Correcao dos exercicios da aula
de células-tronco e diferenciacao



1.0 sistema hematopoiético de mamiferos é um modelo para estudo de células-tronco.
Se um camundongo for irradiado todas as células da sua medula éssea morrerao. Esse
animal, no entanto, pode se recuperar se receber uma injecao de um pequeno numero
de células da medula éssea de um animal doador. Expligue como esse ensaio prova que
existem células-tronco na medula dssea.

2. Uma populacao de células-tronco pluripotentes foi irradiada com uma dada dose de
raio-X. Essa dose nao mata as células, mas gera quebras e rearranjos aleatdrios nos
cromossomos que podem ser detectados ao microscopio. Consequentemente, cada
uma dessas células tera uma pequena anomalia cromossOmica que servira para
distingui-las entre si (como uma MARCA). Essas células foram usadas para salvar a vida
de um animal que foi irradiado.



2.1 Analisando o sangue do animal recuperado, vocé verifica que todos os
basoéfilos, neutrdfilos e eosindfilos tém a mesma MARCA. Marque no diagrama
abaixo qual/quais é/sdo a/as célula(s) que primeiro sofreu(ram) o rearranjo
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2.2 Analisando o sangue de um segundo animal recuperado, vocé verifica que
todos os basodfilos, neutrdfilos, eosindfilos e mondécitos tém a mesma MARCA,
enquanto que os megacariocitos tém uma MARCA diferente. Quantas tipos de
células-tronco da populacdo doadora sofreram o rearranjo cromossdmico?
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3.A glandula mamaria sé comega a proliferar e se desenvolver na puberdade, por isso é um modelo
onde a proliferagdo e morfogénese podem ser estudadas. Camundongos no inicio da puberdade
foram submetidos a uma injecdo unica de 3H-timidina - timidina marcada radioativamente com 3H
(um isétopo do hidrogénio). Cinco semanas apdés a injecdo verificou-se que 2% das células
retiveram a 3H-timidina (painel da esquerda, setas). Nessa 52 semana apés a injecao de 3H-timidina
0S animais receberam uma nova inje¢do de um analogo da timidina, o BrdU. Dois dias depois o0s
animais foram sacrificados e as células que incorporaram BrdU foram identificadas através de
imunohistoquimica com anti-BrdU (painel da direita). Nesse ensaio, verificaram que a maioria das
células que havia retido 3H-timidina estavam avermelhadas (isto ¢, haviam incorporado BrdU). Como
esse fenbmeno pode ser explicado, baseado no que discutimos em aula sobre auto-renovagdo de
células-tronco adultas/teciduais?

No inicio da puberdade a glandula estd se
formando, por isso céls-tronco estdo se
dividindo simetricamente para gerar mais
células-tronco. Essas mais tarde se dividirdo
assimetricamente, gerando células
progenitoras que se dividirdo e diferenciarao.
Ao injetar BrdU é possivel entdo rastrear as
células que proliferaram na glandula a aprtir da
52 semana Enquanto muitas células

Células marcadas células marcadas
com 3H-timidina (setas) com 3H-timidina (seta) certamente estavam marcadas s6 com BrdU, a
eanti-BrdU (avermelhado)  majoria das que tinha retido 3H-timidina

também estavam marcadas, indicando que
retiveram a fita original gerada 5 semanas
antes.



2.3 Vocé entao analisa o sangue de um terceiro animal recuperado.
Nesse animal vocé descobre que ha células-tronco de medula dssea
pluripotentes. Como é/sdo a/s MARCA(s) resultante(s) do(s)
rearranjo(s) cromossomicos nesse animal?

