TpaHCcNAUMOHHbIE HEUPOMU3NOIOTNYECKNe
nccrnegoBaHuUsa ayTmuama

TatbsAHa CTporaHoBa

JTabopaTopusa uccrnegosaHum aytmsama
Mockosckun [lcuxornoro-negarornyecknumn YHUBeEPCUTET



AyTU3MbI: OMarHoCTUKa 1 rneyeHue. Hacrosuee
(Waterhouse et al, 2016)

PAC — He cnekmp 00H020 HapyweHUs pa3sumus, a MHoxecmeo bonesHel,
UMEeWUX pa3Hble 3muos102Uto U NamozeHes.

Ce200HAWHAA duazHocmuKa (MKB-10; DSM-V) ocHosaHa Ha 8HEWHUX
rnosedeHYecKux CUMNmMomax, d He Ha amuosio2uu U namoeeHese 60osa1e3HuU U
He MoXtem rnomMoyYb HU 8 MIOCMAHOBKe OuggepeHyuanbHo20 0uazHO3a, HU 8
g8blbope nevyeHus

dapmakonoauyeckozo neyeHuUs ¢ 00Ka3aHHoU 3ghgheKmusHOCMbIO Hem,
ycnewHocms rnosedeH4YecKux crnocobos KoppeKyuu COMHUMenbHa (Hem
080UiHbIX CA1ernbIxX KAUHUYEeCKUX npob ¢ KoHmposaem riaauyebo-agpchekma)

Hem crnocobos paHHez0 8bifieneHus PAC

HaodexcHbie ob6bekmusHble buosnozu4yecKkue mapKepsl bone3Hel PAC
(eceHemuyecKue, pusuonoeuyeckue, HelipoHHAs akmusHocmeo (pMPT, ATT,
33r, etc)) omcymcmayrom
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BUOJIOTNYECKNE NCC/TEAOBAHNA!

ASD Validity
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AyTn3amsbl: obLlee HapyLLIEeHne pasBnUTMa MO3ra

O6ycnosneH reHeTU4YecKu, Ho Social
aCCOLUUUPOBAH C MHOTUMMU FreHamMum

MoxeT 6b1Tb BLI3BAH HapyLlleHuem
B OAHOM reHe - CUHAPOMAIbHBIN
ayTu3m

CTpYKTYpHbIE U3MEHeHUs Mo3ra
(M3meHeHUs ceporo u 6enoro B-ga
KOpbI U MO3XeuKa, yMeHblueHne
pasmepoB Tanamyca, BepxXHUx
onuB).

Kak ymeHblleHue TAK U
YB%J'IVNZHMZ CBA3eun mexay
HEUPOHHbIMU aHcambnamu.

Snunencusa (30%)

N3meHeHus cnyxosoro,
3pUTEeNbHOr0, TAKTUNbHOMO
BOCMpUATUS

HapyweHa perynaums yposHs
6oApcTBOBAHUS.

CBepX-CKOHLEeHTpUpoBaHHoe
BHUMAHWE U TPYAHOCTU ero
nepeknroyeHus

MoTopHbIe cTepeoTUnum

Disturbances




.

MHOro4YmncrieHHble reHbl, acCoUMMpPoOBaHHbIE C ayTU3MOM. KaXablh OOHapYXXEH y
mMarnoro 4ucna nogen ¢ PAC, a takke npu Apyrnx HEPBHO-MCUXNYECKUX

3aboneBaHusAX. Vortsman et al.
Autism genetics: opportunities and challenges for clinical translation. Nature Review, 2017

Table 2 | Genes associated with ASDs by sequencing studies

Gene

KATNALZ (REF. 37)

POGZ"

TBR1 (REFS 37,166)

ADNP?

SYNGAPI1 (REF 37)

GRIN2B*7-158
ANK?Z [REF 37)
ARID1B¥

SCN2A¥
DYRK IAHI.J.GG

CHDS
(REFS 37,166)

Chromosomal
location

18q21.1
1921.3

2q24.2
20q13.13

bp21.32
12p13.1
4q25-q26
6q25.3

2q24.3
21q22.13

14q11.2

Estimated
percentage of
individuals with an
ASD in whom this
variant is identified

0.08
0.08

0.08
0.10

0.10
0.13
0.13
0.13

0.13
0.13

0.21

ASD
penetrance*

(rate of ASD in

carriers)

Unknown

Incomplete®*

Unknown

116

Complete

Unknown
Unknown
Unknown

Incomplete!™

Incomplete®

Incomplete!’

