrocytes, astrocytes and DRG neuronal cultures were
successfully established, maintained and characterized. Co-culture of oligodendrocytes
and DRG neurons was also successfully established and characterized identified using
cell specific markers, Myelin Basic Protein (MBP) and Neurofilament (NF), respectively.
Upon closer examination, oligodendrocytes are evidenced to make contact with
numerous DRG Neurons, often ensheathing them with an MBP+ membrane thus
confirming myelination. To assess the effect of astrocytic MeCP2 on myelin genes, co-
cultures of DRG neurons and Oligodendrocytes were plated on wild type and MeCP2
SiRNA transfected astrocytes followed by analyzing the transcript levels of myelin genes
by real time PCR. Transcript levels of myelin genes— Myelin Basic Protein (MBP),
Proteolipid protein (PLP), Myelin Associated Glycoprotein (MAG) and Myelin
oligodendrocyte glycoprotein (MOG) were found to be decreased in MeCP2 knockdown
astrocytes with DRG neurons & oligodendrocytes compared to control suggesting a key

role of astrocytic MeCP2 in regulation of myelination.

Conclusion:

Present study demonstrates that MeCP2 regulates certain astrocytic genes and
neurotrophins involved in CNS myelination along with oligodendrocyte and neuronal
morphology, survival and proliferation. Moreover, MeCP2 in oligodendrocytes and DRG
neurons regulate certain axo-glial interactions genes thus being involved in the initiation
of myelination. Astrocytic MeCP2 is also shown to be involved in CNS myelination by
regulating axo-glial interaction genes along with key myelin genes.

The present study, to the best of current knowledge is the first report which states the role

of astrocytic MeCP2 in axo-glial interactions and CNS myelination.
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