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RettRett syndromesyndrome
¾ First described in 1966 by Andreas Rett

¾ Second most common cause of mental retardation in women

¾ Frequency: 1 in 10.000-15.000

¾ Associated with mutations in MECP2 gene

Two main functional domains:
ÖMBD
ÖTRD

DNA CpG pairs

• Protein with affinity for methylated DNA 

MeCP2MeCP2
•Transcriptional regulator



Tota
l 

RNA

Ficoll

EBV

Immortalization

Cell
culture

ChIP Candidate genes
targeted by MeCP2

CNIO Oncochip v1.1 6500 clones

10

5

0

5

% total

R10
6

R25
5

5’-
UTR

No m
ut

.

(>10-fold)

Rett Syndrome: Germline Mutations in MeCP2

P3
91

X
R

30
6C

R
29

4X
R

25
5X

R
10

6W
T1

58
M

N
oM

ut
4

N
oM

ut
1

N
oM

ut
3

N
oM

ut
2T1

58
M

R
10

6W

R
30

6C

R
29

4X
R

25
5X



Establishment of Immortalized Lymphocyte Cell Lin

Healthy Donor Rett Patient



Mouse Mouse modelmodel ofof RettRett syndromesyndrome

WildWild--typetype micemice (WT)(WT)

vs.

Mecp2Mecp2--nullnull micemice (KO)(KO)
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Mecp2-null mice do not
express any Mecp2 isoform

*** p-value <0.001
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MicroarrayMicroarray ResultsResults
 Name UniGene GeneBank Description n-fold 

change  

► Fkbp5 Mm.276405 BG087373  FK506 binding protein 5 2.76 ◄ 
► Mt1 Mm.192991 BG077818  Metallothionein 1 2.25 ◄ 
► Bai1 Mm.43133 BC037726  Brain-specific angiogenesis inhibitor 1 1.99 ◄ 
► Mt2 Mm.147226 BG063925  Metallothionein 2 1.94 ◄ 
► Pcolce2 Mm.46016 BQ561584  Procollagen C-endopeptidase enhancer 2 1.90 ◄ 
 Pnpla2 Mm.29998 BG077619  Patatin-like phospholipase domain containing 2 1.73  
 Rpl36 Mm.379094 BG072993  Sulfatase modifying factor 1 1.72  
► Irak1 Mm.38241 BG076768  Interleukin-1 receptor-associated kinase 1 1.71 ◄ 
► Mobp Mm.40461 AK013799  Myelin-associated oligodendrocytic basic protein 1.62 ◄ 
     BQ550269    1.58  
► Prodh Mm.28456 BQ553283  Proline dehydrogenase 1.55 ◄ 
► Dlk1 Mm.157069 BQ550065  Delta-like 1 homolog (Drosophila) 1.55 ◄ 
 Rps15 Mm.643 BG088213  Ribosomal protein S15 1.55  
► Plagl1 Mm.287857 BG085853  Pleiomorphic adenoma gene-like 1 1.54 ◄ 
► Ddc Mm.12906 BQ554377  Dopa decarboxylase 1.52 ◄ 
► Gas5 Mm.270065 BG085421  Growth arrest specific 5 1.52 ◄ 
► Mllt2h Mm.6949 BQ554269  AF4/FMR2 family, member 1 1.52 ◄ 
     AW555131    1.52  
► Txnip Mm.271877 BG086605  Thioredoxin interacting protein 1.52 ◄ 
► Eya2 Mm.282719 BG069346  Eyes absent 2 homolog (Drosophila) 1.51 ◄ 
► Cpm Mm.339332 BQ560184  Carboxypeptidase M 1.51 ◄ 
► Nudt9 Mm.241484 BQ561264  Nudix (nucleoside diphosphate linked moiety X)-type motif 9 1.51 ◄ 
 1700084E18Rik Mm.297949 BG070023  RIKEN cDNA 1700084E18 gene 1.50  
 1700023B02Rik Mm.292140 BG065239  RIKEN cDNA 1700023B02 gene 1.50  
► Pxmp2 Mm.21853 BG086336  Peroxisomal membrane protein 2 1.50 ◄ 
 2010315L10Rik Mm.41890 BG063434  RIKEN cDNA 2010315L10 gene 1.50  
 Rpl18a Mm.379251 BG072556  Ribosomal protein L18A 1.50  
► Ucp2 Mm.171378 BG087187  Uncoupling protein 2 (mitochondrial, proton carrier) 1.50 ◄ 
► S100a9 Mm.2128 BG072801  S100 calcium binding protein A9 (calgranulin B) 1.50 ◄ 
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MicroarrayMicroarray ResultsResults
Name UniGene GeneBank Description n-fold 

