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TybGepo3HbIN CcKnepos



Ty6epo3HbIn cknepos (TSC)

Tuberous sclerosis (TSC) The disorder--once
known as epiloia or Bourneville's disease--
was first identified by a French physician
more than 100 years ago

Tuberous sclerosis (TSC) is an multi-system
autosomal dominant disease characterized by

Umental retardation,

Uepilepsy,

Udevelopmental delay

Ubehavioural problems

Utumors of the skin, retina, heart, kidney, and
brain.

The disorder affects about 1 to 2 million
individuals worldwide, with an estimated
prevalence of one in 6,000 newborns.

TSC may be present at birth, but signs of the
disorder can be subtle and full symptoms may
take some time to develop. As a result, TSC
can be unrecognized or misdiagnosed for
years.
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Frotein function

Small truncations { mostly nonsense
mutations and small deletions), lack of
hatspots

Less severe

Rare

Hamartin

1164 aminoacids, 130 kDa

Together with tuberin, hamartin
regulates mTOR-SEK, and cell adhesion
through interaction with ezrin and Rho

T Y TSC1 TsC2
- Chromosomal location  Gg34 16p13.3
Size 55 kb 40kb
MNumber of exons 23 41
Transcript size 86 kb 5-5kb
Mutation occurrence 10-15% of sporadic cases 75-80% of sporadic cases

Large delations and/or rearrangements
involving PKD1, small truncations
(mostly missense mutations or
deletions), lack of hotspots

Mare severs

Frequent

Tuberin

1807 aminoacids, 180 kDa

Together with hamartin, tuberin
regulates mTOR-56K and GTPase-
activating proteins, Tuberin has a role in
cell cycle



Tpu TMNa onyxorien ronoBHOro mo3sra cessaHbl ¢ TSC

Ucortical tubers,
Qsubependymal nodules, which form in the walls of the ventricles;

Qgiant-cell astrocytomas, a type of tumor that can block the flow of fluids within the brain.

Abnormal giant cells in
cortical tubers.
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AucnnacTtnyeckKkue KneTku AeMOHCTPUPYIOT USMEHEHHYHO 3KCNpPecCcuro
rnytamatHbiX U FAMK-peuenTtopoB, HaNOMUHaKOLWMNIO IKCNpeccuto, B
HOpPMaribHbIX He3perbiX HEUpPOHaX U rnue
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Protein Control | Disoriented | Dysplastic Giant Dysplastic | Reactive Control
Profile Neuron Neuron Neuron Cell Astroglia | Astrocyte | Astrocyte
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Perynauua mopdonorum un coyHkuumn HempoHoB B TSC

Tsc1°/C; GFP Tsc1%C; GFP; Cre
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In  post-mitotic, hippocampal pyramidal
neurons of mice and rats, loss of Tscl or Tsc2
triggered enlargement of somas and dendritic
spines and altered the properties of
glutamatergic synapses

Application of rapamycin to neurons with
reduced Tscl or Tsc2 levels restores neuronal
soma and dendritic spine head sizes to control
levels, consistent with mTOR  being
downstream of Tsc1/Tsc2.

Nature Neuroscience 8, 1727 - 1734 (2005), Tavazoie et al.,
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HokayT Tscl reHa B oTAenbHbIX KNeTKax B KOPTUKOreHe3e
reHepupyet Tyoepo-nofoOHbIe NoBpeXaeHUs

0 fmut
. WT

25 50 75 100
% mRFP* neuronsflayer

Feliciano DM, Su T, Lopez J,
Platel JC, Bordey A.

