Telencephalon

Veronika Némcova



Telencephalon — koncovy mozek

1) Kura (cortex)

Klra Sestivrstevna — neocortex - 95%

Klra trojvrstevna — paleocortex — Cichova
. archicortex — hippokampalni formace

Prechody — mesocortex — napf. area 28 entorhinalni klra

2) Basalni ganglia

Striatum — ncl. caudatus + putamen + ncl accumbens

Globus pallidus internus + externus

Claustrum

Amygdala

| ncl lentiformis = globus pallidus + putamen |
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Fig. 56: Internal capsule in horizontal section through cerebrum

Interncl capsule und its fibres are designoted by numbers

1 - 1r. lronto: pontinus (fills onterior romus of the capsule),

2 - tr cortico-nucleoris [in genu of the copsule),

3 tr cortico- spinalis for spinol centres of the upper limb

4t corlico-spinalis far spinal centros of the lower limb,

5 - tr. thalomo-corticalis {sensary pothwoys),

6 - ir. parieto-occipito tempora pontinys,

7 -1 _geniculo-corticolis (rodintio optica, from corpus geniculotum laterole),
8 - tr genicule-corticalis (rudiotio vcustica, lrom corpus geniculotum mediole)
C - nel coudatys,
CL - cloustrum,

copsula externa,
F - {ernix,
fa - forceps anterior,

fp - farceps posterior,
nel lentiformis,
thalamus,
ventriculys,
copsulo extremo
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NEOCORTEX

* Laminarni usporadani— 6 vrstev

* 10 — 20 miliard neuronu
* 95 % povrchu hemisféry




Trochu Cisel aneb zalezi na velikosti ?

Mozkova kura 1233g 16 miliard neuron

Mozecek 154g 69 miliard neuront

82% objemu mozku — mozkova klira — ale jen 19% mozkovych neuront —
prevladaji vybezky - spoje
Glie — 50% mozkovych bunék

O mozku, védomi a sebeuvédomovani
Od autoru: Koukolik, Frantisek



Rodents Primates
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Malpa kapucinska

Capybara 769 1600 M 529 3690 M Capuc:hin~ monkey
neurons neurons

The Human Brain in
Numbers: A Linearly
Scaled-up Primate Brain
Suzana Herculano-
Houze|1~ 2009

Cim vétsi mozek, tim vétdi rozdil mezi poétem neurond v ném mezi hlodavci a stejné velkymi primaty


http://www.ncbi.nlm.nih.gov/pubmed/?term=Herculano-Houzel S[auth]

PtaCi mozky — velka hustota neuronu v paliu

Owl Monkey
Eurasian Jay

o I

salium (ngramsy | 2-09 G 10.62 g 10.20 g 39.18 g 14.38 g

total numbers of
pallial/cortical
neurons (in
millions

Palium Cerebellum

Birds have primate-like numbers of neurons in the forebrain Seweryn Olkowicz, Martin Kocourek, Radek K. Lu“can, Michal Portes, W.
Tecumseh Fitch, Suzana Herculano-Houzel, and Pavel Nemec, PNAS, 2016




Ptaci se stejné velkym mozkem jako savci maiji vice jak 2x vétsSi pocet neuronli v ném
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: star-nosed
smoky short-tailed

shrew shrew mole eastern mole
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0.176g 0347g o416g 1020g 0802g 1802g 0999g

Hmotnosti a po¢ty neurond v mozcich
36 M 52 M 71M 90 M 131 M

200M 204 M rdznych savci

guinea pig marmoset agouti galago owl monkey

- . N

7.78g 10.15g
G w 18.365 g

15.73 g
634 M 857 M 936 M

1468 M

capybara squirrel monkey

capuchin monkey

E 2K
30.22 g

The Human Brain in
3246 M

Numbers: A Linearly Scaled-
up Primate Brain

Suzana Herculano-Houzel?~
2009
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Herculano-Houzel%20S%5Bauth%5D

yabstraktni“— prepocteny na hmotnost lidského

»Abstraktni®

mozek n;,:zl:;;(trarl;:rr:{:ta Lidsky mozek

hlodavce P
Hmotnost 1500 ¢g 1500 g 1508 g
Celkovy pocet ncuronti 12 miliard 93 miliard 86 miliard
Gelkcoy pacet juych 46 miliard 112 miliard 85 miliard
bunc¢k
Hmotnost kiiry mozku 1154g 1412¢g 1233 g
Pocet neuronii v ktife 2 miliardy 25 miliard 16 miliard
Relativni velikost moz- 77 % hmoty 94 % hmoty 82% hmoty
kové kiiry mozku mozku mozku

Relativni pocet necuro-

17 % mozkovych

27 % mozkovych

19 % mozkovych

nu v kiire neuronu neuront neuronu
Hmotnost mozecku 133 g 121g 154 ¢g
Focet HESTaRS 10 miliard 61 miliard 69 miliard

v mozecku

Relativni velikost
mozecku

9% hmotnosti
mozku

8 % hmotnosti
mozku

10 % hmotnosti
mozku




2 vyhody lidskeho mozku

Oproti hlodavcim, slonim i velrybam Setfi mistem (jako i ostatni
primati)
Je nejvétsi z primatich mozkd, tedy ma nejvic neuront




Telencephalon amnionta

Jind struktura, ale stejné fungovani vstup-vystup
SavCi neocortex

(nahore vlevo), vstupni a vystupni neurony jsou
usporadany ve vrstvach.

zelvi dorsalni cortex (nahore uprostred), vstupni
a vystupni typy neuron( jsou v jedné v vrstvé, ale
Castecné oddélené v rostrocaudalni ose

V DVR (nahore vpravo) a ptacim Wulstu, a

vystupni typy bunék v ohranicenych jadrech.
Bst, brainstem; dTh, dorsal thalamus; t.
cortex, turtle dorsal cortex.

Cell-type homologies and the origins of the neocortex
Jennifer Dugas-Ford, Joanna J. Rowell, and Clifton W. Ragsdale 2012

savec

neocortex

dTh

Bst




Lidsky mozek

MODERN VIEW

Palhal

Striatal
Pallidal

Three major forebrain
subdivisions responsible
for complex behavior

http://people.eku.edu/ritchisong/birdbrain.html



Cichovy bulbus
Telencephalon

archeopteryx

Podle odlitk( lebek dinosaurl, méli i nelétavi dinosaufi mozky podobné ptakiim

Amy Balanoff, 2012 \v/felky |.’ozv01 tectum opticum, mozecku, telencephalon
Cich nic moc



The Human Connectome

Anatomy

Kiingler's method for fiber tract dissection
uses freezing of brain matter to spread
nerve fibers apart. Afterwards, tissue is
carefully scratched away to reveal a
relief-like surface in which the desired
nerve tracts are naturally surrounded by
their anatomical brain areas.

Connectome

Shown are the connections of brain
regions together with “hubs” that
connect signals among different brain
areas and a central “core” or backbone
of connections, which relays
commands for our thoughts

and behaviors.

Neuronal Pathways

A new MRI technique called diffusion
spectrum imaging (DSI) analyzes how
water molecules move along nerve
fibers. DSI can show a brain's major
neuron pathways and will help
neurologists relate structure

to function.




Nomura T et al - Nomura T, Takahashi M, Hara Y, Osumi N. Patterns of neurogenesis and
amplitude of Reelin expression are essential for making a mammalian-type cortex. PLoS ONE.
2008 Jan 16;3(1):e1454. PMID 18197264 doi: 10.1371/journal.pone.0001454
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2175532&rendertype=figure&id=

pone-00014p8 005Iian telencephalon Avian telencephalon

< Reelin+ neuron @ Er81+ neuron @ Brn2+ neuron

Schematic illustration of differences in neuronal specification and migration patterns between the mammalian and avian
pallium. In the developing mammalian telencephalon, Reelin-positive neurons are derived from several origins including
ventral pallium, and Er81 and Brn2-positive neurons are isotopically generated from entire pallial regions in a temporal
manner. In contrast, in the developing avian telencephalon, Reelin-positive neurons are not derived from the ventral pallium,
and Er81 and Brn2-positive neurons are generated from distinct pallial regions in a spatially regulated manner.


https://www.ncbi.nlm.nih.gov/pubmed/18197264?dopt=Abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2175532&rendertype=figure&id=pone-0001454-g005

Molecular test for homology at the level of cell type between
mammalian neocortex and the avian DVR.

