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中文摘要： 瑞特氏症 (Rett Syndrome, RTT) 是一種發展遲緩型心智障

礙，其症狀特徵為在出生後 6-18 個月後逐漸失去語言能力及

目標導向之運動技能，接著出現手部絞動之刻板行為，行動困

難及自閉傾向。大部分的 RTT 病例是肇因於 X染色體上製造甲

基 CpG 結合蛋白 2 (MeCP2)的基因發生偶發性突變。MeCP2 蛋

白缺失之小鼠可重現主要的 RTT 症狀。無論是在 RTT 患者或模

式小鼠，心理運動失調均為發作早期之典型症狀，顯示 MeCP2

蛋白缺失所造成之神經細胞病變可能發生在腦部發育的早期。

然而，在 RTT 的致病機轉中, 神經功能病理損傷發生的時間窗

以及心理運動失調所涉及的腦部區域則尚未被詳細地探討。由

於紋狀體在運動與認知功能的控制扮演重要的角色，因此我們

假設 RTT 之心理運動失調主要是由於發育中的紋狀體受到干擾

而產生異常所致。本研究發現 MeCP2 缺失的小鼠在一個月大

時，其開放空間活動力及運動協調能力已經明顯較差；而其紋

狀體中不但多巴胺含量減少，多巴胺受體分子的表現量有明顯

的改變，在紋狀體內區間分隔結構的紋狀小體（striosome）

中μ型類鴉片受體(μ-opioid receptor, MOR)的蛋白表現也

明顯減少。以免疫染色法進一步分析紋狀體中中間神經元

(interneuron)的分布，發現其中表現 parvalbumin(PVB)的中

間神經元細胞數目明顯增加，且其樹突分支範圍較正常鼠密集

且分布較廣；然而表現 calretinin 的中間神經元相較於正常

鼠則無明顯差異。為進一步釐清紋狀體中之 MeCP2 蛋白在運動

控制的角色，我們利用 Cre-LoxP 的方法進行區域專一性的研

究，將 MeCP2 從正常小鼠的紋狀體移除，並分析這些 Mecp2 條

件缺失小鼠之心理運動行為及紋狀體的表型特徵。結果發現，

Mecp2 條件缺失小鼠不但在紋狀體均呈現與 Mecp2 基因剔除小

鼠相似的特徵，且在開放空間測試或加速滾輪測試上都表現出

和 Mecp2 基因剔除小鼠相似的運動障礙。顯示紋狀體的分子表

現與細胞組成，及其所調控的正常活動力及運動學習能力皆需

要 MeCP2 蛋白的參與。因此，瑞特氏症之運動障礙可能主要為

紋狀體中 MeCP2 蛋白之缺失所導致。本研究之發現將有助於未

來瑞特氏症運動障礙的預防與治療。 

英文摘要： Rett syndrome (RTT), a neurodevelopmental disorder 

caused by mutations of methyl-CpG binding protein 2 

(MECP2), is characterized by motor dysfunction, such 

as ataxia and loss of hand use, and autistic features. 

Based on the key roles of the striatum in motor 

control, we hypothesized that the striatum could be 

the major affected neural substrate accounts for motor 

deficits in RTT. To address this issue, we used mouse 

models to investigate the role of the striatum in 



pathogenesis of motor dysfunction in RTT. We found 

hypoactivity and deficits of motor coordination in 

Mecp2 null mice. Reduced dopamine levels and increased 

dopamine D2 receptors (DRD2) were found in the rostral 

striatum of the Mecp2 null mice. In addition, we found 

that the expression levels of mu-opioid receptor (MOR, 

the striosomal marker) were decreased up to 34.6% 

while the cell number of parvalbumin (PVB)-positive 

interneurons was increased by 86.9% in the rostral 

striatum of Mecp2 null mice. To further investigate 

the pathogenic role of the striatum in RTT, we 

analyzed motor behavior and the striatal phenotypes of 

Mecp2 conditional knockout (cKO) mice in which the 

floxed Mecp2 gene was removed by Cre recombinase 

mainly in the GABAergic neurons of the striatum. These 

Mecp2-cKO mice showed similar striatal phenotypes (eg. 

reduced dopamine level, reduced MOR protein expression 

and increased PVB-positive interneurons) and similar 

motor deficits (both in locomotion and motor learning) 

to that observed in Mecp2 null mice. It suggests that 

MeCP2 is required for normal striatal gene expression 

which in turn is critical for normal locomotion and 

motor skill learning controlled by the striatum. 

Altogether, this study highlights the importance of 

the striatum as a pathogenic neural substrate of motor 

dysfunctions in mouse models of RTT, and offers a new 

perspective for therapeutics of RTT or prevention of 

its symptomatic progression. 
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I 

中文摘要 

 

瑞特氏症 (Rett Syndrome, RTT) 是一種發展遲緩型心智障礙，其症狀特徵為

在出生後 6-18 個月後逐漸失去語言能力及目標導向之運動技能，接著出現手部

絞動之刻板行為，行動困難及自閉傾向。大部分的 RTT 病例是肇因於 X 染色體

上製造甲基 CpG 結合蛋白 2 (MeCP2)的基因發生偶發性突變。MeCP2 蛋白缺失

之小鼠可重現主要的 RTT 症狀。無論是在 RTT 患者或模式小鼠，心理運動失調

均為發作早期之典型症狀，顯示 MeCP2 蛋白缺失所造成之神經細胞病變可能發

生在腦部發育的早期。然而，在 RTT 的致病機轉中, 神經功能病理損傷發生的

時間窗以及心理運動失調所涉及的腦部區域則尚未被詳細地探討。由於紋狀體在

運動與認知功能的控制扮演重要的角色，因此我們假設 RTT 之心理運動失調主

要是由於發育中的紋狀體受到干擾而產生異常所致。本研究發現 MeCP2 缺失的

小鼠在一個月大時，其開放空間活動力及運動協調能力已經明顯較差；而其紋狀

體中不但多巴胺含量減少，多巴胺受體分子的表現量有明顯的改變，在紋狀體內

區間分隔結構的紋狀小體（striosome）中 μ型類鴉片受體(μ-opioid receptor, MOR)
的蛋白表現也明顯減少。以免疫染色法進一步分析紋狀體中中間神經元

(interneuron)的分布，發現其中表現 parvalbumin(PVB)的中間神經元細胞數目明

顯增加，且其樹突分支範圍較正常鼠密集且分布較廣；然而表現 calretinin 的中

間神經元相較於正常鼠則無明顯差異。為進一步釐清紋狀體中之 MeCP2 蛋白在

運動控制的角色，我們利用 Cre-LoxP 的方法進行區域專一性的研究，將 MeCP2
從正常小鼠的紋狀體移除，並分析這些 Mecp2 條件缺失小鼠之心理運動行為及

