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Research Highlights 

(1) X-linked methyl-CpG binding protein 2 and tyrosine hydroxylase expression is reduced in 

6-hydroxydopamine-treated cells. 

(2) Overexpression of X-linked methyl-CpG binding protein 2 in SH-SY5Y cells reduced cell apop-

tosis induced by 6-hydroxydopamine and increased tyrosine hydroxylase expression. 

(3) X-linked methyl-CpG binding protein 2 inhibited 6-hydroxydopamine-induced apoptosis by in-

creasing tyrosine hydroxylase expression in SH-SY5Y cells. 

(4) X-linked methyl-CpG binding protein 2 may be a potential therapeutic target for Parkinson’s 

disease. 

 

Abstract  
X-linked methyl-CpG binding protein 2 mutations can induce symptoms similar to those of Parkin-

son’s disease and dopamine metabolism disorders, but the specific role of X-linked methyl-CpG 

binding protein 2 in the pathogenesis of Parkinson’s disease remains unknown. In the present study, 

we used 6-hydroxydopamine-induced human neuroblastoma cell (SH-SY5Y cells) injury as a cell 

model of Parkinson’s disease. The 6-hydroxydopamine (50 μmol/L) treatment decreased protein 

levels for both X-linked methyl-CpG binding protein 2 and tyrosine hydroxylase in these cells, and 

led to cell death. However, overexpression of X-linked methyl-CpG binding protein 2 was able to 

ameliorate the effects of 6-hydroxydopamine, it reduced 6-hydroxydopamine-induced apoptosis, 

and increased the levels of tyrosine hydroxylase in SH-SY5Y cells. These findings suggesting that 

X-linked methyl-CpG binding protein 2 may be a potential therapeutic target for the treatment of 

Parkinson’s disease. 
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INTRODUCTION 

    

Parkinson’s disease is the second most 

common neurodegenerative disorder, af-

fecting nearly 2% of the population over the 

age of 60
[1]

. Parkinson’s disease is charac-

terized by the pronounced degeneration of 

dopaminergic neurons in the substantia ni-

gra pars compacta, resulting in a reduction 

of striatal dopamine levels. Following the 

loss of approximately 50% of dopamine 

neurons and 75–80% of striatal dopamine 

levels, patients begin to exhibit classical 

symptoms of Parkinson’s disease
[2]

. Al-

though there are several palliative treatments 
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that can be effective over a number of years, 

their usefulness wanes over time and their 

use can be accompanied by significant side 

effects
[3]

. Thus, the development of novel 

therapies for this disorder is crucial
[4]

.  

 

Several novel therapeutic agents have been 

shown to play a role in the prevention of 

age-related dementias and Parkinson’s dis-

ease, such as nicotine
[5]

, anti-inflammatory 

molecules
[6]

, and iron chelators
[7]

. According 

to a recent review
[8]

, among the numerous 

potential genes that have been evaluated as 

potential therapeutic targets for Parkinson’s 

disease, those encoding tyrosine hydrox-

ylase, guanosine triphosphate cyclohydro-

lase I, and aromatic L-amino acid decarbox-

ylase all allow for an increase in the produc-

tion of dopamine
[9-10]

. However, currently 

available therapies can neither arrest nor 

reverse the progression of the disease either 

in the clinic or in experimental models. 

 

The X-linked methyl-CpG binding protein 2 

(MeCP2) gene, located on the long arm of 

the X chromosome (Xq28)
[11]

, encodes a 

nuclear protein, MeCP2, that binds specifi-

cally to methylated DNA and functions as a 

general transcriptional repressor by asso-

ciating with chromatin-remodeling complexes. 

MeCP2 is expressed at high levels in the 

mammalian brain
[12]

. Mutations in MeCP2 

result in Rett syndrome (RTT)
[13]

, and girls 

with RTT develop normally until 6–18 months 

of age. Parkinsonian symptoms are often 

observed in older RTT patients
[14-15]

. Addi-

tionally, in both MeCP2 mutant mice and RTT 

patients, levels of biogenic amines are de-

creased, indicating a disturbance in dopa-

minergic transmission
[16-18]

. The conditional 

loss of MeCP2 from tyrosine hydrox-

ylase-expressing catecholaminergic neurons 

has been associated with a reduction in lo-

comotion in mice
[17]

. This is interesting be-

cause, in the dopamine synthetic pathway, 

tyrosine is first hydroxylated and converted to 

levodopa by tyrosine hydroxylase. Thus, ty-

rosine hydroxylase is the rate-limiting en-

zyme in catecholamine synthesis and has 

been extensively studied in several human 

pathologies including Parkinson’s disease, 

hypertension and depression
[19-21]

. 

