Programa aula de hoje

. Massinha e origami (20 min)
. Discussao leitura (40 min)
. Palestra células tronco e regeneracao (40 min)

. Atividade pratica: regeneracao planarias (80 min)



Impacto da biologia do desenvolvimento
na ciéncia do século XX

ﬁ 1. Spe_mann and Mangeld's 1924 @
organizer graft

f?“%
# 1929 2, Fate mapping =

3. Notch signalling and

lateral inhibition 1937 @

el
T s . 5. Nuclear reprogramming
ﬁ 4. Mathematical modelling 1952 & 1852 il e ]
'\. =

6. Limb cutgrowth and

J pattarning
7. Sperry's chemoaffinity
hypothesis —
"
E’ # . -"':"
@ 1959 B. Mesoderm induction X " a
9. Human assisted
® 1971 reproductive technology
i\ 10. Caenorhabditis
e elegans cell lineage et
) L]
F 11. Homeotic genes and
15 colinearity —
Ay F]
e

http://www.nature.com/milestones/development/milestones/index.html



Impacto da bilogia do desenvolvimento na
ciéncia do século XX

12. Transgenics and gena
§ 1e80s knochkouts e

13. Genetic screens in 1980
Drosophila melanogaster W

| 14. Embryonic stem cells 1981

@ 15. Programmed cell death 1986 §§ 1986 16. Morphogen gradients @@

17. Development and

cancer ISEF iy
@ 1988 18. Asymmetric cell < g )
division
W =
ey 19. Neural induction 1989
20. Biology of the sex
b chromosomes
® 1991 21. The floor plate and

Sonic hedgehog

ﬁ: 22, Body axis coordination 1995 @ 1995 23, Left-right patterning @

24. Somitogenesis and
malecular clocks il *

http://www.nature.com/milestones/development/milestones/index.html






CELULAS TRONCO
REGENERACAO EM ANIMAIS
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XX-XI Ideias Contemporaneas do desenvolvimento

Inducao e determinantes:

¥ Intrinsic
" Determinants ™

Sigmal
Source




Revisao conceitos:

1. Especificacao autbnoma

S/IdYAS1D

Especificagdao determinativa

Especificagao condicional: gemelos
(armadilo desiove baﬂgfg‘as)

1. Especificacao condicional

Especificacao regulativa (!!!!)




Especificacao autonoma

Normal development of Patella

Presumptive
trochoblast

Isolated trochblt development

— _—

(D) (E)




Especificacao autonoma nos tunicados

Animal pole
Ectoderm

Nervous system

Anterior Posterior
Notochord ’
Muscle
Endoderm Mesenchyme
Vegetal pole
Ectoderm Ectoderm

Notochord g



Desenvolvimento do musculo em
tunicados

Blastomere pair B4.1
separated by glass needle

Muscle-forming cytoplasm




Citoplasma da crecente amarilhenta determina
o destino das células musculares

Animal pole

Vegetal pole Mu.scle-forming
region
Needle pushes muscle-forming
cytoplasm into animal cells

?



Citoplasma da crecente amarilhenta determina
o destino das células musculares

Animal pole

L

Vegetal pole Mu.scle-forming
region
Needle pushes muscle-forming
cytoplasm into animal cells

Tissue
including
muscle cells

_>
> Tissue_
including
muscle cells




TABLE 3.2 Modes of cell type specification and their characteristics

Especificacao autonoma

DivisOes assimétricas: Kemphues
(1988) identifica PARs em nematodos

myosin |

Autonomous specification
Characteristic of most invertebrates.
Specification by differential acquisition of certain cytoplasmic molecules present in the egg.

Invariant cleavages produce the same lineages in each embryo of the species. Blastomere
fates are generally invariant.

Cell type specification precedes any large-scale embryonic cell migration.

Produces “mosaic” development: cells cannot change fate if a blastomere is lost.




Revisao conceitos:

1. Especificacao autbnoma

Especificagdao determinativa

1. Especificacao condicional

Especificacao regulativa

Especificagao condicional: gemelos

(armadilo desiove baﬂgfg‘as)

S/IdYAS1D




Especificacao condicional: Desenvolvimento
regulativo em Ourico

Normal development of sea urchin larva from two-cell stage

Driesch’s separation of cells at two-cell stage resulted in the death of one cell.
The surviving cell developed into a small but otherwise normal larva

one of the
separated cells | ;
usually died *_




Especificacao condicional:
Desenvolvimento regulativo em Ourico

ilization envelope

TR

Remove
fertilization
envelope

Separate
into 4 cells

Normal pluteus larva Plutei developed from single cells of 4-cell embryo



Especificacao condicional

II. Conditional specification
Characteristic of all vertebrates and few invertebrates.
Specification by interactions between cells. Relative positions are important.
Variable cleavages produce no invariant fate assignments to cells.
Massive cell rearrangements and migrations precede or accompany specification.
Capacity for “regulative” development: allows cells to acquire different functions.

Source: After Davidson 1991.

