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Impacto da biologia do desenvolvimento na ciéncia
do século XX
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Impacto da biologia do dese

nvolvimento na ciéncia

do século XX

¢ 1980s

12. Transgenics and gene
knockouts

Drosophila melanogaster

13. Genetic screens in 1980 N

| 14. Embryonic stem cells 1981

' 15. Programmed cell death 1986 (P 1986
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17. Development and 1987 @
cancer
@ 1988
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TPy 19. Neural induction 1989 ¢
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@ 1990
® 1991
(’f 22. Body axis coordination 1995 @ 1995
24. Somitogenesis and 1997 ?
molecular clocks

16. Morphogen gradients ‘7 ;
18. Asymmetric cell A c !
division

20. Biology of the sex
chromosomes

21. The floor plate and
Sonic hedgehog

23. Left-right patterning
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1997-2016 Nobels em areas de pesquisa
relacionadas a biologia do desenvolvimento

2001 Tim Hunt & Paul M. Nurse
— pela descoberta de reguladores fundamentais do ciclo celular
e 2002 Sydney Brenner, H.Robert Horvitz, and John E. Sulston
— pelas descobertas sobre “regulacao génica do desenvolvimento de orgaos e morte
celular programada.”
e 2006 Andrew Z. Fire & Craig C. Mello
— pela descoberta do RNA de interferéncia - silenciamento génico por RNA dupla-fita
e 2007 Mario R. Capecchi, Martin J. Evans, and Oliver Smithies
— pelas descobertas dos principios para introducdao de modificacdes especificas em genes
de camundongos usando células tronco embrionarias
e 2010 Robert G. Edwards
— pelo desenvolvimento de fertilizacao in vitro
e 2012 John Gurdon & Shinya Yamanaka
— pela descobera que células maturas podem ser reprogramadas para serem pluripotentes
2014 John O’Keefe, May-Britt Moser, and Edvard |. Moser
— pelas descobertas de células que constituem um sistema de posicionamento no cérebro
* 2015 Tomas Lindahl, Paul Modrich, Aziz Sancar
— por estudos mecanisticos de repar de DNA
2016 Yoshinori Ohsumi
— pelas descobertas de mecanismos de autofagia






CELULAS TRONCO

REGENERACAO EM ANIMAIS




STEM CEUS Noticias atuais
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REGENERATIVE MEDICINE
Electroacupuncture Promotes CNS-Dependent _
Release of Mesenchymal Stem Cells
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Paissagem epigenética de Waddington (Waddington’s Epigenetic Landscape - Creode)
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1. Especificacao condicional

Especificacao regulativa (!!!!)
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Lamy C et al. 2006
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Especificacao condicional:
Desenvolvimento regulativo no Ourico

(A) Fertilization envelope

Remove
fertilization
envelope

Separate
into 4 cells

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

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 3.17 © 2006 Sinauer Associates, Inc



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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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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Desenvolvimento do musculo em
tunicados (Cordata)
(A)

O

Blastomere pair B4.1
separated by glass needle

Muscle-forming cytoplasm

cr

(B) e (€)

(D)

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 3.9 © 2006 Sinauer Associates, Inc.



Especificacao autdnoma nos espiralados
(lapas-gastropodos-Mollusca)

Normal development of Patella

Presumptive
trochoblast

Isolated trochoblast development

Y




TABLE 3.2 Modes of cell type specification and their characteristics

Especificacao autonoma

Divisiones asimétricas: Kemphues
(1988) identifica PARs en nematodos

myosin |l

L.

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.




Polyandrocarpa

Symplegma

Como evoluiu a capacidade de brotacao nas
ascidias coloniais (Styelidae)?

Botryllus or
Botrylloides

S. Gutierrez



PROGENITOR CELL SPECIALIZED CELL
(e.g., myeloid

Células tronco vs iy

(e.g.. neutrophil)

)
(¥

células progenitoras: »oog &

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

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

Adult stem cells
(partially

IR
reprogrammed cells?) .||l

STEM CELL
RN

STEM CELL
(e.g.. hematopoietic
stem cell)

SPECIALIZED CELL

(e.g.. neuron)




Regulacao das células tronco

1. REGULACAO DO CICLO CELULAR: Carecem de controle G1 e sdo hipersensiveis
ao dano de DNA, induzindo a apoptose.

2. DINAMICA DA CROMATINA: pode regular a taxa de autorenovacdo, tempos
do desenvolvimento, e potenciais de diferenciacao celular. Mudancas na
cromatina refletem mudancas na funcao celular.