(A) Core circuitry of mammalian neocortex. Input neurons in layer 4
(green) receive sensory information from
the dorsal thalamus, and output neurons in layer 5 (red) project to
the brainstem.

(B) Two-color fluorescence ISH (FISH) demonstrating Eag2 (green)
and Er81 (red) gene expression in layers 4 and 5 of mouse
somatosensory cortex.

(C) Rorb coexpression (yellow) with Eag2 (green) in layer 4 neurons.
(D) Core circuitry of the avian DVR illustrated for the visual system.
Input neurons in the entopallium (green) receive sensory information
from the dorsal thalamus, and output neurons projecting to
brainstem lie in the arcopallium (red).

(E) Layer 4 marker gene EAG2 is enriched in the entopallium.
Coronal cross-section of hatchling chicken brain processed for light
microscopic ISH.

(F) FISH demonstration of RORB coexpression with EAG2 in
entopallial neurons.

(G) Layer 4 marker RORB identifies the avian auditory
input nucleus Field L. (H and 1) Layer 5 markers are expressed in the
arcopallium of the chicken (H; PCP4) and zebra finch (I; ER81).
1-6, layers of neocortex; A, arcopallium; Bst, brainstem; dTh, dorsal
thalamus; E, entopallium; FL, Field L; M, mesopallium; N,
nidopallium; St, striatum.



The Wulst has L4/l and L5/O cell types. (A) Diagram of a coronal
cross-section through rostral chicken telencephalon illustrating the nuclear
organization of the Wulst. The IHA (green) is the target of thalamic input

and the HA (red) contains Wulst output neurons projecting to brainstem. (B)
The L4/l marker EAG2 is expressed as a stripe, filling the IHA (green arrow).
(C and D) The neurons of the output nucleus HA are enriched in the L5/0
marker genes ER81 (C) and PCP4 (D). (C) Two-color ISH documents that the
EAG2-dense IHA (brown) lies immediately lateral to the HA (dark purple).
(D) High-power FISH shows that the IHA (EAGZ2, green) is precisely inserted
between the large-celled HA and the more densely packed hyperpallium
intercalatum (HI)/hyperpallium densocellulare (HD) territory (PCP4, red).

M, mesopallium; N, nidopallium.




epiphysis

\'yvoj koncového mozku

Mozkové vacky maji

1) Basalni cast striatalni hrbolek — BG

2) Dorsalni ¢ast — pallium - kiira

....3.7: RHOMSEN 3) Medialni ¢ast — lamina epithelialis —

Serinalls lamina choroidea s plexus choroideus,

lamina affixa thalami

4) Pred a pod foramen interventriculare

septum pellucidum, septum verum




isthmus rhombencephali
25 days 35 days 40 days

flexura cephalica pontinni ohbi
\

Yal

6 months

exura cervicalis

insula

Vyvoj hemisfer — sm

pital lobe

Temporal lobe



Klra Sestivrstevna — neocortex - 95%
Klra trojvrstevna — paleocortex — Cichova
archicortex — hippokampalni formace
Pfrechody — mesocortex — napf. area 28 entorhinalni klra Sagitalni rezy hemisférou

pocatecni stav:
neocortex (Sipky)
tlaci na archicortex,
ktery je zevnitr
utlacovan rostoucim
corpus callosum
(Cervena carkovana
cara)

pokrocily stav:

horni ¢ast archicortexu
je utlacena (Carkované)
neocortexem a callosem,
dolni ¢ast se pretvari

v hippocampus



Vyvoj klry a basalnich ganglii

Pallium — medialni — archicortex — limbicky systém
dorsalni — neocortex — 95% kury

lateralni — paleocortex — ¢ichova klra BMP
ventralni — amygdala (BL) Wnt

(caudodorsal)

roof/hem (lateral)
Striatalni hrbolek RA
medialni - GPal, ncl. basalis Meynerti (Ach) (kyselina
lateralni - Striatum(ncl. Caudatus + putamen retinova)
kauddlni - Amygdala (CM)

o)

Fof

=~

(anterior or rostral)

Shh
(rostroventral)




F.K. Studnicka, 1896

Adult

Evaginated Everted
Embryo

Evertovana hemisféra kostnatych ryb

Figure 2.16 Telencephalic Evagination versus Eversion In most vertebrates, the
telencephalon evaginates during development to form the cerebral hemispheres (top
left). In ray-finned fishes, however, the telencephalon does not evaginate. Instead, its
dorsal portion folds outward in what is called an eversion process. In such an everted
telencephalon, the mediolateral positions of the dorsal telencephalic (pallial) areas are
reversed relative to what they are in an evaginated telencephalon. Abbreviations: DP =
dorsal pallium; LP = lateral pallium; MP = medial pallium; SubP = subpallium. (After
Holmgren, 1922.)



Pohled shora

Neocortex
Paleocortex
Archicortex

Vyvoj kury telencephalického vaéku v céasném
embryonalnim obdobi ( Petrovicky)



\‘,,/ Rezy vyvijejici se

hemisférou

Neocortex
Paleocortex
Archicortex

Vyvoj kury telencephalického vacku pozdéjsi v casném
embryonadlni obdobi ( Petrovicky)



Clones of
intrinsic cortical
progenitors

GABA*
neurons

Korové neurony pochazeji
a) z subventrikularni zény #
b) Ze striatalniho hrbolku (inhibicni interneurony).




Migrace neuronl z ventrikularni zony

Pial surface
] \ ‘ YU

Cerebral cortex

Radial glial cell
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Ventricle

Intermediate

zone (SP/1Z)

Subventricular
zone (SVZ)

Ventricular
zone (VZ)

Ventricle

A C
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@ O
Svz
_L___@f % .
\
aRG alP — =
o SAP =
B
Meninges (Pla)
Basal lamina o
Cortical
plate (CP) p
Subplate /

Basal radial glia
(bRG)

Subapical progenitor
(SAP)

Apical radial glia
(aRG)

Rodent / Lissencephalic Apical intermediate

progenitor (alP)

..’
!

WY vy,

Primate / Gyrencephalic

NPC types in the developing neocortex of representative
lissencephalic and gyrencephalic species. (A) NPC types in the
mammalian neocortex after the onset of neurogenesis,
classified according to cell polarity, the presence of ventricular
contact, and the location of mitosis. Red arrows indicate contact
of the basal process with the basal lamina. Apical progenitors
(APs), which include apical radial glia (aRG) and apical
intermediate progenitors (alPs), are defined by mitosis
occurring at the ventricular surface and the presence of
Meninges (pia)  ventricular contact. Note that neuroepithelial cells (NECs), the
primary APs that give rise to aRG and alPs, are not depicted, as
”, NECs prevail prior to the onset of neurogenesis. Subapical
f' cp progenitors (SAPs) are defined by mitosis occurring at an
' abventricular location and the presence of ventricular contact.
Basal progenitors (BPs), which comprise basal radial glia (bRG)

Basal lamina

---- ~fL SPNZ and basal intermediate progenitors (bIPs), are defined by

mitosis occurring at an abventricular location and the absence
of ventricular contact. bRG subtypes (see Box 2 for more

Outer information) are also shown: proliferative blP, blue; neurogenic
subventricular bIP, green. (B) Coronal section of developing neocortex from a
zone (0SV2) representative lissencephalic species, such as mouse or rat
(left), and a representative gyrencephalic species, such as ferret

I g or human (right), depicting the NPC types frequently observed

i~ 1P ey lager in each of the germinal zones. (C) The major dimensions in

O — which the developing neocortex is described: (1) radial (black
subventricular arrows), i.e. the ventricle-to-pia axis, corresponding to the
zone (iSV2) apical-basal axis in terms of tissue polarity; and (2) lateral (red
arrow), i.e. the axis perpendicular to the radial axis. CW, cortical
wall.

