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Mymauuu e 2zene MECP2 npu cundpome Pemma

A Canonical MeCP2 domain structure
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C Established Rett-causing mutations
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Lombardi L. M., Baker S. A., Zoghbi H. Y. MECP2 disorders: from the clinic to mice and back //
The Journal of clinical investigation. — 2015. — T. 125. - Ne. 8. - C. 2914-2923.



[71ToGanbHBIN peryasTop
TPAHCKPHUIIIIMH, B TOM YUC/Ie
perpeccop TPAaHCKPUITIIUH

MECP2

McCP2 functions

Transcriptional activation Chromatin loop formation

Hapymenne skcipeccnu 6016110TO
KOJIN4YeCTBAa I'€HOB

OrcyTtcTBHe paboTatoiei
kormu MECP2



Cungpom Perrta

Mpednonazams dua2Ho3, Ko20a Habawdaemcs
MoOCMHAaMasnbHasa 300epPHcKa pocmad 20s108bl

Tunu4HbIe ATUIIUYHBIE

CHUMIITOMBI (0]
CHMIITOMB!

1. YacTuyHas WiIu MmojHas moTepst
Oe/I€HaIlIpaB/I€EHHbBIX ,H,BI/I}KEHI/Iﬁ PYK

1. [lepuopg, perpecca

C ITOC/Ie Ay en 1. [lepuon
Egiggg:;;unen 2. HYacTryHas WU MoHas NoTeps perpeccac o
pruoOpeTeHHOH Pa3TOBOPHOM pevu nocIeAyomen .
2. Bce ocHOBHBIE crabuin3aiyen
KpUTEpUN 1 3. Hapymenue muam orcyTcTBre Xomb6b COCTOSTHHS
OTCYTCTBHE 2. Kak Munumym
W CKJ/IIOYAIOIIUX. 2 13 4 OCHOBHBIX
3. [JonnonuuTtenbHble 4. CTepeoTUIIHbIE ABMKEHUS PYK KpUTepUueB
KpUTEPUU He 3. [IaTb u3 11
00s13aTe/IbHBI, XOTS TIOTIO/THUTE/TbHBIX
4acTo KpUTepHEB

IIPUCYTCTBYIOT.

Neul J. L. et al. Rett syndrome: revised diagnostic criteria and nomenclature //Annals of
neurology. — 2010. - T. 68. - N°. 6. - C. 944-950.



AcconmMMpoOBaHHBIC HAPYIIEHUSI TreHOMa

Kapuorun KommenTapuu Ccebuikn
47, XXX RTT y npo6anma u cunapom | Simonic I, Gericke GS, Lippert M, Schoeman JF.
Typerra y cubnunra Additional clinical and cytogenetic findings

associated with Rett syndrome. Am J Med Genet
1997; 31: 331-337.

46, XX, dup Arunnunsiii cuaapom Perra | Delobel B, Delannoy V, Pini G, et al. Identification
11923.3 and molecular characterization of a small 11923.3 de
novo duplication in a patient with Rett syndrome
manifestations. Am J Med Genet 1998; 80: 273-280.

46,XX, Arunuunslii cuaapom Perra | Gustavsson P, Kimber E, Wahlstrom J, Anneren G.
dup(18)(q21.1g22 | coBmereHHbIii ¢ Monosomy 18q syndrome and atypical Rett
3) S — syndrome in a girl with an interstitial deletion
(18)(g21.1922.3). Am J Med Genet 1999; 82: 348-
MaHI/I(l)GCT anousiM1 MOHOCOMHUHA 351
184 '
47 XXX Atunuunseiid cuaapoM Perray | Hammer S, Dorrani N, Hartiala J, Stein S, Schanen

nesouku ¢ mytanueir MECP2 | NC. Rett syndrome in a 47, XXX patient with a de
novo MECP2 mutation. Am J Med Genet 2003;
122A: 223-226.

46, XX, Henenus de novo y nesouku ¢ | Pescucci S, Meloni I, Bruttini M, et al. Chromosome

del(2)(g34) COXpaHHOH peubl0 U 2 deletion encompassing the MAP2 gene in a patient
oTCyTCTBHEM MyTaluu B rene | with autism and Rett-like features. Clin Genet 2003;
MECP2 64: 497-501.

Vorsanova S. G., lourov I. Y., Yurov Y. B. Neurological, genetic and epigenetic features of Rett syndrome //Journal of Pediatric Neurology. - 2004. - T. 2. -
Ne. 4. - C. 179-190.