J Clin Invest. 2011




In utero anekTponopauus
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In utero anekTponopauus

Tsc1 fix/fix Tsc1 wtimut

===

Tsc1 flximut Tsc1 flxhwt
+pPCAG-CRE +pCAG-CRE
Tsc1-i- Tscl +/-
In utero Electroporation at E16
pCAG-Cre:GFP and pCAG-mRFP




Banunaauus xmBotHou moaenu TSC1

Tsc1ﬂ/mut TSC1ﬂ/mut

100 um 100 um 100 um

TSC 1f|/mut

mRFP
DAPI




AnunentudgopmMHas akKTUBHOCTb B HEOKOPTUKaSbHbLIX cpe3ax
fix/mut creTscl-/- aneKTponopupoBaHHbIX MbiLlen

Multi-channel array extracellular Current-source density analysis
recordings
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CnoHTaHHasa anunenTtucgopMHana aKkTUBHOCTb B Kope Tscl+ /- Mmbiwen
in Vivo

L1 100 uM

300 uM
L2/3

500 uM
L4




KXuBotHas moaenb TSC1

fIx/wt fIx/wt creTSC1+/- fIx/mut creTSC1-/-
electroporated +/+ +/- -/-
non electroporated +/+ +/+ +/-
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3ameaneHue kuHeTukn BICT B TSC HenpoHax
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} KuneTuka satyxaHuss NMDAR
L onocpeaoBaHHoro komnoHeHta BIICT
B AMCNACTUYECKMX NUPaMUAanbHbIX

HeMpoHax YyyBcTBUTenbHa K UBP141,
cenektmBHomMmy GIUN2C / D aHTaroHucTy




AHTnanunentudyeckmum acpekt UBP141 in vivo
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UBP141 IP injection 45 min
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C-C

Patch clamp peructpauus Ha cpe3ax NnocT-onepauuoHHON TKaHU
TSC nauveHTOB

tuber

204 PA
10
]

-120

-10 4
20 1
-30 1
-40

20 40 60 80 100 120 140 160
s0] ™
204

o4
-20-
-40-
-60- "

0 20 40 60 80 100

PA
50~
00l =20 mV

100 200 300

20 | ‘ ‘ 201

0 ‘ o9
20 20+
40 / ) 40

gV VgV
60 . 60+
=
7
-80 -80
j i ' T T T T T 1
0 02 04 08 08 10 12 0 02 04 06 08 10 12

-20]

-40

perituberal tissue

mV
40
20 4

201
-40 4
-60 -+~

90

100

110

120

-20
-40
-60

-80
-100

T
20

T
60

T
40

50

-50

-100

-150

mV

T
100

0

T T
02 04

T
0.6

T
150

T
200



KuHetuka satyxaHna NMDAR onocpepnoBaHHoro komrnoHeHta BI1CT B
AUCNNacTUYECKMX NMpamMmuaarnbHbIX HEUPOHaX B NocrieonepaLmoHHbIX
cpes3ax yenioBe4yecKoro mosra 4yysctButenbHa kK UBP141

___ contral
— UBP141, 10uM




CuHapowm Fragile X



KnuHunyeckmne ocobeHHocTu Fragile X

HeBponorunyeckue

- NCUXUYECKNE HapYLLUEHNA; HaYMHagqa OT
TpyaHoCcTen npu odyyveHnn oo yMCTBEHHOW
OTCTasiIoCTH

-CMHAPOM Ageduumta BHUMaHUSA U
rMNepakTMBHOCTb

-TpeBora u HeyCcTonymBoe HacTpOeHme
-ayTUCTM4YeCcKoe noseageHune

-anunenTuyecKne Npunaaxn y okono 25%
nogen ¢ Fragile X

Apyrne ocobeHHOCTHN

BbITAHYyTOE NULUO, BonbLUMe yLIu,
nnockocTonue

yBennyeHHble CycTaBbl, 0CODEHHO Ha
nanbuax

FRAX website; http://www.fraxa.org



The Fragile X Mental Retardation Protein, FMRP (FMR1)

> FAMP s
FMAP 44 -

Perynatop TpaHcrnopTa u
3 e TpaHcnsaumm MPHK

OrcytctBne FMRP
MOXET

NPUBECTU K
HensbupartenbHomn
cTabununsauyum
He3penbIX
LLINMMKOB

Bagni C & Greenough WT Nature Reviews Neuroscience 6, 376-387 (2005)




