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Padrao do membro anterior da galinha (eixos do membro)

Anterior

Proximal Distal

Posterior

Humerus Ulna Radius Metacarpals Digits

Stylopod Zeugopod Autopod
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Derivativos do mesodermo e precursores dos brotos de membro

Newural tube
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Desenvolvimento de membros de vertebrados

Dermatomas:

Ventral

. axial line of

lower limb
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http://www.youtube.com/watch?v=VpbdqGJ9L. Wk




Derivativos do mesodermo e precursores dos brotos de membro

Newural tube
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Proliferacdo de c. mesenquimais da regido somatica da mesoderme da placa lateral (esqueleto) e

do miotoma hipaxial (musculo) geram uma protuberancia para fora no broto de membro de anfibios

(A)
Epaxial Central
myotome bud dermatome
Myotome Hypaxial
Sclerotome ré" S myotome bud
\_": //-’
‘ \\.\\ Limb muscle
Spinal cord . precursors
Limb bud
Notochord
Pronephron
Limb skeletal
Endoderm— precursors
Lateral plate
mesoderm

CEVELOPMENTAL X OAY. Egnan Favtion, Fugure 18.3 (Part 1))



Proliferation of mesenchymal cells from the somatic region of the lateral plate mesoderm (skeleton)
and the hypaxial myotome (muscle) causes the limb bud in the amphibian embryo to bulge outward

myf5 (developing muscle) cells in purple

CEVELOPMENTAL X OAY. Egnan Fation, Fugure 183 (Part 3 © 2008 v




Regiao prospectiva do campo do membro anterior na salamandra Ambystoma maculatum

Somites Pronephric

Peribrachial Free Shoulder
flank tissue limb girdle

OEVELOPAENTAL B3R OGY. Bighin Ednan, Fapums 183 © 2008 Linaunr Assimien ¥



A natureza regulativa do campo do membro:
Uma Hyla regilla e outros sapos com multiplos membros sao resultado de ??7?7?




RESPOSTA: Multiplos membros em sapos sao resultado de uma infestacao de cistos de
trematodos durante o desenvolvimento dos broto de membro nos girinos




John Saunders

Highlight work by John Saunders (Vade Mecum 3)
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Expressao de Fgf10 e acdo sobre os membros em desenvolvimento da galinha

(A) (B)




Modelo molecular da iniciacao do desenvolvimento do broto de membro na galinha de 48 horas de

incubacao (Parte 1)

(A) 48 h

/ lateral plate mesoderm

—
B Fgfs
Fgf10
Fgf10
B Fgf10
R seain (stabilized)
). Watsc = Wnt2b/8c
Somitic  Intermediate B Wnt3a
mesoderm mesoderm

CEVELOPMENTAL MOV OTY. Eignan Fation, Fugure 188 (Part 1) © 2008 Linaanr Assicmben v



Modelo molecular da iniciacao do desenvolvimento do broto de membro na galinha de 50 horas de

incubacao (Parte 2)

50 h

000000

Lateral plate
mesoderm

\

Surface
ectoderm

B Fers

Fgf10

B Fgf1o
(stabilized)

- Wnt2b/8c

B Wnt3a

CEVELOPMENTAL X OAY. Egnan Eavtion, Fugure 188 (Part 35 © 2008 Limauns Assicinbon v



Modelo molecular da iniciacao do desenvolvimento do broto de membro na galinha de 54 horas de
incubacao (Parte 3)

B Fefs

Fgf10

B Fgf10
(stabilized)

- Wnit2b/8¢
. Wnt3a

CEVELOPMENTAL X OAY. Eghan Favtion, Fugure 16.8 (Part 3) © 2008 Limaunr Associben. ¥



Identidade do membro anterior e posterior: Especificacido por Tbx4 and Tbx5 (Parte 1)

Stage 14/15 (A) Normal ,
(early day 3) Forelimb

bud

- ) >

Hindlimb
bud

_>_>

CEVELOPMENTAL X OOY. Egnan Favtion, Fugure 10.7 (Part 1) © 2008 Linaanr Assicinien ¥



Identidade do membro anterior e posterior: Especificacido por Tbx4 and Tbx5 (Parte 2)

(B) FGF induced
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CEVELOPMENTAL X OOY. Egnan Favtion, Figure 18.7 (Part 3) © 2008 Limaanr Associben. v