紋狀體的表型特徵。結果發現，Mecp2 條件缺失小鼠不但在紋狀體均呈現與

Mecp2 基因剔除小鼠相似的特徵，且在開放空間測試或加速滾輪測試上都表現出

和 Mecp2 基因剔除小鼠相似的運動障礙。顯示紋狀體的分子表現與細胞組成，

及其所調控的正常活動力及運動學習能力皆需要 MeCP2 蛋白的參與。因此，瑞

特氏症之運動障礙可能主要為紋狀體中 MeCP2 蛋白之缺失所導致。本研究之發現

將有助於未來瑞特氏症運動障礙的預防與治療。 

 

關鍵字: 紋狀體，第二型甲基 CpG 結合蛋白，瑞特氏症，自閉症，運動障礙 



II 

Abstract 
 
    Rett syndrome (RTT), a neurodevelopmental disorder caused by mutations of 
methyl-CpG binding protein 2 (MECP2), is characterized by motor dysfunction, such 
as ataxia and loss of hand use, and autistic features. Based on the key roles of the 
striatum in motor control, we hypothesized that the striatum could be the major 
affected neural substrate accounts for motor deficits in RTT. To address this issue, we 
used mouse models to investigate the role of the striatum in pathogenesis of motor 
dysfunction in RTT. We found hypoactivity and deficits of motor coordination in 
Mecp2 null mice. Reduced dopamine levels and increased dopamine D2 receptors 
(DRD2) were found in the rostral striatum of the Mecp2 null mice. In addition, we 
found that the expression levels of mu-opioid receptor (MOR, the striosomal marker) 
were decreased up to 34.6% while the cell number of parvalbumin (PVB)-positive 
interneurons was increased by 86.9% in the rostral striatum of Mecp2 null mice. To 
further investigate the pathogenic role of the striatum in RTT, we analyzed motor 
behavior and the striatal phenotypes of Mecp2 conditional knockout (cKO) mice in 
which the floxed Mecp2 gene was removed by Cre recombinase mainly in the 
GABAergic neurons of the striatum. These Mecp2-cKO mice showed similar striatal 
phenotypes (eg. reduced dopamine level, reduced MOR protein expression and 
increased PVB-positive interneurons) and similar motor deficits (both in locomotion 
and motor learning) to that observed in Mecp2 null mice. It suggests that MeCP2 is 
required for normal striatal gene expression which in turn is critical for normal 
locomotion and motor skill learning controlled by the striatum. Altogether, this study 
highlights the importance of the striatum as a pathogenic neural substrate of motor 
dysfunctions in mouse models of RTT, and offers a new perspective for therapeutics 
of RTT or prevention of its symptomatic progression. 
 
 
Key words:  striatum, MeCP2, Rett syndrome, autism, motor dysfunction 
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Introduction 前言（含研究目的與文獻探討） 

Rett Syndrome (RTT) is a neurodevelopmental disorder primarily affect female with an 

estimated prevalence rate of one in 10,000~15,000 birth (Hagberg et al., 1983). The patients of 

RTT are characterized by initially normal growth and development for 6-18 months after birth, 

followed by regression of learned motor and language skills, progressively appearing autistic 

behaviors, breathing abnormality, seizure and mental retardation (Hagberg, 2002). Most of RTT 

girls exhibit psychomotor deficits, such as stereotypical hand movement and walking disabilities, 

which usually exacerbate with age and develop Parkinson’s features in their late stage of life 

(Chahrour and Zoghbi, 2007). Understanding the neural basis of motor deficits in RTT may 

contribute to development of agents for prevention and treatment so that improving life quality 

of patients.  

Mutations of the X-linked gene encoding methyl-CpG binding protein 2 (MeCP2) has been 

identified as the major genetic cause of RTT (Amir et al., 1999). The MeCP2 protein is mostly 

expressed in the nucleus of mature neurons and playing a role of transcription regulator 

(Shahbazian et al., 2002). Through interacting with the co-repressors (eg. Sin3A and HDACs) or 

co-activators (eg. CREB and PCAF), MeCP2 may both negatively and positively regulate target 

gene expression (Jones et al., 1998;Nan et al., 1998;Chahrour et al., 2008). MeCP2 was also 

reported as a regulator of mRNA splicing (Young et al., 2005) and miRNA synthesis (Szulwach 

et al., 2010;Wu et al., 2010). The mice modeling RTT with MeCP2 loss-of-function recapitulate 

many RTT-like symptoms including hypoactivity and deficits in motor coordination and motor 

skill learning (Chen et al., 2001;Shahbazian et al., 2002;Guy et al., 2001). The impaired motor 

coordination, reduced locomotion and defective motor responses have been manifested as early 

as the neonatal stage of Mecp2 null mice (Stearns et al., 2007;Santos et al., 2007), suggesting the 

movement abnormalities could be the earliest sign of behavioral symptoms for RTT (Ricceri et 

al., 2008). However, it has yet been determined how MeCP2 deficiency causes motor 

dysfunction of RTT.  
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The severe motor symptoms in RTT suggest that there must be some neuronal insults in 

brain areas controlling voluntary movement. Two brain regions, the basal ganglia and the 

cerebellum, have been well documented for their function in movement control and thus are 

possibly underlie the psychomotor deficits in RTT. Notably, however, deletion of Mecp2 

specifically in forebrain neurons leads to RTT-like impairments in locomotor activity and motor 

coordination in mice (Gemelli et al., 2006), suggesting the pathological origin of motor 

symptoms in RTT could be in the forebrain. The major input nucleus of the basal ganglia, the 

striatum, containing more than 98% GABAergic neurons (the medium spiny neurons), receiving 

the glutamatergic excitatory inputs from the cerebral cortex and dopaminergic modulatory inputs 

from the substantia nigra in the midbrain, has been implicated in numerous developmental 

psychiatric disorders including autism (Simpson et al., 2010;Kreitzer and Malenka, 2008;Langen 

et al., 2009;Langen et al., 2007). Previous studies showed altered GABAergic receptor binding 

activities in the striatum of postmortem brains of RTT girls (Blue et al., 1999). Recently, Peca et 

al. reported that loss of an autism candidate protein, Shank3, disrupts the striatal functions and 

impairs social behavior, highlighting the importance of the striatum in pathogenesis of autism 

spectrum disorder (Peca et al., 2011). In addition, a recent report demonstrated that loss of 

MeCP2 in subset of forebrain GABAergic neurons disrupts GABA production and induces 

stereotypy and RTT-like behaviors in mice (Chao et al., 2010), suggesting the GABAergic 

neurons in the forebrain may play a pivotal role in RTT’s pathogenesis. However, whether 

MeCP2 deficiency leads to defective structure and function of the striatum remains unclear. In 

the present study, we analyzed the motor behaviors and striatal phenotypes of Mecp2 null mice. 