Nesse animal TODAS as células do diagrama tém a mesma marca
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Morte Celular

v’ Carl Vogt em 1842
v' 1972: Kerr, Wyllie e Currie — apoptose

Kerr et al. Apoptosis: a basic phenomenon with wide-ranging implications in
tissue kinetics. Br. J. Cancer 26: 239-257, 1972.

v' Grego: falling off (folhas caindo de uma arvore)




Diferentes nomes para morte celular

Immunogenic cell death

G. Kroemer Oxeiptosis
Lysosomal cell death : ) A. Pichlmair
J. Franko NETosis Entosis Ferroptosis
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Apoptosis - Alkaliptosis
J. Kerr Pyroptosis N il Parthanatos . D. Tang

A. Wyllie B. Cookson eécroptosis V. L. Dawson Autosis T

A. Currie T J. Yuan T B. Levine
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Principais tipos de morte celular, de acordo com o NCCD 2018 :
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CELL DEATH
SUBTYPES

REGULATED
CELL DEATH

PROGRAMMED FISIOLOGICA

CELL DEATH

mecanico, térmico, quimico
INSULTO EXTREMO 4 Inevitavel e irreversivel
Nao depende de uma ‘maquinaria’ molecular

Essential versus accessory aspects of cell death: recommendations of the NCCD 2015

http://www.nature.com/cdd/journal/v22/n1/full/cdd2014137a.html?foxtrotcallback=true



Morte Celular Programada (PCD)

* Forma particular de morte celular regulada
gue ocorre em situacoes fisiologicas.

* NAO ocorre em decorréncia de perturbacdes
da homeostase




Morte celular no desenvolvimento

(A) (B) ' |
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Morte celular no desenvolvimento

apoptotic

nerve cells nerve cells

nerve

cell

nody CELL DEATH
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000 ' ¢go®

target cells survival factor
released by target cells




camundongos
camundongos (eficientes em

selvagens caspase-9

E10,5

E13,5
membranas
interdigitais
nao diferem

E16,5

Kuida K et al, 1998. Reduced Apoptosis and Cytochrome c—Mediated Caspase Activation in Mice Lacking Caspase 9.Cell, 94: 325-337



Morte celular no “controle de qualidade” de
células do sistema imune
(eliminacao de células T autoreativas)

precursor cell

DIVERSIFICATION OF T CELL RECEPTORS (TCRs)

I

no TCRs TCRs with no TCRs with strong TCRs with weak
expressed  recognition of recognition of recognition of
self MHC + self MHC + self MHC +
self peptide self peptide self peptide

DEATH BY DEATHBY  NEGATIVE SELECTION  POSITIVE
DEFAULT DEFAULT (signaled death)

' ' SURVIVAL
and
MATURATION

apoptotic cell @ <+> *
95% das células sao eliminadas !

to peripheral lymphoid organs

Figure 25-64 Molecular Biology of the Cell 5/e (© Garland Science 2008)



Controle do tamanho dos orgaos e eliminacao de
células que nao sao mais necessarias:

N e @.\/' morte N e

A o celular
Glandula mamaria jovem Lactante



Nessa aula

* Apoptose

e Autofagia
* Necroptose



apoptose

Células encolhem

Colapso do citoesquelelo

Rompimento do envelope nuclear
Fragmentacao da cromatina

Formacao dos corpos apoptoticos
Células apoptodticas sao fagocitadas (B)

10 pm (B) engulfed dead phagocytic

cell cell
Figure 18-1 Molecular Biology of the Cell 5/e (© Garland Science 2008)



linfocito

Células Hela

‘vﬂ.

apoptose

Figure 9-18b The Biology of Cancer (© Garland Science 2007)

Figure 9-18f The Biology of Cancer (© Garland Science 2007)

Figure 9-18e The Biology of Cancer (© Garland Science 2007)

Figure 9-18d The Biology of Cancer (© Garland Science 2007)



Como as células apoptoticas sao
experimentalmente detectas?



“escada” de DNA em gel de eletroforese
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TdT-mediated dUTP nick end labeling (TUNEL)




TdT-mediated dUTP nick end labeling (TUNEL)

TdT = desoxinucleotidil transferase

: Apoptosis ' : N,,;
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Permeabilidade da membrana




Exposicao de fosfatidilserina
Na Su perfl'cie da célula (deteccao precoce da apoptose)

Cell membrane

extracellular ?W?
intracellular 6 IR QUCtLit Ar W&)

apopinsis

Exposure of
phusphatldylserme (PS)

» Incubation of cells with ?