DEVELOPMENTAL BIOLOGY, Eighth Edition, Table 3.2 © 2006 Sinauer Associates, Inc.
{ H s
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Especificacao condicional

II. Conditional specification
Characteristic of all vertebrates and few invertebrates.
Specification by interactions between cells. Relative positions are important.
Variable cleavages produce no invariant fate assignments to cells.
Massive cell rearrangements and migrations precede or accompany specification.
Capacity for “regulative” development: allows cells to acquire different functions.

Source: After Davidson 1991.

DEVELOPMENTAL BIOLOGY, Eighth Edition, Table 3.2 © 2006 Sinauer Associates, Inc.
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Waddington’s Epigenetic Landscape



Reprogramacao nuclear e clonagem

mpe * Robert Briggs e Tomas King transplantam
g// gl mabrne nucleos de blastocistos em ovos
~ anucleados em Rana pipiens (1952
P pipiens ( )

Vitelline envelope

Meiotic — 4
wnde | e John Gurdon transplanta nucleo do
Remove chromosomes epitélio intestinal de girinos em ovos de

Q B Xenopus laevis (1962)

Activated l Isolated meiotic r
enucleated 5 spindle

egg\

Extract and lyse donor cell 1A :
Frchane Jeconoree Wild-type donor  Albino parents
: of enucleated eggs  of nucleus donor

02
Donor nucleus
inserted into
/| enucleated cell

l Membrane heals

Somatic cell nucleus
in an activated egg
- o]

DEVELOPMENTAL BIOLOGY. Eighth Edition, Figure 4.5 (Part 2) © 2006 Sinauer Associates, Inc.



Cloned mammals, whose nuclei came from adult
somatic cells (Part 1)
o

* lan Wilmut clona
Dolly a partir de
células do adulto
(g. mamarias)
(1997)




rercentage ot successtul nuclear transplants as a runction ot
the developmental age of the donor nucleus

Developmental stage from which nuclei were taken
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Cell fate restriction:

Is it all in the nucleus?

Developmenta pigenetic
potential status

Hnnntant
- 7 -‘,( A1 08

ygbte

ICM/ES cells, EG cells,
EC cells, mGS cells

iPS cells X inactivation;

_ Repression of lineage-specific
Multipotent \-‘ genes by Polycomb proteins;
Adult stem cells ‘\ Promoter hypermethylation
(partially

\
‘ - l ;.‘:\

reprogrammed cells?) .|| il IW‘\\ S
W ol | | ||* N

Differentiated cell IFLLL |

ypes a"'sa'. i Ul ,qur&

, (AL “ “7' DA,".:
l&hbgﬁ | |. 'Flbi‘bblast ’Mtlg;cle

i lm

Hochedllnger & Path, Development 2009




The kitten “CC” (A) is a clone produced using somatic nuclear
transfer from “Rainbow” (B)

(A)

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 4.9 © 2006 Sinauer Associates, Inc.



PROGENITOR CELL SPECIALIZED CELL
(e.g.. myeloid (e.g.., neutrophil)

progenitor cell) /
\ C?%a

SPECIALIZED CELL
(e.g., red blood cell)

ICM/ES cells EG cells,
EC cells, mGS cells

Adult stem cells : . e
(partially = __.,___:: : .' STEM CELL

o
STEM CELL K/
(e.g.. hematopoietic

stem cell)

( 4 SPECIALIZED CELL
(e.g., neuron)




CELULAS TRONCO

Definicao:

Células indiferenciadas que tem a capacidade de se auto-
renovar por divisao celular e podem se especializar em
diferentes tipos de células

Dentro de certas condicdes experimentais ou fisiologicas,
podem ser induzidas a se converterem em células de
tecidos ou orgaos especificos com funcoes especiais .



TIPOS DE CELULAS TRONCO

1. Células tronco embrionarias (ESC)—Células
primitivas indiferenciadas, derivadas da massa
celular interna do blastocisto (um embridao? de

5-6 dias).

e S3o capazes de se renovar indefinidamente por um longo
periodo de tempo sem se diferenciar.

e Capacidade de se diferenciar em células e tecidos das 3
camadas germinativas do embrido (ectoderme, mesoderme e
endoderme).



blastocyst containi
pluripotent stem cells

/ \

o 0 / 1 \
‘ isolated pluripotent SCs

from inner cell mass
@ S0 s
hematopoeitic SCs newral SCs mesenchymal SCs

tissue-specific SCs

It potent 5Cs Q R
cultured plu gy DN
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TIPOS DE CELULAS TRONCO

2. Células tronco adultas, somaticas ou nao
embrionarias (ASC)— Células indiferenciadas,
relativamente raras, que se encontram em muitos
orgaos e tecidos diferenciados.

e Tem capacidades limitadas de auto-renovacao e
diferenciacao.

* Normalmente limitadas ao tipo de células do 6rgao de
origem para manter e reparar qualquer dano.

* N3o se conhece exatamente sua origem.