Incomplete®

Neuropsychiatric

pleiotropy*
(associated

neurcpsychiatric
phenotypes)

Unknown

D428 speech delay'®,

language delay*®,
schizophrenia®

IDJ.E!T
IDl 18,165, ADH DUS

|D1E|S,IG'§

IDJ.'.I'IJ
Mone reported

ID*™, speech
impairment!’+73

I, schizophrenia®

|D*7E178 speech
impairment*’s78,
ADHD', anxiety'’®

D77 schizophreniat™
speech delay'”, sleep

problems*

Somatic pleiotropy* (associated
somatic phenotypes)

Unknown

Microcephaly'®, obesity'®, impaired
vision'®*

Unknown

Recurrent infections''®, short
stature'’, heart defect'*,
hypotonia®®, hypermetropia'*®,
epilepsy**?, hyperlaxity!!®

Epilepsys®
Epilepsy*™

Heart arrhythmia'’

Short stature'™, hypertrichosis'™,

cryptorchidism'™, epilepsy'™, vision
impairment'™

Epilepsy®, episodic ataxia®

Microcephaly*'¢, epilepsy*’**™,
vision impairment*’®, short stature
gastrointestinal symptoms or
feeding difficulties!’**7

175
3

32,177

Macrocephaly
symptoms?

,gastrointestinal


Выступающий
Заметки для презентации
As of December 2016, more than 800 genes have been included in the AutDB, a database of genes implicated in ASDs28. The strength of the evidence supporting each of these observations varies greatly. One challenge resides in the fact that the mere occurrence of a rare CNV or SNV affecting a gene does not inevitably equate to causation. previously been associated with ASDs. The increased access to CMA and WES technologies has now also opened the way to the discovery of rare and private mutations in larger clinical cohorts. A recent study of 2,147 individuals with an ASD, by the Autism Genome Project (AGP), reported that 4.6% (n = 99) carried a de novo rare CNV29. Studies of the Simons Simplex Collection show that the rate of de novo rare CNVs increases to more than 10% when restricting to simplex cases5. Similarly, the study of 1,532 families with multiple affected individuals from the Autism Genetic Resource Exchange (AGRE) sh
owed that both rare de novo and inherited CNVs contribute to the development of ASDs. 
Therefore, to better understand the pathophysiology of ASDs, it is pertinent to ask whether identified genes are involved in common processes, or are active within discrete cells types or at specific developmental stages. Gene set enrichment approaches indicate that the known genes and loci involved in ASD risk converge into distinct biological processes: disruptions to synaptic functioning, chromatin remodelling, WNT signalling, transcriptional regulation, interactions with FMR1 and, more broadly, MAPK signalling29,33–37. 

Aetiological heterogeneity, variable penetrance and a broad phenotypic pleiotropy are thus now recognized as pervasive characteristics of ASD genetics. These phenomena affect our ability to interpret and reliably use genetic findings in clinical practice51 as well as the way we conceptualize ASDs themselves 


AccouunpoBaHHbIE C ayTU3MOM MyTauun obpasyroT
reHHble CETU, 3aTparmBaroT apxXUTekTypy U yHKLNU
HEWPOHOB

benKu KnemoyHoU adze3uu u apxumeKkmypbl CUHAINCo8
3nuzeHemu4yecKue peaysnamopsl HelipOHHOU aKmMmu8HocCmu
Pezynsmopebl 3Kcripeccuu 2eHo8

Apxumerkmypa Na+ KaHaso08

Ca2+ kaHanos

Xumuyeckas nepedaya cueHana (HelipompaHcmummepol)
SHepeemuyeckuli obmeH 8 MUMOXOHOPUAX

Pezynayua akmusHocmu MUKpoz2auu

Lpyaoe

GeneReviews, http://www.genetest.org. Copyright, University of
Washington, Seattle 1997-2010.