. SINALIZACAO CELULAR: a decis3o final de diferenciar ou manter a
indiferenciacao depende de varias rotas de sinalizacao celular (ambiente,
nicho).




CELULAS TRONCO

1. REGULACAO DO CICLO CELULAR: Carecem de controle G1 e sdo
hipersensiveisa danos no DNA, induzindo a apoptose para liberar-se das
células danificadas

Anaphase

B. f/‘]’k 5

,‘»,cdks:m?

cdk inhibitors

4
)
D+cd‘k§4&

O Elsevier Ltd. Rang et al: Pharmacology 5E www.studentconsult.com




CELULAS TRONCO

Definicao:

Células indiferenciadas que tem a capacidade de
autorenovar-se por divisao celular e podem diferenciar-
se em varios tipos de células




Linhagem germinativa em ascidias

Solitary ascidian development:

00\0):"5.

Colonial botryllid ascidian development

' o ¥

H1
H2

germline
pluripotent ==
somatic

Confirmed for:

Ciona intestinalis
(Fujimura & Takamura
2000, Takamura et al.
2002, Shirae-
Kurabayashi 2006)
Boltenia villosa

(Brown & Swalla 2007)

Botryllus schlosseri
(Izzard 1968, Stoner &
Weissman 1996)
Botrylloides violaceus
(Brown & Swalla 2007)

Botryllus primigenus
(Sunanaga et al. 2006)
Polyandrocarpa
misakiensis
(Sunanaga et al. 2007)




Possivel plasticidade da linhagem celular progenitora em
colonias de ascidias:

EMBRYONICALLY DERIVED
PLURIPOTENT STEM CELL

REPROGRAMMING
TRANSDIFFERENTIATION

| |
| i

e Gut epithelia
Germ%EPIs
Tunic cells

viewed in Brown & Swalla, Dev Biol. 2012




do génica

Regulac

!

| l | l | |
'J.('m“u‘ i “ i

Paissagem epigenética de Waddington (Waddington’s Epigenetic Landscape - Creode)

&ll

DS

{t ',d

‘ ll\.t

i







Restricao do destino celular e

potencial pata diferenciar em
diferentes linhagens

Developmenta
potential

notent

Zygbte

do génica

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

Regulac

Multipotent

Adult stem cells
(partially -
reprogrammed cells?) ! ;

Differentiated cell
ypes

Hochedlinger & Path, Development 2009



Restricao do destino celular e

modificacoes epigenéticas

Developmenta pigenetic
potential status
[otipotent C enr

Zygote

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

P';',.':"'
il
b|! |

reprogrammed cells?)

Hochedlinger & Path, Development 2009
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Reprogramacao nuclear e clonagem

Animal pole
_Glass needle
)/ Egg cell membrane
B3
/——Vitelline envelope
Meiotic v
spindle l

\. Remove chromosomes
\\\ and spindle from cell

enucleated spindle

Activated i/lsolated meiotic
€gg \

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 4.5 (Part 1) © 2006 Sinauer Associates, Inc.

Donor nucleus
inserted into
enucleated cell

¢ Membrane heals

Somatic cell nucleus
in an activated egg

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

Robert Briggs e Tomas King transplantam nucleos
de blastocistos a ovos anucleados em Rana pipiens
(1952)

John Gurdon transplanta nucleo do epitelio
intestinal de girinos a ovos de Xenopus laevis

(1962)
f

Wild-type ddnor

Albino parents

of enucleated eggs  of nucleus donor




Porcentagem de sucesso de transplante nuclear como uma
funcao da idade do desenvolvimento do nucleo doador

Developmental stage from which nuclei were taken
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DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 4.6 © 2006 Sinauer Associates, Inc.



Mamiferos clonados, dos quais os nucleos vieram de

células somaticas adultas(Parte 1)
(A) wn A :‘

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




Dolly: Mamiferos clonados, dos quais os nucleos vieram de células

somaticas adultas
(B) OOCYTE DONOR NUCLEAR DONOR

4 )
\ b 4

Eggs removed Udder cells removed

Y Meiotic / Udder cells
spindle ‘! = ;! grown in
G, stage.

l Remove spindle

(=)
2" “Micropipette %

Enucleated Transfer cell
egg into enucleated egg

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 4.8 (Part 2) © 2006 Sinauer Associates, Inc.



Dolly: Mamiferos clonados, dos quais os nucleos vieram de
células somaticas adultas

Egg and cell fused

¢ Embryo cultured
7 days

forms

Embryo transferred to Birth of Dolly
surrogate mother

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 4.8 (Part 3) © 2006 Sinauer Associates, Inc.