Células tronco em humanos: substituicao de tecido

Keplenishing ana Kenewal

-

w

-

Intestines '\

HHMI Stem Cell Series

Hematopoietic and mesenchymal
stromal stem cell differentiation




Células tronco em humanos: regeneracao de
estruturas

Trapped Fingers and Amputated
Finger Tips in Children

>~ |SKIN CREASE

By Cynthia M. llingworth

Journal of Pediatric Surgery, Vol. 9, No. 6 (December), 1974 Fio- 5. Orading oflovel of issve los

Fig. 4. (A and B) Guillotine amputation of finger tip treated surgically in girl of 3-yr. (C) Four
months after accident,

Fig. 2. (A) Amputation of finger tip in 5-yr-old girl. {B), (C) Twelve weeks after accident.



TIPOS DE CELULAS TRONCO

3. Células tronco pluripotentes induzidas (iPSC) —
células adultas especializadas, reprogramadas
geneticamente (introducao de genes embrionarios)
para assumir um estado indiferenciado de célula
tronco

S. Yamanaka generan iPSCs en 2006 en ratén
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REGENERACAQO EM ANIMAIS

* Regeneracao em diferentes niveis de organizacao biologica

Biological
level Examples Pre-amputation Post-amputation Regenerate

»D»w

cC Whole body Regeneration from a

o small body fragment

2 Structure Limb, fin, tail, head, % — e b —> v

0 tentacle, siphon,

. arm, stalk

O Internal organ Heart, liver, lens @ — O —

=

O

o) Tissue Epidermis, gut —> %
lining

O

od

Cell Axon, muscle fiber H —= Q"' —> H

Bely & Nyberg, 2009



REGENERATION IN ANIMALS

Placozoa
Porifera
Ctenophora
Cnidaria

Acoela
Xenoturbellida

Echinodermata
Hemichordata

== Chaetognatha

Priapulida
Kinorhyncha
Loricifera
Nematoda
Nematomorpha
Onychophora
Tardigrada
Arthropoda

= Mollusca

= Annelida

== Entoprocta

] _E Brachiopoda
Phoronida

= Nemertea

- Bryozoa

= Cycliophora
Acanthocephala
Rotifera
Micrognathozoa
Gnathostomulida
Gastrotricha
Platyhelminthes

orgata
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Structure regeneration on other vertebrates:

Salamander limbs

Zebrafish Heart

Il Presence of regeneration
=] Absence of regeneration

] No documentation Baley & Nyberg
Talale)



REGENERATION IN ANIMALS

|

- Kinorhyncha
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Whole-body regeneration in early animals:

Bernie Degnan (U. Queensland)
BBC'’s First Life Documentary

Il Presence of regeneration
=] Absence of regeneration

] No documentation Beley & Nyberg
Talale)



REGENERATION IN ANIMALS

== Chaetognatha

ﬂ

Placozoa
Porifera
Ctenophora
Cnidaria

Acoela

Xenoturbellida
Echinodermata
Hemichordata
Chordata

Priapulida
Kinorhyncha
Loricifera
Nematoda
Nematomorpha
Onychophora
Tardigrada
Arthropoda

= Mollusca

= Annelida

== Entoprocta

] { Brachiopoda
Phoronida

= Nemertea

- Bryozoa

= Cycliophora

Acanthocephala

Rotifera

Micrognathozoa
Gnathostomulida
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Platyhelminthes
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Whole body regeneration in planarians:

Il Presence of regeneration
=] Absence of regeneration
] No documentation

Baley & Nyberg
2000



REGENERACAO EM PLANARIAS

* Organismos morfologicamente simples

* Altos poderes de regeneragao
*Facil de manipular e cultivar em
condi¢des de laboratério g
* Reproducao sexual e assexual

* Genoma pequeno (4.8 x 108 pb) %

* Permitem manipulacdo molecular

* Presenca de “Neoblastos”

Dev. Biol 220: 142-153, 2000)



INTRODUCCION

* BLASTEMA: Massa de ‘
células indiferenciadas e
proliferantes que darao
lugar a todos os tecidos da
estrutura que vai se
regenerar. Tecido nao :
pigmentado formado

debaixo do epitélio que s
cobre a ferida.




REGENERACAO EM PLANARIAS

1. Localizacao dos neoblastos
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REGENERACAO EM PLANARIAS

NEOBLASTOS =
CELULAS TRONCO




Comparacao de capacidades regenerativas dos platelmintos

Regeneracao: Vida:
§ Catenulida excelente t (terrestre)
g 12 3 Macrostomorpha excelente m (marinha)>t
g -4 Polycladida bom m
- Lecithoepitheliata DOM t>m
% cel T° Proseriata bom t&m
E e Bothrioplanida bom m
5- E s— Rhabdocoela Fuim t>>p (parasitario)
o
& = Fecampiida desconhecido p
=)
-’ — Prolecithophora  bom t=m
8g
- Tricladida excelente >m
Neodermata bom P

: *Collins et al.
gger 2012 nature 2013







COMUNICADOQOS

Proxima semana: ESPERMOGRAMA

 Doadores andnimos
* Trazer mascara, jaleco, luvas
* Trazer questao/pesquisa preenchidas

(WikiEdit do estudante do ano passado, ler até coleta)
(https://pt.wikipedia.org/wiki/Espermograma)