I'Iepenaqa CurHasia B CMHaricax perynmpyetcqa MHOrodmcrieHHbiMn npoTenHamm
N 3aBNCUT OT MHOITNX NreHOB.

r TrkB agonist (LM22A-4) #r GABAB receptor agorist (arbackofen)
o Insulin-ike growth factor 1 (LM22A-4) o WM receptor agonist (dicyclomine)
1’y el 4E bindings inhibitors (4EGE-1) * mTOR mhibior (rapamycin)
ﬁmmmﬂ receptor W Matrix metalloproteinase 3 inhibitor (minocydine)
‘E}NMDA.R parsial agocist { : ine) ¥ GAMS pnsi'ﬁve.a]lnsleﬁ-: modulators (COPPE)
* AMPAR agonist (ampakine G546, W GRMS antagonist (MPEF, CTEF)

CX1B37, CX1730, CX545) ¥ ERK-mediated protein synthesis imbibitar (stafine)
i NKOCA receptor antagonist (bumstanids) GABAA-posilive allssteric modulator {donazapar
+ EREEE inhibitor (FD1 53780, FD168303)

&

Delorme et al, 2014, Nature Medicine
Progress toward treatments for synaptic defects in autism.



KnuHunyeckue UCNbITaHWUS HOBBIX NEKAPCTB Y NAaLIMEHTOB C
PAC — aBoiHoi cnenoi KoHTponb addekTa nnauebo

PocT yuMcna ucnblTaHn HOBbLIX NEKapCTB O dekT bymetaHmaa

2000 no 2015 rr. Ben-Ari et al, 2017, Nature
Vortsman et al, 2017, Nature Review
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PAC n cuHgpomManbHbI ayTU3m

DIVERSE GENETIC CAUSES »
Oi/
iy . LD t

= Known single gene genetic disorder: 5-7%
= Fragile X
* PTEN Macrocephaly Syndrome
* Tuberous Sclerosis

\‘\._\ \
lPTEN\
mTDHC1 @ r.fanrc.::“ei_lnal
ey
L NF1 ) @ P15 4E-BP ]‘

NFt | KFMHP\

= Metabolic Conditions: 5%
= Mitochondrial Disorders

= PKU

= Creatinine Deficiency 3 Llf?fé‘) © Syndromic
mDe Novo CNVs: 7-20% of individual with X *". i I&:}Ninwndmmm.
idiopathic ASDs b
=15q11.2-3 duplications; 16p11.2 deletions and dup. o
= Cytogenetically visible chromosomal ki -Nm:,"'\
abnormalities: 5% (P-W/Ang., Turner, Trisomy 21) /fTEQ @- N

(& @)
\ BONF IGF1,CRF. |

Lessons learned from studying syndromic neuroscience
autism spectrum disorders

Yehezkel Sztainberg!? & Huda Y Zoghbil:*#



YpOKM cnHapomarnbHOro aytmsma

Sztainberg & Zoghbi
Lessons learned from studying syndromic autism spectrum disorders, Nature Neuroscience, 2016

Linkage and association analysis
identifies CNTNAP2, a member

FMR1-KO mice are of the neurexin family, as an

generated to model autism-susceptibility gene
First same-sex twin fragile X syndrome
study to demonstrate Whole-exome sequencing
the importance of Mutations in the X-linked reveals the contribution of
genetics in the genes NLGN3 and NLGN4 de novo single-nucleotide
etiology of autism are associated with autism mutation to ASD risk

1943 1977 1991 1993 1994 1999 2002 2003 2007 2008 2010 2012 2015

American psychiatrist TSC2 is identified Learning and Rett syndrome is modeled
Leo Kanner reports 11 as the causative memory deficits in vitro using iPSCs-derived
children with “autistic gene for tuberous are reversed in neurons
disturbances of affective sclerosis adult Nf1*"~ mice
contact” and in 1944 by inhibition of the
names the condition Ras pathway Comparative genomic Nonsyndromic
‘infantile autism’ hybridization identifies autism is modeled
[ .. . de novo CNVs associated using iPSCs-derived
MECP2 is identified with ASD three-dimensional
as the causative gene organoids
for Rett syndrome Reversibility of neurological
i deficits is demonstrated in a
EMR1 is identified as mouse model of Rett syndrome
the causative gene for Mutations in SHANK3 are
fragile X syndrome associated with ASD