Clonagem em outros mamiferos: O gatinho “CC” (A) é um clone
produzido usando transferéncia nuclear somatica do
“Rainbow” (B)

(A) (B)

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



NcRNAs e regulacao de células
tronco

cognition synapses
emotion circuitries

nociceptors

regeneration
stem cells
Colaboracao com Clara Bermudez
blood vessels RNAomica Computacional UNAL
blood brain barrier (Colombia)




Gendmica comparativa de
Tunicados

Table L. Tunicate genomes currently in study for ncRNAs (in collaboration with C.
Bermudez U. Nacional de Colombia, Bogota)
Species Size Life
(Mb) history
Oikopleura dioica 70.47 Solitary  (Seoectal, 2001)
Molgeula occidentalis 26255 Solitary  (B.Swalla, T. Brown, E. Lowe, C. Lionel in progress)

-

Molgula occulta [89.11 Solitary  (B. Swalla, T. Brown, E. Lowe, C. Lionel in progress)
Molgula oculata 159.89 Solitary  (B. Swalla, T. Brown, E. Lowe, C. Lionel in progress)
Botrvilus schlosseri 580.39 Colomal {(Voskoboynik et al., 2013)

Didemnum vexillum 542.32 Colomal (A. Gittenberger in progress)

Ciona savignyi 17.01 Solitary  (Small, Brudno, Hill, & Sidow, 2007

Ciona intestinalis .23 Solitary  (Dchal et al., 2002)

M\
C. Velandia C. Bermudez A
U. NaC|ona.I U. NaC|ona.I Gittenberger
de Colombia de Colombia GIMARIS

B. Swalla L. Christien  T. Brown A. Stolfi
U. Washington NYU Mich. State U. NYU




MiRNA regulacao génica de células
tronco

Typical gene

Direct
protein
assembly

Protein

Messenger RNA

Binds to messenger RNA

MicroRNA T
Protein assembly

Is blocked

Discover Magazine Taubes, 2009

T n""’llﬂm T

Embryonic Somatic
Stem Cell

miR-302
,, miR-290-295
@

Differentiation

Oct4, Sox2,
Na nog, Tcf3

plurlpotency
genes

miR-290-295
miR-302/367

Rosa & Brivanlou, 2013




Aplicacoes de células tronco: Clonagem de
mamiferos transgénicos para produzir proteinas
farmaceuticas

Human o -antitrypsin (AAT) gene

B-Lactoglobulin

promoter AAT deficiency causes

emphysema and lung
related diseases

Sheep ovum Xy

Recombinant

DNA is injected
into pronucleus

Holding

- Implant into

foster mother

; e = 3 =
Transgenic Obtain mllk .@1 Fractionate
progeny are from transgenic — \’ milk proteins d

identified E £ animals
by PCR xpressmn of
Y human AAT is Hum'fln AAT
restricted to protein is collected
mammary tissue in milk *

and is secreted Pure huma.n
into milk. AAT protein

DEVELOPMENTAL BIOLOGY. Eighth Edition. Fiaure 4.10 © 2006 Sinauer Associates. Inc.



Aplicacoes de células tronco:
diabetes




Aplicacoes de células tronco:
transplante de tecidos

N
=)
Mouse adult stem cells are o Y Human adukt bone marrow %
injected into the muscle of " ;:m ;:els are lﬂjedefd into
the damaged left ventricular — (e tail vasculature of a rat. q >
g @

wall of the mouse heart. \‘\._/

”
P

\.i )\ f
—

The stem cells induce new blood vessel
formation in the damaged heart muscle
and proliferation of existing vasculature.




Aplicacoes de células tronco:

entrega (Delivery)
DIRECT DELIVERY ELL-BASED DELIVERY
Therapeutic % \ Therapeutic :
transgene The therapeutic | : The therapeutic  ansgene
l transgene is ( . l,' transgene is l
packaged nto a " packaged into a
)

delivery vehicle % — \ delivery vehicle -
such as a vwus. ',’. ~¢ such as a virus. )
. | 1

e / % Cer

, The thefapeubc
/‘ Target organ / transgene is
...and injected (e g., liver) inroduced intoa |
nto the patient. : | delivery cell such as
' astem cell that is 3
|, often denved from
the patient.
The genetically modified
cells (e.g., stem cells)
are multiphed in the
..and readministered laboratory.

to the patient.




O que faz falta?...

