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O que é uma célula-tronco?

stem cell

Auto-renovac¢ao Diferenciacao
(especializacao)

Células especializada

Célula-tronco , .
ex célula muscular, neuronio

https://www.eurostemcell.org/



Por que auto-renovacao E diferenciacao?

1 célula-tronco @
SN\

O™
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1 célula-tronco @ ﬁ% 4 células especializadas

Auto-renovacio — mantem Diferenciacao — repde células mortas ou
o pool de células-tronco danificadas ao longo da vida

https://www.eurostemcell.org/



@ Onde as células-tronco sao encontradas?
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Céls-tronco teciduais
feto, bebé ou adulto

céls-tronco

embrionarias
blastocisto

https://www.eurostemcell.org/



Tipos de células-tronco:
1) células-tronco embrionarias



Células-tronco embrionarias (ES cells):
O gue elas podem fazer

o7
e
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diferenciacao
células-tronco
embrionarias

PLURIPOTENTE ' 4

(2

Todos os tipos de células
especializadas

https://www.eurostemcell.org/



Hierarchy of Stem Cells

Totipotent

AUTO-RENOVACAO zigoto

DIFERENCIACAO

Pluripotent células-tronco embrionarias

células-tronco
multipotentes

Blood Stem Cells & Other Stem Cells

Muscle Nerve Bone OtherTissues

-

Red Blood White Blood
Cells Cells



Céls-tronco embrionarias:

desafios %

YYYOUOOOOoOOou o

Células-tronco
embrionarias

neurons

blood

liver

https://www.eurostemcell.org/



Tipos de células-tronco:
2) celulas-tronco teciduais



surface of the eye < brain

skin breast

testiclas « m intestines (gut)

bone marrow

muscles



Células-tronco teciduais
O gue elas podem fazer

céls-tronco @ -
>

hematopoiéticas diferenciacdo

G0 @(ﬁ

encontradas na
medula dessea

Somente células sanguineas
especializadas:

MULTIPOTENTES hemacias, leucdcitos, plaguetas

https://www.eurostemcell.org/



Tipos of células-tronco:
3)Céelulas-tronco
pluripotentes induzidas (IPS)



Células-tronco pluripotentes induzidas (iPS)

‘reprogramacao genética’
= adicionar alguns genes a célula

©) O
célula Células iPS
de adulto Comporta-se como uma célula-

tronco embrionaria

v

diferenciacdo '
células iPS em cultura (/f:\; @

Todos os tipos

vantagem: nao precisa de embrioes! , .
de células especializadas

https://www.eurostemcell.org/



Células-tronco pluripotentes induzidas (iPS)

reprogramacao genética

v
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Cél-tronco de pele iPS

https://www.eurostemcell.org/



SPhase o\ Quiescent stem cell Cells mostly Células quiescentes. S6 se

quiescent, only dividem para se auto-
enter cell cycle (onovar

Self renewing cells to replace self

Cells enter the

cell cycle, with Células entram

an increasing no ciclo celular
propensity to com crescente
become more propens3o a se
committed to a diferenciar
particular

Differentiating cells lineage

’00,1_._ my Fully

Blast = committed ) 2
differentiated
" & | cells exit the
M VAL cell cycle

Fully Differentiated cell




Ectoderm
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Diferenciacao Celular

E O MECANISMO ATRAVES DO QUAL UMA CELULA ADQUIRE A

CAPACIDADE DE DESEMPENHAR FUNCOES ESPECIALIZADAS

DIFERENCIACAO TRANSDIFERENCIACAO
CELULASXTRONCOS CELULAS DIFERENCIADA tipo A
CELULAS TRONCOS PROGENITORAS l

|

CELULAS DIFERENCIADAS

CELULAS DIFERENCIADA tipo B



Importancia da diferenciacao cellular

Possibilita o desenvolvimento de tecidos e 6rgaos altamente especializados

self-renewing
stem cell

daughtar call with
limited proliferation
capacity

0000

termlndl differantiation |

Jwme

nondividing cells
evantually discarded

{A) NORMAL PATHWAY




embryonic cell

A diferenciacao celular ocorre @
por que as células passam a |

expressar genes diferentes

INDUCTION OF REGULATORY PROTEIN .