To clarify the causal relationships between MeCP2 expression and striatal structure/function, we 

also analyzed the mice lacking MeCP2 predominantly in the striatum (conditional knockout, 

cKO) which were generated by crossing the Dlx5/6-Cre and Flox-Mecp2 transgenic mice. Using 

the Cre-loxP system to deplete MeCP2 expression in specific brain areas (eg. hypothalamus, 

amygdala, locus ceruleous) or neurotransmitter systems (eg. cholinergic, serotonergic, 
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GABAergic neurons) in mice has linked these unique regions/neurons to certain symptoms of 

RTT (Adachi et al., 2009;Chao et al., 2010;Samaco et al., 2009;Ward et al., 2011). In our hands, 

the mice lacking MeCP2 in the striatum exhibited the motor deficits and altered neurochemical 

phenotypes of the striatum similar to those found in Mecp2 null mice. The cKO mice traveled 

less distance and moved slower in an open-field, and performed worse motor skill learning on 

rotarod than wild-type controls done. Reduced level of striosomal marker protein mu-opioid 

receptor (MOR), increased expression of dopamine D2 receptors (D2R), and increased number 

of parvalbumin (PVB)-expressing interneurons had been found in the striatum-Mecp2 cKO mice. 

Our findings suggest that MeCP2 in the striatum is necessary for executing normal psychomotor 

behavior in mice.  

 

Experimental procedures 研究方法 

Generation of Mice:  Mice carrying the Mecp2 null allele (Mecp2tm1Bird) were commercially 
available (Jackson Laboratory, USA). The heterozygous female Mecp2 null mice were crossed 
with male C57B/6J wild-type mice to generate hemizygous Mecp2 male null mice. To generate 
the conditional Mecp2 knockout mice (cKO), the heterozygous Dlx5/6-Cre transgenic male mice 
were crossed with Jae-lox-Mecp2 female mice in which the loxP sites flanked the exon 3 of 
Mecp2 gene (Chen et al., 2001) (both lines were kindly provided from Dr. Zhou, University of 
Pennsylvania). All the mice were weaned at postnatal 21-23 days (P21-23) and genotyped by 
polymerase chain reaction (PCR, see below). All animal work was performed in accordance with 
institutional ethical guidelines. 
 
Genotyping:  The MeCP2 null mutant mice were established by deletion of genomic fragment 
containing exon 3 and exon 4 (Guy et al., 2001). The heterozygous female null mice using in this 
study were generated by crossing the C57/BL6J males (purchased from National Laboratory 
Animal Center) and heterozygous female null mice. The mice were genotyped by polymerase 
chain reaction (PCR) (Miralves et al., 2007) using REDExtract-N-AmpTM Tissue PCR Kit 
(Sigma). Briefly, the tail tissues of mice were collected at 3-4 weeks old and incubated in 100ul 
mixtures of extraction solution and tissue preparation solution (4:1) at 55 ºC for 20 min, the lysates 
were denatured at 95 ºC for 3 min, followed by 4 ºC for 5 min, and then adding 80ul neutralization 
solution and mixing well. One microlitter of lysate was used for each PCR reaction. The primers for 
genotyping of MeCP2 gene were WT- FW (5’-GACCCCTTGG GACTGAAGTT-3’), KO-FW 
(5’-CCATGCGATAAGCTTGATGA-3’) and RV (5’-CCACC CTCCAGTTTGG TTTA-3’). 
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The PCR amplification was first carried out at 94°C for 5 min followed by 35 cycles at 94°C for 30 
sec, 64°C for 40 sec, and 72°C for 40 sec. An additional process at 72°C for 7 min was run at the 
end of the PCR reaction. The PCR products of 411 bp and 458 bp were corresponded to WT and 
mutant allele, respectively. The genotyping for the floxed-Mecp2 mice and Dlx5/6-Cre mice was 
performed as described in the mouse data sheet (The Jackson Laboratory). 
 
Real-time quantitative RT-PCR:  RNA extraction was performed by Trizol® (Invitrogen) 
followed with RNA-eazy purification kit (Qiagen). One microgram RNA was used for cDNA 
synthesis with SuperScript II reverse transcriptase (invitrogen). The primers for TH, D1R, D2R, 
GluR1, GluR3, MOR1, Calb and Irak1 were designed by Primer 3 software and the real-time 
quantitative PCR was performed with SYBR® Green PCR master mix (Applied Biosystems) in 
Mx3000P real-time PCR system (Strategene). To normalize the gene expression of each sample, 
the mRNA level of HPRT (hypoxanthine-guanine phosphoribosyl transferase, a house-keeping 
gene for purine metabolism) was used as the internal control.  
 
Immunohistochemistry: Mice at postnatal day (P)30~35 or P75~90 were transcardially perfused 
with 4% paraformaldehyde (PFA) in PBS, and the brains were post-fixed for overnight followed 
by cryopreservation for at least 48 hours. Immunohistochemistry was performed as previously 
described (Liao et al., 2008) with the following primary antibodies: MOR1 (1:10,000, Millipore), 
calbindin (1:500, Cell Signaling), TH (1:2000, Millipore), DARPP32 (1:2000, Cell Signaling), 
parvalbumin (PVB, 1:2000, Sigma), MeCP2 (1:2000, kindly provided by Dr. Joe Zhou) and 
dopamine D2 receptor (D2R, 1:5000, Millipore). All the antibodies are polyclonal and made 
from rabbit except that PVB and D2R antibody was derived from mouse and rat, respectively. 
Following incubation with primary antibody, sections were incubated with secondary antibody 
of biotinylated goat-anti-rabbit IgG (1:500), goat-anti-rat IgG (1:500) or horse-anti-mouse IgG 
(1:500) in 0.1 M PBS containing 1% serum or BSA for 1-2 hours. The sections were then 
incubated for 1-1.5 hr with avidin-biotin-complex (1:200, Standard or Elite ABC kit, Vector). 
The immunoreactivities were detected with the substrate of diaminobenzedine in the presence of 
0.007% hydrogen peroxide. The images were observed with the bright-field microscope (Zeiss), 
digitalized by the CCD camera (Hamamatzu), and analyzed by Scion Image Software (NIH). 
 
Immunoblotting: The tissue of different brain regions were harvested immediately following 
decapitating the mice by cervical dislocation. Lysis buffer containing protease inhibitor 
(Amresco) was added to the tissue prior to sonication, after centrifugation of 14,000g for 10min, 
the lysate was collected and measured for protein concentration. Protein concentrations were 
determined using the BCA (bicinchoninic acid) method. After a denaturating step at 96 °C for 5 
min, proteins (20 μg) were separated on an 8% SDS-polyacrylamide gel and transferred onto a 
PVDF membrane (Amersham Pharmacia Biotech) by liquid electroblotting (Mini Trans-Blot 
Cell, Bio-Rad) for 1 h at 100 V. Non-specific binding was prevented by pre-incubating the 
membrane with 5% nonfat dry milk in TBS Tween 0.1% for 1 h at room temperature. Primary 
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antibodies of rabbit anti-dopamine D2 receptor (Millipore, 1:1000) and mouse anti-beta-actin 
(Novus, 1:100,000) were diluted in the same solution and incubated overnight at 4 °C. After 
extensive washing of the membrane with 5% nonfat dry milk TBS Tween 0.1%, appropriate 
peroxidase-conjugate antibodies were incubated for 2 h at room temperature. Bound antibody 
was detected with an enhanced chemiluminescence reagent kit (ECL, Millipore). Digital images 
were obtained using an imager (LIAS Operating Instructions) and signal quantified on 16-bit 
images using the Scion Image software from NIH.  
 
