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“What is perhaps the most intriguing question
of all is whether the brain is powerful enough
to solve the problem of its own creation.”

GREGOR EICHELLE 1992



PRINCIPAIS EVENTOS DO DESENVOLVIMENTO
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RELEMBRANDO A GASTRULACAO DO EMBRIAO DE GALINHA....
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FORMACAO DA LINHA PRIMITIVA E DA NOTOCORDA

Area Opaca N6 de Hensen

N6 primitivo
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A NOTOCORDA INDUZ O ECTODERMA A
FORMAR A PLACA NEURAL

Placa Neural Placa Neural Neural

groove
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Prechordal
plate

Notochordal Prechordal
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Sulco neural
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FORMACAO DO TUBO NEURAL

Full streak stage chick embryo Streak has started regressing Somites start to appear

Anterior

head fold

neural
furrow

Hensen’s
node

primitive streak
Posterior

neural furrow surface ectoderm
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neural plate hinge
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NEURULACAO EM AVES — 6 EVENTOS

Crista

/ Neural

Indugao

Epiderme

Dobramento

Ponto de dobradica
medial

Elevacao

1. Indugdo da formag¢do da PLACA NEURAL pela Notocorda, Constricdo apical nas células da
borda da Placa Neural

2. Dobramento da Placa Neural

3. Elevagdo das dobras neurais o
DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 12.3 (Part 1) © 2006 Sinauer Associates, Inc.



NEURULACAO EM AVES — 6 EVENTOS

N Convergéncia -

Ponto de

Dobradica
lateral

Fechamento

N

5. A convergéncia do Tubo Neural é uma combina¢do de fatores: Pressdo ] Epiderme
lateral e constricdio nos pontos de dobradica ‘ P>~ Células da Crista
L Neural
6. Fechamento do Tubo Neural na por¢do dorsal concomitante com a Tubo

Migragdo da Crista Neural
Neural
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O FECHAMENTO DO TUBO NEURAL OCORRE DE FORMA
DESIGUAL AO LONGO DO EIXO EMBRIONARIO

Regido céfdlica/anterior

/
\\

AR

Regido caudal/posterior

Embrido de galinha

LOPSIENTAL DYNASHCS 220:107-048 (24601



NEURULACAO EM ANFIBIOS
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NEURULACAO EM ANFIBIOS
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NEURULACAO EM MAMIFEROS X AVES

Diferencga:
* Fechamento do tubo neural




OK...MAS E DEPOIS?

Como é decidido onde sera formado o SNC
e o SNP?

Como a célula sabe se sera um neuronio
motor ou sensorial?
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[ Ectoderm _]
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SEGUNDA
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Ep|b|ast Ectoderma Neurectoderma Progenitores Neurais

[ Inducao ][ Padronizacéao Diferenciacao
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Inducao

SEGUNDA /

DECISAO:
PADRONIZAGAO

Rostral-caudal Dorso-ventral

2\

i “
erral

Padronizacgéo

IIH




Forebrain
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O gque determina a padronizacao
antero-posterior (rostro-caudal)?

9 Months

Crump Institute for Blological imaging




© 1995 Current Biology
Lumsden, A. & Graham, A., 1995. Current Biology, 5(12), pp.1347-1350.



PADRONIZACAO ROSTRO-CAUDAL DO TUBO NEURAL

© 1995 Current Biology
Lumsden, A. & Graham, A., 1995. Current Biology, 5(12), pp.1347-1350.



Existe um segundo sinal que “modula” a inducao neural?

Otto Mangold’s experiment

Transplante de mesod. [ ] [ Nivel da duplicacdo ]

] Rostra
] Mesencéfalo
[ : Mesencéfalo
- ] Caudal

Modified from Stern, C.D., 2001. Nature reviews. Neuroscience, 2(2), pp.92-8.



Existe um segundo sinal que “modula” a inducao neural?

Otto Mangold’s experiment

O mesoderma subjacente a placa neural transmite um
gradiente de sinal rostro-caudal (antero-posterior)

(a)




Excesso de ACIDO RETINOICO gera mutantes caudais

controle Acido Retinodico

Develooment 124. 373-379 (1997



PADRONIZACAO ROSTRO-CAUDAL DO TUBO NEURAL
” =

© 1995 Current Biology
Lumsden, A. & Graham, A., 1995. Current Biology, 5(12), pp.1347-1350.



PADRONIZACAO DORSO-VENTRAL DO TUBO NEURAL

(a)

(b)

© 1995 Current Biology
Lumsden, A. & Graham, A., 1995. Current Biology, 5(12), pp.1347-1350.