In immature neurons, the MeCP2 expression 

level is low but increases during neuronal 

maturation and reaches its highest level in 

postmitotic neurons
[22-23]

. This developmental 

profile of MeCP2 expression suggests that 

MeCP2 is involved in neuronal maturation 

and dendritic arborization
[24]

. Interestingly, the 

high level of MeCP2 expression in postmitotic 

neurons continues throughout adulthood, 

suggesting that MeCP2 also plays an impor-

tant role in mature neurons. In olfactory neu-

rons, the MeCP2 expression level also ap-

pears to increase in relation to neuronal ma-

turation, during the period between neuro-

genesis and synaptogenesis
[25]

. In humans, 

neuronal maturation and synaptogenesis are 

key developmental processes that occur as 

early as embryonic weeks 12 and 20, re-

spectively
[26]

. The loss of MeCP2 expression 

within this time window may be responsible 

for the observed decrease in neuronal and 

overall brain size in referral to treatment pa-

tients
[27]

. Disruptions in MeCP2 function might 

therefore interfere with neuronal maturation 

and synaptogenesis, culminating in abnormal 

development of the central nervous system. 

 

MeCP2 plays an important role in neuronal 

development, proliferation, mature synapse 

regeneration and the regulation of apopto-

sis
[28]

. One study found that mice expe-

riencing MeCP2 gene knockout at an early 

age showed similar symptoms to those in 

Parkinson’s disease, and confirmed that 

MeCP2 could regulate the metabolism of 

catecholamines and the expression of tyro-

sine hydroxylase in dopamine neurons
[29]

. 

However, the specific role of MeCP2 in do-

paminergic signaling and the pathogenesis 

of Parkinson’s disease remain unclear. 

 

To characterize the relationship between 

MeCP2 and tyrosine hydroxylase, as well as 

the role of this interaction in the etiology of 

Parkinson’s disease, we examined the ex-

pression of MeCP2 and tyrosine hydroxylase 

in 6-hydroxydopamine-treated SH-SY5Y 

neuroblastoma cells, a cellular model of 

Parkinson’s disease. In addition, we ana-

lyzed the effect of MeCP2 expression on tyr 

osine hydroxylase expression in this cellular 

model of Parkinson’s disease
[30]

.
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RESULTS 

 

6-Hydroxydopamine reduced the viability of SH- 

SY5Y cells 

To determine the optimal dose for this study, different 

concentrations of 6-hydroxydopamine (25, 50, 75, and 

100 μmol/L) were applied to SH-SY5Y cells and 

6-hydroxydopamine-induced cell death was evaluated 

using the Cell Counting Kit-8 (CCK-8) assay. The CCK-8 

assay showed that 25–100 μmol/L 6-hydroxydopamine 

significantly reduced SH-SY5Y cell viability, and the higher 

the concentration of 6-hydroxydopamine, the stronger the 

effect. A concentration of 50 μmol/L 6-hydroxydopamine, 

which decreased cell viability to 69.4 ± 3.5% and 54.1 ± 

3.3% at 12 and 24 hours, respectively (Figure 1), was 

chosen for subsequent experiments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6-Hydroxydopamine decreased the expression of 

MeCP2 and tyrosine hydroxylase in SH-SY5Y cells 

To determine whether MeCP2 is involved in the patho-

genesis of 6-hydroxydopamine-induced death in SH- 

SY5Y cells, we first measured the levels of MeCP2 and 

tyrosine hydroxylase proteins in SH-SY5Y cells treated 

with 50 μmol/L 6-hydroxydopamine for 3, 6, 12, and   

24 hours using immunocytofluorescence staining. We 

observed a marked down-regulation of MeCP2 and tyro-

sine hydroxylase proteins from 6 to 24 hours after 

treatment with 50 μmol/L 6-hydroxydopamine (Figure 2). 