Ventricle

Neural progenitors, neurogenesis and the evolution of the neocortex
Marta Florio, Wieland B. Huttner
Development 2014 141: 2182-2194; doi: 10.1242/dev.090571



The ) is always positioned rostrally with

respect to the primary visual (V1) and ) areas
Neocortical arealization: Evolution, mechanisms, and open questions

Mouse
Opossum
i
Cat
™
Poloha primarnich senzitivnich A ™~
oblasti u riznych savcl )
e vzdy rostralné od V1 a AL w
s$1—— B
Platypus /

Al ' Macaque
- v :

Ghost bat

Developmental Neurobiology
Volume 73, Issue 6, pages 411-447,5 APR 2013 DOI: 10.1002/dneu.22067
http://onlinelibrary.wiley.com/doi/10.1002/dneu.22067/full#dneu22067-fig-0001



http://onlinelibrary.wiley.com/doi/10.1002/dneu.v73.6/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/dneu.22067/full#dneu22067-fig-0001

Vrozena mapa kury zavisla :

1) na transkripcnich faktorech 2) na vrastani vldken z thalamu

Protomap Protocortex

http://journal.frontiersin.org/article/10.3389/fgene.2012.00212/full The developing, aging neocortex: how genetics and epigenetics influence
early developmental patterning and age-related change
Kelly Huffman*



http://journal.frontiersin.org/article/10.3389/fgene.2012.00212/full
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=KellyHuffman&UID=49658

Neocortical arealization: Evolution, mechanisms,
and open questions

Mechanisms underlying cortical thickening, expansion and lamination. A:
Schematic representation of an embryonic mouse brain delineating the
prospective frontal/motor (F/M), somatosensory (S), and visual (V) areas.
According to the radial unit hypothesis, newborn neurons receive positional
information from their progenitors. During neurogenesis, the thickening of a
given area or areal region (bottom left represents a cortical section) will
increase (black arrows), while an increment of the self-renewing progenitor
pool will lead to area surface expansion (bottom right, green arrows). B:
Schematic representation of the hypothetical function of the areal patterning
gene COUP-TFI in the specification of layer VI in primary motor (M1) and
somatosensory (S1) areas. When COUP-TFI (which is highly expressed in parietal
and occipital neocortical regions) is active, it delays the onset of the layer V
(red) specification program in S1 area, where neurogenesis proceeds slower
than in M1. As a result layer VI (blue) of S1 acquires approximately the same
thickness of that of M1, while layer V results thinner in S1 compared to M1.
When COUP-TFI is ablated, it fails to repress layer V program in S1, which in
turn expands its layer V neuronal pool at the expense of layer VI neurons. [Color
figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Gen pro tvorbu funkénich korovych oblasti (COUP transkrip¢ni faktor 1)
Je v parietdlni a okcipitalni klife a oddaluje tvorbu V. vrstvy v senzitivnich klrach

Developmental Neurobiology

Volume 73, Issue 6, pages 411-447,5 APR 2013 DOI: 10.1002/dneu.22067
http://onlinelibrary.wiley.com/doi/10.1002/dneu.22067/fulltdneu22067-fig-0002

__——Meninges S

——— Cajal-Retzius colls

. Nourons settied in the CP

Multipolar migrating nedrons
and basal progenitors



http://onlinelibrary.wiley.com/doi/10.1002/dneu.v73.6/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/dneu.22067/full#dneu22067-fig-0002

Vliv rliznych transkripcnich faktort na vyvoj telencephala

Hem Wnt and Bmp
Anterior neural ridge Fgf8, noggin
Antihem secreted frizzled receptor protein (Sfrp2) EGF




Signalni molekuly

L. Medina, A. Abellan / Seminars in Cell & Developmental Biology 20 (2009) 698-711 703

Ventralné SHH
Dorsalné BMP + WNT
Lateralné kyselina retinova

(A)

telencephalic vesicles

midbrain

FGie

A

(anterior or rostral)

cxh,cortical hem; DP, dorsal pallium;

pallium; M1, primary motor cortex; MGE,medial ganglionic eminence; MP,medial pallium; OB, olfactory bulb; POC, commissural

proptic area of the subpallium; S1, primary somatosensory cortex; V1, primary visualcortex; VP, ventral pallium; zli, zona limitans
intrathalamica.

pallium roof/hem BMP
Wnt
R-Ab (caudodorsal)
roof/hem

POC

; Hb, basal hypothalamus; LGE, lateral ganglionic eminence; LP, lateral

(lateral)

Shh

(rostroventral)




Vliv riznych transkripcnich faktort na vyvoj telencephala

BMP
Wnt

(caudodorsal)
roof/hem

(lateral)
RA

—
-

-ty

sy

(anterior or rostral)

(rostroventral)
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Emx2 Pax6 " . 2

o8 o8 Wild type ’ 2 y
p—————

Wild type Emx2 mutant  Pax6 mutant .

@% @% S— @

FGF8 (+) ? ! :/;és

Pohled shora na mysi pallium —
Exprese EMX2 (plUsoben BMP)  Exprese Pax6 (plisobenaRA)
FGFS8 (-)
Vznik primarni motoricke, a zrakoveé kury

Pohled zboku na mysi pallium

_ , , , Pri mutaci Emx2 a Pax6, nadbytku ¢i nedostatku FGF8
Medina, A. Abellan / Seminars in Cell & Developmental

Biology 20 (2009) 698—711 703



Brodmannova cytoarchitektonicka mapa neokortexu




Funkcni korové oblasti

Broca=44,45 _— 4
. A2=42, 22
| - ok .

A1=41‘/



v

Doplnkova motoricka oblast

Funkcni korové oblasti

Limbicky lalok

Vi=17
fissura calcarina

Teckované paleocortex = Cichova kira
bulbus a tractus olfactorius, striae olfactoriae,
trigonum olfactorium, ¢ast uncus g. parahippocampalis



Cichova kura

* rhinencephalon = paleocortex = piriformni kura 3 vrstuy:

1. Plexiformni — vlakna tr.olf
2. Pyramidova

makak : .
3. Multiformni - interneurony

krysa

Aferenty: tr. olf
chemické spoje
Do,Ser,NA

Eferenty: area 28 — hippocampalni form
Amygdala (cort)

amygdala basolat
hypothalamus

thalamus

Predni ¢ast commissura anterior —komisuralni spoje a
spoje do druhostranného bulbus olfactorius



Rhinencephalon=korova Cichova oblast- zakonceni tractus olfactorius

1-bulbus olfactorius

2-tractus olfactorius

3-trigonum olfactorium =area perforata anterior
4-stria olfactoria medialis

5-stria olfactoria lateralis

6-predni ¢ast uncus gyri parahippocampalis (51)

7- prepiriformni klira (mesocortex — peripaleocortex)
8- entorhindlni ktira (28 — mesocortex-periarchicortex)

Preparace a foto MUDr. Bartos



Zakonceni Cichove drahy v neocortexu

C ) dowk
- makake

Informace jde pres paleokortex, amygdalu, thalamus (MD)




fMR — zakonceni Cichove drahy v neokortexu




Anterior

Posterior

APC PPC

Pyramidal cell

C - Schema usporadani piriformni kdry
V 2. A 3. vrstvé jsou pyramidové bb
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Nature Reviews | Neuroscience