XXnBOTHbIE MOAENU CMHOPOMArnbHbLIX BAPUAHTOB ayTuamMa — YPOKU
n obellaHns Ha dyayulee

e /3ne4yeHue 803MONXCHO, ecnu
rnpernapamel Ucriosq1ib3yrom

- HGI'IPGB/'IEHHO, 8 coomeemcmeue C
rnamoceceHesom

* Hanpumep 0189 HUBOMHbIX C
dedpuyumom b6enka FMRP -mGIuR
aHmazoHucm mavoglurant

e /114 MUBOMHbIX U NAUUEHMO8 C
myb6epo3HbIM CK1epo30M C Mymauyuamu
TSC1 u TSC2, PTEN eeHos — HecamusBHaA
peaynayua mTOR nymu - rapamysin,
everolimus

— 8 paHHem go3pacme!

— [lepssbie pe3ysabmamel KAUHUYECKUX
ucneimaHuli HosbIx Npenapamos 04
nayueHmos ¢ PAC (cm. Lemonier et al,
Translational Psychiatry (2012); Jeste
and Geshwind, SCIENCE
TRANSLATIONAL MEDICINE (2016)




eteporeHHocTb PAC - cTpaTterus
KITMHNYECKUX UCNbITaHUN
HOBbIX NMpenapaTtoB

1. TloTeHunanbHbIN
HenpoU3NoNornyecKum
Bruomapkep HapyLLIEHHOro
HEMPOHHOro npoLecca,
HaMOEeHHbIW Ha )XUBOTHbIX
Moenax (onToreHeTuKa,
patch-clamp recordings)

2. TpaHCnAuMOHHbIE
nccneaoBaHUA OT XKUBOTHbIX K
4yerioBeKy M OT YesioBeka K
XMBOTHbIM

3. Ob6beguHeHue
HENPOdU3NOSTOrMHECKUX U
reHeTUYECKMX JaHHbIX

4. bwnonoruyeckue Mmapkepbl ons
pasgeneHuna mogen c PAC B
COOTBETCTBUE C NAaTOreHe3om

5. KnuHuyeckue ncnbiTaHus
HOBbIX NPenaparoB B LieneBbIX
rpynnax PAC

Neuroimaging in autism—from basic science to translational research
Christine Ecker and Declan Murphy , Nature Review, 2015

Genotypic and
phenotypic
heterogeneity
of ASD

Evidence-based
stratification
of individuals

Targeted pharmacotherapies

N

ASD biomarkers

C

d

i

Large-scale clinical trial Effect size



3a4eM HYXXHbl HEMPOU3NONOrMYECKNE KPUTEPUM
OVarHoCTUKN

Cmpamucgpukayus nayueHsmos ¢ PAC 8 coomeemcmesue ¢
buo102u4ecKUMU MexaHu3Mamu HapyweHud

KnuHu4eckue ucnbimaHus Ho8bIX fiekapcme 0OmMKHbI
npo8oouUMbCsi 8 00OHOPOOGHOU NO MexaHU3MamM HapyweHus
2pynne nayueHmos

AppekmusHocmb thapMaKko102U4eCK020 8Mewamernbcmea
domKHa oueHusambcsi 06bLeKmueHbIMU Memoodamu

PanHsisi duazHocmuka PAC no nosedeHuro pebeHka
HEB03MOXHa Ha nepgoM 200y XKU3HU, Helipoghu3suonoau4yeckue
Kpumepuu Mo2ym He UMemb 3mux o2paHuYeHul



Porb Henpodunanonorum 4YenoBeka B oyayLem — TpaHCNALUNOHHbIE
nccriegoBaHugd, HanpasneHHble Ha AnddepeHUnanbHyro
OVNarHOCTUKY NaTonornm MosiekynspHo-reHetudecknx nytem PAC