change 
Sqle Mm.296169 BG077950 Squalene epoxidase 0.67 
Rock1 Mm.6710 BG088815 Rho-associated coiled-coil forming kinase 1 0.67 
    BG067593   0.67 
Scd2 Mm.193096 BG066641 Stearoyl-Coenzyme A desaturase 2 0.66 
5031439A09Rik Mm.369129 BQ559666 RIKEN cDNA 5031439A09 gene 0.66 
Eif4g2 Mm.185453 BG070960 Eukaryotic translation initiation factor 4, gamma 2 0.66 
Calb1 Mm.277665 BG071405 Calbindin-28K 0.66 
Taf5l Mm.291777 CK335137 TAF5-like RNA polymerase II, p300/CBP-associated factor  0.65 
Tcea1 Mm.207263 BG081444 Transcription elongation factor A (SII) 1 0.65 
Calb1 Mm.277665 BG072229 Calbindin-28K 0.64 
    AW539369   0.63 
    BG087011   0.63 
Fabp7 Mm.3644 AK021271 Fatty acid binding protein 7, brain 0.63 
    BQ551801   0.59 
Rhoa Mm.757 BG081880 Ras homolog gene family, member A 0.59 
    BQ551690   0.58 
    BG076236   0.58 
Sc4mol Mm.30119 BG083949 Sterol-C4-methyl oxidase-like 0.58 
  Mm.336117 BG081054 X-linked lymphocyte-regulated 3A 0.58 
    BG085378   0.57 
Itm2a Mm.193 BG088255 Integral membrane protein 2A 0.53 
    AW558689   0.42 
 Gprasp1 Mm.271980 AW553322 G protein-coupled receptor associated sorting protein 1 0.25 
 Mecp2 Mm.131408 BQ553027 Methyl CpG binding protein 2 0.05 
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qPCRqPCR toto confirmconfirm microarraymicroarray resultsresults
UPREGULATED GENES      

      Cortex     Midbrain   Cerebellum 
Fkbp5 0.0001 *** 0.0158 * 0.0015 ** 
Mt1 0.0535   0.1844   0.0939   
Bai1 0.0299 * 0.1142   0.0903   
Mt2 0.0776   0.0191 * 0.0778   
Pcolce2 0.1591   0.0064 ** 0.0944   
Irak1 0.0022 ** 0.0087 ** 0.0019 ** 
Mobp 0.0217 * 0.0378 * 0.0016 ** 
ProDH 0.0488 * 0.1732   0.0319 * 
Dlk1 0.0017 ** 0.0469 * 0.0029 ** 
Plagl1 0.0022 ** 0.0148 * 0.0314 * 
Ddc 0.0061 ** 0.0011 ** 0.0028 ** 
Gas5 0.8500   0.5158   0.0810   
Mllt2h 0.0063 ** 0.0047 ** 0.0104 * 
Txnip 0.0610   0.0380 * 0.2077   
Eya2 0.0019 ** 0.0014 ** 0.0061 ** 
CPM 0.0693   0.1563   0.0502   
Nudt9 0.2216   0.7973   0.8545   
Pxmp2 0.3373   0.0474 * 0.1439   
Ucp2 0.0632   0.6477   0.1687   
S100a9 0.0256 * 0.0198 * 0.0728   
Gtl2 0.5726  0.3441  0.3158  
       
DOWNREGULATED GENES       

      Cortex     Midbrain   Cerebellum 
MeCP2e1 0.0027 ** 0.0010 *** 0.0210 * 
MeCP2e2 0.0023 ** 0.0009 *** 0.0119 * 
Gprasp1 0.0323 * 0.0080 ** 0.0321 * 
Itm2a 0.0185 * 0.0050 ** 0.0017 ** 
Sc4mol 0.0078 ** 0.0459 * 0.1178  
Fabp7 0.0205 * 0.0743  0.0088 ** 
Calb1 0.0086 ** 0.3338  0.0405 * 

*     
**    
***

p-value < 0.05
p-value < 0.01
p-value < 0.001

Significative differences
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ChIPChIP: : proteinprotein--DNA DNA interactionsinteractions
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ChIPChIP: : proteinprotein--DNA DNA interactionsinteractions
Genes directly bound by MeCP2

Genes not bound by MeCP2
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MobpMobp Dlk1 Dlk1 –– Gtl2Gtl2

DdcDdcPlagl1Plagl1

Myelin-associated oligodendrocytic basic protein

Family of abundant
CNS myelin

proteins

Localizes to major
dense line of

compact myelin

DOPA decarboxylase

L-Dopa

Dopamine

L-5-HTP

Serotonine

zinc finger protein regulator of apoptosis 
and cell cycle arrest (Zac1)



Eya2Eya2Mllt2hMllt2h

S100a9S100a9

Specifically expressed in Purkinje cell (Af4) 

Suggested transcriptional factor

Marenholz I, Heizmann CW and Fritz G. (2004)
Biochem Biophys Res Commun. 322:1111-22 

S100 calcium binding protein A9 
(calgranulin B) 

Transcriptional coactivator

Expressed during development of several organs



SummarySummary

29 upregulated genes (Fold>1.5)

20 selected genes

10 consistently upregulated genes

7 genes directly regulated by Mecp2

Methylated promoter: Mecp2 binding site
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