In addition, we assessed the expression of MeCP2 and 

tyrosine hydroxylase in parallel cultures using western 

blot analysis. Consistent with the results of our immu-

nocytofluorescence staining, MeCP2 and tyrosine hy-

droxylase protein levels began to decrease as early as 3 

hours following 6-hydroxydopamine treatment and con-

tinued to decrease until the last time point, at 24 hours  

(P < 0.05 or P < 0.01; Figure 3). These findings show, for 

the first time, that MeCP2 levels are decreased in the 

6-hydroxy dopamine-treated SH-SY5Y cell model of 

Parkinson’s disease. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Identification of recombinant pEGFP-N1-MeCP2 

vector and MeCP2 expression 

To further elucidate the possible role of MeCP2 in the 

regulation of tyrosine hydroxylase expression, pEGFP- 

N1-MeCP2 was constructed. The plasmid pEGFP-N1- 

MeCP2 was identified by digestion with Pst I and Xho I, 

and subsequent sequencing. As shown in Figure 4A, 

the size of the fragment was consistent with the length 

of the MeCP2 gene (1 531 bp). When 

pEGFP-N1-MeCP2 and pEGFP-N1 were separately 

transfected into SH-SY5Y cells, O-MeCP2-SH-SY5Y 

and EGFP-SH-SY5Y cells were processed for western 

blot using an anti-EGFP antibody. The EGFP-MeCP2 

fusion protein was evident as an immunoreactive band 

with a relative molecular weight of 82 kDa in 

O-MeCP2-SH-SY5Y cells, and was not evident in con-

trol EGFP-SH-SY5Y cells. However, a band with a 

molecular weight of 27 kDa was seen in extracts from 

EGFP-SH-SY5Y cells (Figure 4B).  

Figure 1  Effect of 6-hydroxydopamine (6-OHDA) on the 
viability of SH-SY5Y cells. 

Different doses of 6-OHDA (25, 50, 75, and 100 μmol/L) 
were applied to SH-SY5Y cells and cell viability was 
assessed using the Cell Counting Kit-8 assay at 12 and   

24 hours. Absorbance at 540 nm was monitored and the 
results were normalized to those of control cells incubated 
with vehicle alone. Data are expressed as mean ± SD of 

three independent experiments. aP < 0.05, bP < 0.01, vs. 
control group (Ctrl) at the same time point using one-way 
analysis of variance followed by the Student Newman- 

Keuls post hoc test. h: Hours. 

Figure 2  Effect of 6-hydroxydopamine (6-OHDA) on the 
expression of X-linked methyl-CpG binding protein 2 

(MeCP2) and tyrosine hydroxylase (TH) in SH-SY5Y cells 
(immunocytofluorescence staining, × 1 000).  

SH-SY5Y cells treated with 50 μmol/L 6-OHDA for 3, 6, 12, 
and 24 hours were visualized by confocal microscopy. 

Green and red fluorescence represent MeCP2 and TH, 
respectively. The longer SH-SY5Y cells were treated with 
50 μmol/L 6-OHDA, the weaker the green and red 

fluorescence became. Ctrl: Control group. 
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MeCP2 protected against 6-hydroxydopamine- 

induced neurotoxicity 

We then examined the effects of MeCP2 overexpres-

sion on the viability of 6-hydroxydopamine-treated 

SH-SY5Y cells. Using the CKK-8 assay, we found that 

the upregulation of MeCP2 in SH-SY5Y cells increased 

cell viability following 6-hydroxydopamine treatment to 

levels comparable to those in the untreated control 

(Figure 5A). It has been reported that 6-hydroxy-

dopamine-induced cell death involves apoptotic fea-

tures such as DNA fragmentation and phosphatidylse-

rine exposure
[31]

. To assess the impact of MeCP2 

overexpression upon 6-hydroxydopamine-induced 

apoptosis in SH-SY5Y cells, we observed that 52.6 ± 

3.2% of control cells underwent apoptosis following 

exposure to 50 μmol/L 6-hydroxydopamine for 24 hours. 

The overexpression of MeCP2 resulted in a marked 

reduction of 6-hydroxydopamine-induced death in these 

cells (P < 0.01; Figure 5B, C).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3  X-linked methyl-CpG binding protein 2 (MeCP2) 
and tyrosine hydroxylase (TH) protein levels in 
6-hydroxydopamine (6-OHDA)-treated SH-SY5Y cells.  

SH-SY5Y cells were treated with 50 μmol/L 6-OHDA for 3, 
6, 12, and 24 hours and protein levels were assessed by 
western blot.  

(A) Representative western blot of MeCP2 and TH proteins.  

(B) Quantitative analysis of western blots. The quantity of 

target proteins was normalized to β-actin. Data are 
expressed as mean ± SD of three independent 
experiments. aP < 0.05, bP < 0.01, vs. 0 hours in the control 

group (Ctrl) using one-way analysis of variance followed by 
the Student Newman-Keuls post hoc test. h: Hours. 

Figure 4  Identification and expression of plasmid 

pEGFP-N1-MeCP2.  

(A) The pEGFP-N1-MeCP2 plasmid was identified by 
digestion with Pst I and Xho I. M: Marker.  