Identidade do membro anterior e posterior: Especificacido por Tbx4 and Tbx5 (Parte 3)

CEVELOPMENTAL IOLOOY. Bignan Favnion, Figure 16.7 [Part 30 © 2008 e Assornien. ¥



Identidade do membro anterior e posterior: miR-196 regula Hoxb8 durante o desenvolvimento das extremidades

, miR-196 ¥

Hoxb
embrido de galinha (st. 16) membro anterior da galinha (st. 22)

RACE clones
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Hoxb83’UTR miR-196 directed cleavage

miR-196 S :
Hoxb8 truncated Hindlimb Forelimb

on other sites )
Hornstein et al. 2005



Identidade do membro anterior e posterior: miR-196 regula Hoxb8 durante o desenvolvimento das extremidades

membro
anterior
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Identidade do membro anterior e posterior: miR-196 regula Hoxb8 durante o desenvolvimento das extremidades

membro
anterior
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Broto cedo do membro anterior da galinha com o cume ectodérmico apical ou AER (em inglés)

OEVELOPAENTAL B30 OGY. Bghin Ednan, Fagums .8 © 2008 Lnaunr Assocben. ¥



Resumo: experimentos demostrando as interagdes entre o AER e 0 mesénquima

subjacente

AER Limb development ceases
_removed

Forelimb
mesenchyme N

Nonlimb

W\ mesenchyme wing
NN AER regresses;
‘ » limb development ceases
AER replaced - I
i\ by FGF bead w;)nr;n i

OEVELOPAENTAL B0 OOY. Dighin Ednan, Fapums 0.5 © 2008 L Assiocnbes. ¥



Fgf8 in the apical ectodermal ridge

CEVELOMNENTAL IOLOGY. Eighd Edmon, Figere 1810 © 2006 Srver Assccumen. W



Two models for the mesodermal specification of the proximal-distal axis of the limb

(A) Progress zone model

Progress
zone

Progress
zone

(B) Early allocation and progenitor expansion model

What experiments would you do to test these two models?



The AER is necessary for wing development

(A)

N/

(B)

'] o'

./

AER Vade mecum ODEVELOPAENTAL BOLOGY, Dghts Eavnen, Figums 1811 © 2008 S Assirnien. ¥



Control of proximal-distal specification by the progress zone mesenchyme

(A)

(B)

Anterior
Proximal Distal

Posterior

Graft locations

Humerus Ulna Radius Metacarpals Digits
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Stylopod  Zeugopod Autopod

R —— DEVELOPMENTAL BVOLOGT, Eights Eavnen, Figuns 1813 © 2008 S Agsrcon



PD patterning: Deletion of limb bone elements by the deletion of paralogous Hox genes (Part 1)

(A)

Hox paralogue
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CEVELOPMINTAL BN OOX Eighan Earon, Fagare 14 28 (Part 1) © 2008 Lanaunr Assorinben ¥



PD patterning: Deletion of limb bone elements by the deletion of paralogous Hox genes (Part 1)

q

(D) Hox paralogue groups
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Evolugao dos membros em vertebrados e a modularidade da regulacao de Hox

Peixe: Tetrapodo:

(B)
Hoxd-11 é

(4’\)

Hoxd-13




AP patterning: Hox e desenvolvimento dos membros

(A) Phasel Humerus
Stylopod
Hoxd-9, d-10
—-
(B) Phasell Radius
Zangopad P —
Hoxd-9
Hoxd-9, d-10 > Ulna
Hoxd-9, d-10, d-11 m
Hoxd-9, d-10, d-11, d-12
Hoxd-9-d-13
(C) Phase 111 H Metacarpals and
Autopod oxa-13 digits
Hoxa-13 » -
and Hoxd-13 (> %
>0 0 Geee
() Q

Hoxa-13, d-13, ) S
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AP patterning: When a ZPA is grafted to anterior limb bud mesoderm, duplicated digits emerge as

a mirror image of the normal digits

Discovering the ZPA: Vade mecum

Anterior

Transplanted

Normal
ZPA

Posterior
DONOR HOST

ZPA= zone of polarizing activity

DEVELOPAMENTAL BOLOGT, Fghtn Eavnen, Figuss 1813 2008 Linaunr Assicinbon ¥



AP patterning: Sonic hedgehog protein is expressed in the ZPA (Part 1)

(A)

Is 1t sufficient?