Annexin-V-Fhos

..'.\9
e 6’.9
co® 0 o

Analysis with fluorescence microscope:
@ viable cells (no labeling)
@ apoptotic cells (Annexin-V-Fluos)
@ necrotic cells (Propidium indide)







Caspases
(Cysteine-Aspartate-Specific ProteASES)

* Enzimas responsaveis pela protedlise
intracelular da apoptose

 Milhares de substratos, a maioria é
desconhecido



procaspase activation active

by cleavage caspase
/ large
subunit small
'\'IH? JH? ij subunit
" Z/N\ : / :
cleavage
sites CLEAVAGE j
1\
COOH COOH active
: : caspase
nactive prodomains
procaspases

Figure 18-5a Molecular Biology of the Cell 5/e (© Garland Science 2008)



caspase cascade

one molecule of
active initiator caspase

I\

211NN NN T
many molecules of executioner caspases

/N
/N N\
134 7

cleavage of cleavage of
cytosolic protein  nuclear lamin

Figure 18-5b Molecular Biology of the Cell (© Garland Science 2008)



DOIS TIPOS DE CASPASES:

Iniciadoras: caspases 1, 2, 8, 9, 10

Executores: caspases 3,4,5,6,7,11a17



apoptotic
signal

caspases
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E?rfcﬂtg_ B - - adaptor proteins - ﬁ .
domain — larae
cleavage t . e sut?unit
rotease i

Homain P DIMERIZATION,

. ACTIVATION, G

— AND CLEAVAGE ) small
inactive monomers active  gyhunit
caspase

|

-
ACTIVATION !
.. BY CLEAVAGE Frynt
active caspase
executioner caspase
(caspases 3,6,7) { + \
CLEAVAGE OF
caspases MULTIPLE
SUBSTRATES
executoras }

APOPTOSIS



Ha 2 vias de sinalizacao
gue ativam as caspases

e \ia extrinsica

e Viaintrinsica



Via extrinsica

killer lymphocyte
Fas ligand

target cell Fas death receptor

Wity

caspase-8or 10

-

TN

adapt?r death effector

protein domai 1
death effector '
domain

procaspase-8 or 10

FADD [ death domain

i,

— p—— ——»  apoptotic
PosElBly ACTIVATION AND targetcel
OF DISC CLEAVAGE OF
PROCASPASE-8,-10,
ORBOTH

FAAD=Fas-associated  DISC = death-
death domain induced signaling
complex



Exemplo tipico de
inducao de apoptose
pela via extrinsica

Figure 9-31c The Biology of Cancer (© Garland Science 2007)



Via intrinsica

Apaf1

W .
. L @m

release of ‘ [

cytochrome ¢

P cytochrome ¢
in intermembrane
space

& APOPTOTIC
STIMULUS

mitochondrion

?—CARD domain

r procaspase-9

recruitment and @ )\
activation of
procaspase-9

caspase-9 cleaves and
thereby activates
executioner procaspases

!

CASPASE CASCADE
LEADING TO APOPTOSIS

Apafl = apoptotic protease activating factor-1

CARD=caspase recruitment domain



(A) CONTROL

cytochrome-c-GFP mitochondrial dye

L \

| I |
(B) UV TREATED 10 pm

cytochrome-c-GFP anti-cytochrome ¢

25 pm

Figure 18-7 Molecular Biology of the Cell (© Garland Science 2008)



FIRR X

Apaf1i Casp9

animais Casp9 -/- ndo diferem dos selvagens, sugerindo que nas células da
membrana interdigital Apaf ativa uma OUTRA caspase



A familia Bcl-2

* Originalmente detectadas em uma translocacao de linfoma folicular
de células B (B-cell lymphoma)

 controlam a liberacao de citocromo C .
*anti-apoptoticos — bloqueiam a liberacao de cyt C @
*pro-apoptoticos — estimulam a liberacao de cyt C @

p53

Upregulates bax

CELL ACCUMULATION

APOPTOSIS
NORMAL




Membros da familia Bcl2

(A) anti-apoptotic BH4 BH3 BH1 BH2

Bcl2 protein . . e

(e.g., Bcl2, Bcl-X,)

(B) pro-apoptotic

BH123 protein B EFETORES
(e.g., Bax, Bak)
ﬁ Controlam os efetores
(C) pro-apoptotic
BH3-only protein .