Demonstrate
efficacy

In rodent models

In non-human primate model
with rhesus ES cell-derived cells
(e.g.. diabetes and Packinson's
disease models in paimates)

Evaluate integration into host
tissue (e.g., cardiomyocytes for
treatment of heart fadure)

? recusrent autoimmunity
(e.g., diabetes)

| Human ES Cells I

Establish pure cultures
of specific cell type

Test physiologic
function

« Invitro (e.g., stimulated
insulin release)

Demonstrate
safety

In non-human pamate model with
rhesus ES cell-derived tissues

Show absence of tumor formation

Show absence of transmission
of infectious agents

Y

| Human triaks I

Lineage selection by cell survival
or cell sorting (e.g., insulin promoter
driving antibiotic resistance gene

or GFP)

Induce with supplemental growth
factor(s) or inducer cells (e.g.,
retinoic acid for neural cells)

Test methods
to prevent rejection

Muiti-drug immunosuppression

Create differentiated cells
1Isogemc to prospective recipient

using nuclear reprogrammang

Transduce ES cells to express
recipient MHC genes

Establish hematopoietic chimera
and immunologic tolerance







TIPOS DE CELULAS TRONCO

1. Células tronco embrionarias (ESC)—Células
primitivas indiferenciadas derivadas de la masa

celular interna del blastocisto (un embrion? de
5-6 dias).

* Son capaces de renovarse indefinidamente por un largo
periodo de tiempo sin diferenciarse

e Capacidad de diferenciarse en células y tejidos de las tres
lineas germinales del embrién (ectodermo, mesodermo y
endodermo)
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Células madre embrionarias
humanas (hESC)

Hasta 1998 se pudo establecer un
cultivo de células madre embrionarias
humanas (hESC) proveniente de cigotos
fertilizados in vitro

a. Fibroblastos de raton tratados:

* Provee superficie pegajosa
 Libera nutrientes al medio

Cultured
blastocyst

Cells dissociated Iradiated mouse

and replated fibroblast feeder cells

\_—A
\ New feeder cells

w

Established embryonic stem cell cell cultures




AN
\-\ --\‘—

R Undifferentiated

embryonic stem cells

EMBRYOID BODIES

° 4 L] \———-’/
¢Como son estimuladas las

fibronectin/selenium)

células madre para la
diferenciacién en CéIUIaS SELECTION OF NESTIN-POSITIVE CELLS

Inner cell
mass of
blastocyst

N2 medium/bFGF/

N2 medium/bFGFlaminin B27 media supplement

especializadas?

Expansion

NESTIN-POSITIVE NEURONAL Phato NESTIN-POSITIVE PANCREATIC

PRECURSOR CELLS PROGENITOR CELLS

Remove bFGF Remove bFGF
Differentiation Add nicotinamide
Phase

DOPAMINE- AND SEROTONIN- INSULIN-SECRETING PANCREATIC
ECRETING NEURONS ISLET-LIKE CLUSTERS

TYROSINE HYDROXYLASESEROTONN NSULINGLUCAGON

Soprduced with pecmimion Reproduced wih perrmtsion
rom Nuture Sctechnclogy tom Scence




TIPOS DE CELULAS TRONCO

2. Células tronco adultas, somaticas o no
embrionarias (ASC)— Células indiferenciadas,

relativamente raras, que se encuentran en muchos
organos y tejidos diferenciados.

 Tienen capacidades limitadas para la autorenovacion y la
diferenciacion.

Normalmente limitadas al tipo de células del 6rgano de
origen para mantener y reparar cualquier dano.

No se conoce exactamente su origen
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Diferencias entre ESC y ASC

Habilidad de autorenovacion y de originar células
y tejidos especializados

Buenas capacidades de proliferacion

Conocimiento del origen de las células

Habilidades en el numero y tipo de celulas del
cuerpo que pueden originar

Crecimiento en cultivos celulares y facil
manipulacion

Tipo de células pluripotentes multipotentes

Uso en terapias regenerativas




TIPOS DE CELULAS TRONCO

3. Células tronco pluripotentes inducidas (iPSC) —
células adultas especializadas reprogramadas
geneticamente (introduccion de genes
embrionarios) para asumir un estado
indiferenciado de célula tronco

Nt
S. Yamanaka generan iPSCs en 2006 en ratén e,
fl Ak



» Silencing of retroviral transgenes

* Activation of pluripotency genes

* Activation of telomerase

* Reactivation of silent X chromosome
in female cells

* Teratomas and germline chimeras

e Somatic markers silenced
¢ Activation of SSEA1

Intermediate cells _
(transient population) iPS cells

* Knockdown of lineage genes
* Inhibition of DNA methylation

Partially reprogrammed cells
(stable cell lines)

