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Rust a replikace - esence zivota vétsSiny bunék



https://www.youtube.com/watch?v=W4pVICcRtxQ
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The Nobel Prize in Physiology or Medicine 2001
was awarded jointly to Leland H. Hartwell, Tim
Hunt and Sir Paul M. Nurse "for their discoveries
of key regulators of the cell cycle."
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Sir John B. Gurdon Shinya Yamanaka
Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physiology or Medicine 2012
was awarded jointly to Sir John B. Gurdon and
Shinya Yamanaka "for the discovery that mature
cells can be reprogrammed to become
pluripotent."”
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Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physiology or Medicine 2002
was awarded jointly to Sydney Brenner, H. Robert
Horvitz and John E. Sulston "for their discoveries
concerning genetic regulation of organ
development and programmed cell death'."
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Yoshinori Ohsumi

Prize share: 1/1

The Nobel Prize in Physiology or Medicine 2016
was awarded to Yoshinori Ohsumi "for his
discoveries of mechanisms for autophagy.”
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» V dospéelem lidskem tele zemre denné ~100 mid.
bunék a je nahrazeno novymi (~ 1 milion/s)

» Hmota bunék ztracenych ro¢né se tak blizi vaze
celého téla (Developmental Biology. 6th edition)

» Vlas se prodluzuje ~ 1 cm za mesic, nehet ~ 0.3 za
meésic = stejna rychlost jakou se pohybuji tektonicke

desky a vzdaluje se Severni Amerika a Evropa
(https://hypertextbook.com/facts/1997/ZhenHuang.shtml)
» http://book.bionumbers.org



https://hypertextbook.com/facts/1997/ZhenHuang.shtml

Jaky podil naseho téla tvofri rizné typy bunék?

bone marrow cells 2.5% hepatocytes 0.8%

adipocytes 0.2%
lymphocytes 1.6%

— platelets 4.9%

erythrocytes, 84%
25x10'2 of 30x10'2

total human cell count bronchial

endothelial
cells 0.5%

vascular

epidermal — endothelial
cells 0.5% cells 2.1%
dermal muscle cells other respiratory
fibroblasts 0.1% 0.001% 2.2% interstitial cells 0.5%

http://book.bionumbers.org/



Cells in the Body

Number® A 70-kilogram male has
roughly 30 trillion human cells. Fat
and muscle cells are large—72
percent of cellular mass—but are
only 0.1 percent of the total number.
About 87 percent, by number, are
erythrocytes—red blood cells—which

are extremely small.

*This research is rooted
in a standard reference
person, which
historically has been
defined as a male, age
20 to 30, weighing 70
kilograms. Cells lost or
gained resulting from
menstruation were nhot
taken into account.
Negligible percentages
are not shown.

tOur bodies harbor
another 38 trillion
bacteria and many
more viruses, but they
weigh only 200 to 300
grams (seven to 11
ounces) and are not
counted as human.

-
IIIIII—)D—) Each rectangle represents 1 percent of all 30 trillion cells.
I That's roughly equivalent to the number of cells the body

Mass About 25 percent of
body mass is fluid outside
of cells, such as plasma;
another 7 percent is solids,
such as minerals. That
leaves 68 percent made of
human cells.

68%

Little Cells Rule

Large cells tend to live long, so daily
turnover is dominated by plentiful, small
cells with very short life spans.

Cell Type

Blood

I Erythrocytes

I Lymphocytes

[ Neutrophils
Monocytes

Erythrocytes
Mass: 0.1 nanogram (ng)
Life span: 120 days

I Endothelial (vessels)
I Lung

Hepatocytes (liver)
I Gastrointestinal lining
I skin
I Brain

Adipocytes (fat)
[0 Myocytes (muscle)

Other

Colon epithelial cells
1 ng
3-5 days

Muscle
1,000-10,000 ng
30-70 years

Many cells in the heart, eyes and brain
last a lifetime.

sheds and produces every day.