- | Animal -
g 7| models o, 1 I "
A
A
Advanced
imaging
Y
. Phenotype
fj"\“‘*‘.ﬂ e
| Y
Physiclogy ﬂ\"% f_?{ ﬁ%
Drug @_‘ v
2 discovery 2 @ Zé;"
- Diagnosis and effective treatment Gene
- therapy TR
DA sequencing CMA FISH Stem call R —
ASD patient R =votvee therapy &cﬁ
Genomic
- | analysis J
Cerebral -
iPSCs iNeurons organoid
Somatic cell o
| reprogramming . Gl K /':j
t: ﬁ a2

Lessons learned from studying syndromic
autism spectrum disorders

Yehezkel Sztainberg!? & Huda Y Zoghbil-*#



byayuwee. Kpyton noBopoT B guarHoctuke n nedeHumn PAC- Bbi30BblI

. buonornyeckumne nccneposaHusa
¢ [lepexo0 K buosnoa2uvyeckum Kpumepuam 0uaeHOCMuKu
(RDoC — Research Domain Criteria National Institute of
Mental Health, 2016)
¢ /icnonb3o08aHUe 2eHOMHbIX mexHos102ul U Helipo-
3HOOeHomunos 0717 8bIACHEHUA 3aMPOHYMbIX y NauueHma
MOsIEeKYNAPHO-2eHemu4ecKux nymed, nepcoHanu3upo8aHHO20
nooxooa K ne4yeHuro (Loth et al, Nature, 2016. Identification
and validation of biomarkers for ASD)
. Big Data NMoaxoa (06beanHeHHble 6a3bl AaHHbIX)
¢ Cywecmsyrouwjue HoiHe Big Data

¢ 1aHUpyemMoble KOHCOPYUuyMbl —

NYULangone  EUAIMS Longitudinal European Autism Projct Project (LEAP)

MEDICAL CENTER



HapyLlueHHbI banaHc BO30YXOEeHUSA/TOPMOXEHUA HENPOHHbIX

aHcambnen npu aytusme: B/T b6anaHc

OpHa 13 Hanbonee BNNATENbHLIX OU3NONIOrMYECKUX TEOPUN,
obbsCHALWNX 3aragky aytmama (Rubenstein and
Merzenich,2003)

«In autism, hyper-excitable cortex is ‘noisy’, poorly functionally
differentiated, inherently unstable, and therefore susceptible to
epilepsy» ...

MHorue reHbl, accoummpoBaHHbIe C ayTU3MOM, Y4acCTBYIOT B
nogaepxaHum banaHca Bo30yXAeHUS 1 TOPMOXKEHUS B
HeMpOHHbIX ceTax mo3sra (LeBlanc and Fagiolini, 2011)

HapyweHune 6anaHca B/T B paHHeM pa3BuTum moara npnsoguT
K aHOMalibHOMY (0OPMUPOBAHNIO HENPOHHLIX CETEN



[[lomeocTaTnyeckas perynauma 6anaHca Bo3oyxaeHusa n TopmoxeHna (B/T)
Ha YPOBHE MEXHEWPOHHbIX CBA3EN N €€ HapYLLUEHUA MPU reHeTUYeCKnX

nonomkax. Ponb TOPMO3HbIX MHTEPHENPOHOB B natoreHe3ze PAC
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Выступающий
Заметки для презентации
Interneuron dysfunction in psychiatric disorders Oscar Marín