* Viral transgenes on

* Proliferation genes activated

* Pluripotency genes silent

* Aberrant expression of lineage genes
e Teratomas, but no adult chimeras
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REGENERACAO EM ANIMAIS

1. HISTORIA
2. ANIMAIS COM POTENCIAL REGENERATIVO

3. REGENERACAO EM PLANARIAS




INTRODUCAO

1. Regeneracao morfalatica

_

> Regeneration

Amputation
R




INTRODUCAO

2. Regeneracao epimorfica

J1 £}

Amputation Wound Dedifferentiation
Healing

/1

Early Medium
Bud Bud

Pallette Early Complete
Differentiation

1. Cicatrizagao: As células epidérmicas das
bordas da ferida migram e se distribuem sobre a

area exposta.

2. Formacao de blastema: Horas ou dias depois,
células indiferenciadas se acumulam dentro da
epiderme formando uma massa horas ou dias
depois, células indiferenciadas se acumulan
dentro de la epidermis formando una masa

avultada.

3. Dediferenciacdao e morfogénese: O blastema
comeca a desenvolver tecidos rudimentares dos

orgaos perdidos.

4. Crecimento: a estrutura regenerada
incrementa seu tamanho e obtem a estrutura
normal.




REGENERACAO EM ANIMAIS

* Regeneracao a diferentes niveis de organizacao biologica

Bely & N

Biological
level

Whole body

Structure

Internal organ

(of:1]

yberg, 2009

Examples

Regeneration from a
small body fragment

Limb, fin, tail, head,
tentacle, siphon,
arm, stalk

Heart, liver, lens

Epidermis, gut
lining

Axon, muscle fiber

Pre-amputation Post-amputation Regenerate

O

] -
Y .-




Células tronco em humanos: Regeneracao de
estruturas

Trapped Fingers and Amputated B
Finger Tips in Children @

~ 1t ——— 5

[~ [SKIN CREASE

By Cynthia M. Ilingworth

Fig. 5. Grading of level of tissue Joss.

Journal of Pediatric Surgery, Vol. 9, No. 6 (December), 1974

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.
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B Presence of regeneration
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] No documentation Baley & Nyberg 2009

100000NERONRD 00000000 O EOE0 N NEEN 4,

Ep00000NERCONER 00000000 O NERC N EE
EEO0ORO0ONERCONER RO0O00000 O MEEDO N NN

Platyhelminthes




REGENERACAO EM PLANARIAS

* Organismos morfologicamente simples

* Alto podere de regeneracao

* Facil de manipular e cultivar em
Condicoes de laboratorio

* Reproducao sexuada e assexuada
* Genoma pequeno (4.8 x 108 pb)
* Permitem manipulacao molecular

* Presenca de “Neoblastos”

(
Dev. Biol 220: 142-153, 2000)




INTRODUCAO

* O que passa com as planarias?




REGENERACAO EM PLANARIAS

1. Localizacao de neoblastos
A




REGENERACAO EM PLANARIAS

NEOBLASTOS =
CELULAS TRONCO
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INTRODUCAO

 Combinacao de mecanismos

Nove dias depois amputacao, o
fragmento de cabeca regenerou um
corpo completo com proporgdes

normais.

Formacdo clara de blastema durante
regeneracao como um cluster de DjvigA-

positive cells.

Células formadoras pré-faringeais e
faringeais claramente aparecem no toco,

nao no blastema.

Esta observacdao demonstra que as
células tronco sao comprometidas no
espaco mesenquimal do toco.




Intact 1.5 hrs

Slide courtesy of Dr. Sanchez Alvarado and Dr. Kyle Gurley




Comparacao de capacidades regenerativas dos platelmintos

Regeneracao: Vida:

Catenulida

Macrostomorpha

excelente t (terrestre)

excelente m (marinha)>t

Polycladida

.eJoydooyouy,,

bom m

Lecithoepitheliata

Proseriata

Bothrioplanida

-
c
q
o
(>
Q
q
Q

Rhabdocoela

Fecampiida

eioydooap

— Prolecithophora

bom

bom t& m

bom m

ruim t>>p (parasitario)

desconhecido

bom

“o—- Tricladida

excelente

Neodermata

bom

Modified from Martin-Duran & Egger 2012 & Collins et al. Nature 2013