CEVELOPMENTAL BOLOOY, g Batrion, Figure 1 98 [Part 1) © 2008 Siaenr Assicnien.



AP patterning: Sonic hedgehog protein is expressed in the ZPA (Part 2)

(B) Transfect shh-expressing virus
and allow viral spread

Infectable strain of chick
‘ embryo fibroblast cells

Centrifuge cells

@/ Cells containing
the shh gene

CEVELOPMINTAL BN OO g Faron, Fagure 14 98 (Part 35 © 2008 L Assicinbon v



AP patterning: Sonic hedgehog protein is expressed in the ZPA (Part 3)

Implant in anterior
portion of limb bud

\ Anterior

Cell pellet
Resistant secreting Shh
strain of

host embryo

Mirror image
> duplication
from graft

> Normal
development

CEVELOPMINTAL BN OO Y. Eigian Fgron, Fagure 14 98 (Part 3) © 2008 Linaunr Agsininben v



Patterning and growth of the bud: Feedback between the AER and the ZPA in the forelimb bud

—Hoxb8 —

Stage 16

Fgf8
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by Fgfl10
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....... 3o -

Posterior

Somites Intermediate

mesoderm

Stage 17

Proliferation
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by Fgf8

..........

Shh
induced
by Fgf8

\

Lateral plate
mesoderm
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Proliferation
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\

AER

/

( Fgfs
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by Shh

Surface
ectoderm

DEVELOPARENTAL BOLOGT, Fghis Eavnen, Figus 1818 © 2008 Linaunr Assicinien. ¥



AP patterning: Hox gene expression changes during the formation of the tetrapod limb

(B) (C)

Initial
ZPA

GCR  Posterior

‘ % Gli3 % dHand .Shhl

DEVELOPAENTAL BOLOGT, Eghen Eavnin, Fagars 1818 © 2008 Linaanr Assrinbon v



AP patterning and digit identity: The Shh-secreting cells form digits 4 and 5, and contribute to the

specification of digits 2 and 3 in the mouse limb

(A)

(C) (D)

Digit 1: Shh-independent
Digit 2: Shh concentration

Digit 3: Shh time of expression
and concentration

Digits 4-5: Shh time of expression

I Shh diffusion [JJj Shh descendants I

DEVELOPAENTAL BOLOGY, Dt Eavnin, Faguss 1830 © 2008 Linaanr Assicibon ¥




AP patterning: Ectopic expression of mouse sonic hedgehog by a mutation in Hx in the anterior

limb causes extra digit formation

Thumb region
(A)

(B)
Extra digits

Thumb region

(C) (D)

Wild-type Hx mutant

ODEVELOPARENTAL BOLOGT, gt Eavnen, Fagums 1817 © 2008 Linaunr Assiinbon ¥



Patterning and growth of the bud: Some of the molecular interactions by which limb bud
formation and growth are initiated and maintained

DYV Patterning: Vade mecum GBI 0L00 B Bl s 35 S8 S i



Apoptosis in late digit formation: Inhibition of cell death by inhibiting BMPs by Gremlin in ducks

Patterning through cell death: Vade mecum

Chick

hindlimb

Duck
hindlimb

BMP Gremlin Apoptosis Newborn



Late digit formation: Patterns of cell death in leg primordia of (A) duck and (B) chick embryos

(A) DUCK LEG PRIMORDIUM
Minimal cell death

— [ —

il

3.4

lmcnor

necrotic zone

(B) CHICK LEG PRIMORDIUM

Interdigital

Extensive cell death necrotic zone
Anterior Posterior
necrotic necrotic

zone zone
M —AV—
P

Interior
necrotic zone

DEVELOPAENTAL BOLOGT, Eghen Eavnin, Fagams 1834 2008 Limaans Asseinbon v



Apoptosis in late digit formation: Inhibition of cell death by inhibiting BMPs in chick leg

DEVELOPMENTAL DIOLOGY, Cighth Ection, Figere 16395 & D006 S Aocume, o




Pesquisa legal em America Latina...

Joao Botelho (Brazilian researcher) et al. at the Vargas Lab (Universidad de Chile)

https://www.sciencedaily.com/releases/2016/03/160307153051.htm
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