Lack of parvalbumin in mice leads to behavioral deficits relevant to all human autism core symptoms and related neural morphofunctional abnormalities M Wöhr1,7, D Orduz2,7, P Gregory3 , H Moreno4 , U Khan4 , KJ Vörckel1 , DP Wolfer5,6, H Welzl5 , D Gall2 , SN Schiffmann2 and B Schwaller3 Gene mutations and gene copy number variants are associated with autism spectrum disorders (ASDs). Affected gene products are often part of signaling networks implicated in synapse formation and/or function leading to alterations in the excitation/inhibition (E/I) balance. Although the network of parvalbumin (PV)-expressing interneurons has gained particular attention in ASD, little is known on PV’s putative role with respect to ASD. Genetic mouse models represent powerful translational tools for studying the role of genetic and neurobiological factors underlying ASD. Here, we report that PV knockout mice (PV− / − ) display behavioral phenotypes with relevance to all three core symptoms present in human ASD patients: abnormal reciprocal social interactions, impairments in communication and repetitive and stereotyped patterns of behavior. PV-depleted mice also showed several signs of ASD-associated comorbidities, such as reduced pain sensitivity and startle responses yet increased seizure susceptibility, whereas no evidence for behavioral phenotypes with relevance to anxiety, depression and schizophrenia was obtained. Reduced social interactions and communication were also observed in heterozygous (PV+/ − ) mice characterized by lower PV expression levels, indicating that merely a decrease in PV levels might be sufficient to elicit core ASD-like deficits. Structural magnetic resonance imaging measurements in PV− / − and PV+/ − mice further revealed ASD-associated developmental neuroanatomical changes, including transient cortical hypertrophy and cerebellar hypoplasia. Electrophysiological experiments finally demonstrated that the E/I balance in these mice is altered by modification of both inhibitory and excitatory synaptic transmission. On the basis of the reported changes in PV expression patterns in several, mostly genetic rodent models of ASD, we propose that in these models downregulation of PV might represent one of the points of convergence, thus providing a common link between apparently unrelated ASD-associated synapse structure/function phenotypes. Translational Psychiatry (2015) 5, e●●; doi:10.1038/tp.2015.19; published online xx xxx 2015


Uncno PV+ MHTEPHENPOHOB (PO30BbIN) YMEHBLLUEHO B KOpe Mo3ra
nogen ¢ aytTuaMmom (Hashemi et al, CerCor. 2016)
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Huskast BO3OyaMMocTb PV+ TOPMO3HbIX HEMPOHOB Y XMBOTHbIX Mogesien PAC
NPVMBOAMT K HAapyLLUeHuam perynsaumm banadca B/T npu ycunusaroLemMcs nputoke
BHELLUHero Bo30YyXaeHus, KOTOPYH MOXHO YaCTUYHO BOCCTAHOBUTL DaKknoeHoMm

GABAg-mediated rescue of NMDAR-hypofunction
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remains under debate, but all epidemiological studies point to there being a strong genetic contribution to the risk of ASD40–42. In all twin studies conducted to date on ASD, monozygotic twins have higher concordance rates for ASD (ranging from 60% to 90%) than dizygotic twins have (from 0% to 30%). The estimated heritability of ASD differs from one study to another, but genetic factors always account for at least 38% and up to 90% of the phenotypic variance40–42. In families with a history of ASD, the likelihood of having a child with ASD increases 
cousins. 

In this study, ASD heritability was estimated to be 0.50 (95% CI: 0.45–0.56) and the non-shared environmental influence was also 0.50 (95% CI: 0.44–0.55). Surprisingly, both shared environment and dominance components seemed to have only a small role in the heritability of ASD41. Twin studies further revealed that a substantial proportion of the genetic contribution to ASD was shared with other neurodevelopmental disorders, such as ADHD (>50%) and ID (>40%)40,45–47. 


BonbwuHcmeo ghapmaripenapamos, Ucrosib3yeMbiX 8 KITUHUYEeCKUX
UcrnbIimaHusix, HarpaeJieHbl Ha 80CCMaHoB8/IeHUe «HopMaribHo20» banaHca
B/T.

— [puynHamun aytmama MoryT 6bITb Kak HecbanaHcnMpoBaHHOE BO30yxaeHue
(FRAX) Tak n HecbanaHcupoBaHHoe TopMmoxeHune (RTT, PTEN)

— ‘Some people in ‘failed’ drug trial for autism showed benefit..." (e.g. Arbaclofen,
GABA-B agonist)

— OcTpas HyxXga B HOMBMAyanbHO HagexHbIX buomapkepax 6anaHca B/T

Kak usmepums 6anaHc B/T y yernoseka ?