Paleocortex

OB bulbus olfactorius

LOT — tr. Olfactorius+ stria olfactoria lat
AON ncl. Olfactorius anterior
OTUB tuberculum olfactorium
APC- piedni piriformni klira

PPC- zadni piriformni ktira

AM amygdala

EC- entorhindlni klira - mesocortex
HP — hippocampus archicortex
OFC — Cichova oblast neokortexu

Jay A. Gottfried

Nature Reviews Neuroscience 11, 628-641 (September 2010)

V1. vrstvé aferenty z bulbu (do APC) a aferenty z jinych casti primarni Cichové kury i dalSich asociacnich oblasti (do PPC)



Vyvoj paleocortexu

o Originin VZ
+

Migration

Destination in OCx

Cell identity in OCx

subpallial VZ origins

dLGE

VLGE

radial

radial

piriform cortex

olfactory tubercle

Tbr1 (74.1%)
Calretinin (50%)
Reelin (23.5%)

Calbindin (11.3%)
Calretinin (1.6%)
Tbr1 (1.2%)

SES

radial
-+

tangential

olfactory tubercle

Calbindin (54.5%)
Tbr1 (15.5%)
Calretinin (12.6%)
Reelin (7.1%)

pallial VZ origins
RDT-MDT|

CDT

tangential

tangential

olfactory tubercle

piriform cortex

Tbr1 (92.7%)
Calretinin (36.7%)
Reelin (18.8%)

RMTW

tangential

dorso-lateral route
in neocortex

ventro-medial route
in medial wall

piriform cortex

olfactory tubercle

Calretinin (50%)
Tbr1 (10%)

Early migration routes to the olfactory
cortex (E10-12).

VZ, ventricular zone;

OCx, olfactory cortex;

PC, piriform cortex;

OT, olfactory tubercle;

dLGE, dorso-lateral ganglionic eminence;
VLGE, ventro-lateral ganglionic eminence;
SES,septo-eminential sulcus;

RDT, rostro-medial telencephalon;

MDT, medio-dorsal telencephalon;

CDT, caudo-dorsal telencephalon; RMTW,
rostro-medial telencephalic wall.

In blue, subpallial VZ origins; in red, pallial
VZ origins.

Adapted from Garcia-Moreno et al., 2008.



* PSB
—» |ateral cortical stream
—~ interneuron migration

> excitatory neuron migration

radial glial cell

= radial migration
in chain migration
pial surface

ECM

Neocortex

Comparison of developing neocortex and
piriform cortex. A, Main migratory routes
to the neocortex and to the piriform cortex.

I, Lateral cortical stream and modes of
migration to the piriform cortex.

B, Prenatal development of layers in the
neocortex and in the piriform cortex
illustrated by cresyl violet stainings. Cx,
neocortex; OCx, olfactory cortex; OB,
olfactory bulb; Hip, hippocampus; LGE,
lateral ganglioninc eminence; MGE, medial
ganglioning eminence; PSB, pallium-
subpallium boundary; ECM, extracellular
matrix; MZ, marginal zone; CP, cortical plate;
SP,subplate; SVZ, subventricular zone; VZ,
ventricular zone; 1Z, intermediate zone; WM,
white matter; L, layer; LOT, lateral olfactory
tract; str, striatum; *, anterior commissure.
Scale bars, 200 um.



: Superficial Deep
Semilunar cells : ;
pyramidal cells pyramidal cells

/

L1a LOT

L1b

L2a

L2b

L3

CoA OB OB IL-mPFC OB
IENT & IL-mPFC

Organization, molecular identities and known targets of projection neurons in the piriform cortex.

LOT, lateral olfactory tract; CoA, posteromedial cortical amygdala nucleus; IENT, lateral entorhinal cortex; OB, olfactory bulb; IL-
mPFC,infralimbic subdivision of the medial prefrontal cortex.

Adapted from Suzuki & Bekkers, 2011 & Diodato et al., 2016.



g. cinguli

Limbicky lalok

g. parahippocampalis



Archikortex —1) cornu Amonis = hippocampus
(hipokampalni ) subiculum = horni plocha g.parahippocampalis
formace)

3) gyrus dentatus

ZUstal medidlné v temporalnim laloku a uvnitr dolniho rohu lateralni komory
Supracommissuralné — indusium griseum a.striae longitudinales
Precommisuralné —taenia tecta v area subcallosa Fornix= hlavni podkorovy eferent




Medialni plocha temporalniho laloku

fornix

g. dentatus
Splenium CC

Uncus gyri parahippocampalis

subiculum



Uncus a crura mesencephali

Preparace a foto MUDr.Bartos




Uncus a crura mesencephali

Com. post

Uncus hippocampi

Fimbria fornicis

Gyrus dentatus

Preparace a foto Dr.Bartos

fornix

com.ant.

Tr. opticus

g. semilunaris (Amy)

g. ambiens (51)



Archikortex

2a) cornu Amonis = hippocampus

3 ) subiculum = horni plocha g.parahippocampalis
43) gyrus dentatus

SOUCAST LIMBICKEHO SYSTEMU
EMOCE, PAMET

Obr. 41.: Poltled ma hip okampus sdorsilni strany,
Toou odste anny vaschny steuktuey, kterd hapokampus kol (volnd podle Niewwenhuysd) .



Limbické struktury v fezech




Limbické struktury v fezech




Limbické struktury v fezech




Henry Molaison — pacient H.M.

7, VvV 7

Amnesie po odstranéni medialni ¢asti temporalnich lalok( véetné hippocampu



http://www.nature.com/ncomms/2014/140128/nco
mms4122/fig_tab/ncomms4122_F1.html
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Asociacni
: T, - -
Komisuralni a
Projekcni vlakna EHEN
-—~Th
‘ofp




Horizontalni fez pres
capsula interna

fevma

" 4

{-%;.- radiatio thalami
ant.. sup.. post.

radiatio
optica




Komisuralni viakna

Corpus callosum — rostrum, genu, truncus, splenium
Commissura anterior — predni ¢ast Cichova, zadni spojuje temporalni laloky kromé sluchu a archicortexu
Commissura fornicis — spojuje archicortex

Commissura anterior

E H

Copyright @ 2007, 2000, 1995 by Mosby, an affiliate of Elsewvier Inc. All rights reserved.



Komisuralni vlakna

Commissura fornicis

Splenium corporis callosi




Corpus callosum - Casti

Spojuje oblasti

5) Pariet Occ

(Hofer S, Frahm J 2006 Neuroimage 32:989-994;




Witelson's Scheme

1/2 1/2

! i i 173

| i/
\
@ &

truncus  Proposed Scheme isthmus .
\ | Prefrontalni
1 1 . s v , . ,
. 4/2{1,3 Il Premotorické a doplnkové motorické
I m L .
; v lIl Primarni motorické
1/6— \ 1",4 IV Primarni senzorické
/ég‘\ \\)PK V Pariet, Occ a temp
genu rostrum splenium
Fig. 3.

Topography of the midsagittal corpus callosum. (Top) Witelson's classification. () Anterior third: prefrontal,
premotor, and supplementary motor; (I1) anterior midbody: motor; (Ill) posterior midbody: somaesthetic,
posterior parietal; (IV) isthmus: posterior parietal, superior temporal; (\VV) splenium: occipital, inferior
temporal. A, anterior; P, posterior. (Bottom) Proposed new classification. Region |: prefrontal; region II:
premotor and supplementary motor; region lll: motor; region |V: sensory; region V: parietal, temporal, and
occipital. A, anterior; P, posterior.