(B) The EGFP-MeCP2 fusion protein was detected by 
western blot using anti-EGFP antibody. 1: EGFP-SH- 

SY5Y cells (SH-SY5Y cells transfected with pEGFP-N1); 
2: O-MeCP2-SH-SY5Y cells (SH-SY5Y cells transfected 
with pEGFP-N1-MeCP2). MeCP2: X-linked methyl-CpG 

binding protein 2. 
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Figure 5  Effect of X-linked methyl-CpG binding protein 2 
(MeCP2) on the viability and apoptosis of 
6-hydroxydopamine-treated SH-SY5Y cells.  

Control group (Ctrl): Untreated cells; model group: cells 
incubated with 6-hydroxydopamine (50 μmol/L) for      
24 hours; MeCP2 group: cells transfected with 
pEGFP-N1-MeCP2 for 24 hours, followed by treatment 

with 6-hydroxydopamine (50 μmol/L) for 24 hours.  

(A) Cell viability was quantified using the Cell Counting 
Kit-8 assay. Absorbance at 540 nm was monitored and the 
results were normalized to those of control cells. 

(B) Flow cytometry analysis of apoptosis. 

(C) Quantitative analysis of cell apoptosis.  

Data are expressed as mean ± SD of three independent 
experiments. aP < 0.05, bP < 0.01, vs. control group;     
cP < 0.05, dP < 0.01, vs. MeCP2 group using one-way 

analysis of variance followed by the Student 
Newman-Keuls post hoc test. 
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MeCP2 increased tyrosine hydroxylase expression 

in 6-hydroxydopamine-treated SH-SY5Y cells  

To examine whether MeCP2 overexpression has an im-

pact on tyrosine hydroxylase expression, we used immu-

nocytofluorescence to examine the protein levels of tyro-

sine hydroxylase in SH-SY5Y cells. As shown in Figure 2, 

there was a marked decrease in tyrosine hydroxylase 

immunoreactivity in SH-SY5Y cells treated with 6-hydroxy- 

dopamine compared with controls. However, in cells 

transfected with pEGFP-N1-MeCP2, the expression of 

tyrosine hydroxylase following 6-hydroxydopamine treat-

ment was at least partially rescued (Figure 6). This finding 

was confirmed by western blot of extracts from 6-hydro-

xydopamine-treated cells with and without MeCP2 over-

expression (Figure 7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 

Parkinson’s disease is a chronic neurodegenerative 

disease, primarily occurring in middle-aged individuals, in 

which the main pathological feature is the death of 

substantia nigra dopaminergic neurons. The underlying 

causes of this cell death are not yet understood, and 

treatment for Parkinson’s disease relies mainly on levo-

dopa replacement therapy, a palliative treatment whose 

long-term use may render it ineffective in patients, or 

may lead to dopamine-induced dyskinesia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Therefore, an increased understanding of the etiology of 

Parkinson’s disease, as well as novel therapeutic ap-

proaches, is crucial. Despite many years of intense re-

search, the exact mechanisms by which neuronal death 

occurs in Parkinson’s disease remain unknown. Under-

standing the underlying cause of Parkinson’s disease is 

necessary to direct research that will lead to the devel-

opment of new and potent therapies. 6-hydroxydopamine 

causes parkinsonism in animals by decreasing dopamine 

levels and tyrosine hydroxylase activity, impairing do-

pamine uptake, and eliciting dopaminergic neuronal 

loss
[32]

. Also, 6-hydroxydopamine has been extensively 

used in vivo in mammalian species and in in vitro para-

digms as experimental models of Parkinson’s disease
[33]

. 

Given the parallels with Parkinson’s disease, further 

understanding of the mechanisms by which 6-hydroxy-

dopamine leads to dopaminergic neuronal death could 

provide insights into therapeutic targets for Parkinson’s 

disease
[33]

.  

Figure 6  Effects of upregulated X-linked methyl-CpG 
binding protein 2 (MeCP2) on 6-hydroxydopamine 

(6-OHDA)-treated SH-SY5Y cells 
(immunocytofluorescence staining, × 1 000).  

Control (Ctrl): Untreated cells; GFP: cells transfected with 

pEGFP-N1 alone; 6-OHDA: cells incubated with 6-OHDA 
(50 μmol/L) for 24 hours; 6-OHDA + MeCP2-GFP: cells 
transfected with pEGFP-N1-MeCP2, followed by 6-OHDA 

(50 μmol/L) for 24 hours. Blue, green, and red 
fluorescence represent DAPI, MeCP2, and tyrosine 
hydroxylase (TH), respectively. After SH-SY5Y cells were 

incubated with 6-OHDA (50 μmol/L) for 24 hours, the red 
fluorescence became weaker, but after SH-SY5Y cells 
were transfected with pEGFP-N1-MeCP2, followed by 

6-OHDA treatment for 24 hours, the red fluorescence did 
not become weaker. 