Measurement of dopamine by HPLC: P30 (n = 3 Mecp2−/y, n = 3 WT) mice were sacrificed by 
cervical dislocation, the rostral, middle and caudal caudate–putamen were microdissected using a 
punching needle (0.5 mm Ø) and kept at −80 °C until biochemical analysis. Tissue extraction 
was made at 0 °C with 110 μl of perchloric acid containing 1.34 mmol/l EDTA and 0.05% w/v 
sodium bisulphite, spiked with 2 nmol/l DHBA used as internal standard. Sonication was applied 
twice 10 s. After homogenization, extracts were centrifuged at 14,000 rpm at +4 °C for 15 min. 
50 μl of supernatant was analyzed on the same day. The HPLC system was composed of a 
Hitachi L-7000 series equipped with a degasser, a L-7100 pump, an L-7200 autosampler 
thermostated at 10 °C and a Decade Intro electrochemical detector fitted with a 3 mm glass 
carbon working electrode, an Ag/AgCl reference electrode and a 25 μm spacer (Antec, Leyden, 
The Netherlands). Separations were performed using a 250 mm×4.6 mm i.d. C18 5 μm Beckman 
Ultrasphere column equipped with two Phenomenex C18 filters in a security guard system. The 
mobile phase was pumped at a microflow rate of 1 ml/min and composed of 0.7M sodium 
phosphate, 0.1 mmol/l EDTA, 1.1 mmol/l OSA, 3.1 mmol/l triethylamine, and 14% methanol, 
pH adjusted to 3 with 1 mmol/l citric acid, and it was filtered with 0.45 μm cellulose acetate 
membranes before use. The eluted fractions were detected at an oxidation potential of 700 mV vs 
reference electrode. The column and the detection cell were housed within the Faraday cage of 
the electrochemical detector that was set to 25.5 °C. The day of the analysis, 50 μl of the samples 
was placed in the autosampler and kept at +10 °C before injection. The injection volume was 20 
μl. The retention times were 8~9 min and 10~11 min for DOPAC and DA, respectively. 
 
Open field test:   The spontaneous activity of mice was tested in a square Perspex arena (40 cm 
x 40cm, 25 cm high) in a dim-lighten and sound-proof room during 1~5pm of testing day. 
Individual mouse was placed in the center of the open field and allowed to explore it for 16 min. 
The locomotor behavior was recorded by a computer-linked overhead video camera and 
analyzed by Smart video-tracking system (Harvard Apparatus, USA). The total distance traveled, 
percentage time of resting, the average moving speed, the maximal moving speed and the 
percent of time spent in the central zones were calculated automatically.  
 
Accelerating rotarod test:  The mutant mice and their wild-type littermate controls were  
briefly trained on the treadmill (Harvard Apparatus) with constant speed of 4 rpm for 30 sec. 
Following 30min interval, the mice were tested with accelerating speed from 4 to 40 rpm within 
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5 min. Three testing trials were performed on each day with an inter-trial interval of 30 min for 
five consecutive days. The training session was performed only prior to the first testing trial of 
the first day. The time at which the mice fell from the rotating rod was recorded automatically by 
the stop-plate for each trial. The median values of falling latency for three trials of each day were 
used for statistic analysis of two-way ANOVA followed by Bonferroni’s post-hoc test. 

 

Results 結果 

Impaired locomotor activity and motor coordination in Mecp2 null mice 

We first characterized the motor function of Mecp2 null mice with open field test and 

accelerating rotarod task. Both male and female mice at age of 4-5 weeks were tested in a 40 x 

40 cm open-field arena in a dim-lightened and sound-proved room for 16 minutes in which the 

first 3.5 min (habituation period) was excluded in data analysis. By using video-tracking 

software, the total traveled distance, percentage of resting time, average moving speed, maximal 

moving speed and percentage of time spend in the center were measured for null mice (KO) and 

their wild-type (WT) littermate controls. The male null mice traveled less distance [distance 

traveled(mm): 3155.9 ± 100.5 in KO vs. 3886.2 ± 159.1 in WT; KO/WT: 85.5 ± 2.2%, p < 

0.0001, student t-test] and spent more time for rest (% resting time: 37.33 ± 1.46% in KO vs. 

32.46 ± 1.64% in WT; KO/WT: 109.8 ± 3.2%, p < 0.01, student t-test); in addition, they moved 

slower [average moving speed(mm/sec): 6.99 ± 0.09 in KO vs. 7.97 ± 0.18 in WT; KO/WT: 89.6 

± 1.8%, p < 0.0001; maximal moving speed(mm/sec): 56.63 ± 3.1 in KO vs. 86.37 ± 11.73 in 

WT; KO/WT: 70.1 ± 3.0%, p < 0.0001, student t-test] and exhibit a significant thigmotaxis, eg. 

the trend of avoiding to walk cross or stay in the center area (% time in center arena: 17.51 ± 

3.14% in KO vs. 29.85 ± 2.72% in WT; KO/WT: 68.2 ± 11.2%, p < 0.01, student t-test), 

suggesting an increased anxiety in the mutant mice (Fig. 1A).  

To further measure motor coordination and motor learning ability, the Mecp2 null mice and 

their wild-type littermates were tested on a rotating rod for five consecutive days. The longer 

latency the mice fall down the rod, the better motor coordination they have. On the first day of 

testing, the Mecp2 null mice fell down sooner than their WT controls [falling latency(sec): 19.83 
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± 3.13 for KO vs. 67.5 ± 7.86 for WT, p < 0.001, student t-test; Fig.1B], manifested an impaired 

motor coordination in these Mecp2 null mice. During the testing of day 1 to day 4, the falling 

latency of the mutants progressively lengthened (Day2: 30.67 ± 3.37, Day3: 36.67 ± 4.82, Day4:  

 

Figure 1. Impaired locomotion and motor coordination in Mecp2 null mice of one month old. 
A. representative track maps and quantified activities of mice in open field test. Total Dist., total 
traveled distance; Resting T%, percent time of resting; V-avg, average moving speed; V-max, 
maximal moving speed; Center T%, percent time spent in the center arena. B. performance of 
mice on an accelerating rotarod for five consecutive testing days. **, p < 0.01; ***, p < 0.001; 
comparing to wild-type controls; Student t-test.  