(e.g.,Bad, Bim,
Bid, Puma, Noxa)

Bc2 protein

BH = Bcl-2 homology



Como os pro-apoptoticos atuam

v ©
inactive APOPTOTIC %‘ A4
BH123 protein STIMULUS * aggregated
active BH123

proteins

intermembrane |
space

cytochrome ¢

other proteins in
intermembrane
space



Se um ANTI-apoptético estiver ativo, esse inibe os PRO-apoptéticos

INACTIVE INTRINSIC PATHWAY

active anti-apoptotic
Bcl2 protein

L
inactive ) -|- )

BH123
protein

cytochrome ¢

other proteinsin
intermembrane
space



ACTIVATION OF INTRINSIC PATHWAY

EE— inactivated released intermembrane
APOPTOTIC apti-apoptotic proteins

STIMULUS Bcl2 protein CEETORES
&,

I aggregated
activated actlve. BH123
BH3-only protein proteins

Controlam

os efetores

cytochrome ¢

Figure 18-11b Molecular Biology of the Cell (© Garland Science 2008)



genotoxic

I
I damage, death :
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| | | 7 N o 1\ | 1 I
Lo __¥__wy__ ¥ __Y__3 !
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activated = — — — — — — -
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Figure 9-27a The Biology of Cancer (© Garland Science 2007)



[bro-apoptotic |

Figure 9-27c The Biology of Cancer (© Garland Science 2007)



Chipuk & Green, Nat Rev Mol Cel Biol, 2005, 6:268-275

A via intrinsica ‘ajuda’ a extrinsica

Intrinsic pathway
Cellular stress (for example, Insu ItOS

DMA damage
: :Il Plasma membrans |

Extrinsic pathway

Death recaptors (for example,
TNFR, CD25/FAS)

!
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formation + procaspase-9
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Procaspase-8 recruitrment
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Nature Reviews Cancer 2; 647-656 (2002)



Estudos in vivo indicam que esse o
Equilibrio é complexo... Dele.g:ao de l{M alelo
de bim-2 (pré-

apoptose) basta para
reverter o fendtipo

Rim normal Anti-apoptose |
bcl-27-,5 wk bcl-27- bim-2*-,5 wk

Figure 9-26 The Biology of Cancer (© Garland Science 2007)



Resumo..

e Avia extrinsica pode ativar a intrinsica para

aamplificar a cascata de caspases. Isso é feito atraves

da BH3 Bid

e Caspase 8 —>clivagem de Bid —tBid transloca para a

mitocondria e induz agregacao dos BH123

 Bim, Bid e Puma (entre outros) sao capazes de inibir

TODOS os membros ANTI-apoptoticos



|APs e anti-lAPs

* |AP = inhibitors of apoptosis
 “Equivalentes” as proteinas Bcl2 em mamiferos

INACTIVE INTRINSIC PATHWAY
, procaspases
~ anti-IAP cytochrome ¢
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- ACTIVATION

~
. 1APs

prodomains

h o

blocked
caspase

inactive BH123 proteins



ACTIVATION OF INTRINSIC PATHWAY
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lack of uv ionizing oncogene
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arrest repair angiogenesis
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return to
proliferation

Figure 9-8 The Biology of Cancer (© Garland Science 2007)
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P53 ativa apoptose de varias maneiras:

FasL g % Q
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Figure 9-33 The Biology of Cancer (© Garland Science 2007)