Figure 7  Expression of X-linked methyl-CpG binding 
protein 2 (MeCP2) and tyrosine hydroxylase (TH) proteins 

in SH-SY5Y cells.  

Control group (Ctrl): Untreated cells; model group: cells 
incubated with 6-OHDA (50 μmol/L) for 24 hours; MeCP2 

group: cells transfected with pEGFP-N1-MeCP2 for     
24 hours, followed by 6-OHDA (50 μmol/L) treatment for 
24 hours. MeCP2 and TH proteins were detected by 

western blot. The data are expressed as mean ± SD of 
three independent experiments. aP < 0.01, vs. Ctrl; bP < 
0.01, vs. model group using one-way analysis of variance 

followed by the Student Newman-Keuls post hoc test. 
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MeCP2 is a ubiquitous protein. Mutations in MeCP2 

cause Rett syndrome, a severe neurodevelopmental 

disorder that mainly affects females. MeCP2 binds to 

methylated DNA and associates with various 

co-repressor complexes, thereby working as a methyla-

tion-dependent transcriptional repressor
[15]

, although 

recent results indicate that it might also activate gene 

expression
[34]

. The MeCP2 protein is thought to function 

as a transcriptional repressor in methylated regions of 

DNA via two distinct domains, a methyl-CpG-binding 

domain
[35]

, which binds to symmetrically methylated cy-

tosines, and a transcriptional repression domain
[36]

, 

which interacts with co-repressor proteins, including 

specific histone deacetylases and mSin3a
[37]

. New evi-

dence suggests that MeCP2 may also bind to active 

genes
[38-39]

. MeCP2 has also been shown to interact with 

RNAs to influence alternative splicing
[40]

. Recent findings 

suggest that MeCP2 may mediate increases in the ex-

pression of some genes
[34, 39]

. For example, in MeCP2- 

null mice, the loss of MeCP2 causes decreases in the 

mRNA and protein levels of tyrosine hydroxylase and 

tryptophan hydroxylase 2
[41]

. 

 

The present study is the first to examine the role of 

MeCP2 in a Parkinson’s disease cell model. We as-

sessed MeCP2 expression using both immunocytoflu-

orescence and western blot. The results showed that 

both tyrosine hydroxylase and MeCP2 protein expres-

sion were significantly reduced following 6-hydroxy-

dopamine treatment in SH-SY5Y cells. Specifically, the 

protein levels of both tyrosine hydroxylase and MeCP2 

decreased significantly from 6 to 24 hours following 

6-hydroxy-dopamine treatment. Subsequent CCK-8 

assays and flow cytometry showed that 6-hydroxy do-

pamine treatment induced apoptosis in this cell line. 

Previous studies have shown that the promoter for the 

tyrosine hydroxylase gene contains an MeCP2-binding 

site
[38]

. In addition, in MeCP2-deficient mouse models of 

Rett syndrome, a deficit in tyrosine hydroxylase is ob-

served in various peripheral catecholaminergic tis-

sues
[42]

 and the central nervous system, including the 

brainstem
[43-44]

 and locus coeruleus
[45]

. In MeCP2-/y 

mice, the number of tyrosine hydroxylase-positive 

neurons was reduced in the nervous system, as was 

the amount of dopamine
[43-44]

.  

 

Thus, there is a clear relationship between MeCP2 and 

dopamine catalysis. In this study, we sought to test the 

hypothesis that the reduced expression of tyrosine hy-

droxylase following 6-hydroxydopamine treatment in 

SH-SY5Y cells contributes to the reduced expression of 

MeCP2 in SH-SY5Y cells
[46]

.  

To determine whether the decreased expression of 

MeCP2 in 6-hydroxydopamine-treated SH-SY5Y cells 

underlies the reduction in tyrosine hydroxylase expres-

sion, we overexpressed MeCP2 in these cells by means 

of transfection with MeCP2-expressing or control vectors, 

followed by exposure to 6-hydroxydopamine. Remarka-

bly, both the increased expression of tyrosine hydrox-

ylase and decreased cell viability following 6-hydroxy 

dopamine treatment were rescued by the overexpression 

of MeCP2 in SH-SY5Y cells. An MeCP2- binding site in 

the tyrosine hydroxylase promoter was recently de-

scribed, opening the possibility that the tyrosine hydrox-

ylase mRNA level could be regulated by MeCP2
[38]

. 