[eHbI, accCOMMUPOBaHHbBIE C CUHAPOMOM PeTrTa

TCF4 EEF1AZ2
SHROOM4 Myopia
Hip dislocation Facial dysm. Autistic
constipation behaviour
Kyphosis

Abnormal Breathing dist.

transferrin Short stature Regression
Hand stereotypies

West synd. No language MECP2
GERD Epileps ID
pHepsy Impaired sleep FOXG1
Ataxia
EIEE . Vasomotor dist.
Microcephaly Eye pointing
No gait
Otahara 2 Screaming spells
STXBP1 Spasticity
CDKL5 Corpus callosum
anomalies
Optic atrophy

Hand/foot
anomalies
ZNF238

Scheme representing phenotype overlap of the genes already identified as causing neurodevelopmental disorders and the
RTT phenotype.

Lopes F. et al. Identification of novel genetic causes of Rett syndrome-like phenotypes //Journal of medical genetics. — 2016. — C.
jmedgenet-2015-103568.



CaBur X-MHaKTUBALIUU

Results of cytogenetic analysis of non-random or skewed chromosome X inactivation in girls with RTT®

Table 1

Mo. and age of Mumber of cells

patients {vears)

Ratio of active to inactive X
chromosomes with small C-band

Origin of chromosome X
with small C-band

The level of statistical Status of X inactivation

significance (P value)

13657, 4 JLLE
23845, 2 JLLE
33943, 4and 5 100, 1bOb*=
4.3981. 5 100
53867, 4and 3 100, Db
64059, 6 JLLL
74051, 5 JLLE
H.A40G60, 4 1100

26:74

55:45

IR62, 3763
18:82

743, 941
oo

919

B3 1

=<2 L1 Skewed (paternal X)
=015 Random

e EELH Skewed (maternal X)
=<2 (.001 Skewed (paternal X)
= (L001 Skewed (paternal X)
= (L001 Skewed (paternal X)
=<2 L1 Skewed (paternal X)
=<2 (.001 Skewed (paternal X)

" Sutistical analysis was performed using a r-test. Patients with RTT nos. 1,

respectively (Giovannucci Uzelli, pers. commun. ). *Analyzed in 1999 **analvzed 1 vear later in 20004,

Vorsanova S. G.,
lourov 1. Y., Yurov Y.
B. Neurological,
genetic and epigenetic
features of Rett
syndrome //Journal of
Pediatric Neurology. —
2004. —T. 2. — Ne. 4. —
C. 179-190.
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xpoMocoMel X B rpynny THKCILIX deHOTHIMMeCKHX nposusaennii RTT.

— 1 47%

B uHakTHBHPOBaHA HEMYTaHTHAas XpoMocoma X
B HHAKTHBHPOBAHA MYTAHTHAsA XpoMocoma X




HccnemoBaHue reHeTUYECKUX MIPUYMH CUHAPOMA

PerTa B rpymnme 6e3 myTanuii rena MECP2

' MOLECULAR Impact Factor: 2.140 RESEARCH Open Access
\ CYTOGENETICS

Xg28 (MECP2) microdeletions are common in
mutation-negative females with Rett syndrome

] and cause mild subtypes of the disease

123" 124 5 . 124 L. 124 . 12
Ivan Y lourov™", Svetlana G Vorsanova™*, Victoria Y Voinova'?*, Oxana § Kurinnaia'**, Maria A Zelenova'?,
and Yuri B Yurov

1.24 1,24

Irina A Demidova

354 RTT girls

262
cases of
classic RTT

|
12 (4.6%)

cases without
mutations

92
cases of
atypical RTT

M Classical

M Atypical

27 (29.3%)
cases without
mutations

- - y Mutation - negative
caseés Xq28 deletions found




RESEARCH Open Access

AR . Xq28 (MECP2) microdeletions are common in
CYTOGENETICS Onl/IcaHI/Ie C]IyqaeB mutation-negative females with Rett syndrome
and cause mild subtypes of the disease

| T"I'IFIEI L FEI ctorn 2. 1 LD Ivan ¥ lourov'**, Svetlana G Vorsanova'*, Victoria Y Voinova'#, Oxana S Kurinnaia'*, Maria A Zelenova'?,
Iina A Demnidova'™* and Yuri B Yurov'**

Fig. 2. Examples of FISH on interphase nuclei with chromosome X-specific centromeric and region-specific probes (locus Xq28) showing different types of
signals (5D and 5D) in a girl with RTT. Cy3-labeled centromeric alphoid DNA probe was used. Two single red signals indicate simultaneously replicating
centromeric DNA from both X chromosomes. PAC clone 671049 (MeCP2 gene ) was labeled by biotin and detected with FITC-avidin, Two asyachronously
replicating loci could be seen: one single green signal represents late replicating X chromosome, while one double green signal represents early replicating X
chromosome. Interphase nuclei were counterstained with fluorescent dve Hoechst 33258 (blue color).