Fatores de Sobrevivéncia

Lembrando da aula de sinalizacao..
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Sinalizacao dos fatores de sobrevivéncia
segue a mesma regra ....

molecula extracelular fator de sobrevivéncia
? receptor

Moléculas de sinalizacao intracelular

Proteinas Bcl2a

\
\
\

/ I\

x . @===@ proteinas efetoras




inactivation of pro-
apoptotic BH3-only Bcl2
protein

(A) increased production of (B)
anti-apoptotic Bcl2 protein
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inactivation of pro-
apoptotic BH3-only Bcl2
protein

(A) increased production of (B)
anti-apoptotic Bcl2 protein
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Como as células mortas sao
eliminadas?
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Phagocyte Apoptotic cell

Step 1

Recruitment/attraction to
find-me’ signals

TGFp Step 2
Recognition of newly
IL10 ‘ ' i
exposed ‘eat-me’ signals
PGE2 and engulfment of corpse
Step 4 Step 3
Post-engulfment Processing and
consequences degradation of corpse

(e.g. release of anti-
inflammatory cytokines)

Ravichandran KS, 2010. Find-me and eat-me signals in apoptotic cell clearance: progress and conundrums. J. Exp. Med. Vol. 207 No. 9 1807-1817



Doencas associadas a morte celular

*Huntington
*Alzheimer
*Parkinson

eCancer

*Doencas auto-imunes

eInfartos e derrames



Table 9.5 Examples of anti-apoptotic alterations found in human tumor cells

Alteration

CASP8 promoter methylation
CASP3 repression
Survivin overexpression?

ERK activation

ERK activation

Raf activation

PI3K mutation/activation
NF-kB constitutive activation®
P53 mutation

p14°FF gene inactivation
Mdm2 overexpression
IAP-1 gene amplification
APAF1 methylation

BAX mutation

Bcl-2 overexpression
PTEN inactivation

IGF-1/2 overexpression
IGFBP repression
Casein kinase Il

TNFR1 methylation
FLIP overexpression

Akt/PKB activation

Stat3 activation
TRAIL-R1 repression
FAP-1 overexpression
XAF1 methylation®
Wip1 overexpression?

Mechanism of anti-apoptotic action

inactivation of extrinsic cascade
inactivation of executioner caspase
caspase inhibitor

repression of caspase-8 expression
protection of Bcl-2 from degradation
sequestration of Bad by 14-3-3 proteins
activation of Akt/PKB

induction of anti-apoptotic genes

loss of ability to induce pro-apoptotic genes
suppression of p53 levels

suppression of p53 levels

antagonist of caspases-3 and 7

loss of caspase-9 activation by cytochrome ¢
loss of pro-apoptotic protein

closes mitochondrial channel

hyperactivity of Akt/PKB kinase

activates PI3K

loss of anti-apoptotic IGF-1/2 antagonist

activation of NF-kB

repressed expression of death receptor

inhibition of caspase-8 activation by death
receptors

phosphorylation and inactivation of
pro-apoptotic Bcl-2-like proteins

induces expression of Bcl-X;

loss of responsiveness to death ligand

inhibition of Fas receptor signaling

loss of inhibition of anti-apoptotic XIAP

suppression of p53 activation

Types of tumors

SCLC, pediatric tumors

breast carcinomas

mesotheliomas, melanomas, many
carcinomas

many types

many types

many types

gastrointestinal

many types

many types

many types

sarcomas

esophageal, cervical

melanomas

colon carcinomas

~ of human tumors

glioblastoma, prostate carcinoma,
endometrial carcinoma

many types

many types

many types

Wilms tumor

melanomas, many others

many types

several types

small-cell lung carcinoma

pancreatic carcinoma

gastric carcinoma

breast and ovarian carcinomas,
neuroblastoma

aSurvivin is an inhibitor of apoptosis (IAP) in gastric, lung, and bladder cancer and melanoma in addition to the mesotheliomas indicated here.
The expression of a number of IAP genes is directly induced by the NF-«kB TFs.

bInduces synthesis of c-1APs, XIAP, Bcl-X,, and other anti-apoptotic proteins.