N3mepsisa koHueHTpauuio GABA n Glu MP-cnekTpockonuun (rpybasa mepa
OOCTYMHOCTN TOPMO3HOIo U BO3OyXKaatloLero MegmaTtopoB B MO3re)

* [lpn HenpodmbpomaTose1 ymeHbLUEHHbIN BbIbpoc GABA
KomMneHcupyet peskoe yBenundeHne GABA-peLenTopoB
(Gongalves et al. Molecular Autism, 2017)

MO3Il ramma ocunnnauma — npamMoe N3MepeHne cymmapHon HEMPOHHOM
aKTUBHOCTU, reHepnpyemMon npm B3anmMogencTBMn TOPMO3HbIX U
BO30y»OaloLLMX HENPOHOB.
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These treatments interfere with a pathway that stimulates excitatory signaling in the brain. Other candidates boost inhibitory signaling through a molecule known as gamma-aminobutyric acid (GABA) as a way to counteract excess excitatory activity.  Many of these studies test drugs in broad groups of participants, a practice that is inappropriate for conditions as heterogeneous as autism known to be caused by either increased or decreased E/I balance in the brain.  This may be the reason why some people from overall failed drug trial  showed a clear benefit. Thus, the whole area is urgent need for the non-invasive biomarker of E/I balance. What methods do we have now for measuring the E/I balance. The most popular methodology is MRS, which evaluate the bulk concentration of GABA and Glutamate in the broad region of interest. However, the measure may correlates, anticorrelates or even not correlates et al with the efficacy of inhibitory and excitatory neurotrasmission. Just one example from studies of neurofibromatosis – a rare one genetic disease related to autism. 


The human studies of NF1 using magnetic resonance spectroscopy (MRS) showed reduced cortical GABA levels all over the cortical regions.  In animal model in vitro measurements revealed either highly increased GABA/glutamate ratios or very high receptor GABA(A) receptor expression in cortical, striatal and hippocampal structures that were weakly compensated by slightly reduced GABA concentration.  This provides a convincing evidence of increased inhibitory tone in the brain in NF1 patients – a conclusion directly opposite to that derived from human MRS measurements. A reduction in cortical GABA content found in human patients  coupled with the increased expression of GABA(A) receptors in animal models may represents a compensatory changes.  


[[aMmMa ocumnnsumMmn BO3HMKaLOT B JII0OOM HEMPOHHOW CETU, rOe eCTb

PV+TOpMO3Hble HENPOHbI, MakCUMarbHbl B 3pUTENBHOWU KOpe - (Xing et
al, PNAS, 2012)
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Выступающий
Заметки для презентации
Visual (drifting gratings) responses of MUA and γ-band activity are generated in cortico-cortical output layers 2, 3, 4B  and is strongly influenced by laminar-specific  E-I recurrent circuitry


Cuna HEMPOHHOIO 1 raMma-0TBEeTa CHavara pacTeT, a 3aTeM nagaet
NPy poCTe BHELLHEro BO30DYXaatoLLEero npuToka — addekTmeHoe
TOPMOXEHMEe orpaHn4nBaeT Bo30YXaAeHNE 3PUTENBHON KOPbI
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Monkey 1

Monkey 2
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0

Temporal frequency (cps)

YacToTa pa3psjoB HEMPOHOB

Salelkar, J Neurophysiol, 2018
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The explanation, which at first glance, seems plausible, is that cortical neurons in V1  are tuned to the specific stimulus velocity, similarly to spatial frequency tuning that is well described for V1 neurons. In this case the majority of neurons has a maximal firing rate in response to optimal spatial or temporal frequency, and any departure from optimal  stimulation leads to decrease in firing rate and concomitant decrease in gamma power.   The findings from the recent monkey study demonstrates that  this is not the case – a strength of gamma response starts diminishing at temporal frequencies well below the temporal frequencies become sub-optimal for neuronal spiking. 

Alternatively,  this bell-shaped input-output relationship can be explained by the initially facilitative influence of the rising excitatory drive on the gamma synchrony in E-I circuitry11,19 and then its suppressive effect mediated by excessive excitation of the I-cells desynchronizing the E-cells firing20,21 


MockoBckun M3rl-LeHTp Karolinska NatMEG Centre, Stockholm

Elekta Neuromag Vector View Elekta Neuromag TRIUX
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And the subjected the data to time-frequency analysis using fourier transformation with sliding window.


