akademik lvica Kostovi¢, professor emeritus
Hrvatski institut za istrazivanje mozga,
Medicinski fakultet Sveucilista u Zagrebu

IV. Kolokvij u organizaciji
Hrvatske akademije znanosti i umjetnosti i Hrvatske zaklade za znanost

STO JE POSEBNO U RAZVITKU LJUDSKOG MOZGA?

3. svibnja 2017.



Plan:
" Prikaz problema

" Faze razvitka organizacije i funkcije subplate
zone

" Moguca uloga u nastanku mentalnih |
neuroloskih poremecaja

= Zakljucci



e Sto nas ¢ini ljudima?

e Sto je jedinstveno za
covjeka?



Susret socijalnog,
kognitivnog i
emocionalnog mozga
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Klasi¢na kortikalna mapa po Brodmannu
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“LOKALNI” NEURONSKI KRUGOVI MOZDANE KORE

layer Il pyramidal neurons (blue)

calretinin containing cells (green)

- double bouquet (A)

parvalbumin containing cells (red)
- chandelier cells (B)
- basket cells (C)

Kostovi¢, 1., Judas, M., and Petanjek, Z.
(2008). Structural development of the
human prefrontal cortex. In:
Handbook of developmental

cognitive neuroscience,

Nelson, C.A., and Luciana, M., eds.
(Cambridge: MIT Press), pp. 213-235.




Voluminoznost “bijele” tvari (tamno bojanje - Weigert) u ¢ovjeka
Mnozina asocijativnih, komisuralnih i projekcijskih putova




POVEZANOST KORTIKALNIH PODRUCIA (“KONEKTOM”) | OKOSNICE TEMELINE MREZE



N hrzz

Hrvatska zaklada za znanost

Subplate zona ljudskog mozga: nerijeseni problemi
Subplate zone of the human brain: unsolved problems

(HUMANSUBPLATE, IP-2014-09-4517, project leader lvica Kostovic)



Embryonic

Neurorazvojni dogadaji u kortikalnoj histogenezi
Kljucno pitanje: kada?

Kriticna (vulnerabilna) razdoblja razvitka?

Early fetal

Proliferation

Endogenous non sensory driven
Experience independent

Sensory Sensory| Experience expectant and dependent
isensitive driven
Late fetal Preterm Neonatal Infancy
igration
Molecular specification

Axonal outgrawth and ingrowth

Coexistence of transient
and permanent circuitry
Experience expectant

Neuronal dendri

Pruning an

d cell death

tic differentiatior]

Enviromentally and socially driven

Neuronal ngregation and|cytoarchitecture

Neurochemical maturation

Myelinization

Experience dependent

Childhood

Adolescence

20

25 30 35

————
Birth



Vertical E.M. probes
in human fetal

neocortex




. 20 PCW
Kontinuitet

subplate &
zone é
prikazan /
histokemijs
kom
metodom
za ECM i
AChE




KLJUCNA ULOGA RAZVOINOG PRISTUPA FUNKCIJAMA LIUDSKOG MOZGA:
PORAST VEZA DUGOG DOMETA | SMANJIVANJE VEZA
KRATKOG DOMETA (“mali svijet”) THEKOM RAZVITKA
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Prenatalni laminarni razvitak stijenke cerebruma u Covjeka
Suplate zona je najvoluminoznija zona kortikalne osnove

(plavoljubicasto)

Prenatal laminar development of the cerebral
wall in humans
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Kostovic & Judas, chapter in Brain Mapping: An Encyclopedic Reference, 2014



Cortical plate thickness (mm)

Age= 26 PCW

Regional
differences
in layer
thickness

L.Vasung
Doctoral Thesis
Zagreb University




Bilaminar distribution of dendrites — 10,5w
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Rani bilaminarni razmjestaj aksona,
dendrita i sinapsi: presubplate faza
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Summary model of the secondary expansion of the transient SP zone
Ulaz talamokortikalnih vlakana bazalnog telencefalona oznacava pripremu za “vanjski”

sinapticki ulaz
A B

- MZ
R N ———
‘ "-'0':'-’1""‘::
Svz '-;'.".'.%:o'.::'_;"

vz

E40-E40.1 / Downward
spread
of SP cells
born at E40

E40-E54

@ Cells born at E40

== [ncoming axons from /
monoamine centers,
basal forebrain,
thalamus, and cortex

E40-E83

Duque et al (2016) PNAS 113:35



Pathway Selection and
Waiting Compartment - 18w
Aferentni putovi, zona ¢ekanja u subplateu i

razmjestaj sinapsa sredinom trudnoce —
vidljiv kontinuitet (Zuto)
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1 = Ventricular zone (germinal matrix)