(Hofer S, Frahm J 2006 Neuroimage 32:989-994;



MRI u bipolarni poruchy (maniodepresivni)

U bipolarni poruchy mensi ¢asti 2,3,4 oproti zdravym i oproti depresivnim
Zadny vztah velikosti a sebevrazednych pokus

Corpus callosum volumes in bipolar disorders and suicidal vulnerability
Anthony J. Gifunia, Emilie Oliéb, Yang Dinga, Fabienne Cyprienb, Emmanuelle le Barsc,
Alain Bonaféc, Philippe Courtetb, Fabrice Jollanta,d,?, 2017, Psychiatry Research Neuroimaging



Atrofie CC béhem 1. roku léCby roztrousené sklerosy — predpoved prubéhu
choroby

9

ORIGINAL TRANSVERSAL CUT MANUALLY OUTLINED EI.ORF’US CALL‘OSUM

Vaneckova /Kalincik /Krasensky /Horakova /Havrdova /Hrebikova /Seidl, Corpus Callosum Atrophy — A Simple
Predictor of Multiple Sclerosis Progression: A Longitudinal 9-Year Study Eur Ne 24 urol 2012;68:23-2,



Kratka asociaCni vlakna — fibrae arcuate spojuji sousedni gyry

Dlouha asociacni vliakna

Spojuje recCové a sluchové oblasti

Fasciculus arcuatus 4

¢ 3
1- fasciculus uncinatus 1- fasciculus uncinatus
2-f. fronto-occipitalis superior nad ncl. caudatus 2- cingulum
3-f. longitudinalis superior nad inzulou 3-f. longitudinalis inferior "~
4-f. occipitalis verticalis 4- genu corporis callosi

5-commissura anterior
6-splenium corporis callosi

5-sulcus centralis



Dlouhé asoclacni drahy v prumétu na zevni (A) a vnitfni (B) stranu
hemisféry.
1 - fibrae arcuatae

2 - fasciculus longitudinalis or (arcuatus)
3 -fasciculus fronto-occ erior

4 -fasciculus uncinatus

5 - fasciculus occms verticalis

6 - cingulum

7 - fasciculus longitudinali inferior {occipito-temoralis )

8 - fasciculus fronto-occipitalis inferior




DTI

* Arcuate fascicle (in green) is
separate from the SLF (in pink;

kindly provided by Uli Biirgel, Kleve, Germany.




medial and lateral

. — P s (Geschwind’s
orbntofrontal/ ad el inferior frontal cortex 4 territory)
D_l_ | cortex ‘"f N , (Broca'’s territory) : ' _ L

anterior [

temporal lobe
posterior temporal

ARCUATE cortex (Wernickes'’s

UNCINATE FASCICULUS territory)

FASCICULUS

lateral occipital
cortex

medial temporal ';l/
lobe 4 _(‘ #
CINGULUM %
pe

Na

medial and lateral occi;?ital h ; o Q & ventromedial
coriex ippocampus an .
The Summary of DTI orbitofrontal cortex g o 1 occipital cortex

studies below was kindly INFERIOR FRONTO-OCCIPITAL INFERIOR LONGITUDINAL
provided by Marco Catani FASCICULUS FASCICULUS
(London, GB).




Cortex cerebri — pallium
Gyrifikace

Obr. 37.: Schema gyrifikace na mediali stramé hemisfery.
Sulei: wiz obr. 31.
Gyri:
| — praecertralis, 2 — postcentralis, 3 — frontalis su- petior, 4 — frontalis medius, 5 —
frortalis inferior (vedlej 8 ramena fissura lateralis cerebn ho déli na pars opercularis —a,
pars triangularis — b, pars otbitalis — c), 6 — lobulus parietalis superior, 7- lobulus

Ol 36 Sclieia gyiifilsice ra Tl ke sisiry: parietalis inferior, 8 — supra- marginalis, 9 — angularis, 10 — otbito-frordales, 11 — occipi-

Sulci: tales, 12 —ternporalis superior, 13 —temporalis medius, 14 —tetnporalis inferior, 15 -

A — centralis (Rolandi), B — praecentralis, C — postcen- tralis, D — frortalis superior, E - frontalis superior (viz 3), 16 —1o- bulus patacentralis, 17 — praecuneus, 18 — cuneus, 19—
frontalis inferior, F — fissura lateralis cerebri (Sylvii), G — parietooccipitalis, H - occipi- totetnporalis medialis (= lingualis), 20 - parahippocarmpalis, 21 -
tmmh;nwm&r’ I ‘E“:ﬁ:l@h;mmrr ‘Omgl;‘j‘h’ K= ﬁ‘*.su;a w@"{“f - occipitotemporalis lateralis, 22 —uncus g. parahippo- cammpalis, 23 — ambiens, 24 -
E;j,r}g?ns e R e s semilunaris, 25 — cinguli, 26 —rectus, 27 — subcallosus (=area subcallosa), 28 — fimbria

hip- pocampi pfechdzejici do fornixu, 29 — commissura posterior, 30 — cotrtri ssura
anterior, 31 — dertatus, 32 — fasciolaris, 33 — indusium griseum corporis callosi.
Hvézdicka — g paraterrmimalis (=powrch septa).

wz obr. 37.



Funkcni korove oblasti lateralni strana hemisféery

premotoricka kiira primarni motoricka kara

primarni senzitivni kira

......

Brocova motoricka
recova oblast

primarni sluchova kira



FunkcCni korove oblasti medialni strana hemisféry

primarni motoricka kura

doplrikova motoricka oblast L e
primarni senzitivni kura

primarni zrakova kura



Funkcni korove oblasti

PM M1 3 1 ? S1

Frontalni okohybné pole

Brocova motoricka
recova oblast

Vi

PF

V2

Chutova korova oblast

Wernickeho oblast
Al A2 porozuméni fedi
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Homo

Pan

Simpanz ma sulcus lunatus (L) na rostralnim okraji primary visual cortex, ktery béhem
vyvoje zanikl. Simpanz ma také fronto-orbitalni sulcus (fo) ohranidujici tzv. “Broca's cap”
(BA 44 a nékdy ¢ast BA 45). Vétsina fo se zanoruje hluboko s ristem mozku hominidu. U lidi
se zdd Ze v této oblasti BA 47 a BA 45, jsou dva nové sulky (horizontalni a ascendentni
raménko predni ¢asti Sylviovy ryhy) ohranicujici pars triangularis (BA 45). fo, L, and sulci
ohranicujici BA 45 jsou Cervené

Interpreting sulci on hominin endocasts: old hypotheses and new findings
an Falk Front. Hum. Neurosci., 01 May 2014 | https://doi.org/10.3389/fnhum.2014.00134



http://www.frontiersin.org/people/u/3160
http://www.frontiersin.org/people/u/3160
https://doi.org/10.3389/fnhum.2014.00134
http://www.frontiersin.org/people/u/3160
http://www.frontiersin.org/people/u/3160

Einstein’s brain

Nature | News
Snapshots explore Einstein’s unusual brain

Photos reveal unique features of genius’s cerebral cortex.
*Mo Costandi

16 November 2012

Neobvykle slozité zavity v
prefrontdlni kare, v parietalnich
lalocich a zrakové kire

Prefrontdini klra je dllezita
pro abstraktni mysleni


http://www.nature.com/news/snapshots-explore-einstein-s-unusual-brain-1.11836#auth-1

Nature | News
Snapshots explore Einstein’s unusual brain

Photos reveal unique features of genius’s cerebral cortex.
*Mo Costandi
16 November 2012

Einstein’s brain
left

Central s. "=

Precentral s
Post central s

Superior frontal s.