(expressao génica diferencial) ) A‘\

A
N

SAIDA DO CICLO CELULAR

cellA cellB
1 [

INDUCTION OF REGULATORY PROTEINS@ AND (3

cellG cellH celll cell ) cellK cellL cellM cellN
Figure 7-76 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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1.asymmetric division : sister cells born different
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2.symmetric division : sister cells become different as result of
influences acting on them after their birth

Figure 22-11 Molecular Biology of the Cell 5/e (© Garland Science 2008)



Inibicao Lateral

Z

Tran5|ent blas creates w

POSITIVE FEEDBACK:
asymmetry is self-amplifying

@ € 4

BISTABILITY:
all-or-none alternative outcomes represent a stable memory

Figure 22-12 Molecular Biology of the Cell 5/e (© Garland Science 2008)



Quando uma célula
perde a capacidade
de se diferenciar,
ela também perde a
capacidade de inibir
a diferenciacao da
célula adjacente

f cell i) r cell \
specialization specialization
. l WV, i o
Notch l_-—DeIta active inactive Assim que uma
De"a(/_‘t it N°“,_1" FN\“C" célula ganha
®: competition— alguma vantagem
\@/ one cell wins sobre a outra, essa
diferenca se amplia
cell ceII
\_ specializatioy \_ specializatioy

each cell tends to
inhibit its neighbor

cell with active Delta specializes
and inhibits its neighbor from
doing likewise
Figure 22-60a Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Figure 22-60b Molecular Biology of the Cell 5/e (© Garland Science 2008)



Delta parcialmente inativado

Inibicao lateral sofre
um“desequilibrio”

Todas as células da
regiao se tornaram
células sensoriais
(presenca de cilios)

200 pm

Figure 22-61 Molecular Biology of the Cell 5/e (© Garland Science 2008)



neurons
overproduced neural plate
on injected side

inject truncated-Delta fix and stain for
mRNA into one cell neurons at neural
at the 2-cell stage plate stage

Delta truncado nao sera capaz de
inibir a diferenciacao da célula
adjacente

0.2 mm

f cell \

specialization

active mactlve
Notch 1 FN\otch
cell
\_ specializatioy

cell with active Delta specializes
and inhibits its neighbor from
doing likewise



O sinal inibitério de Notch (N) inibe a
diferenciacao de neurdnios

A @6 B
- [
&b

‘Mutual’ inhibitory ‘Lateral’ inhibitory Cell fate restricted Loss of N signaling Gain of N signaling

TNotch —> lneurogénese

gain N sig.

lNotch — T neurogénese

Joss N sig.

Eric C. Lai Development 2004\131:965-973

ELAV — marcador de neurdnios lNotch N T neurogénese

' Development



A celula sensorial-mae passa a se dividir assimetricamente

N&ao herdaram Numb, portanto continuam susceptiveis a inibicao de
Notch, por isso se diferenciam em células nao neurais

p S o -
this cell dies'j

or becomes glial

Figure 22-62 Molecular Biology of the Cell 5/e (© Garland Science 2008)



Divisao assimétrica continua a dar origem a
outras céelulas do sistema nervoso

after 4 more rounds

APICAL ectoderm of neuroblast division
BUBUU 240088 BB BU — (oJoefe) —~ (efale]e) -~
(o) O
BASAL (®) (o) ®
neuroblast
(A) ganglion mother cell neuron glial cell

(B)

Figure 22-66 Molecular Biology of the Cell 5/e (© Garland Science 2008)



nucleo
granulos P

Figure 22-19 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Caenorhabditis elegans



“@ voltando a histdria da vida..

