
Lessons from preclinical research to 

counteract neuro-behavioural and cognitive 

deficits in Rett syndrome, a complex 

neurodevelopmental disorder 

 
Laura Ricceri 

Section of Neurotoxicology and Neuroendocrinology, 

Department of Cell Biology and Neuroscience 

Istituto Superiore di Sanità 

Rome, Italy 

13 th Summer school of Neuroscience  

Cognition, the target     Catania 11-17 Luglio 2015 



• Rett syndrome: brief history, temporal profile, clinical 

features 

 

• MECP2 gene 

 

• several mouse models available: the study of the 

neurobehavioural phenotype; what we know about 

cognitive performance in Rett mouse models? 

 

• from neonatal motor to cognitive deficits: why mouse 

models can be useful in neurodevelopmental disorder 

contexts 

 

• translational perspective: ongoing clinical trials and the 

attempts to raise the standards for preclinical research 

OVERVIEW 



Andreas Rett (1924-1997)  

Rett syndrome is 50-year-old 

1965 

 

1966     Rett Wien Med Wochenschr (in German) N= 22; 

 

1983      Habgerg  et al. Annals of Neurology (in English) N=36;  

  

1999       Amir et al. Nature Genetics, N=9; 

 

2015       about 2800  papers on Pubmed 



from  Charour and Zoghbi Neuron 2007 

Rett syndrome:  temporal profile and clinical features 

 Rare X-linked 
neurodevelopmental disorder, 
primarily affecting girls 
(1:10000/15000 female births). 
 

 Peculiar temporal profile: 
- normal pregnancy, normal 
delivery, so-called normal 
psychomotor development for 
the first 6/18 months of life; 
- plateau or developmental 
stagnation  
- rapid regression (loss of 
purposeful hand 
movements;gait dyspraxia;loss 
of acquired cognitive and social 
skills;breathing 
irregularities;autistic-like 
features); additional features 
may also include: anxiety, 
seizures, growth failure, sleep 
disturbances. 
- stationary stage: established 
deficits persists through 
adulthood. 
 



A great enthusiasm: Rett is a monogenic disorder (almost) 

  

About 95% of individuals with Rett carry a mutation 

in the gene encoding the nuclear  methyl-CpG-

binding protein 2, located in the chromosome Xq28.  

 

To date more than 200 mutations have been 

identified in MECP2, but 8 mutations account for 

approximately 60% of Rett cases. 

.  

Most cases are de novo mutations in the paternal X 

chromosome, thus individuals with Rett syndrome 

are females who, due to X-chromosome 

inactivation, are somatic mosaic for normal and 

mutant MeCP2. 

 

The clinical picture produced 

by a MECP2 mutation can be 

influenced considerably by X-

inactivation patterns and 

degree of MeCP2 dysfunction 

conferred by the specific 

mutation.  

MBD TRD 



MeCP2 functions are more complex than expected (1) 

Initially, MeCP2 was considered as 

a transcriptional repressor of 

methylated promoters. Due to the 

association of highly methylated 

gene promoters with transcriptional 

silencing, it was assumed that 

MECP2 mutation led to RTT 

because of a dysregulation of gene 

silencing.  

 

It is now clear that MeCP2 plays an 

important role in activation of 

expression as well.  

 

MeCP2 also binds throughout the 

genome, including intergenic 

regions  thus regulating chromatin 

structure and long-range chromatin 

interactions 

Transcriptional 

repression 

Transcriptional 

activation 

Chromatine loop  

formation 

Chromatine  compaction 



MeCP2 functions are more complex than expected (2) 

Post-translational 

modifications, such as 

phosphorylation, are a 

potential mechanism to 

provide localized functional 

specificity (activator or  

repressor) to the widely 

distributed MeCP2. 



MeCP2 functions are more complex than expected (3) 

from  Pohodich and Zoghbi HMG 2015 

Originally characterised as having high affinity for methylated mCG, 

MeCP2 binds also mCH (H=A, C or T) and hydroxymethylcytosine hmC: 

  
•  mCH and hmC are enriched in mouse and human brain samples;  

•  mCH and hmC accumulate postnatally during neuronal maturation.   



Dendritic spine dysgenesis in Rett syndrome 

From Phillips & Pozzo-Miller, 2015 

Neuropathology: neurones are smaller in size, 
density of dendritic spines is reduced in ctx 
and hipp 
 



Rett mouse models recapitulate many of the phenotypes 

associated with Rett syndrome (e.g. motor and coordination 

impairments, altered emotional profile, respiration 

abnormalities) 

Conditional KO 

Hypothalamus knockout 

(Fyffe et al., 2008) 

CNS knockout 

(Chen et al. 2001) 

Forebrain knockout 

(Chen et al. 2001) 

MeCP2Tam 

(Pelka et al. 2006) 

MeCP2Jae 

(Chen et al. 2001) 

MeCP2Bird 

(Guy et al. 2001) 

  Costitutive KO 

GABAergic neurons knockout 

(Chao et al., 2010) 

  Truncated 

MeCP2-308 (*) 

(Shahbazian et al. 2002) 

MeCP2-168 

(Lawson-Yuen et al. 2007) 

 

R255X mice  

(Pitcher et al. 2015) 

 

Astrocytes 

(Lioy et al., 2011) 

 

- later onset of symptoms;  

[10 weeks of age (Shahbazian et al. 2002)]  

 

- longer lifespan than the null mutants 

 

- motor and cognitive impairments (Moretti 

et al. 2006) 

 

. 