47.33 ± 6.28) as the WT controls did (Day2: 80.7 ± 6.96, Day3: 84.7 ± 10.27, Day4: 111.2 

±13.91; time effect: F(4, 84) = 16.92, p < 0.0001; no interaction effect between genotype and 

testing day, two-way ANOVA), however, the everyday performance of Mecp2 null mice was 

worse than their WT controls (genotype effect: F(1, 21) = 26.9, p < 0.0001, two-way ANOVA) 

suggesting motor skill learning of rotarod test was preserved but motor coordination was 

impaired in the Mecp2 null mice.  

 

Altered neurochemical phenotypes and cellular composition in the striatum of Mecp2 null 

mice 

The severe motor symptoms in RTT patients and in Mecp2 null mice suggest that there must 
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be neuronal insults in their brain areas controlling voluntary movement. Deletion of Mecp2 

specifically in forebrain neurons of mice leads to RTT-like impairments in locomotor activity and 

motor coordination (Gemelli et al., 2006), suggesting the pathological origin of motor symptoms 

in RTT could be in the forebrain. The striatum, the largest subcortical nucleus in the forebrain, 

containing more than 98% GABAergic neurons (the medium spiny neurons, MSNs), receiving 

the glutamatergic excitatory inputs from the cerebral cortex and dopaminergic modulatory inputs 

from the substantia nigra, has been implicated in psychomotor control and numerous 

developmental psychiatric disorders including autism (Kreitzer and Malenka, 2008; Simpsom et 

al., 2010; Langen et al., 2007; Langen et al., 2009). Besides, previous studies showed altered 

GABAergic receptor binding activities in the striatum of postmortem brains of RTT girls (Blue et 

al., 1999), and loss of MeCP2 in subset of forebrain GABAergic neurons disrupts GABA 

production and induces stereotypy and RTT-like behaviors in mice (Chao et al., 2010), 

suggesting the striatal GABAergic neurons may play a pivotal role in pathogenesis of motor 

deficits in RTT. We hypothesized that loss of MeCP2 may affect the properties of the striatal 

neurons which may change the striatal function in motor control. We thus characterized the 

striatal phenotypes in Mecp2 null mice.  

1. Altered dopamine neurotransmission in the striatum of Mecp2 null mice 

(1) Reduced dopamine in the rostral striatum of Mecp2 null mice 

Mountains of evidence demonstrate that fluent movement performance and normal 

cognitive function requires a normal dopamine level in the striatum (Kreitzer and Malenka, 

2008). Aberrant dopamine transmission in the striatum leads to movement disorders such as 

Parkinson’s disease as well as psychiatric disorders like schizophrenia (Simpson et al., 

2010;Graybiel et al., 1994). In terms of RTT, previous studies in imaging and neurochemical 

assays of postmortem brain from patients demonstrated selective neuronal loss of midbrain 

dopaminergic neurons and aberrant binding of dopamine receptors in RTT patients (Chiron et 

al., 1993). We therefore hypothesized that the striatal dopamine level and molecules involved 
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in dopamine neurotransmission might be altered in the Mecp2 null mice. To test this 

possibility, we first examined the transcript level of tyrosine hydroxylase (TH) with 

qRT-PCR in the caudate-putamen (the dorsal striatum) of Mecp2 null mice. In one-month-old 

males, the mRNA of TH was significantly reduced in mutant striatum (KO/WT: 67.4 ± 7.1%; 

p < 0.01, n = 4; Fig. 2A), the reduction of TH mRNA was also prominent in three-month-old 

heterozygous (Het) females (Het/WT: 76.5 ± 6.4%; p < 0.05, n = 4, student t test; Fig. 2A). 

Since TH is responsible for biosynthesis of dopamine, we next measured dopamine level of 

the striatum by high performance liquid chromatography (HPLC). Surprisingly, the reduction 

of dopamine in the striatum of Mecp2 null mice was in a region-dependent manner: very 

striking reduction of dopamine level was found in the rostral striatum (Bregma 1.86 mm; 

KO/WT: 21.95 ± 9.5 %, p < 0.01; Fig.2B) but not in the middle (Bregma 0.86 mm; KO/WT: 

78.63 ± 8.22 %, p > 0.05; Fig.2B) and caudal striatum (Bregma -0.26 mm; KO/WT: 87.77 ± 

7.19 %, p > 0.05; Fig.2B). Because the TH is homogeneously distributed in the adult mouse 

striatum, our finding suggested an unexpected mechanism may be involved in 

MeCP2-dependent region-specific regulation of dopamine neurotransmission.  

 

(2) Increased dopamine D2 receptors in the striatum of Mecp2 mutants 

To address whether the expression of dopamine receptors would be affected by loss of 

MeCP2, we examined the transcript levels of dopamine D1 receptors (D1R) and dopamine D2 

receptors (D2R) in the striatum of Mecp2 mutants. Increased D2R, but not D1R, mRNA was 

found in the striatum of three-month-old Het females (Het/WT: 108.34 ± 11.3% for D1R, p > 

0.05, n = 4; 119.37 ± 7.1% for D2R, p < 0.05, n = 4; Fig. 2A). To verify the increase of D2R, we 

further examined the D2R protein expression in the striatum and cortex of Mecp2 null mice by 

immunoblotting (Fig. 2C and D). The increase of D2R was found only in the striatum (ST) but 

not in the cortex (CTX) of the Mecp2 null mice comparing with the wild-type littermate control 

(ST: 125.02 ± 4.91 % of WT, p < 0.001, n = 7; CTX: 91.05 ± 14.31 % of WT, p > 0.05, n = 8,  
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Figure 2. Altered dopamine neurotransmission in the striatum of Mecp2 null mice. A. Reduced 
tyrosine hydroxylase (TH) and increased dopamine D2 receptors (D2R) mRNA measured by qRT-PCR 
in the striatum of mice with deficient level of MeCP2. F, female; M, male. N=4 for all genotypes. B. 
Reduced level of dopamine measured by HPLC at the rostral but not the middle and caudal striatum of 
Mecp2 null mice. N=3 for each group. C and D. immunoblotting results undicated that increased D2R 
protein levels in the striatum but not in the cortex of the Mecp2 null mice. *, p < 0.05; **, p < 0.01; ***, 
p < 0.001. Student t-test.    

student t-test; Fig. 2D). These findings suggested MeCP2 is required for normal dopamine 

neurotransmission. Loss of MeCP2 reduces dopamine release in the rostral striatum and 

enhances D2R expression in the striatum. 