X Qual é o PRIMEIRO evento de
05200 diferenciacao celular na vida ??

massa
celular
interna

trofectoderme

https://www.eurostemcell.org/



em azul — marcador de trofectoderme " .
Embrides que ndao expressam

Dnmt1 (DNA metiltrasferase I)

Dnmt1-- embryos
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Embrioes deficientes em DNA metiltransferase

~ ] L. Portanto esse evento de
NAO apresentam diferenciacdao entre massa > diferenciacio depende da
celular interna e trofectoderme METILACAO de genes

Ng Rk et al 2008. Epigenetic restriction of embryonic cell lineage fate by methylation of E/f5. Nat Cell Biol., 10: 1280-1290



Diferenciacao em massa celular interna
(=linhagem embrionaria)

Expressao do fator de EIf5 ©

Diferenciacao em trofectoderme
(=anexos embrionarios)




Capitulo s6 em pdf do Alberts

Chapter 23

Specialized Tissues, Stem Cells,
and Tissue Renewal




Exemplos usados pelo livro
(capitulo 23)

* Pele

* Glandula mamaria SEealE T
* Epitélio olfatério

* Epitélio auditivo

* Retina

* Pulmao e intestino

* Figado

* Pancreas

* Vasos

* (Células do sangue

* Musculo

* Tecido conectivo — fibroblastos, céls dsseas, adiposas
* (Células tronco embrionarias

* Vias de sinalizagao: Wnt, Notch, Ephrin—Eph, Hedgehog, PDGF, and BMP

mesoderme




* Auto-renovacao
* Capaz de se diferenciar em diversos tipos celulares
e Capaz de se dividir ilimitadamente, porém divide-se “pouco”

Como verificar a existéncia de células tronco ?



Como sabemos se uma célula é ou nao tronco??

Lethal irradiation

s N\

Inject the cells (bone-marrow)
intravenously into the irradiated
mouse.

CFU-S: colony-Forming-Units in the Spleen
* Granulocyte

* Erythrocytes ISSO BASTA PARA PROVAR QUE AS CELULAS
* Lymphocytes stc. DA MEDULA OSSEA SAO TRONCO?



Como sabemos se uma célula é ou nao tronco??

iy

1st mouse alive after
cell injected

Hematopoiesis
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2nd mouse alive
after cell injected
from 1st mouse
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3rd mouse alive
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(A) Birth

(8) Puberty

‘. Terminal end bud

TEB)

(D) Pregnancy

(O Mature adult

(E) Lactation

(F) Involution

Ductal
[— T T ] Epithelium
= 0 | Alveolar
0 epithelium
S pﬂ
Luminal cells s

= Basal cells

Trends in Cell Biology



Remocao ' 8.

do epitélio glandula mamdria na puberdade (3s¢‘e
insipiente

lyr

DeOme, et al, 1959. Cancer Res 19: 515-



nature Vol 439(5 January 2006| doi:10.1038/nature0 4372

Generation of a functional mammary gland from a
single stem cell

Mark Shackleton'”, Francois Vaillant'?, Kaylene J. Simpson®t, John Stingl*®, Gordon K. Smyth’,
Marie-Liesse Asselin-Labat'?, Li Wu', Geoffrey J. Lindeman'” & Jane E. Visvader'*

Transplantation assay

Tissue fragments or cells
transplanted into the cleared fat
pad of a recipient mouse

For g
—> —>» Serial

transplantation




* Auto-renovacao
* Capaz de se diferenciar em diversos tipos celulares

e Capaz de se dividir ilimitadamente, porém divide-se “pouco”

Como verificar se as células se dividem pouco ?