°XAF1 (XIAP-associated factor 1) normally binds and blocks the anti-apoptotic actions of XIAP, the most potent of the IAPs.

dWip1 is a phosphatase that inactivates p38 MAPK, which otherwise would phosphorylate and stimulate the pro-apoptotic actions of p53.

Table 9-5 The Biology of Cancer (© Garland Science 2007)



Nessa aula

* Apoptose

e Autofagia

* Necroptose




Autofagia

* Processo através do qual macromoléculas e
organelas sao degradadas

* A autofagia é ativada para proteger a células
de alguns tipos de estresse: falta de nutrientes
e/ou fatores de crescimento, alta demanda
energeética, infeccoes, estresse oxidativo

* Portanto, a autofagia € primariamente um
mecanismo de sobrevivéncia




autophagy-related (Atg) proteins
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Autofagossomo:

mitochondrion peroxisome

Figure 13-42b Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Autophagy-dependent
cell death




Autophagic threshold —— / \ p— Apoptotic threshold

AUtOphagy . OQI 'f;."
Mutual inhibition

Adaptation

Nature Reviews | Molecular Cell Biology



Necroptose

Termo genérico para definir morte celular
independente de caspases

Ganho de volume da célula e ‘inchaco’ das
organelas

Nao ha clivagem do DNA e sim descondensacao
da cromatina

Lise celular e extravasamento do seu conteudo
Reacao inflamatoéria
Quando ocorre: infarto, AVC, aterosclerose



apoptose necrose
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(B)

10 pm engulfed dead phagocytic ©
cell cell
Figure 18-1 Molecular Biology of the Cell 5/e (© Garland Science 2008)
APOPTOSE NECROSE

Células encolhem

Colapso do citoesquelelo
Rompimento do envelope nuclear
Fragmentacao da cromatina

Formacgao dos corpos apoptoticos
Células apoptodticas sao fagocitadas (B)

rompimento da membranas plasmatica
Extravasamento do conteudo celular
Resposta inflamatoria



Table 9.3 Apoptosis versus necrosis

Apoptosis Necrosis

Provoking stimuli

programmed tissue remodeling
maintenance of cell pool size
genomic damage

metabolic derangement
hypoxia
imbalances in signaling pathways

Morphological changes

Affected cells
Cell volume
Chromatin
Lysosomes
Mitochondria

Inflammatory
response
Cell fate

Molecular changes

Gene activity
Chromosomal DNA
Intracellular calcium
lon pumps

individual cells

decreased

condensed

unaffected

morphologically normal initially

none

apoptotic bodies consumed by
neighboring cells

required for program
cleaved at specific sites
increased

continue to function

Table 9-3 The Biology of Cancer (© Garland Science 2007)

metabolic stresses
absence of nutrients
changes in pH,
temperature
hypoxia, anoxia

groups of cells
increased
fragmented
abnormal
morphologically

aberrant
marked

lysis

not needed
random cleavage
unaffected

lost

Adapted from R.J.B. King, Cancer Biology, 2nd ed. Harlow, UK: Pearson Education, 2000.



MITOCHONDRIA

APOPTOSIS NECROSIS AUTOPHAGY

Reed JC et al 2008. Blood, 111: 3322-3330



WHAT WE DON'T KNOW

* How many forms of programmed
cell death exist? What are the
underlying mechanisms and benefits
of each?

¢ Thousands of caspase substrates
have been identified. Which ones
are the critical proteins that must
be cleaved to trigger the major

cell remodeling events underlying
apoptosis?

¢ How did the intrinsic pathway of
apoptosis evolve, and what is the
advantage of having mitochondria
play such a central role in regulating
apoptosis?

* How are “don't eat me” signals
eliminated or inactivated during
apoptosis to allow the cells to be
phagocytosed?

Molecular Biology of the Cell, Bruce Alberts 62 edicao
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