SENSORIAL — DORSAL

MOTOR - VENTRAL

Dorsal root ganglion "
gang To brain

Spinal cord

Sensory
(afferent)
neuron

Motor (efferent) neuron

Flexor muscle -
withdraws foot
from stimulus
when contracted

Pain receptor




O TN ESTA EXPOSTO A DUAS FONTES DE SINALIZACAO: EPIDERME E
NOTOCORDA

A Developmental stages B Inductive signals




O TN ESTA EXPOSTO A DUAS FONTES DE SINALIZACAO: EPIDERME E
NOTOCORDA

TGF-B family:

(A) (B) (C) (D)
@ in BMP4 in BMP4, BMP7
. ectoderm roof plate BMP5, Dorsalin,

Activin
e BMP7, Dorsalin, Activin

Dorsalin, Activin

Neural / ¥ = : Gradient
tube ! | of TGF-B
‘ > family
Gradient
of Shh




Hipotese: A Notocorda direciona o desenvolvimento dorso-

ventral do tubo neural

Comprovacao: Transplante de notocorda na regiao
lateral induz motoneuronios
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A notocorda direciona a diferenciacao de
motoneuronios atraves do Shh

A B .
&) BMP4, 7 in (B) BMP4 in
ectoderm roof plate

roof plate

Neural
tube

© ©
neural
crest cells

Shh in
notochord

® 2000 Sinaver Associates, Inc.

floor plate notochord




© 1995 Current Biology
Lumsden, A. & Graham, A., 1995. Current Biology, 5(12), pp.1347-1350.



|- Neural
tube

Developmental Biology, S. Gilbert — ed 10. Chapter 10 — Figure 10.1



Cordados

“Protocordados™

Equinoderma

Hemicordados
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Kardong, 2009



notochord

epidermis

@ neural

@ crest Some cranial nerve gangka
! O cells
Trunk neural crest

neural tube

Ventral

meninges
brain and spinal cord

Melanocytes

Schoenwolf et al: Larsen's Human Embryoloay, 4th Edition.
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__ Surface
ectoderm
(epidermis)

Developmental Biology, S. Gilbert — ed 10. Chapter 10 — Figure 10.1



(A) Anterior

\ midbrain

Posterior
midbrain

Hindbrain <

DEVELOPMENTAL BIOLOGY, 9e, Figure 10.10 (Part 1)

Fpidermis —_
Caudal
Neural tube —__ o,

Dermamyotome —_

Sclerotome

' N\

Notochord — ™ Path 2 cells
Toute betwe

ADrta the dermam

[
Path | cells travel ventrally
through the anterior sclerotome



Expression of Hox genes of paralogous subgroups 1 to 4 in the hindbrain (r1 to r8), migrating neural crest cells,
and the surface ectoderm of the branchial arches (b1 to b4)

rhombomeres

:|~neural crest cells

branchial arches

surface ectoderm

Anterior Posterior

Single neuroepithelial cells labeled at early and late stages and the labeled clones mapped at 2 days

I:I Hox1 . Hox2 . Hox3 . Hox4 Early-stage labeling Pattern of clones Late-stage labeling
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Vamos falar de
sinalizacao
molecular!




Duplicacao do labio do blastoporo dorsal gera
um segundo sistema nervoso.

Spemman and Mangold, 1924

Induced
Donor emb r'yo Host emb YO  secondary structures Primary structures

i Blas

(A)

Somite

Neural tube

\ Notochord ‘/’ A ;&i}z\’ Somite
H ~ J—Presumptive % - Endoderm U\( 5‘_-“_?-)
Y \/ notochord - Lumen of gut ~ \@y:" )
/ Presumptive N .
somites T2 Neural tube
Dorsal \Presumptive Presumptive Prir —

blastoporev endoderm epidermis invz
lip




"Uber Induktion von Embryonalanlagen durch Implantation artfremder Organisatoren", Hans Spemann and Hilde
Mangold Archiv fiir Mikroskopische Anatomie und Entwicklungsmechanik, 100: 599-638, 1924.



Propriedades do Organizador:

1. Inicia Gastrulacao

2. Participa do Mesoderma Dorsal

3. Induz formacgao de tecido Nervoso a partir do
Ectoderma




O que é que o labio do blastoporo
dorsal secreta que pode induzir
diferenciacao neural no ectoderma?



O labio do blastéporo dorsal produz inibidores de
BMP como Chordin, Noggin e Follistatin.

L CHORDIN NOGGIN

chordin

Developmental Biology 234, 161-173 (2001)



Superexpressao de inibidores de BMP induzem um
segundo eixo neural.

Control Chordin

Development October 15, 2003 vol. 130 no. 20 4975-4988



O que é que o labio do
blastéporo dorsal secreta que
pode induzir diferenciacao
neural no ectoderma?

Inibidores de BMP



SE Inibicao do BMP induz destino neural

Neural



ENTAO BMP induz destino epidermal




SE BMP induz epidermal




ENTAQO auséncia de sinal deve favorecer a
diferenciacao neural

Neural



Remocao da via de sinalizacao de BMP>> neural

MRNA para_receptor &
dominante negativo | .. rE.. ~\ /= Duplicago
de BMP (pg) Normal |
0 88% 0
20 52% 27%
200 7% 716%

Suzuki et al. 1994 Proc Natl Acad Sci U S A. 1994 Oct 25;91(22):10255-9.



ENTAO auséncia de qualguer sinal favorece NEURAL

Modelo de diferenciacao neural por default

Neural
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Estas conclusdes de aplicam a qualquer vertebrado?