Cell Turnover per Day

By Number’ Roughly 330 billion cells (+/-20 billion) turn over every
day. About 86 percent are blood cells, and 12 percent are gut cells.
Other cells are replaced very slowly.

Y
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By Mass About 49 percent are blood cells, 41 percent are gut cells, with
skin making up 4 percent, fat 4 percent and muscle 1 percent. Daily mass
turnover is 80 grams (+/—20).



cell type

small intestine epithelium
stomach

blood Neutrophils

white blood cells Eosinophils
gastrointestinal colon crypt cells

cervix

lungs alveoli

tongue taste buds (rat)
platelets

bone osteoclasts
intestine Paneth cells
skin epidermis cells
pancreas beta cells (rat)
blood B cells (mouse)
trachea

hematopoietic stem cells
sperm (male gametes)
bone osteoblasts

red blood cells

liver hepatocyte cells
fat cells
cardiomyocytes

central nervous system
skeleton

lens cells

oocytes (female gametes)

http://book.bionumbers.org/how-quickly-do-different-cells-in-the-body-replace-themselves/

turnover time
2-4 days

2-9 days

1-5 days

2-5 days

3-4 days

6 days

8 days

10 days

10 days

2 weeks

20 days
10-30 days
20-50 days
4-7 weeks
1-2 months
2 months

2 months

3 months

4 months
0.5-1 year

8 years
0.5-10% per year
life time

10% per year
life time

life time

Cell renewal rates in different tissues of the human body.
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The Nobel Prize in Physiology or Medicine
2001 A
Leland Hartwell, Tim Hunt, Sir Paul Nurse

» Duplikace chromozomalni ©\daughtemus

DNA a jeji segregace do
dvou identickych kopii

Bunéecny cyklus

3 CELL
dcefinych bunék DHZION
» S faze (DNA synthesis) —
10-12h, predstavuje cca 2 i | BTG
délky celého buné&&ného REPLICATION.
cyklu
» M faze — segregace a \ e

aseyds

rozdéleni bunék, < 1 hodinu? Siearermon:
» Mitéza — rozdéleni jadra
» Cytokineze — rozdéleni

cytoplazmy a oddéleni

chromosome
duplication

Figure 17-1 Molecular Biology of the Cell 6e (© Garland Science 2015)

bunék
oocyte grows without  FERTILI- fertilized egg divides without growing
dividing (months) ZATION (hours) E
orey =
lAb AR @
o0& ®)-(os &0 ¢
1 mm sperm

tadpole feeds, grows,
and becomes an adult frog

Figure:17-8; Molscular Biology of the:Call, 4th Edition: Figure 17-2 Molecular Biology of the Cell 6e (© Garland Scence 2015)


https://www.youtube.com/watch?v=dXpAbezdOho
https://www.youtube.com/watch?v=qq5k1sWqLO0

Mitoza

» Profaze — sesterské chromatidy, zformované mitotické vieténko, intaktni
jaderna membrana

» Prometafaze — rozpad jaderné membrany, asociace chromozomu s
mikrotubuly

» Metafaze — serfazeni chromozému
» Anafaze — oddéleni sesterskych chromatid

» Telofaze — dekondenzace chromatinu, formovani jadernych membran,
poCatek oddélovani cytoplazmy

» Cytokineze — oddéleni cvtoplazmy dcefinych bunék

cytokinesis

mitosis | :

metaphase-to-anaphase transition

interphase prophase prometaphase metaphasel anaphase telophase

M PHASE

\

L |
DNA replication

Figure 17-3 Molecular Biology of the Cell 6e (© Garland Science 2015)


https://www.youtube.com/watch?v=IvJrDsRuWxQ

Faze bunecného cyklu

» G1-gap faze mezi M a S fazi
» G2 —gap mezi S a M fazi
» Poskytuji potfebny €as pro monitorovani vnéjsiho a vnitfniho stavu
mikroprostredi, délka zalezi na vnéjSich podminkach a signalech od
okolnich bunék
» GO — klidova faze (ve smyslu bunécného déleni), dny az roky

