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Is MeCPZ a Gene Suppressor or Activator?
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Methyl-CpG binding protein 2 (MeCP2) was first identified in 1992;
The MeCP2 protein binds to DNA where it is methylated. Mutations in
the MeCP2 gene lead to Rett syndrome. MeCP2 binds to methylated
DNA and act as a transcriptional repressor [1]. One of critical function
of MeCP2 in the modulation of gene expression is to alter chromatin
structure [2]. Cataract is one of typical example of high expression
of MeCP2 in gene promoters of alpha a crystalline and promote the
formation of cataract [3].

More recent work demonstrated that MeCP2 also binds at actively
transcribed genes and promotes activation of DNA-methylated genes,
suggesting a role as a transcriptional activator [1]. Through a large-scale
mapping of MeCP2 binding sites in neurons, it was found that less than
6% of the MeCP2 binding sites are highly methylated, however, majority
of MeCP2-bound promoters are related gene activation, suggestion that
MeCP2 function as a gene activator [4]. So the key question remains to
be answered, is MeCP2 just a transcriptional gene repressor? Or it is a
multifunctional protein function as a gene activator?

MeCP2 has multiple posttranslational modification including
phosphorylation, acetylation and ubiquityaltion. MeCP2 is ubiquitously
expressed in the mammalian central nervous system and many other
non-neuron cells. The expression of MeCP2 is low during early life
but it increases progressively following neuron development. It is
demonstrated that brain-derived neurotrophic factor (BDNF), insulin-
like growth factor binding protein 3 (IGFBP3), the ubiquitin ligase
UBE3A, y-aminobutyric acid (GABA) receptor and the inhibitor of
DNA binding (Id) proteins are regulated by MeCP2.MeCP2 regulates
gene in the ways gene- specific and genome-wide mechanism. MeCP2
has been shown to regulate a number of physiological and pathological
conditions, such as development, cell signaling, cell proliferation and
differentiation, tumorgenesis, and neuronal and degenerative diseases
[3,4]. MeCP2 was recognized as a gene repressor in methylated
promoters, due to the existing of a domain in the MeCP2 protein
that play a role as transcriptional repression and the formation of
gene suppression complex with Sin3A, HDAC and MeCP2. The other
molecular involved in the transcriptionally silence collaborated with
MeCP2 is HP1 [5].Loss of MeCP2 results in the up-regulation of many
genes, knocking down MeCP2 by siRNA increases the expression of
PPAR-X and in MeCP2 knockout mice the PPAR-r expression is severe
times higher compared to wide type mice. The removal of MeCP2 from
CpG islands may result in the removal of gene repression and enable the
binding of transcriptional activators to gene promoters. Indeed MeCP2
mediates certainly gene silence.

Besides suppress gene expression, MeCP2 also is a gene activator.
It has been shown highly expressed MeCP2 is correlated to liver cell
trans differentiated [6],cell loss polarization, increased calcium influx,
cAMP- activation, neutrophophin signaling, and most importantly
inflammation response [7]. Interestingly, Ping et al. found that MeCP2
is the upstream of VEGF and regulates VEGF expression in carcinoma
cells [8]. Recent studies suggest MeCP2 also regulates wound healing
process. In a rat liver fibrosis model, MeCP2 expression is associated
predominately with myofibroblastic cells and is selectively expressed
in fibrotic tissues [6]. Knock down MeCP2 by specific siRNA down

regulates TGF expression and inhibits Smad2/3 activation and a-SMA
[3], fibronectin expression induced by TGF.On the other hand, MeCP2
is also regulated by other factor such as CREBI; increased CREB1
expression in turn induces miRNA132 (a negative regulator of MeCP2)
and result in decreased MeCP2. miRNA132 is found to be an important
factor to repress MeCP2 transcription , therefore, miRNA132and most
recently discovered miRNA483-5pcan be a regulatory molecular for
MeCP2 as well [9]. it is known that phosphorylation of MeCP2 lead to
dissociation of sin3, HADC and MeCP2 from a transcription repress
to be a gene activator, specifically phosphorylation of MeCP2 on serine
80 or serine 421 is related to gene silencing or activation respectively
[10,11]. Stimulation of neuronal activity is associated with the loss
of phosphorylation at serine 80.In contrast, neuronal activity was
accompanied by phosphorylation at serine 421. Furthermore, knock-
in mice of phospho-MeCP2-80 or -421 show distinct consequences in
vivo, where MeCP2-80 phosphorylation is associated with certain gene
inhibition and MeCP2-421 phosphorylation is linked to gene activation
[12,13]. More importantly, MeCP2-80 phosphorylation is relevant to
apoptosis [14], suggesting that the phosphorylation of MeCP2-80 and
that of MeCP2-421 play different roles in gene regulation. This may
allow an individual MeCP2 molecule to act as either a transcriptional
activator or a repressor, depending on its specific modifications. In the
nervous system, MeCP2 phosphorylation activated by extracellular
signals dynamically regulates gene expression. In particular, dendritic
growth and spine maturation are also regulated by phosphorylation
of MeCP2 at Ser 421[12]. In contrast, however, MeCP2-S80
phosphorylation inhibits a number of downstream genes that are
essential for some neuronal functions [12,13]. Thus, phosphorylated
MeCP2-421 may be permissive for changes in transcriptional regulation
rather than for inhibition of gene activation [12,15,16]. Besides MeCP2
421 other amino acids residues such as s86, s274, T308 also enhances
the expression of genes through MeCP2 phosphorylation [17].

MeCP2 plays numbers distinct roles in the regulation of gene
expression: First, MeCP2 acts as a transcriptional repressor; Second,
MeCP2 can also act as a gene activator in response to multiple
stimulators. Third, as indicated by Chao et al MeCP2 is an important
molecular which function like switch of Yin and Yang in cell homeostasis
maintaining [10]. Forth the response of MeCP2 to stimulator can be
positive or negative at different times [18]. Fifth transcription activities
can be modulated by MeCP2-induced chromatin unfolding [19]. Taken
together, depending on microenvironmentMeCP2 can function as a

transcript repressor, also acts as gene expression activator.
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