O no de Hensen tem propriedades
indutivas similares ao labio do
blastoporo dorsal de anfibios.

______ = neut
{
!
{

—
o




Explantes de né de Hensen também produzem duplicacao do eixo
nervoso

Hensen’s node grafted from quail embryo to chick host New axis induced in host

host
axis

Quail embryo Chick embryo

Wolpert, Biologia do Desenvolvimento




A NOTOCORDA EXPRESSA INIBIDORES DE BMP

BMP
Sonic Hedgehog e INIBIDORES de
BMP

Follistatin

Chordin

Cc

Development 127, 42855-4885 (2000}

Karel F. Liem Jr, Thomas M. Jessell* and James Briscoet






O padrao de expressao de BMP e de seus inibidores sao

complementares

Chordin esta no dominio neural

Neural/

BMP4

BMP7

Chordin

U [ ¢
il G\

Development 125, 507-518 (1888)
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A linha primitiva (sitio da gastrulacao) expressa FGF

Fig. 6.
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DEVELOPMENTAL DYNAMICS 229:422-432, 2004

Chapman et al Dev Dyn 2004 Mar;229(3):668-76.
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Cordados

“Protocordados™

Equinoderma

Hemicordados

Cefalocordados

Protostdmios
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TRIPLOBLASTIC
ANIMALS
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Kardong, 2009



SISTEMA NERVOSO DOS ECHINODERMA

*Equinodermas possuem Sistema
nervoso radial devido a sua simetria
corporal.

*Sistema formado por um anel
central na regido oral e nervos
radiais e na parede do corpo.

*Alguns possuem ganglios.

*Funcado: realizar movimentos ,
sincronizados das pedicelarias e pés
ambulacrais.

*ESTATOCISTOS




SISTEMA NERVOSO DOS ECHINODERMA

Radial —

herve . .
*Equinodermas possuem Sistema

Nerve -__ nervoso radial devido a sua simetria

ring = corporal.

QUAL A ORIGEM DESSAS
CELULAS NERVOSAS?

*Funcao: realizar movimentos ,
sincronizados das pedicelarias e pés
ambulacrais.

-
© A\ 4 N +
.s . s . e

*ESTATOCISTOS



RECAPITULACAO: GASTRULACAO EM OURICOS

Blastula

mesoderm

>

endoderm

secondary mesenchyme

o

primary mesenchyme invagination of endoderm archenteron anus

secondary mesenchyme Gastrula

filopodia gut

ay » .




FORMACAO DO SN — DESENVOLVIMENTO POSTERIOR
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A Ventral/posterior view B Lateral view

. Animal plate . Ciliary band . Serotonergic neurons

Blastoporal endoderm- e
Ventral ectoderm adjac%‘r)\(t)/{dorsal ool L . Ciliary band neurons




OPEN & ACCESS Freely available online PLOS gioLoay

Patterning of the Dorsal-Ventral Axis in Echinoderms:

Insights into the Evolution of the BMP-Chordin Signaling
Network

Francois Lapraz, Lydia Besnardeau, Thierry Lepage*

UPMC {University of Paris 06), CMRS, UMR7009, Biologie du Développement, Observatoire Océanologique, Villefranche-sur-Mer, France
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Cordados

“Protocordados™

Urocordados

Cefalocordados
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Kardong, 2009




Um complexo padrao dorsoventral no
neuroectoderma estava presente no ancestral
comum dos protostomos e deuterostomos

O sinal endodérmico foi
ativado para o mesoderma da
linha média dorsal, por meio
da notocorda induzindo a
formacao do TN.

Protostome Hemichordate Chordate

NOTOCORDA

Na linhagem de deuterostomios, uma
Deuterostome estrutura neural tubular foi adquirida e
a padronizacao dorsoventral foi

Urbilateria
recrutada para o tubo.

DEpidermis . Signal center (anterior endoderm and notochord)
. Dorsal domain . Lateral domain Dventral domain



FUNCOES DA NOTOCORDA

*Age como um eixo rigido de apoio para o embriao

*Precursor da Coluna Vertebral
(discos intervertebrais)

P

*Induz a formacao da PLACA NEURAL




CEFALOCORDADOS

* - Notocorda na Cabeca

Caudal
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CEFALOCORDADOS
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2

F1G. 17. Three stages in the development of amphioxus as seen in stained
preparations.

A, the blastula; B, early, and c, later gastrula.
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Blastopore view

Dorsal view

BMP?2/4

CEFALOCORDADOS

Chordin




UROCORDADOS

e - Notocorda na Cauda
e ~2,600 células

Tubo
nervoso
dorsal




UROCORDADOS

LT T T T, pee—"
Papillae . Mesenchyme!  Notochord Muscle
Endoderm Epidermis

(b)

=1

-Vesicula sensorial anterior

-Vesicula sensorial posterior
-Gédnglio visceral anterior

-Corddo nervoso caudal anterior




UROCORDADOS

Chordin BMP2/4




BMP
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