Since MeCP2 can function as both an activator and a 

repressor of transcription, it is only speculative to assign 

a clear role for MeCP2 in the regulation of the tyrosine 

hydroxylase promoter
[36]

. The level of brain-derived 

neurotrophic factor, which is clearly regulated by MeCP2, 

is also a key factor in the survival of tyrosine hydroxylase 

neurons located in the brainstem as well as in the che-

moafferent pathway
[47-50]

. It was previously reported that 

the lack of MeCP2 disrupts transsynaptic brain-derived 

neurotrophic factor regulation in the adrenal medulla and 

the chemoafferent pathway, and this could participate in 

the tyrosine hydroxylase deficit
[51-52]

. In neuronal cultures, 

MeCP2 binds to brain-derived neurotrophic factor pro-

moter III to repress transcription of brain-derived neuro-

trophic factor
[47, 53]

. Brain-derived neurotrophic factor 

protein and mRNA levels are decreased by 70% in the 

brains of MeCP2 mutant mice compared with the levels 

in wild-type mice
[54]

, and are significantly reduced in the 

brains of RTT patients
[55]

. Our studies show that the 

upregulation of MeCP2 expression greatly inhibited 

6-hydroxydopamine-induced apoptosis in SH-SY5Y cells, 

and increased the protein expression levels of tyrosine 

hydroxylase. Thus, the upregulation of MeCP2 in the 

dopaminergic SH-SY5Y cell line is protective against 

6-hydroxydopamine toxicity. 

 

Consistent with previous reports
[13]

, we found that, fol-

lowing 6-hydroxydopamine treatment, the levels of 

MeCP2 decreased significantly, leading to decreases in 

the levels of tyrosine hydroxylase protein in SH-SY5Y 

cells. The mechanism underlying this decrease in tyro-

sine hydroxylase may involve the occupation of MeCP2 

on the tyrosine hydroxylase and Tph2 promoters
[38, 41]

. 

These previous findings, combined with our expression 

data, point to a potential role for MeCP2 in the upregula-

tion of genes involved in dopamine synthesis, a concept 

consistent with recent reports
[38, 41]

. Also, pretreatment 

with MeCP2 upregulation under conditions in which 

SH-SY5Y cells showed complete neuroprotection could 
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almost completely block 6-hydroxydopamine-induced 

apoptosis in SH-SY5Y cells. Our findings suggest a 

novel yet unknown role for MeCP2 in SH-SY5Y cells in 

the control of neuronal response to cell death. These 

results demonstrate that the decrease in cell death oc-

curred in 6-hydroxydopamine-induced SH-SY5Y cells 

following upregulation of MeCP2 expression may have 

been due to inhibition of both caspase- and apoptosis 

inducing factor-dependent apoptotic mechanisms
[56]

. 

Recently, MeCP2 phosphorylation at Ser 80, Ser 229 

and Ser 421 was shown to occur in the brain and mod-

ulate MeCP2 silencing activities
[57-58]

. Homeodo-

main-inte- racting protein kinase 2 was found to be a 

kinase that binds MeCP2 and phosphorylates it at Ser 80 

in vitro and in vivo and modulates cell proliferation and 

apoptosis, and the neurological defects of Hipk2-null 

mice indicate its role in normal brain functions
[59]

. The 

role of MeCP2 in regulating cell growth and apoptosis 

may occur in 6-hydroxydopamine-induced SH-SY5Y 

cells, but further study is required to confirm this. 

 

In conclusion, the MeCP2 level is reduced in 

6-hydroxydopamine-induced dopaminergic cell death in 

vitro, and the upregulation of MeCP2 in SH-SY5Y cells 

restores tyrosine hydroxylase expression and is protec-

tive against apoptosis. Targeting MeCP2 activity may 

thereby be a viable therapeutic approach to rescue do-

paminergic neurons in Parkinson’s disease. 

 

 

MATERIALS AND METHODS 

 

Design 

In vitro comparative observation of cytology. 

 

Time and setting 

The experiments were performed in the Medical Re-

search Center of Zhongnan Hospital, Wuhan University, 

China from January 1
st
, 2011 to March 30

th
, 2012. 

 

Materials 

The human dopaminergic neuroblastoma cell line, 

SH-SY5Y, was purchased from America Type Culture 

Collection, Manassas, VA, USA. 