2 = Periventricular fibre rich zone

3 = Subventricular cellular zone

4 = Intermediate zone (fetal "white'" matter)
5 = Subplate zone

6 = Cortical plate

7 = Marginal zone

Kostovic et al (2002):
MRI-histological correlation of fetal lamination




Sinapse na
subplate
neuronima u
svim
podrucjima
korteksa
Zapaziti
ogromni
ekstracelular
ni prostor




Prenatalna diferencijacija postsinaptickih
neurona i rani razvitak u tranzitornoj subplate
zoni : zapaziti velike dendrite koji se protezu u

tangencijalnom smjeru i prelaze zamisljene
vertikalne osovine kortikalne ploce
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Mrzljak et al (1988) J Comp Neur



Dugi dendriti subplatea doprinose kontinuitetu nexusa suplate zone

SP neuron Interstitial neuron

Kostovic¢ Raki¢ J Neurocytol 1980



Raznolikost
neurona
subplate zone
i neurona
odrasle bijele
tvari
Radijacija
dendrita
izrazena u
fetusa

Kostovic¢ et al., Int J Devl Neuroscience, 2009.



Extracellular matrix
Kontinuitet matriksa omogucuje tangencijalno
urastanje putova i ekstrasinapticku transmisiju

. . | ECM rich neuropil



PROLAZNE VEZE SUBPLATEA CINE TEMELJ POVEZANOSTI (NEXUS) U CIJELOJ
HEMISFERI

Projekcija iz bazalnog telencefalona i pulvinara u asocijativni korteks prethodi
inervaciji primarnog korteksa

CF 180 4 (71) AchE CF 198 SAG2 (11) AchE




Midfetal laminar organization
Vidljiv kontinuitet i potpuni opseg subplate zone

in vivo MR in vitro MR Nissl




Early circuitry:

C P Transmitters
Oscilatorni

krugovi subplatea:

eksperimentalni model ukazuje na

V N l koegzistenciju
unutarnje i vanjske (talamicke)

funkcije

B AMPA receptor
< "classical" NMDA receptor
Th al <] NMDA receptor active at -70 mV Hanganu et al in
. J Neurosci (22-16)

@ GABA, receptor (depolarizing) 2002




Target selection
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Accumulation of thalamocorticals
U fazi akumulacije talamokortiklanih aksona
vidljive regionalne razlike subplate zone, ali je
elementarni kontinuitet sacuvan
22w 22w 23w
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in vivo MR Fibronectin AchE



Early circuitry: subplate

The Journal of Neuroscience, June 1994, 14(6) 3877
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Allendoerfer & Shatz (1994): th
Transient circuitry in the subplate zone O

Rani prematurus: neuronski
krugovi subplatea i

talamokortikalnog sustava
Koegzistencija tranzitornih i Early preterm

trajnih funkcionalnih krugova CerU|try - 24w



Ingrowth and Address
e WG, Selection - 24-32w
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Kljucna faza: prve sinapse u
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Aactivity (a.u.)
© o o
o N ) (]

o
(V)

Aactivity (a.u.)
o o o
N N (o)}

S
N

Aactivity

DP vs ST

—— G oldest
EEEEEEER 6 youngest DV VS ST_

Pcor< -025
Razlikovanje odgovora na auditornu stimulaciju (fonemi

konsonanti) u prematurusa 28 tjedana trudnoce

Rasireni odgovor upucuje na asocijativhu povezanost; po Mahmoudzadeh et al. 2013, PNAS
nasoj hipotezi subplate doprinosi toj povezanosti



Veliki subplate neuroni
rasprostranjeni u svim podrucjima
subplatea

Stensaas’

modification of Del Rio Hortega method
in 23

PCW-old preterm infant




Asocijativni putevi u prematurusa
Associative and PVP pathways in preterm

fasc. front. f. subcal. sup. long fasc | Fasciculus fronto-occipitalis
SLF |

SLF occip.
(arcuate)

subcallosum uncinatus
Muratoff

inf. long. fasc. 38 PCW



Asocijativni putovi rastu uz duboku zonu
subplatea, ali ne prodiru u korteks

(WSO I

Vasung et al. Atlasing Fiber Pathways of the Brain During
Human Fetal Development using High-Angular Resolution
Diffusion MR Imaging and Histology. 2017 in preparation




Sagita Ini SIOj evi projekcijski h, komisuralnih i Vasung et al. Atlasing Fiber Pathways of the Brain During Human Fetal

asocijativn ih putova P rikazani HARDI tehnikom Development using High-Angular Resolution Diffusion MR Imaging and Histology.
2017 in preparation