 

2. Reduced expression of striosomal marker protein MOR1 in Mecp2 null mice 

 The MSNs are heterogeneously organized in the striatum: the striosomes (the patches) and 

the surrounding matrix are separated during perinatal period (Graybiel, 1984). The neurons in 

these two compartments are born at different neurogenesis time windows, expressing different 

molecular markers, receiving afferents from different cortical layers, projecting to different 

midbrain regions and controlling different behaviors (Graybiel, 1983;Gerfen, 1992). In terms of 

the neurochemical properties, the striosomal neurons are enriched with mu-opioid recepoter 

(MOR) while calbindin (Calb) is highly expressed in the matrix neurons (Liu and Graybiel, 

1992). The striosomes are most enriched at the rostral striatum in which the percentage of the 



 11

striosomal area is about 15~25% of total striatum in WT mice (Song and Harlan, 1994). The 

distribution of the striosomes is gradually reduced from rostral to caudal striatum. Only sparse 

striosomes are located in the dorsal-most sector of the caudal striatum. Since MeCP2 is a 

transcription regulator (Jones et al., 1998;Nan et al., 1998;Chahrour et al., 2008), we 

hypothesized that loss of MeCP2 may alter the neurochemical expression or affect the 

compartment organization in the striatum. To address this issue, we analyzed the protein 

expression of the striosomal marker, MOR, and the matrix marker, Calb, of the Mecp2 null mice 

and their WT controls with immunostaining. The patch pattern expression of MOR1 was 

prominent in the striatum of the WT controls (Fig. 3A), while the number of MOR1-positive 

striosomes were significantly reduced in the dorsal striatum of Mecp2 null mice (Fig. 3B). The 

adjacent sections stained with Calb showed that less calbindin-poor zones (the striosomal areas)  

 

Figure 3. Reduced expression of the striosomal maker, MOR, 
in the striatum of Mecp2 null mice. A and B, immunostaining 
results shows the MOR-positive patches (striosomes) in the 
striatum of WT (A) and Mecp2 null (B) mice. C and D, the 
adjacent sections of A and B were immunostained for the matrix 
maker, calbindin (Calb). The Calb-poor zone (arrow in C) is 
corresponding to the MOR-positive patch (arrow in A) in the 
striatum of wild-type mice, while very low expression of MOR 
was detected in the Calb-poor zone of mutant striatum (arrows in B 
and D). scale in D for A~D: 500μm. E and F, quantification of 
patch areas. G. the transcript levels of MOR and Calb measured by 
qRT-PCR in the Mecp2 heterozygous female mice of 10~12 weeks 
old. Irak1 serves as a control of positive regulation. N=4 for each 
group, *, p < 0.05; **, p < 0.01; ***, p < 0.001; Student t-test. 
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were distributed in the striatum of mutants compared to WT controls (Fig. 3C, D), and less 

MOR1 expression in most of Calb-poor zones in the mutant striatum (arrowheads in Fig. 3B, D). 

To quantify the reduction of the striosomal area, we measured the MOR1-positive area at 

different levels of dorsal striatum of Mecp2 null mice and their WT controls. A significant 

reduction was found in all rostral, middle and caudal levels of the striatum in the Mecp2 null 

mice compared with their WT controls (Rostral: 12.63 ± 2.61% in KO vs. 18.4 ± 2.46% in WT; 

KO/WT: 65.41 ± 6.49%, p < 0.01; Middle: 7.53 ± 1.30% in KO vs. 9.98 ± 1.38% in WT; 

KO/WT: 74.74 ± 4.38%, p < 0.01; Caudal: 3.20 ± 0.39% in KO vs. 6.13 ± 1.53% in WT; KO/WT: 

59.0 ± 11.43%, p < 0.05, student t-test) (genotype effect: F (1,16) = 8.51, p = 0.01; interaction: 

F(2,16) = 0.71, p > 0.05; two-way ANOVA).  

To further verify whether the reduction was due to transcriptional regulation, we measured 

the mRNA expression level of MOR1 in the striatum of Mecp2 null mice and their WT controls 

with real-time quantitative RT-PCR. About 45% reduction of MOR1 mRNA level was found in 

the striatum of Mecp2 null mice compared to the WT controls (55.31 ± 6.58 % of WT, p < 0.05; 

Fig. 3G). Notably, the expression of the matrix marker, Calb, in mutant striatum remained the 

similar level as that in the WT controls (93.53 ± 8.14% of WT, p > 0.05, student t-test; Fig. 3G). 

These results suggested that loss of MeCP2 would down-regulate the striosomal marker (MOR) 

but preserve the matrix marker (Calb) expression in the striatum at the transcriptional level.   

 

3. Increased parvalbumin-expressing interneurons in the striatum of Mecp2 null mice 

In addition to the compartment organization, the striatal function is largely modulated by 

the GABAergic interneuronal circuitry (Kreitzer and Malenka, 2008). Among interneuron 

populations in the striatum, the parvalbumin-positive fast-spiking interneurons (PVB+ FSIs) 

make synapses onto the striatal projection neurons (SPNs) of both direct and indirect pathway, 

and evoke large IPSPs in them to effectively delay or completely block spiking in postsynaptic 

SPNs(Koos and Tepper, 1999). It is now generally accepted that striatal PV+ FSIs are the major 
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components of powerful, feedforward inhibition that regulate spike timing in SPNs, thereby 

regulating striatal output (Tepper et al., 2010). We thus studied whether the number and 

distribution of PVB+ neurons would be altered in the striatum of Mecp2 null mice. The neurons 

expressing PVB were immunostained and counted at different levels of the striatum. The PVB+ 

interneurons were not homogeneously located throughout the striatum, rather they distributed in 

a dorsal to ventral, lateral to medial, and rostral to caudal gradient of decreasing density (Gerfen 

et al., 1985; Kita et al., 1990; Wu and Parent, 2000; Fig. 4A) Comparing with the WT controls, 

the PVB+ cell number was significantly increased in the striatum of mutants (Rostral: 126.88 ± 

4.30 in KO vs. 70.00 ± 7.78 in WT, KO/WT: 186.9 ± 18.7%, p < 0.01; Middle: 209.13 ± 14.46 in 

KO vs. 138.00 ± 7.04 in WT, KO/WT: 152.1 ± 9.9%, p < 0.01; Caudal: 216.00 ± 12.05 in KO vs. 

155.25 ± 16.52 in WT, KO/WT: 142.1 ± 10.1%, p < 0.05; student t-test; Fig. 4E, F). In addition, 

the dendritic arborization of the striatal PVB+ interneurons was more extended in Mecp2 null 

mice than that in WT controls (Fig. 4C, D). These findings suggested that loss of MeCP2 may  

blunt motor outputs of the striatum through increasing cell number and dendritic arborization of 

 
Figure 4. Increased parvalbumin-positive (PVB+) interneurons in the striatum of Mecp2 
null mice. A-D, immunostaining of PVB+ neurons in the striatum. C and D are images of higher 
magnification for square box in A an B. The PVB+ cells (white arrows in C and D) are increased 
in dorsomedial portion of the striatum (square box in A and B) with more extended dendritic 
arborization in Mecp2 null mice (comparing D and C). Scale bar in B(for A, B) is 500μm, in D 
(for C, D) is 20μm. E, cell counts of PVB+ interneurons at different levels of the striatum. F, 
normalization of the striatal PVB+ cell number with that of the wild-type mice. *, p < 0.05; **, p 
< 0.01; Student t-test.  
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the striatal PVB+ interneurons.   