Ensaio de incorporacao de BrdU

(bromodeoxyuridine)
O
Br.
| NH
HO o N O Mother $trand | T Clelalzlt 2
vy bbbl 4
Synthesized Strand | A | C c Alalc
OH N
bromodeoxyuridine 7\
BrdU BrdU
O Nucleotides in Intracellular C 3 T . A
Environment s C A
HsC NH A c T A o T
HO | /J\ ¢ Buv
0 N @]
Completely Synthesized
Product with BrdU AlC|c|(C|T|A|A|C |BadU
Incorporated
OH

thymidine



Ensaio de retencdao de marcacao

inje¢ao coleta e andlise da pele

de BrdU
)

| |
m

—> 90— 00— Gyt —> —

— 00— 0 — 8 — g8 —

—>\.-—->.-—> ® — 0 — .}

! Y

Células se dividindo célula que retém o BrdU

vao incorporar BrdU ao longo das geracdes
no DNA




epidermis

dermis

100 pm

Figure 23-1b Molecular Biology of the Cell 5/e (© Garland Science 2008)



squame about
to flake off
from surface

keratinized
squames

granular

j/ cell layer

| prickle
cell layers

EPIDERMIS

| basal

cell layer
v \ basal
s lamina
oc ;
w connective
° i l T tissue of
deitiil
: : basal cell basal cell dividing ermis

30 pm “hy
passing into

prickle cell layer

[ L] . n Ll 4 ?
Figure 23-3 Molecular Biology of the Cell 5/e (© Garland Science 2008) Como Verlflca ra eXIStenCIa de celu Ias tronco ‘



Renovacao
das estruturas
da epiderme:

o foliculo
piloso

basal
layer

cuticula do
pelo

sebaceous

land
shart =l

stem cells in
the bulge

connective
tissue

dermal papilla
(connective tissue)

Figure 23-2 Molecular Biology of the Cell 5/e (© Garland Science 2008)

epidermis

saliéncia
capilar



Injecao de BrdU por 48 h - 70 dias - imunofluorescéncia com anti-BrdU (verde)

Ensaio para
verificar células
que detém a
marcacao de BrdU

HF, hair follicle;
IFE, interfollicular epidermis;
SG, sebaceous gland




Células da saliéncia capilar dao origem a todas
as estruturas da epiderme

i W L .
animal  \/f | o |
normal V}’ !

ampulation of
bulge-reglon

( ,

H 1. A
anlrpa_l \7i { \.
trangenico \',, | chimeric

1 1 donor follicle
' i bulge-region
&P

Oshima et al, 2001. Cell, 104: 233-245

transplantation
ider the kidney
capsula of an
athymic mouse 10 weeks



Ha alguma outra interpretacao para a reten¢ao de marcagao de BrdU ...?

Article abstract

Nature Cell Biofogy 8, 677 - 682 (2006)
Published online: 25 June 2006 | doi:10.1038/ncb1425

Asymmetric division and cosegregation of template DNA
strands in adult muscle satellite cells

Vasily Shinint, Barbara Gayraud-Morel®, Danielle Gomés: & Shahragim
Tajbakhsh:

Satellite cells assure postnatal skeletal muscle growth and repair.
Despite extensive studies, their stem cell character remains largely
undefined. Using pulse-chase labelling with BrdU to mark the putative
stem cell niche, we identify a subpopulation of label-retaining satellite
cells during growth and after injury. Strikingly, some of these cells
display selective template-DNA strand segregation during mitosis in
the muscle fibre in vivo, as well as in culture independent of their niche,
indicating that genomic DNA strands are nonequivalent. Furthermore,
we demonstrate that the asymmetric cell-fate determinant Numb
segregates selectively to one daughter cell during mitosis and before
differentiation, suggesting that Numb is associated with self-renewal.
Finally, we show that template DNA cosegregates with Numb in label-
retaining cells that express the self-renewal marker Pax?7. The
cosegregation of 'immortal’ template DNA strands and their link with
the asymmetry apparatus has important implications for stem cell
biology and cancer.