Nokanusauna M3I ramma-oTBeTa B 3pUTENBHON KOpe
meToaom ‘beamforming’

0.45

4 0.35

0.25

02

mni coordinates:

[4.0 -96.0 0.0]

value: 0.64

atlas label: Calcarine L.

Orekhova et al, Sci.Rep, 2018
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The left picture demonstrates individual data obtained for 10 adults, who watched stationary gratings (0 velocity) as well as gratings drifting at different velocities/temporal frequencies. For all subjects we observed systematic linear increase in gamma frequency from stationary to fast moving gratings (not shown here). Regarding gamma power - the transition  from stationary to slowly moving gratings led in most of the cases to an enhancement of the gamma response power,  which was substituted by attenuation of gamma response with further increase in stimulus velocity.  Thus, we observed the same bell-shaped changes in human gamma response caused by  increased excitatory drive that were previously reported  for input-output contrast function in monkeys LFP.  The right picture shows  LFP data for the same stimulus paradigm that we used but obtained from monkey.  What is the mechanism standing behind the non-liner effect of excitatory drive on gamma power? 
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Then we explored the changes in gamma response accompanying increase in excitatory  drive to visual cortex in children and adults. As shown in the time--frequency analysis presented here, in both groups the strong and sustained gamma oscillations induced by slow motion velocity changed toward less sustained and weaker oscillations at a fast velocity. Moreover, these effects were systematically associated with spectacular upward shifts in oscillation frequency. Note that in children the prominent 62-Hz peak at slow velocity is shifted to 80  Hz at fast velocity. Experimental studies in animals (Mann EO and I Mody 2010), as well as the simulation studies (Moca VV et al. 2014) suggest that excitation of inhibitory FS interneurons is the main factor affecting frequency of gamma oscillations. Therefore, the monotonic increase of gamma frequency is most probably explained by increasing excitation of FS interneurons in response to increasing excitatory driveThe observed linear effect of velocity on MEG gamma frequency might be mediated primarily through increasing excitability of inhibitory neurons. The reduction in  gamma power  was four-fold as measured for the entire gamma band and is not so easily explained. It seems that at some point a strong excitatory drive leads to  the disruption of gamma synchronization in the brain responses. 

This finding  strongly contradicted  the common beliefs that greater induced gamma power reflects stronger excitation of the respective network.  To resolve this apparent contradiction, we used both static and moving gratings to investigate  gamma response dynamics under more broad modulation range of incoming input.  
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To simplify the calculation of gamma suppression we introduced the novel index – gamma suppression slope that represents the coefficient of regression of the weighted gamma power to velocity.  The coefficient b is equal to zero in the case of a constant response power in the three experimental conditions (i.e. ‘no suppression’) and is proportionally more negative in case of stronger suppression of the gamma response with increasing motion velocity 
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GSS & direction detection threshold for Small gratings: local (lateral) inhibition

Stronger gamma suppression correlated with Better direction discrimination threshold for Small stimuli, but only in children with ASD. 
Stronger gamma suppression reflects stronger local inhibition [in ASD]
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Orekhova et al, unpublished
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lssue: Translational Neuroscience in Psychiatry

The 40-Hz auditory steady-state response: a selective
biomarker for cortical NMDA function

Digavalli V. Sivarao
Genetically Defined Diseases, Bristol-Myers Squibb Co., Wallingford, Connecticut
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Auditory Steady State Response (ASSR) in rats and

humans
Animals: epidural electrodes rat Humans: MEG (our study)
(Sivarao et al., 2016) Typically developing children (blue) ASD (red)
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Shank3: a key scaffolding element
determining postsynaptic density of NMDA receptors in the
excitatory glutamatergic synapses
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OTO BO3MOXHO! CriyxoBOM pe3oHaHC Ha YacToTe ramma pUTMOB NMOAAaBIIEH KakK Ha
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AdeTn n uxX pogmnteru, ydactsoBaBLllnE B NCCI1€J0BaHNAX
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AHHa bytopuHa
MapwuHa LleTtnuH
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Nnbsa NantoTa
["anunHa YyxyTtoBa
AHppen Npokodbes
Monoable COTPYAHUKKW, acnupaHTbl U CTYOEHThl, ydacTBylowwmne B paboTe
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