Inferior frontal s \

Sagittal
fissure

Somatosensory region corresponding to the left hand is expanded — violin playing

Chybi parietalni operculum — vice spoju v této oblasti — to vysvétluje zrakové —
prostorové schopnosti a matematické (arithmetické) viohy


http://www.nature.com/news/snapshots-explore-einstein-s-unusual-brain-1.11836#auth-1
http://del.icio.us/post?url=http://www.nature.com/news/snapshots-explore-einstein-s-unusual-brain-1.11836&title=Snapshots+explore+Einstein%E2%80%99s+unusual+brain
http://del.icio.us/post?url=http://www.nature.com/news/snapshots-explore-einstein-s-unusual-brain-1.11836&title=Snapshots+explore+Einstein%E2%80%99s+unusual+brain
http://digg.com/submit?phase=2&url=http://www.nature.com/news/snapshots-explore-einstein-s-unusual-brain-1.11836&title=Snapshots+explore+Einstein%E2%80%99s+unusual+brain
http://digg.com/submit?phase=2&url=http://www.nature.com/news/snapshots-explore-einstein-s-unusual-brain-1.11836&title=Snapshots+explore+Einstein%E2%80%99s+unusual+brain
https://plus.google.com/share?url=http://www.nature.com/news/snapshots-explore-einstein-s-unusual-brain-1.11836&title=Snapshots+explore+Einstein%E2%80%99s+unusual+brain
https://plus.google.com/share?url=http://www.nature.com/news/snapshots-explore-einstein-s-unusual-brain-1.11836&title=Snapshots+explore+Einstein%E2%80%99s+unusual+brain
http://www.linkedin.com/cws/share?url=http://www.nature.com/news/snapshots-explore-einstein-s-unusual-brain-1.11836&title=Snapshots+explore+Einstein%E2%80%99s+unusual+brain
http://www.linkedin.com/cws/share?url=http://www.nature.com/news/snapshots-explore-einstein-s-unusual-brain-1.11836&title=Snapshots+explore+Einstein%E2%80%99s+unusual+brain
http://www.stumbleupon.com/submit?url=http://www.nature.com/news/snapshots-explore-einstein-s-unusual-brain-1.11836&title=Snapshots+explore+Einstein%E2%80%99s+unusual+brain
http://www.stumbleupon.com/submit?url=http://www.nature.com/news/snapshots-explore-einstein-s-unusual-brain-1.11836&title=Snapshots+explore+Einstein%E2%80%99s+unusual+brain
http://www.reddit.com/s/http://www.nature.com/news/snapshots-explore-einstein-s-unusual-brain-1.11836
http://www.reddit.com/s/http://www.nature.com/news/snapshots-explore-einstein-s-unusual-brain-1.11836

Neocortex, 6 vrstev

Mikroskopicka stavba klry



Mikroskopicka stavba kury
Barveni kresylvioleti




Hippocampus = Archikortikalni struktura 3 vrstvy

.
¢







Paleocortex.. 3 vrstuy







Korové
vrstvy

neokortex

Golgi stain Nissl stain

Weiger! skain

I. Lamina molecularis —
interneurony

Il. L. granularis externa — asociacni
neurony

Ill. L. pyramidalis externa —
commissuralni neurony

IV. L. granularis interna — pFijima
thalamokortikalni vlakna

V. L. pyramidalis interna — projekcni
neurony (bazalni ganglia, mozkovy
kmen, micha)

VI. L. multiformis —
Kortikothalamické neurony

AN b4 A AR J‘g’ s ‘.‘ PR s
L l“i AAXTR AR 0875053 Ay ey
- A ey
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FICURE 224

Cross section of neocortex stained by three different methods;
arborizatlons of cortical neurons by completely staining a smal

¢ Stria Bailargeri externa

Stria Bailargeri interna

the six cortical layers are Indicated. The Golgi stain reveals the shapes of the
| percentage of them. The Niss! method stains the cell bodies of all neurons,

showing their shapes and packing densities. The Weigert method stains myelin, revealing the horizontally orienred bands of Baillarger and the

vertically oriented collections of cortical afferents and efferents. {[From Brodmann K Verg,
thren Prinzipien dargestellt auf Grund des Zellenbaues, Leipzig, 1909, |A Barth,)

leichende Lokalisation lefire der Grosshirnrinde in
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http://what-when-how.com/neuroscience/the-thalamus-and-cerebral-cortex-integrative-systems-part-1/



Stavba isocortexu

Cytoarchitektonika - vrstvy mozkové kury
(prechody od agranularni do granularni)

Ul A A

K

motoricka 2 3 4 5

agranulair granulair
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Projekéni : pyramidoveé Il, Ill, V — 70%-80% excitacni do kdry, kmene, michy
vietenovité VI — inhibi¢ni do thalamu

by

\_

J

—

- oy T e =

ll. :’,'; &

Iv. 5
Vv P OM
VI. "

Hlavni typy korovych neuront

G - granularni (hvézdicovité) b.
P - pyramidalni b.
H - horizontalni b.

Interneurony 20-30%: excitac¢ni — granularni (hvézdicovité) 11,1V
horizo (Cajal-Retziusovy bb)

inhibiéni - spousta tvarl, bez trnl, kosSickovité, svicnové,
vretenovité, Martinottiho

V - vietenovité b.
M - Martinottiho b.
(granularni b. v mozecku)




Pyramidové
neurony

Vrstva V.
M |

Golgiho
Impregnace

Dendritické

trny




Cajal Retziusovy buriky = horizontalni interneurony — reelin — fidi vyvoj kliry mezi 7.a 19. tydnem vyvoje

Aktivita genu HAR-1 - specificky pro ¢lovéka

- J &\ v ok S\, | g o — ':'/. R S
Cajal, 1891 g 00 S P ok,



DRUHY INTERNEURONU — AXONY SE VETVI HORIZONTALNE NEBO VERTIKALNE

Fig. 17.6. Main kinds of cortical interneurons.  horizontally in the layer of the perikaryon, and

Note three patterns of axonal distribution (in  vertically spanning several layers. Based on Jones
red): in the immediate vicinity of the perikaryon,  (1988).



Projekéni neurony, excitatacni, glutamat

Dlouhé axony Interneurony, inhibi¢ni, GABA, kratk¢ axony

FIGURE 22-4

Neocortical neurons. A, Pyramidal neurons in different layers have characteristically different soma sizes and patterns of distribution of a
collaterals. B, Nonpyramidal neurons come in a variety of sizes and shapes; many have names attributable to their shapes. Basket cells (A}
usually large and make basket-shaped endings that partially surround the cell bodies of pyramidal cells. Other kinds of smaller multipolar 1
(8) may have elaborate dendritic and axonal arborizations. Chandelier cells {C} have vertically oriented synaptic “candles” that end on the
tial segments of pyramidal cell axons. Bipolar cells {D) have dendrites that both ascend and descend, and double bouquet cells {£] have &
that both ascend and descend. [A from Jones EG: Identification and classification of intrinsic circuit elements in the neocortex. In Edelman (
Gall WE, Cowan WM, editors: Dynamic aspects of neocortical function, New York, 1984, John Wiley and Sons. B from Hendry SHC, Jones E

Neurosci 1.1390, 1991.)

Interneurony, kratké axony
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Inhibicni a excitacni interneurony

—2
i granularni aspiny
GABA

CCK

@ VIP

granulargi spiny = hvézdicova
Glutaméat

Martinottiho lustrova
kosickova GABA ( ) ( )GABA
GABA CcB O O PV
PV ce
ranularni aspin pyramic{ové

9 piny Glutamat

GABA @

SST

P

Y v

Inhibiéni neurony jsou propojeny i navzajem (nezakresleno) a mohou
tak provadét disinhibici

Mnohé neurony obsahuiji i NO (jsou NADPH-d positivni)

Nezakresleny jsou neurony horizontalni, chomackovité, Cajalovy -
mediatorovou vybavou odpovidaji granularnim

Hlavni thalamicky pfivod kon¢i u bunék
pyramidovych, hvézdicovych a kosiclkovych



Homunculus

SOMATOTOPICKE USPORADANI V
GYRUS PRECENTRALIS A
POSTCENTRALIS




Sensitivni a motoricky homunculus

\lhnn Abdhmuna

Motoricka kura

ura

r 0

Ivhi

Sensit

ve

itivnich (A) a motorickych (B) korovych o 1

Zeni sensi
schematizovanych frontalich (Sikmych) rezech mozku (z Borovanského).