 

Impaired locomotion and motor skill learning in Mecp2-cKO mice 

 To further investigate the pathogenic role of the striatum in RTT, we analyzed motor 

behaviors of Mecp2 conditional knockout (cKO) mice in which the floxed Mecp2 gene was 

removed by Cre recombinase mainly expressed in the forebrain GABAergic neurons (Ghanem et 

al., 2008). Given that more than 98% of striatal neurons are GABAergic neurons (Krezler and 

Malenka, 2008), the striatum could be the major brain region in which MeCP2 was conditionally 

removed by Dlx5/6-Cre. We found the MeCP2 protein was missing in the whole striatum, 

however, almost intact expression of MeCP2 was found in the brain regions out of the striatum in 

the Mecp2-cKO mice (data not shown). These mice were significantly hypoactive in the open 

field test (Fig. 5A, B): they traveled less distance [total traveled distance(mm), WT: 4272.1 ± 

170.66, Cre: 3795.3 ± 123.21, Flox: 3944.1 ± 154.43, cKO: 3116.7 ± 151.1; cKO/WT: 72.96 ± 

3.75%, p < 0.001), took more rest (% time of resting, WT: 31 ± 1.19%, Cre: 33.6 ± 0.7%, Flox: 

33.4 ± 1.07%, cKO: 37.7 ± 1.55%; cKO/WT: 121.77 ± 5.3%, p < 0.01) and moved slower 

[average moving speed (mm/sec), WT: 8.58 ± 0.24, Cre: 7.94 ± 0.19, Flox: 8.19 ± 0.2, cKO: 6.93 

± 0.19; cKO/WT: 80.78 ± 2.41%, p < 0.001] [maximal moving speed (mm/sec), WT: 65.59 ± 2.6, 

Cre: 67.79 ± 4.37, Flox: 64.05 ± 3.61, cKO: 50.38 ± 1.99; cKO/WT: 76.8 ± 3.2%, p < 0.001] 

than their wild-type littermate controls. In rotarod test, the cKO mice performed nearly normal as 

the wild-type controls on the first two days of testing [the falling latency (sec) on Day1: WT: 

66.0 ± 16.0, Cre: 68.4 ± 7.2, Flox: 69.0 ± 10.9, cKO: 54.8 ± 10.9; Day2: WT: 70.3 ± 11.3, Cre: 

91.4 ± 14.9, Flox: 87.0 ± 8.9, cKO: 59.1 ± 9.0). However, they failed to learn the motor skills 

running on the accelerating rotarod from the third to fifth testing days (Day3: WT: 132.3 ± 12.9, 

Cre: 112.8 ± 7.9, Flox: 103.7 ± 12.2, cKO: 67.9 ± 10.3; Day4: WT: 157.3 ± 17.4, Cre: 135.4 ± 

10.1, Flox: 124.6 ± 13.2, cKO: 74.1 ± 7.6; Day5: WT: 151.7 ± 45.4, Cre: 124.2 ± 7.1, Flox: 

117.8 ± 7.6, cKO: 82.6 ± 6.4)(ANOVA: genotype effect, F(3,24) = 6.7, p = 0.0019; time effect, 
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F(4, 96) = 27.78, p < 0.0001; cKO vs. WT: p > 0.05 for day1 and day2, p < 0.05 for day3 and 

day5, p < 0.01 for day4, post-hoc Bonferroni test). These findings suggested that normal 

expression of MeCP2 in the striatum is required for normal locomotion and motor skill learning.  

 

 

Figure 5. Impaired locomotor activities and motor learning in Mecp2-cKO mice. A and B, 
representative traveling tracks and quantified activities shows less locomotion in cKO mice than 
wild-type(WT)/Cre or Flox controls in the open field test. Total Dist., total traveled distance; 
Resting T%, percent time of resting; V-avg, average moving speed; V-max, maximal moving speed; 
Center T%, percent time spent in the center arena. B. performance of mice on an accelerating 
rotarod for five consecutive testing days. The cKO mice failed to learn motor skills of running 
rotarod during the third to fifth testing days. *, p < 0.05; **, p < 0.01; ***, p < 0.001; comparing to 
wild-type controls; Student t-test.  

 

Discussion 討論 

Recent studies suggest that the number of dopaminergic neurons is reduced in the midbrain 

substantia nigra of Mecp2 null mice (Panayotis et al., 2011); in addition, loss of MeCP2 leads to 

alterations in morphological and electrophysiological properties of dopaminergic neurons (Gantz 

et al., 2011). Our findings in the present study extended the knowledge about the role of 

dopamine and the striatum in pathogenesis of RTT, also brought a new insight in the role of 

MeCP2 in maintaining the striatal functions on motor control. Further investigation will be 

needed to explore how loss of MeCP2 causes the striatal dysfunction and motor deficits of RTT, 

and how these striatal interferences can be reversed/rescued in mice by genetic or 
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pharmacological interventions.  
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國科會補助專題研究計畫項下出席國際學術會議心得報告 
                           日期： 99 年 12 月 29 日 

                