We can see here a section of muscle with
the muscle fibers separated by
membranes (stained green). The muscle
stem cells (satellite cells) are

stained red.

Image: Shahragim Tajbakhsh




A hipotese da fita de DNA imortal

DNA




Como ocorreria a heranca da
fita de DNA imortal (hipotese) ?

fitas imortais sao de
alguma maneira “marcadas”

l DNA REPLICATION

cromatides que herdaram as fitas
sao segregadas para um mesmo
polo

ASYMMETRIC
DIVISION



fita de DNA imortal

stem
cell

SIS
A A
SIGISI®

stem  L_ transit amplifying ———
cell (committed) cells

Figure 23-10c Molecular Biology of the Cell (© Garland Science 2008) progenito ras



Nichos das células-tronco

Nicho

Microambiente que regula a auto-renovacao e a
diferenciacao das células-tronco

contato direto Fatores soluveis célula intermediaria

O

!

© &

( T I
ESE&XS O, IS ESES OOO IS ESEHS) oOO NP W
@)

matriz extracelular

O



Na epiderme, a interacao com a matriz
extracelular inibe a diferenciacao

Na pele, a manutencao
do fendtipo tronco

E mantido

Pelo microambiente
(células em contato
com a lamina basal
permanecem
indiferenciadas)

manutencao do
fenodtipo tronco

diferenciacao
terminal

células em \
suspensao matriz

Geen, 1977. Cell, 11: 405-416 Adams & Watt, 1989. Nature, 340:307-309



nature
cell biology

Hematopoietic stem cells convert into

liver cells within days without fusion

YoonYoung Jang, Michael |. Collector, Stephen B. Baylin, Anna Mae Diehl & Saul J. Sharkis B

Nature Cell Biology 6, 532-539 (2004) Received: 23 February 2004

«4+—— C¢élulas-tronco hematopoiéticas isoladas de camundongos machos
3.3 .3 .5.3.3

_ -—— Hepatocitos lesionados isolados do figado de um camundongo fémea



Verde e vermelho indicam expressao de proteinas de figado

Jang YY, et al. 2004. Nat Cell Biol., 6:532-9.



Se ceélulas-tronco da medula 6ssea podem se diferenciar
em hepatocitos em cultura, sera que elas fariam o
mesmo em um animal?

100.000 células-tronco de medula 6ssea de um macho foram
transplatados em uma fémea com leséo hepatica




Ceélulas do figado da fémea transplantada apos varias semanas:

Cromossomo X

Cromossomo Y|

Jang YY, et al. 2004. Nat Cell Biol., 6:532-9.

Conclusao: fatores
secretados pelos
hepatocitos foram capazes
de induzir a diferenciacao
de células-tronco
hematopoiéticas



Orientacao do fuso mitoético
pode definir o destino da celula

Niche cell

Adhesive
molecule

Basement
membrane



E possivel comprovar a existéncia de
células-tronco in vivo?

Técnica de rastreamento de linhagem



Técnica de rastreamento de linhagem

Genetic elements

Stem-cell-specific promoter H Cre
X
‘ Rosa26 —D— STOP M—I lacZ, GFP, YFP, etc I
loxP loxP

Cre recombination

Rosa26 I— lacZ, GFP, YFP, etc

in stem cells and their progeny

Fuchs & Horsley, 2011. Ferreting out stem cells from their niches. Nat Cell Biol, 13, 513



Como podemos rastrear o destino de uma célula no organismo?

A No Tamoxifen B Tamoxifen No Tamoxifen
CoreER)
(CreER)

el

Nucleus

[Cell-specific PROM k,—E:e-ER |

GFP

[Cell-specific PROM{— Cre-ER |

Nucleus Nucleus

Key
Rosa 26 promoter Inactive Cre @D Tamoxifen
b LoxP sites Active Cre



estOmago

intestino




Quals sao os sinais do nicho que controlam a auto-
renovacao e diferenciacao das células-tronco?