LLinnnkn B npedpoHTaribHOM Kope
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Aeduumnt cuHanTnyeckon nnactnyHoctn y FMR1 KO mbiwen
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OTtcytcTBue tLTP y Mbiwwen FRX
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COou B KanbLUMeBOU CUrHanu3aumm B geHaputax nu cnamHax FRX

MbiLLen
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CHunxeHue BKknapa Ca2+ kaHanos L-tuna B FRX
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lNepepaya curHanoB Kanbuus B LUMMMKAX U AeHOpUTax
FRX ycnewHa v yBeriudeHa npv na4e4Hom CTUMynsumm
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tLTP BoccTtaHaBnuBaeTcA NOBbILLEHHOU NOCTCUHANTNYECKOU aKTUBHOCTbLIO
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Environmental enrichment

"Hebb (1949) noted that rats, which he had brought
home for several weeks as pets for his children and
later returned to the laboratory, showed better
problem-solving ability than rats that had remained in

the laboratory” 1-

1. Quoted in Neuropsychopharmacology (2006) 31, 36-46.



Mapaaurma o6oraweHna oKpyxarLeun cpeabl
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OOGoraweHune okpyxawLien cpeabl BocctaHaBnuBaet tLTP

y Mmbiwen FRX
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BnunsaHue oboraweHuns oKkpyxawLien cpeabl HA HEUPOHHYHO

Branches / dendrite (mean + sem)

mopdonorutro B FRX

* Basal dendritic

A Apical branching increased
Oblique ——» following environmental
enrichment

Soma ——»p»
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Restivo, Leonardo et al. (2005) Proc. Natl. Acad. Sci. USA 102, 11557-11562



BnunsaHue oboraweHuns oKkpyxawLien cpeabl HA HEUPOHHYHO
mopdonorutro B FRX

Apical Spine density B
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Restivo, Leonardo et al. (2005) Proc. Natl. Acad. Sci. USA 102, 11557-11562



BnunsaHue oboraweHuns okpyxawLien cpeabl Ha noBeaeHue Mmbiwn FRX

A Crossed sectors (total) B Central vs peripheral sectors
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YnydweHue napamMeTpoB TeCTOB Ha ayTUYHOCTb
npuv ynotpebrneHnn bymetaHnga

1 Mr B geHb

45 - Placebo Bumqt.anide
40 - ¥ ' : Placebo:
——  41.210.8
% T 39.3+£09
40. |
€ 35 0.5+0
<
&) Bumetanide:
416+07
30 - 359+1.1
388+09
25 2 Y Y L Y Y Y
0 90 120 0 90 120
(days)

Lemonnier et al. 2012



Oxytocin-Mediated GABA Inhibition
During Delivery Attenuates Autism
Pathogenesis in Rodent Offspring

Roman Tyi.iu,u‘ Romain Narl:luu,:" Mana C. Ferrari,:" Timur Tsim_r.al:lze,u“] Amene Shahrukhi,:"r
Sanaz Eﬂekhari,:"r llgam I'!Ihalill:ln..',j‘“E Vera Tsintsadze, L2 Corinne Iilrl:nm:hl:nm:l,LE
Genevieve Chazal,™* Eric Lemonmier,® Natalia Lozovaya,™* Nail Burnashev,™ Yehezkel Ben-Ari™*"1

www.sciencemag.org  SCIENCE VOL 343 7 FEBRUARY 2014
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Fig. 1. Developmental excitatory-inhibitory GABA sequence is abol-
ished in hippocampal CA3 pyramidal neurons in VPA rats and FRX mice.
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Fig. 2. Maternal pretreatment with bumetanide before delivery switches the
action of GABA from exdtatory to inhibftory in offspring in VPA and FRX
rodemts at P15.



A  Control rats C WT mice

VPA rats 5s FRX mice

VPA + BUM pretreatment FRX + BUM pretreatment
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Fig. 3. Spontaneous actwity 15 increased in VPA and
FRX rodents at P15 and restored to control values by
maternal pretreatment with bumetamde.
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