一、參加會議經過 
神經科學年會（Annual meeting of Neuroscience）為「美國神經科學學會」（Society 

of Neuroscience）一年一度的學術研討會，本次會議為第 40 屆。筆者多年來一直視

此會議為拓展視野及自我國際化的機會，故每年均盡可能參加。本次會議筆者之壁

報論文為博士後研究之成果，因此係由先前實驗室主持人投稿與報告（摘要內容詳

見六）。 
 

二、與會心得: 
筆者有幸參與第40屆神經科學年會(Neuroscience 2010)，與來自全球各地的專家學

者齊聚一堂，針對神經科學各相關議題彼此交流、分享研究成果與實務經驗，實是獲

益良多。此次大會之主要議題與往年一樣分成Ａ神經發育，Ｂ神經興奮性、突觸與神

經膠細胞，Ｃ神經系統的疾病，Ｄ感覺與運動系統，Ｅ神經內分泌與恆定系統；其中

與「Ｃ神經系統的疾病」相關之研討場次最多，所涵蓋的討論範圍也最廣。以大型研

討會（featured lectures, special lectures 及symposia）為例，在此主題之下共

有14場研討會分別討論中風(stroke)、肥胖症(obesity)、阿茲海默症(Alzeimer＇s 

disease)、巴金森氏症(Parkinson＇s disease)、藥癮(drug addiction)、憂鬱症

(depression)、躁鬱症(bipolar disorder)、 焦慮症（anxiety disorders）、精神

分裂症(Schizophrenia)及自閉症(autism)的致病機轉與可能的治療策略；由此可知精

神或心智疾病與退化性神經疾病的相關議題可能是目前神經科學各次領域中較受關注

的研究方向。 

在心智障礙或精神疾病(mental illness/psychiatric disorders)相關的議題

中，筆者特別注意與自閉症或瑞特氏症相關的研究。較令筆者印象深刻的是會議一開

場(11/13下午)就是由Dr. Fischbach所主持關於「自閉症研究的進展與前瞻」的公開

研討會（public symposium），其中包含五個重量級的講者，分別討論自閉症的行為

計畫編號 NSC 99－2320－B－004－001－MY2 
計畫名稱 探索瑞特氏症心理運動失調之神經基礎:發育中紋狀體的角色 
出國人員

姓名 廖文霖 服務機構

及職稱 
國立政治大學  
神經科學研究所 

會議時間 99 年 11 月 13 日至 
99 年 11 月 17 日 會議地點 美國 聖地牙哥 

會議名稱 
(中文) 第 40 屆神經科學年會 
(英文) 40th Annual Meeting, Society of Neuroscience 

發表論文

題目 

(中文) 瑞特氏症小鼠模式中海馬迴神經迴路失調與疾病症狀共生: 發育

衰退的可能模式 
(英文)  Hippocampal circuit disorder in mouse model of RTT is coincident 
with overt RTT-like symptoms: Potential model of developmental regression 
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學（G.D. Fischbach）、遺傳學(E.Eichler)，分子醫學(M.F.Bear)，神經電生理學

(K.Pelphrey)，神經生物學以及瑞特氏症與自閉症的關係(H.Y.Zoghbi)。由主辦單位

（神經科學學會，SFN）的這項安排顯示，自閉症研究在當今神經科學領域中相當重要。

事實上，由於自閉症罹病率在近年發現有明顯的增加，世界各國都相繼投注非常多的

研究資源與人力在從事自閉症相關的研究，期望能從不同的角度利用不同的技術發現

自閉症真正的成因，進而發展治療的策略，改善患者的生活。每次開會看到這麼多人

都這麼努力地做研究發表成果，努力為這些受疾病所苦的人們找尋解藥，筆者都非常

感動，也衷心希望自己能貢獻一己之力在這件有意義的事情上。 

感謝國科會對於此類學術會議的補助，讓我們有機會和國外學者直接交流溝通，

不但增加自己研究視野的廣度及深度，也使我們得以掌握當今研究的脈動，而提升自

己擬定研究方向及執行研究計劃的能力。  

 

三、考察參觀活動(無是項活動者略) 
  無 
 
四、建議 

美國神經科學年會每年都有超過兩萬名來自世界各地的神經科學研究者參與，會

中可以接觸各式各樣神經科學相關領域的演講及研究人員，在相互切磋討論之下增加

自己在各領域的知識，是擴展研究視野的重要方式。尤其在會議中，大家利用海報展

示的機會和來自不同國家的學者交流，是一個認識同領域的研究人員並建立合作關係

的絕佳機會。姑且不論語言的表達能力如何，能夠利用這樣的機會增進自己在國際研

究社群中的表達能力及能見度，個人認為是研究人員迫切需要的在職訓練。建議國科

會應多多支持新進之計畫主持人參與此類大型國際會議，並增加申請補助的管道、經

費與通過率。 

 

五、攜回資料名稱及內容 
會議摘要集共6本：內容包含本會議所有投稿之論文標題及報告順序。  
會議論文摘要電子檔光碟片：內容包含本會議所有口頭報告及壁報論文之摘要。  
 

六、其 他  
1. 壁報論文之摘要內容 

870. Developmental Disorders: Animal Models and Mechanisms 

Program#/ 
Poster#: 

870.19/BB11  

Title: Hippocampal circuit disorder in mouse model of RTT is coincident with 
overt RTT-like symptoms: Potential model of developmental regression  

Location: Halls B-H  

Presentation Wednesday, Nov 17, 2010, 3:00 PM - 4:00 PM  
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Time: 

Authors: *G. C. CARLSON1, W. LIAO2;  
1Psychiatry, Univ. Pennsylvania, PHILADELPHIA, PA; 2Inst. of Neurosci., 
Natl. Cheng-Chi Univ., Taipei, Taiwan  

Abstract: Developmental regression (DR) is common to a number of childhood 
developmental disorders including Autism. Little is known about 
mechanisms underlying development regression, in part because there are no 
models systems in which it can be studied. DR is predominant in Rett 
syndrome. Female mice heterozygous for MeCP2-null allele reproduce 
many features of Rett syndrome (RTT), with overt symptoms occurring 
around 6 months of age. These symptoms emerge during a developmentally 
stable period in the mouse, yet in many ways are similar to DR in RTT. To 
differentiate this period in the RTT mouse model from DR in children we 
term this a regression period (RP) in the mouse. Neurological changes 
through the DR or RP are not understood. In the mouse model as well as in 
the developmental disorders associated with DR the hippocampus is 
impacted. We used voltage-sensitive dye imaging (VSDI) to determine if 
there was a change in net circuit excitability in the hippocampus of the 
MeCP2+/- mouse model and if this changed over the symptomatic period. 
We also directly tested for changes in inhibitory circuitry. Hippocampal 
slices were prepared from mice that were either MeCP2+/- or wildtype 
littermates, from mice 2, 4, 6 and 8 months of age. These slices were stained 
with the VSD dye JPW-6019 and imaged in an interface chamber at 1kHz 
using a fast CCD camera. Single stimuli to the Schaffer collaterals produced 
a brief depolarization followed by a polysynaptic hyperpolarization in 
wildtype littermates. This is typical of a CA1 response in the hippocampus. 
In symptomatic mice no hyperpolarization was present and the EPSP was 
prolonged in the 6 and 8 month old mice. This was a developmentally abrupt 
change that was coincident with overt symptoms, as there were no 
significant differences between CA1 responses presymptomatically (2 and 4 
months of age). Monosynaptic activation of inhibitory circuitry by local 
stimulation of the alveus indicated that the prolonged depolarization was due 
in part to impaired local circuit inhibition. Thus, local circuit disruption due 
to abnormal inhibition likely has an important role in the RP of the RTT 
mouse model, and potentially in DR occurring in childhood disorders. With 
construct and face validity for RTT syndrome the MeCP2+/- mouse provides 
the first potential model of developmental regression.  

Keyword(s): CRITICAL PERIOD, IPSP, Autism 
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2. 會場之照片紀錄 : 筆者於參加會議之餘，也將會場情況及舉辦單位安排會議的細節

拍照紀錄，也許有助於未來國內舉辦大型國際研討會之籌畫。 
 

（１） 會議參與者人數統計與分類

 

 
（２） 會場服務處 

 
 

（３） 訊息留言處 

 

 
（２）Special Lecture 演講廳 

 

 
（５）會場外露天用餐處 

 
 
（６）筆者與友人於會議中合照 
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