Wnt signaling

Os alvos de B-catenina variam em func¢ao do orgao,
porém alguns alvos sdo comuns em todas as células:

- telomerase
- Axina 2
- LGR5




Skin Brain

fueling
tissue renewal and
stem cell activity in
diverse organs

Intestines ® ® \ Mammary glands

H. Clevers et al., 2014 Science 346, 1248012



Table 1. Wnt-responsive tissue stem cells identified by means of lineage tracing.

Tissue Stem cell Marked by Reference
Intestine Crypt base columnar cell Lerb (25)
Mammary gland Basal cell AxinZ, Lgrb (24, 50-53)
Stomach Basal pyloric cell LgrS (85)
Interfollicular epidermis  Basal cell AXinZ (44, 45)
Central nervous system Radial glial cell AxinZ (98)
Hair follicle QOuter bulge cell Lerb (99)
Kidney Nephron segment-specific stem cell  Lgrb, Axin2 (100, 101)
Cochlea Tympanic border AxinZ (102)
Ovary Hilum ovarian surface epithelial cell Lerb (103)
Taste bud Circumvallate papilla stem cell Lerb (104, 105)

In posterior tongue




b Hair follicle

Sox9 =

c Intestine

FINAIE W INAT L

Epidermis

Bulge
stem cells
(Sox9*)

Stem_qell Sebaceous
activity

gland (SG)

f T Stem cell activity

Intestinal crypt
stem cells (Lgr5*)

Fuchs & Horsley, 2011. Ferreting out stem cells from their niches. Nat Cell Biol, 13, 513



absorptive cell

0/0

secretory cell
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Figure 23-24 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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A Localized Wnt Signal Orients
Asymmetric Stem Cell Division in Vitro

Shukry J. Habib,%2* Bi-Chang Chen,? Feng-Chiao Tsai,? Konstantinos Anastassiadis,*
Tobias Meyer,? Eric Betzig,? Roel Nusse™*

Developmental signals such as Wnts are often presented to cells in an oriented manner. To
examine the consequences of local Wnt signaling, we immobilized Wnt proteins on beads and
introduced them to embryonic stem cells in culture. At the single-cell level, the Wnt-bead induced
asymmetric distribution of Wnt—B-catenin signaling components, oriented the plane of mitotic
division, and directed asymmetric inheritance of centrosomes. Before cytokinesis was completed,
the Wnt-proximal daughter cell expressed high levels of nuclear B-catenin and pluripotency
genes, whereas the distal daughter cell acquired hallmarks of differentiation. We suggest that

a spatially restricted Wnt signal induces an oriented cell division that generates distinct cell
fates at predictable positions relative to the Wnt source.

S. J. Habib et al., Science 339, 1445-1448 (2013)



Co-cultura de células-tronco embrionarias com beads recobertos com Wnt




Pluripotency
genes

3-catenin RB-catenin

Fig. 4. A local Wnt signal induces asymmetric cell division. A cell exposed to a local
Wnt source distributes Wnt signaling components to the side of the cell where Wnt
touches. This orients the mitotic spindle and centrosomes during division. The daughter
cell close to the Wnt source maintains nuclear B-catenin and stem cell gene expression, whereas the distal cell
away from Wnt loses expression of such genes.

A segregacao da “fita imortal” de DNA é regulada por Wnt?
Aparentemente NAO

H. Clevers et al., 2014 Science 346, 1248012



Differentiation

Dedifferentiation
_________________________}

e Quiescent stem cell
! stem cell —_—
signals ® > @] Self-renewal

> I\!j' Transit amplifying cell

Damage/ p

' F
regenerative 7
. ,
signals i
]
I

o Lineage specific

f i
'. ' precursor

-/
l yr:m sdifferentiation / \
#

l' Differentiated
cells

"-u.___..-"
Lineage A Lineage B

Trends in Cell Biology February 2015, Vol. 25, No. 2
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