~

Obr. 25.: Topograficke rvzlo



Motorické korové oblasti

* M1=4 agranularni ktira Betzovy bb.

. primé spojeni s alfa motoneurony

* —léze—chaba obrna w N\ \ ]'2 ra

* Aferenty z VL Th (mozecek) NG

. S1, PM, PF, 5 K o

* Eferenty- micha, BG, Th, kmen o -V

Al | W




Motorické korové oblasti

PM — 6 vyznam pro zménach naucenych pohybu, a pohybech se

zrakovou kontrolou

Pri lézi obrny proximalnich svalu konc.

Aferenty z VA Thalamu (BG), S1, V2,
5+7

Eferenty do ncl ruber, a RF, do michy

méneé nez M1

FEF. \ \l/ ~ 2

¥

vz




Motorické korové oblasti

* Doplnkova motoricka oblast =M2= cast 6 na medialni strané
hemisféry

* Planovani pohybu , kontrola posturalnich svall

e Aktivace i pri predstave slozitého pohybu

 Oboustranna leze — akineze, zastava reci
* Aferenty z VA thalamu, S1, Limb+ Asoc klry
* Eferenty do M1, ncl ruber, RF a michy




Motoricke korove oblasti
Cingularni premotoricke oblasti 23,24

e Zapojeny do limbického okruhu BG
* Hodné spoju k miSnim interneuronum

e emocni motorika“




Motorické korové oblasti
FEF=8 frontalni okohybné pole

e Kontroluje konjugované pohyby oci

* Poskozeni — deviace bulbu k straneé leze
* Nelze volné stocCit oCi na druhou stranu

* Aferenty z V1,V2 3
* Eferenty do area pretectalis a colliculus sup



Cerebral cortex eye movement control Pierrot-Deseilligny et al, 2004

Rozhodovani
Inhibice
Predikce
Kratkodoba prostorova pamét

Motorické uceni

Zrakova

pole

DLPF
SEF
FEF
PEF

Stfednédoba
prostorova
pamét?

Zamérna
motivace

Motorické
programy

SEF

Pre-SEF

L

...-'. sfs

DLPFC
pcs

e

FEF

PHC

4
N\ HE)

Dlouhodoba
prostorova
pamét?

Motivace pozornosti?

Zamérné
vyvolan Zrakovd fixace
sakad 7 7
Zrakové
CcS s
post-cs prostorova
pozornost?
ips / Integrace
A spy zrakova a
a2 pcc ,
SMG S 2 prostorova
SMG 1PA 'Z v
| AG raKove
J QEL \ informace
sts
AG
pos
sC
RF. Reflexni
’ vyvolani sakad
Provedeni

SEF, supplementary eye field; sfs, superior frontal sulcus; CEF, cingulate eye field; cs, central sulcus; DLPFC, dorsolateral prefrontal cortex; pcs,
precentral sulcus; FEF, frontal eye field; ips, intrapanetal sulcus; ifs, inferior frontal sulcus; SMG, supramarginal gyrus; PCC, posterior cingulate
cortex; SPL, superior parietal lobule; IPA, intraparietal areas; |s, lateral sulcus; AG, angular gyrus; PEF, posterior eye field; sts, superior temporal
sulcus: pos, paneto-occipital sulcus: PHC, parahippocampal cortex; HF, hippocampal formation: SC, superior colliculus; RF, reticular formations.

TMS + fMR studie



Popis predchoziho obr.

* 1) zrakova informace dojde do PEF

e 2)PEF a okoli integruje zrakové a prostorové informace

* 3) z PEF vyvolany rychlé reflexni sakady pres colliculus sup
* 4) ze zpozdénim dorazi informce do FEF (aktivni fixace)
 ado DLPF-kratkodobd pamét do 25s

e 5) v DLPF rozhodnuti o okulomotorickém chovani — inhibuje reflexni sakady nebo aktivuje FEF.
Také aktivuje stfedné dobou pamét — do par minut, nebo i dlouhodobou

* 6) Volni o€ni pohyby fizeny z FEF (odpovida na podnéty z predniho cinguldrniho EF a frontdlni klry
7) Pri spojeni s nauc¢enym motorickym programem aktivni SEF a pre SEF



Brocova a Wernickeho recova oblast na fMRI

LEZE Brocovy oblasti — expresivni afazie

Leze Wernickeho oblasti — senzitivni (percepéni) afazie

PM M1 31 2 51

VI

PF

V2

Al ‘
A2 "
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FIGURE 7. PET scan showing the localization of selected cognitive functions in the cerebral cortex.
PECHURA, C.M. & J.B. MARTIN, Eds. 1991. Mapping the Brain and Its Functions:

Integrating Enabling Technologies into Neuroscience Research. National Academy

Press. Washington, D.C.



Senzitivni korové oblasti S1
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The Sensory Cortical Representation of the Human Penis:
Revisiting Somatotopy in the Male Homunculus
Christian A. Kell, 1,2 Katharina von Kriegstein, 1,2 Alexander Ro"sler,3 Andreas Kleinschmidt,1,2 and Helmut Laufs1,2

1Brain Imaging Center and 2Department of Neurology, Johann Wolfgang Goethe University, 60590 Frankfurt, Germany, and 3Albertinen Haus
Geriatric

Center, Department of Geriatrics and Gerontology, University of Hamburg, 22459 Hamburg, Germany




Kolumnarni
organizace S|

Minikolumna = asi 100
neuronl obsahujici
sloupecek prochazejici
vsemi vrstvami klry

= zakladni stavebni a
funkéni jednotka
vertikalniho usporadani
neokortexu

Do kazdé oblasti SI vstupuji
informace z jiného typu receptoru

Postcentral
Postcentral sulcus

KlZe, pomalu se adaptujici receptory

Hluboké tkané -tlak, poloha kloubt
Kbze - komplexni dotyk

To areas
1ard 2
S-ll cortex

From thalamus

To basal gangiig, brain
stem, and spinal cord

To thalamus

,MuKuKI|“

Meissner's [ /
corpuscle I /



Primarni senzitivni kura S1=3,1,2 1
e Granularni kdra I
* Konec S-Th a S-B-Th drahy

* Aferenty z thalamu (VPL + VPM) | s

e Eferenty do M1 a 5+7, BG, Th, RF, senz. jj. hl. nervu, zadniho rohu a
jader zadnich provazcu kontrola

TR

e Léze — druhostranna hypestezie,

Sekundarni senzitivni ktira S2=40
Aferenty z obou stran téla



Primarni a sekundarni zrakové oblasti

V1=17 kolem fissura calcarina .\
V2:18, 19 . Pjref:uneus

Granuldrni kdra, 3 A
retinotopické usporadani /C
Leze V1 — korova slepota vypadnou kontralat zorna pole
Leze V2 — vizualni agnosie — nepoznavani vidéného

k uneus
-

Aferenty V1 - radiatio optica= tr. Geniculo-corticalis (z CGL)
Eferenty - do dalSich V2...a do CGL, area pretectalis, CS,
nuclei pontis

Dalsi zrakové oblasti v temporalnim laloku,
napr. g. occipitotemporalis lateralis —
rozpoznavani tvari



Sluchové korove oblasti
primarni Al=41=Heschlovy zavity
sekundarni A2 =42, 22 —g. temporalis sup
e Granularni klra
* Tonotopicky usporadana

* Aferenty Al: CGM
* Eferenty Al: A2
. CGM, Cl

e A2 propojena s recovymi
oblastmi




Chutova korova oblast
operculum parietale —area 43

e Leze — shizeni chuti

FEF

Al

A2

Vi

V2



Insula

Gyri insulares breves a longi kryté operculy (frontale, parietale, temporale)

* Viscero senzitivni a visceromotoricka kdra, v zadni ¢asti vestibularni korova oblast

Cerebrum - Insula [Island of Reil]
Lateral View

Parietal operculum,

Circular sulcus of insula

Frontal operculum,

Long gyrus of insula

Orbital operculum

Short gyri of insula (island of Reil)
Central sulcus of insula

Limen of insula

Temporal operculum

®,
&

INAIAr e

cingulate sulcus

cingulate gyrus

corpus calfosum
fornix

lateral ventricle
choroid plexus
caudate nudeus

3rd ventricle

thatamic nuclel
anteroprincipal
4 ventrolateral
reticular . = N 4 e 4 A medial dorsal
nucleus g ' v

Iateral
sulcus

RS - A &~ caustum
B > = 0 A " __ extreme capsule
\ Ly et - ._.