Age (months) Additional clinical features Size (kb Breakpoints*
Proximal Distal

Atypical RTT

118 Multiple hematomas, teeth anomalies 502428 153,145,800 153648227
132 Prenatal hypotrophy, fadial dysmomphisms 502428 153,145,800 153648227
Gt Prenatal hypotrophy, facial dysmorphisms, dinodactyly, dentinogenesis imperfecta, 502428 153,145,800 153648227
cerebellar vermnis hypoplasia, epidural oystic changes in the thorcic spine
48 Prenatal hypotrophy, fadial dysmomphisms, verucous patches on the trunk, 539545 153,108,683 153,648,227
patent fommen ovale
22 Facial dysmomhisms Ay7444 152,731,931 153,609,374
Classic RTT
04 Prenatal hypotrophy, fadial dysmomphisms 99371 153,213 483 153312854
74 Hydronephrosis, polyoystic kidney disease 99371 153,213 483 153,312,854
49 Prenatal hypotrophy, fadial dysmomphisms 99371 153,213 483 153312854
101** 99371 153,213,483 153312854
ol Prenatal hypotrophy 90371 153,213 483 153,312854

* — according to assembly: hg19 Feb. 2009 Genome Reference Consortium GRCh3T;
** _ somatic mosaicism and discrepancy between amray CGH and FISH data,



Zeneuuu eeHa MECP2 kak 6onee mazkutl
nodmun 3abonesaHus

KinHnyeckune XxapakTepucTuku

[TospHuit Bo3pact perpecca

CoxpaHHBIN HaBbIK XOAbOBI

Jlerkas gucnpakcuys IBDKEHUU PYK
OrtcyTcTBHE MUKpPOLIeaTUU

Hwuskuii Bec ipy poXXaeHUU ~2/3 cirydaeB
CocynucTble JOop3a/ibHble KOXXHbI€ TeMaHTUOMbI
[TomoGve MUrMeHTHOTO IepMOTO3a
['mMnonnasus cTBoIa MO3)XXe4Ka

[lonmnkncTos novek

OTKpbITOE OBAaIBHOE OKHO

]II/ILleBbIe MHUKPOAHOMA/INHU



MEIIIMHBIE MOJIETIH

*/13Ha4aJIbHO HOPMAJIbHOE PA3BUTHUE Wild type Mutant

] lo3:xe — pacKOOpAUHUPOBAHHAS
MTOXOJKA

*TPYIHOCTH C AbIXaHUEM
*O0XBaThIBAaHUE 33 ITHUX KOHEYHOCTEH
*] UTTOAKTUBHOCTH

*Mukporedanus

*YMeHblIlIEHHE Tejia (COMbI) HEMpOHa

*CHUMXEHHUE CUHAIITUYECKOU
IIACTUYHOCTH YMCHI)H_IeHHBIe HeI/IpOHI)I nu HeI/IpOHaJII:HBIe ﬂz{pa B

pa3IMYHBIX 00IACTSIX MO3Ta Mbllel ¢ HokayToM Mecp2.

Chen RZ, Akbarian S, Tudor M, Jaenisch R. Deficiency of methyl-CpG binding protein-2 in CNS neurons results in a
Rett-like phenotype in mice. Nat Genet. 2001;27(3):327-331.

Guy J, Hendrich B, Holmes M, Martin JE, Bird A. A mouse Mecp2-null mutation causes neurological symptoms that
mimic Rett syndrome. Nat Genet.2001;27(3):322—-326.



Ha xakoM 3Tamne
Pa3BUTHA/’KU3HH KPUTHYHA

pa6ora MeCP2?

*OCTaHOBKA 3KCIIPECCUM Y
B3pOCIBIX 0co0ei (2 Mecsiia)

*CMmepTh camIioB uepes3 ~10
HEJIC/Ib

MBEBIIIIMHBIE MOAECIN

OOparumsbl JH
HAPYIIEHHUSsI, BbI3bIBA€MbIE
Hegocrarkom MeCP2?