Subplate je zona susjedna asocijativnim



Poliklinika NEURON
TrioTim
R B15

STUDY 2481 HFS
Fused, 3D

Anat,FA
b0 [60,2993)/FA [0,-]
Anat OFF/FM OFF/Clus OFF

External capsula radiation and fasc. long inf., tractography, newborn
Dugi asocijativni putovi urastaju u korteks do rodenja. Subplate zona je
kljuCna za povezanost girusa i area kao supstrat kratkih kortikokortikalnih
putova (U-fibres)



Intrauterina aktivnost mozga obuhvaca rano i asocijativna podrucja
Po nasoj hipotezi subplate neksus je klju¢an u povezanosti asocijativnih podrucja u
prematurusa (asocijativni putovi josS nisu sinaptic¢ki povezani u korteksu)
A) Term (T) PTvsT

p=0.05E——Jp<1le-5
B) Preterm (PT)

F)

m
—

>

p=0.05E—Jp<1le-5 = .~y A
C) PTvs T & g - -
8 2
r=0.69 r=0.51
=0.003 p=0.03
p=0.001 NN p<1le-5 GA at scan(rank) GA at birth (rank)

Thomason et al., Sci Rep, 2017.




Kontinuitet volumena subplate zone u asocijativnim podrucjima mozga

Vasung et al. Quantitative and Qualitative Analysis of Transient
Fetal Compartments during Prenatal Human Brain Development.



Aktivnost mozga u mirovanju prisutna je i u prematurusa
Default mode network precursors identified in term infants
Pitanje: kakva je uloga subplatea, obzirom da se neuronski krugovi subplatea preko intersticijalnih neurona
nastavljaju u postnatalno razdoblje

pa 05 140 15 2.0

z(r)
Smyser C D et al. Cereb. Cortex 2010;20:2852-2862
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© The Author 2010. Published by Oxford University Press. All rights reserved. For permissions, please e- Cerchrul 1 C{!‘fﬂbfﬂ! [:ﬂ HTEK
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The subplate and the gyral white matter
in the human newborn brain

Cortical neurons

I Pyramidal neuron

& Giutamatergic Interneuron

XX GABAergic interneuron
Subplate neurons

@ Glutamatergic interneuron

3 GABAergic “gate” interneuron

limblic
’ Medium afferant fibers Synapses
. Excitatory
; ;\eg :sso.xancn < (from pyramidal neuron)
o Excitatory
Other prefrontal (from intemeuron)
areas

@ 'Phibitory
(from interneuron)

Structures
‘ measurable
on MRI




Perinatalna reorganizacija subplatea i rast kratkih kortikokortikalnih putova
Remnants of SP shown with ECM and fibrillar markers-newborn
Nissl MAP2 Alcian CS-56

SMI99 SMI312



Consciousness of self

** Child recognizes its own mirror image
(red dot test) around 18 months

** The phenomenom of self-recognition
Is present in apes.

** Other mammals can’t recognize
themselves in the mirror.

Tipi¢no ljudske kognitivne funkcije pojavljuju
se nakon iS€eznuca subplate zone

Milan Rados, 2016.



Selective (?) radial vulnerability of cerebral comparatments

Kostovi¢ et al. Front Neurol

2014 Desp

periventricular

Distal

| .
ntermediate (superficial)

Razdoblja
vulnerabilnosti
pojedinih klasa
mozdanih putova
(selektivna radijalna
vulnerabilnost?)
Zapaziti ulogu
ostecenja
asocijativnih putova
i subplate zone u
kasnog prematurusa
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Possible involvment of SP neurons in pathogenesis of schizophrenia
Ostecéenja subplatea ( razvojnog supstrata kortikalnih veza) kao mogudi razvojni uzrok

shizofrenije
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MZ

Glut

thalamus

neocortex
Prvi zakljucak: subplate Cini okvir za razvitak intrakortikalnih veza i omogucuje Luhman et al. Front
oscilatorne tangencijalno rasporedenu spontanu aktivnost (crveno) prije kolumnarnih Neuroanat 2009

kortikalnih funkcija (Zuto)



Privremene strukture u arhitekturi (po Radosu:

baustele, construction site )

Drugi zakljucak: morfogenetska uloga subplate zone: nije samo “site” nego i
privremeni telefon, privremeni lift, skela i privremena ventilacija.



Tredi zakljucak:
subplate zona
(pretinac/compart
ment) je dosad |
nedovoljno \
prepoznati
kontinuirani
asocijativni neksus
korteksa. Posebno
je znacajan za
produzeni razvitak
tipi¢no ljudskih
podrucja mozdane
kore.
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¥ Glutamatergic SP
¥ GABA-ergic SP
< GABA-ergic CP
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