£ zona incena
superior " / " globus pallidus
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SF e opicact
il - 4
gyrus - 9 A
sulcus — b=
middle %
tempaoral QVNS
inferior
temporal lateral ventricle
sulws red nucteus subthalamic nucleus
collateral sulcus
pL ttamen substantia nigra entorhinal cortex
hippocampus interpeduncular fossa parahippocampal gyrus e
dentate gyrus pons cerebral peduncie 10 mm



von Economovy neurony (VENSs) velké bipolarni neurony fronto-insularni cortex (Fl)

a anterior limbicka area (LA) u lidoopU a lidi (také u slont a velryb- specializace na
velké mozky)

* Rychle posilaji zakladni informaci
,aha moment”

* Selektivné ubyvaji v Casnych
stadiich fronto-temporalni
demence (vyznam pro empatii,
socialni pozornost a
sebeovladani)

Human Bonobo Chimpanzee Gorilla Orangutan

The von Economo neurons in fronto-insular and anterior

cingulate cortex

John M. Allman, Nicole A. Tetreault, Atiya Y. Hakeem, Kebreten F. Manaye, Katerina
Semendeferi, Joseph M. Erwin, Soyoung Park, Virginie Goubert, and Patrick R. Hof
Division of Biology, 216-76, California Institute of Technology, Pasadena, California



von Economovy neurony (VENSs) velké bipolarni neurony fronto-insularni cortex (Fl) a predni limbicka area (LA) u
lidoopu a lidi (také u slon(i a velryb- specializace na velké mozky)
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Asociacni oblasti ,bild mista“ na modelu

e Starsi — temporalni
parietalni a okcipitalni lalok

* Mladsi — prefrontalni kira




Precuneus

o Cast ,default network”- sebereflektivni sité

Cast sité duleZité pro sebeuvédoméni a védomé ziskavani
zkusenosti. S prefrontalni klirou zajistuje nejen védomou
pozornost ale uvédomeéni si pricin a nasledkd — akci i myslenek.
Posuzuje sama sebe a odlisi co jsme zpUsobili sami od toho co
bylo provedeno nékym jinym.

Také soucast sité integrujici informace mezi funkéné odliSnymi
castmi mozku




The Brain’s “Default Network”

Sebereflektivni sit

“ Nepfimo umérné aktivovana s
aktivaci pozornosti na zevni
stimuly

Vzpominani a planovani
budoucnosti

Vztah k pamétovym funkcim

http://journal.frontiersin.org/article/10.3389/fpsyg.2013.00637/full



Precuneus a védoma pozornost

U ¢lovéka vice vyvinuty nez u jinych obratlovcu.

NejslozitéjSi columnarni organizace z korovych oblasti

Jedna z nejpozdéji myelinizovanych oblasti mozku.

Nejvétsi spotfeba v klidu— spotrebuje 0 35% vic glukdzy nez jiné korové oblasti
Zvysuje aktivitu (s prefrontalni klirou) pfi vybavovani a konsolidaci autobiografické paméti
Explicitni zpracovani informaci (predstavy / spontanni napady)

Planovani, feseni problém{

Zvysuje aktivitu pfi meditaci

Snizena aktivita ve spanku SWS a REM

Snizena aktivace pfi hypnoze.

Pri celkové anestezii se snizena aktivita projevi ztratou védomi

PFi probouzeni z vegetativniho stavu je jednou z nejdrive aktivnich oblasti



Prefrontalni a parietalni multimodalni oblasti
parietal cortex  (frontoparietalni sit) jsou klicové pro védomi.
Védoma percepce zavisi i na funkénich spojich mezi
Frontoparietalni siti a thalamem.
Vegetativni stav - metabolicka dysfunkce tmavé Sedych
oblasti(adaptovano podleLaureys 2007)

Thalamus
Prefrontal cortex
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P refro nté ni k LOJ A (BA9,10,11,12,13,14, 462 47)

* 4 podkorové okruhy ovliviuijici chovani (Cummings, 2007)

1) dorsolateralni prefrontalni — exekutivni funkce

2) predni cingularni (horni mediofrontalni) — motivace

3) medidalni orbitofrontalni — zpracuje strach, risk, rozhodovani

4) lateralni orbitofrontalni - empatie

Noodle This ' Brain regions associated with legal thinking

Dorsolateral Anterior

prefrontal cngulate cortex
cortex Reward anticipation,
Plannirg, dacision-making,
strategy ompathy and emotion
formatian,

andl executive Ventromedial
function prefrontal cortex

Processing of risk, fear,
A in decsion-making

Exterier viem

Soueces. Trends Ie Cogakwe Scieate MLoS Borogy, Nepron



Prefrontalni cortex

pM - motivace chovani
.

* OF cortex — vstupy ze vSech smyslovych
drah, role v systému odmény

* Mediofrontalni cortex —nema moc
senzitivnich vstupl, ma vystupy do
visceromotorickych oblasti —
hypothalamus, kmen — korova
modulace visceromotoriky, nalada,
emocni chovani, spoje s amygdalou,
entorhindlni kdrou a hippocampem a s
yaktivacnim systémem (RF-Th(IL)

som-sens

visc gust

INSULA

vGP

* Dorsolateralni cortex — exekutivni fce —
kognice - planovani, rozhodovani apod.

HYBNOST VEGET



Phineas Gage
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Re¢ a jazyk

Leva hemisféra — oblast zasobena a. cerebri media
PM M1 3 1 2 S1

FEF

Vi

V2

Al
e

Brocova oblast ,motoricky obraz“slova — poSkozeni — motoricka afazie

Wernikeho oblast ,senzitivni obraz” slova — poSkozeni — senzoricka afazie

DalSi oblasti: fasciculus arcuatus ( +cortex40,41,42), - poSkozeni — konduktivni afazie porucha opakovani vét
cortex mimo B a W — poskozeni — transkortikalni afazie —pacient odpovida slovy, které slySi v otazce



Diskonekéni syndromy dle Geschwinda porucha asociacnich spoju

1-apraxie

2-taktilni afasie

3-taktilni agnosie
4-vizualni agnosie
5-Cista alexie

6-Cista senzoricka afazie
,slovni hluchota®
7-kondukéni afaze

Syndromy

Senzori-limbické- asymbolie bolesti

Senzori-motorické — kondukéni afazie, a apraxie

Senzori —Wernickeho oblast postihujici — taktilni afazie, Cista slovni
............................. hluchota, Cista alexie, taktilni a zrakova agnosie



Autismus

Cortical regions that show significant expansion in surface area from
6 to 12 months in HR-ASD.
Early brain development in infants at high risk for autism
spectrum disorder
Nature 542,348-351(16 February 2017)
doi:10.1038/nature21369

significant expansion in the
cortical surface area in the
left/right middle occipital gyrus
and right cuneus (1)

, right lingual gyrus (2),

lesser extent in the left inferior
temporal gyrus (3)

middle frontal gyrus (4)
(HR-ASD, n = 34; LR, n = 84).

0 0.01 0.02 0.03 0.04 0.05


http://www.nature.com/nature/journal/v542/n7641/full/nature21369.html
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