*Okcnpeccus MeCP2 0b11a
AKTUBHUPOBAHA IIOCJIC MOSIBICHUS
HEBPOJIOTUYECCKUX CUMIITOMOB

*CHMXCHHUE TSIKECTH aTAKCHH,
YMEHBIIIECHUE YaCTOThI XBATAHUSA
3aJIHAX KOHEUHOCTEU U TPEMOPA,
VIYUILIEHUE PETYIISALMM JIbIXaHUs U
YBEJIIMYEHUE TTPOIOIKUTEIBHOCTH
KU3HU



Hymimukanusa 1921.1921.2

*Koropra u3 347 naimentoB ¢ PAC, yMCTBEHHOW OTCTANIOCTBIO, TOPOKAMU PA3BUTHS
*Y 24 nanueHToB oTMevalcs PeTT-nonoOHbIN (PeHOTHUI

*Metozanr ucciemoBanms: Affymetrix Cytoscan HD (2,7M probes) u Nimblegene
(180K probes).

1 (RTT-like) ['mneprenopusm 1as, SNUKaHT, CAHAAJIEBUIHAS 1IEb, OpaxuAaKTUINS NAJIbLIEB
HOT, TMIIEPTPUXO03, KIIMHOAAKTUINA, MUKpouedaus, perpecc HaBbIKOB, IIUPOKOE
IIEPEHOCHE, CTEPEOTUIIHBIEC ABUKEHUS

2(RTT-like) 3anmepkka pocta, MUKpouedaaus, YMCTBEHHAs! OTCTANIOCTb, 9NUIENCUs, AyTU3M,
THITOTUTA3HS TUCTATBHBIX (haTaHT, MaJICHbKHE CTOIIbI, TUCTUIACTUYHBIC YIITH,
TUTOCKHIA 3aTBUIOK, Opaxuiiedaiis, KOpoTKas Iies, IIIOCKOCTOIHE, CKOIHO3,
ayToarpeccusi, perpecc HaBBIKOB.

3 CnuHHOMO3KEUKOBas arpodusi, Tskenas 3a/iepKKa ICUXOMOTOPHOTO Pa3BUTHS,
1uepeOpaibHbIi Mapaind, NTO3, YACMUYHAA ampodusa 3pumenvHo20 Hepea,
TUIIOIJIA3US YEPBsI MO3KEUKA.

4 (RTT-like) |Muxpouedanausi, perpecc HaBbIKOB, CTEPCOTHITHBIC JBUKCHUS

5 Yacmuunasa ampoghus 3pumensvnozo nepea, aTUNIMYHBIN ayTU3M, aMOJIUOMNA,
YMCTBEHHAsI OTCTaJ0CTh, 3aJIepKKa Pa3BUTHUS peuH, NePUIUT BHUMAHUS,
HapyIIEHUE MEJKOW W KPYIMHON MOTOPUKH




BbIBOZBI

Heneuuss rena MECP2 y yesioBeka (B OTJIMYME OT MYTAL[UIA)
NpeacTaB/aseT co00M Moa00Me HOKAYTa JAHHOIO I'eHA Y MbIIEH,
CJIeI0BATEJIbHO, MOKHO MPEANOJI0KUTD, YTO YCIEX M0 AKTUBAIMH
IKCIPECCUH T'eHA Y MbILIEH MOKET 03HAYATh BHICOKYIO
BEPOSITHOCTH YCIIeXa AHAJIOTHYHOM MPOUEAYPbI Y YeJI0BEKA.

VY nesouek ¢ RTT u genenusmu B yuactke X(28 HabnromnaeTcs 0coObIi
MOJITUM 3a00JIEBAHUSI, MPOSBIISIONIANCS B BUJIE KIMHUYECKH OO0JIee JIETKUX

dbopMm.

OtcyTrctBue myTanuii reHa MECP2, mokazanHoe MOJEKYJISIpPHO-
T€HETUYECKUMH METOJIaMH, HE SIBJIICTCS UCKITIOYAIOIIUM KPUTEPUEM JIJIS
KJIMHUYEeCKoro auarnosza RTT

NHTepakTOMHBIN aHanu3 reHoB ayminkanuu 1921.1921.2 no3Bosset
IPEANONIOKUTH, YTO CYIIIECTBYET FT€HOMHAs ceTh PeTT - mogo0Horo peHoTurna,
KOTOPBIM BKJIFOYACT B C€0s IIMPOKUIN CIIEKTP JIIEMEHTOB (T'€HOB), U KaCKa/l
POIECCOB, PETYIUPYEMBIX ITUMHU T€HAMU. ITOT KaCKaJ MOKET ObITh
MUIICHBIO TS JalibHenmuXx uccneaopannii PAC.
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