» Restrik¢ni bod, restriction point
» napf. na konci G1 — za nim dochazi k replikaci DNA i po odejmuti

mitogennich stimuld M PHASE

1
' mitosis

' (nuclear -
 division) ~ Cytokinesis
G- PHASE y - (cytoplasmic
“ ' . 4 division) .-~

S PHASE G1 PHASE

(DNA replication)

Figure 17-5 Molecular Biology of the Cell 6 (© Garland Science 2015) Figure 17-4 Molecular Biology of the Cell 6e (© Garland Science 2015)




fission yeast (2 hr)

o

budding yeast (1.5 hr)

human cell line (20 hr) Drosophila embryo (8 min)

Adapted from “The Cell Cycle — Principles
of Control” by David Morgan.)




Studium bunéecného cyklu

Figur 177 Moleadr Boksgyof the Cell e (0 Gartnd Soence 2915)
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Figure 17-8 Molecular Biology of the Cell 6e (© Garland Science 2015)



Kontrola bunécného cyklu

» Propojena série biochemickych

attached to the spindle? ‘

prepinacu iniciujicich konkrétni s all DNA replicated?

udalosti v pribéhu bunécného Isenvironment favorable?  METAPHASE-TO-ANAPHASE

Cykl u G2/MTRANSITION TRIGGER ANAPHASE AND
PROCEED TO CYTOKINESIS

®» binarni — ano/ne

» nereverzibilni — dalSi se spousti
az po uplném dokonceni
predchoziho kroku

» spolehlivé — zalohované
» adaptibilni — rizné typy bunék v
rizném tkanovém mikroporostredi
» tfi hlavni kontrolni/pfechodové

/

| ENTER CELL CYCLE AND PROCEED TO S PHASE

b 0 d y START TRANSITION

» G1->S, vnéjsi prostredi OK? [iEenvironmentiavorabier

' G 2 - > M —_ D N A re p I | kovan é Figure 17-9 Molecular Biology of the Cell 6 (© Garland Science 2015)
neposkozena?

» M: metafaze -> anafaze — vSechny
chromozomy pfipojeny k délicimu
vieténku?




Cyklin dependentni kinazy (Cdks) a cykliny

» rodina proteinovych kinaz

» jejich kinazova aktivita stoupa a klesa v prubéhu
bunécného cyklu -> cyklické zmény ve fosforylaci
intracelularnich cilovych proteinu — iniciace a regulace
udalosti spojenych s cyklem

» nejvyznamnéjsim kontrolorem jejich aktivity jsou cykliny

» hladiny cyklini se méni, hladina Cdks je konstatni

» cyklovani hladiny cyklint v prabéhu bunééného cyklu
ovliviiuje sestaveni a aktivaci komplexu cyklin-Cdk v
konkrétnich fazich cyklu

cyclin

Hl(
\dl

cyclin-dependent
kinase (Cdk)



Cyklin dependentni kinazy (Cdks) a cykliny

» 4 skupiny cyklinu
» G1 cykliny — napomahaiji fidit aktivitu G1/S cyklind

» G1/S cykliny — aktivuji Cdks v pozdni G1, vstup do
bunécného cyklu, hladina klesa v S fazi

» S cykliny — vazou se na Cdks ihned po vstupu do cyklu,
hladina udrzovana az do mitézy

» M- cykliny — aktivuji Cdks regulujici vstup do G2/M
pfechodu, pokles uprostred mitozy

G,/S-cyclin S-cyclin M-cyclin

G,/S-Cdk  S-Cdk

Figure 17-11 Molecular Biology of the Cell 6e (© Garland Science 2015)




Cyklin dependentni kinazy (Cdks) a cykliny

TABLE 17-1
Vertebrates Budding yeast
Cyclin-Cdk Cyclin Cdk partner Cyclin Cdk partner
complex
G, -Cdk Cyclin D* Cdk4, Cdké Cin3 Cdk1**
G, /s-Cdk CyclinE Cdk2 CIn1, 2 Cdk1
S-Cdk CyclinA Cdk2, Cdk1** Clb5, 6 Cdk1
M-Cdk CyclinB Cdk1 Clb1,2,3,4  Cdk1
* There are three D cyclins in mammals (cyclins D1, D2, and D3).
** The original name of Cdk1 was Cdc2 in both vertebrates and fission yeast, and Cdc28 in
budding yeast.