 

Methods  

Cell culture and drug treatments 

SH-SY5Y cells were cultured at 37°C in 5% CO2 in Dul-

becco’s modified Eagle’s medium (Gibco, Carlsbad, CA, 

USA) supplemented with 10% fetal bovine serum (Gibco) 

and 1% penicillin/streptomycin. 6-hydroxydopamine 

(Sigma, St. Louis, MO, USA) was dissolved in 0.9% NaCl 

solution containing 0.01% ascorbic acid to create a stock 

concentration of 10 mmol/L and was used at a final 

concentration of 25, 50, 75, and 100 μmol/L. SH-SY5Y 

cells in the logarithmic growth phase at approximately 

75% confluency were treated with 6-hydroxydopamine 

(25, 50, 75, and 100 μmol/L) for 24 hours. 

 

Construction and transfection of pEGFP-N1-MeCP2 

into SH-SY5Y cell 

Construction of recombinant vector pEGFP-N1-MeCP2: 

Total cellular RNA was extracted from SH-SY5Y cells 

using Trizol reagent (Invitrogen, Carlsbad, CA, USA) 

according to the protocol provided by the manufacturer. 

Total RNA (1 µg) was reverse-transcribed using M-MLV 

reverse transcriptase (Promega, Madison, WI, USA). 

Fragments of human MeCP2 cDNA (NM_001110792) 

were amplified by PCR using the following primers:  

Forward 5′-GCG CTC GAG GGT AAA AGC CGT CCG 

GAA AAT-3′; Reverse 5′-CGG CTG CAG GCT AAC TCT 

CTC GGT CAC GGG C-3′. Pst I and Xho I (Promega, 

Madison, WI, USA) restriction sites were included in the 

primers (underlined) to facilitate the ligation of cDNA 

products into pEGFP-N1 vector (Beijing Solarbio Science 

& Technology Co., Ltd., Beijing, China). The initial PCR 

step was performed at 95°C for 5 minutes. PCR reac-

tions were performed using a total of 35 cycles consisting 

of a 30-second melting phase at 95°C, followed by a 

30-second annealing phase at 56°C, then a 30-second 

extension phase at 72°C. The product of PCR was con-

firmed by gel electrophoresis. The fragment was at-

tached to pEGFP-N1 vector by T4 ligase (Fermentas Inc, 

Ontario, Canada). The resulting plasmid was verified by 

Sanger sequencing
[60] 

and restriction digestion and was 

termed “pEGFP-N1-MeCP2”. 

 

Transfection of recombinant vector pEGFP-N1-MeCP2 

into SH-SY5Y cells: SH-SY5Y cells were plated into 

six-well plates at 4 × 10
5
 cells/mL, grown overnight to 

approximately 60% confluency and transfected with 

pEGFP-N1 or pEGFP-N1-MeCP2. Briefly, 10 μL of Li-

pofectamine 2000 (Invitrogen) was mixed with 250 μL of 

opti-MEM (Gibco) at room temperature for 5 minutes to 

prepare the Lipofectamine 2000 mixture. The DNA mix-

ture was prepared by adding 4 μg of pEGFP-N1-MeCP2 

or pEGFP-N1 per well to 250 μL of opti-MEM for 5 mi-

nutes. Then, 250 μL of DNA mixture was added to the  

250 μL Lipofectamine 2000 mixture and incubated at 

room temperature for 20 minutes. The mixture was then 

added to each well and incubated in 5% CO2 incubator at 

37°C for 6 hours. The Lipofectamine/DNA mixture was 

removed and the fresh DMEM supplemented with 10% 

fetal bovine serum was added for incubation overnight. 
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Cells transfected with pEGFP-N1 were termed “EGFP- 

SH-SY5Y” cells and those transfected with pEGFP- 

N1-MeCP2 were termed “O-MeCP2-SH-SY5Y” cells. 

 

CCK-8 assay for cell viability 

For quantitative analysis of cell viability, the cytotoxicity 

and proliferation of the were assessed using the CCK-8 

assay (Dojindo, Kumamoto, Japan), based on the reduc-

tion MTT by the mitochondrial dehydrogenase of intact 

cells
[61]

. The cells were seeded in a 96-well plate at a 

density of 5 × 10
4
/mL and routinely incubated at 37°C for 

24 hours prior to use. The cells were treated with 

6-hydroxydopamine (50 μmol/L) for 3, 6, 12, and      

24 hours in 100 μL media without serum and 10 μL of 

CCK-8 was added to each well. Following incubation at 

37°C for 2 hours in a humidified CO2 incubator, absor-

bance at 540 nm was monitored using a microplate 

reader (SpectraMax Plus 384; Molecular Devices, Santa 

Clara, CA, USA). The values obtained were normalized 

to those of control cells incubated with vehicle only. 