 



From Moretti et al. 2006 

Hidden platform 

T R 

 
wt 

mecp2-308/y 

Evidence of spatial learning and 

memory deficits in Mecp2-308 

male mice using the Morris water 

maze paradigm 

Neurobehavioural characterization of Mecp2-308 mice (1)  



wt 

mecp2-308/y 

From Moretti et al. 2006 

Evidence of impairments of fear memory, social novelty discrimination and 

synaptic plasticity in Mecp2-308 male mice (20-week-old) 

24h 

Neurobehavioural characterization of Mecp2-308 mice (2)  



Single 

intracerebroventricular (icv) 

injection of CNF1  

(2 μl; 100 nM) in fully 

symptomatic MeCP2-308 

mice 

Preclinical testing in Mecp2-308 mice (CNF1)  

From De Filippis et al. 2015 



 

Home-cage locomotor activity 

 Spontaneous locomotor activity in the home-cages was automatically 
monitored continuously for 24 hours for 7 days. The infrared sensors (20 
Hz) detected any movement of mice with a frequency of 20 events per 
second. Scores were obtained as counts per minute (cpm) expressed 
during 1-hour periods, and the 24-hour profile of daily activity was 
obtained by averaging seven days of continuous registration. 
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Preclinical testing in Mecp2-308 mice (CNF1)  

From De Filippis et al. 2012 



  Nest building capacity 

Data are mean ± SEM. N = 8-15 

Position and quality of the nest were scored along 72 hours using 
a 4-point scale: 0: nest material untouched; 1: nest material nearly 
untouched; 2: nest material scattered; no clear shape evident; 3: 

nest of intermediate quality; 4: nest round and well built. 
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Preclinical testing in Mecp2-308 mice (CNF1)  

From De Filippis et al. 

2012 



Contextual Fear-conditioning 
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CNF1 administration 

markedly improved the 

performance of mutant 

mice in the contextual 

fear-conditioning. 

 

Tone: 80 db,30 s  

Electric shock: 0.5mA, 2 s 

24h 

training 24h retention 

Preclinical testing in Mecp2-308 mice (CNF1)  

From De Filippis et al. 

2012 
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Spatial reference memory (Barnes Maze) 

•Acquisition phase (days 1-5,  two trials per day): mice were allowed to 
freely explore the platform. Latency to enter the target hole, total path 
length and the number of errors (i.e. nose pokes in holes other than the 
target) were counted.  
•Probe test (day 6, 24 h after the last training trial): to assess short-term 
reference memory retention, a 90-sec long session was used, during which 
the target hole was closed. Number of nose pokes (errors) in each hole and 
latency and path length to reach the virtual target hole were measured. 

Mecp2-308 control wt, control 
Mecp2-308, CNF1 wt, CNF1 

* * * 

The deficit exhibited by mutant mice in spatial reference 

memory was efficaciously reversed by CNF1 administration.  

Probe test (day 6): 

** ** ** 

Preclinical testing in Mecp2-308 mice (CNF1)  



Long-term potentiation in the 
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Long-term potentiation (LTP) of 
the field excitatory post-synaptic 
potential (fEPSP)  was induced by 

administering a theta-burst 
stimulation  (TBS) consisting in 2 

trains of 5 sets of bursts (four 
stimuli, 100 Hz) with an 

interburst interval of 200 ms and 
a 20 s interval between each 

stimulus train.  
 

Each point represents the mean 
of three responses evoked by 

stimulation of the Schaffer 
collaterals at 0.05 Hz.  

Preclinical testing in Mecp2-308 mice (CNF1)  



Treatment with CNF1 
rescued the 
impairment of long-
term potentiation  in 
CA1 area of the 
hippocampus of 
mutant mice  
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Preclinical testing in Mecp2-308 mice (CNF1)  

From De Filippis et al. 2015 



RTT mouse models have been used to assess early phases of neuro-

behavioural development, an approach possible only retrospectively in 

RTT patients 



Curling Head rising Immobility 

Neonatal behavioural testing in Mecp2-308 mice 

Ultrasonic vocalization rate 

From De Filippis et al. 2010 



Pivoting 

Pivoting is an immature locomotor 

response involving the front limbs alone 

(resulting in circular movements) that is 

replaced by full locomotion at the end 

of the first postnatal week in wt mice. 

Neonatal behavioural testing in Mecp2-308 mice 

Modified from De Filippis et al. 2010 



Mecp2-308 pups 

BTBR inbred pups (vs C57BL6/j) 

Pups exposed to prenatal valproate 

Pups exposed to maternal immune activation (by PolyI:C) 

Delays in development of adult-like motor patterns are common to 

different mouse models of neurodevelopmental disorders: an 

alternative trajectory? 



Why could these neonatal motor abormalities be relevant from a 

translational viewpoint? 

1) they could represent early markers 

2) they could represent targets for 

early intervention  



RTT mouse models have been used to test different 

therapeutic strategies 

Gene replacement (primarily in 

MeCP2 knock out models): 

 

-global MeCP2 replacement in in 

MeCP2 knockout males (Guy et al. 

2007);  

 

-delayed MeCP2 gene re-activation 

in MeCP2 knockout females (Lang 

et al. 2013); 

 

-replacement of MeCP2 in R255X 

mice (Pitcher et al. 2015);  

 

-viral delivery of MeCP2 (scAAV9) 

in males and females (Garb et al. 

2013); 

 

 

- 

Downstream MeCP2: 

 

-exogenous growth factor administration 

IGF (1-3) BDNF and BDNF analougs; 

 

-NMDA receptor antagonists (ketamine 

Kron et al. 2012); 

 

-other factors targeting mitochondrial 

functions;  



RTT therapy downstream of the 

Mecp2 gene 

From Wang H et 

al. 2015 



Modified from Pozzo-Miller et al. 2015 



From Mellios et al. 2014 



Modified from Pozzo-Miller et al. 2015 









The translational state of the art  for Rett syndrome 
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