 

Flow cytometry analysis of apoptosis 

SH-SY5Y cells were plated into six-well plates at 4 ×  

10
5
 cells/mL and incubated until they reached the loga-

rithmic phase. Following a 24-hour pretreatment with 

6-hydroxydopamine, the cells were subsequently trypsi-

nized and centrifuged at 600 × g at 4°C for 5 minutes. 

The supernatant was removed and the cells were 

washed with cold PBS. After washes, the cells were re-

suspended in PBS at a density of 1 × 10
6
/mL. The sus-

pension was subsequently added to fluorescein isothi-

ocyanate-labeled Annexin V (Sigma) and stained with 

propidium iodide (Sigma). Flow cytometric analysis was 

performed using a FACSAria flow cytometer (Becton 

Dickinson, Franklin Lakes, NJ, USA).  

 

Immunocytofluorescence staining for MeCP2 and 

tyrosine hydroxylase expression 

SH-SY5Y cells were seeded onto coverslips in six-well 

plate, fixed with a 4% paraformaldehyde solution at 37°C 

for 10 minutes, washed three times with PBS, permeabi-

lized with 0.1% Triton X-100 in PBS for 10 minutes, and 

blocked with 1% bovine serum albumin (Sigma) in PBS 

for 1 hour. Rabbit anti-MeCP2 polyclonal antibody 

(HA000593, 1:300 dilution; Sigma) and goat anti-tyrosine 

hydroxylase polyclonal antibody (sc-7847, 1:100 dilution; 

Santa Cruz Biotechnology, Santa Cruz, CA, USA) were 

separately diluted in PBS containing 0.1% Triton X-100 

and applied overnight at 4°C. After three washes with 

PBS, cells were exposed to fluorescein isothiocya-

nate-labeled goat anti-rabbit IgG (1:800; Jackson, San 

Diego, CA, USA) or CY3 labeled rabbit anti-goat IgG 

(1:800; Jackson) at room temperature for 1 hour, then 

labeled with 4′,6-diamidino-2-phenylindole (Sigma) and 

dried in a dark room before the coverslips were mounted 

onto glass microscope slides with Vectashield medium 

(Vector Laboratories, Burlingame, CA, USA). Immunof-

luorescence was visualized using a confocal laser scan-

ning microscope (Leica TCS SP2, Solms, Germany). 

 

Western blot analysis for MeCP2 and tyrosine 

hydroxylase expression 

SH-SY5Y cells were seeded in six-well plates at a den-

sity of 4 × 10
5
 cells/mL. After treatment, the cells were 

harvested, washed three times with precooled PBS, 

and lysed for western blot. After centrifugation, the su-

pernatants were collected and stored at –70°C until 

testing. The protein concentrations of lysates from 

SH-SY5Y cells were measured using bicinchoninic acid 

assay kits (Beyotime, Haimen, Jiangsu, China). Equal 

amounts of protein from each sample were electro-

phoresed on 12% denaturing sodium dodecyl sulfate 

polyacrylamide gels. Protein was then transferred to 

polyvinylidene fluoride membranes for 90 minutes at 

200 mA. Membranes were blocked with 5% fat-free 

powdered milk at room temperature for 1 hour and in-

cubated overnight at 4°C with rabbit anti-MeCP2 po-

lyclonal antibody (1:2 000), goat anti-tyrosine hydrox-

ylase polyclonal antibody (1:500), rabbit anti-EGFP 

polyclonal antibody (bs-2194R; 1:500; Bioss, Beijing, 

China) and mouse anti-human β-actin monoclonal an-

tibody (sc-81178; 1:1 000; Santa Cruz Biotechnology). 

Following 1 hour of incubation separately at room tem-

perature with horseradish peroxidase-coupled goat an-

ti-rabbit IgG, horseradish peroxidase-coupled rabbit an-

ti-goat IgG, and horseradish peroxidase-coupled goat 

anti-mouse IgG (Jackson), the membranes were washed 

with PBS and bound antibody was detected using en-

hanced chemiluminescence detection reagents (Thermo, 

Boston, MA, USA). Immunoreactivity was quantified with 

Sigma Scan Pro 5 and the absorbance from bands 

representing MeCP2 and tyrosine hydroxylase was 

normalized to the β-actin loading control to standardize 

for variations in loading. 

 

Statistical analysis 

Experiments were conducted in triplicate and data are 

expressed as mean ± SD. Data were analyzed with 

one-way analysis of variance followed by the Student 

Newman-Keuls post hoc test. A value of P < 0.05 was 

considered statistically significant. All statistical analyses 

were performed using SPSS 15.0 for Windows (SPSS, 

Chicago, IL, USA).  
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