Table 17-1 Molecular Biology of the Cell 6e (© Garland Science 2015)

cyclin Cdk-activating kinase (CAK)

cyclin
| \
ATP ATP ATP
—

(o

Cdk active site activating phosphate

(C) FULLY ACTIVE

(A) SINACTIVE (B)  PARTLY ACTIVE

Figure 17-12 Molecular Biology of the Cell 6 (© Garland Science 2015)




Inhibice Cdk aktivity

» Fosforylace v aktivnim misté Cdk inhibuje aktivitu
cyclin-Cdk komplexu

» Weel kinaza

» Naopak jeho defosforylace aktivitu zvysuje
» Cdc25 fosfataza

» Vazba inhibitoru Cdk (Cdk inhibitor proteins, CDKS)

iInaktivuje komplexy cyklin-Cdk

cyclin inhibitory phosphate cyclin
| Cdk
Wee1l
kinase .
— >
- My,
Cdc25 P o (
phosphatase
Cdk activating active inactive
phosphate cyclin-Cdk p27-cyclin-Cdk
complex complex

ACTIVE INACTIVE

7-13 Molecular Bickogy of the Cell e (© Garland Science 2015) Figure 17-14 Molecular Biology of the Cell 6e (© Garland Science 2015)



Rizena proteolyza v regulaci bunééného cyklu

» APC/C (anaphase
promoting complex,
cyclosome)

» komplex urcujici vstup do
anafaze
» Ubiquitin ligaza
» securin (chrani spojeni
sesterskych chromatid)
» S-a M- cykliny

» SCF (Skp, Cullin, F-box
containing complex
» multi-protein E3 ubiquitin

ligase
» CKI, G1/S cykliny
» konstantni aktivita

(A) control of proteolysis by APC /C

activating
subunit (Cdc20)

inactive APC /C\< polyubiquitin
chain
M-cyclin .’
ﬁ m
| active APC/C
1 | ‘« DEGRADATION

=) OF M-CYCLIN IN
PROTEASOME

Cdk ubiqui tm (9)

ubiquitylation
enzymes

(B) control of proteolysis by SCF

active

SCF

complex polyubiquitin
chain

F-box —M
protein  /7jp\\

cdk inhibitor protein ubi q" t Y (?)
(CKI)

g DEGRADATION
=) OF CKIIN

PROTEASOME

ublquutylatlon
enzymes

Figure 17-15 Molecular Biology of the Cell 6e (© Garland Science 2015)



Prehled hlavnich regulatort bunééného cyklu

Summary of the Major Cell Cycle Regulatory Proteins

General name Functions and comments
Protein kinases and protein phosphatases that modify Cdks

Cdk-activating kinase (CAK) Phosphorylates an activating site in Cdks

Wee1 kinase Phosphorylates inhibitory sites in Cdks; primarily involved in suppressing Cdk1 activity before
mitosis
Cdc25 phosphatase Removes inhibitory phosphates from Cdks; three family members (Cdc25A, B, C) in mammals;

primarily involved in controlling Cdk1 activation at the onset of mitosis

Cdk inhibitor proteins (CKls)

Sic1 (budding yeast) Suppresses Cdk1 activity in G,; phosphorylation by Cdk1 at the end of G, triggers its destruction

p27 (mammals) Suppresses G,/S-Cdk and S-Cdk activities in G,; helps cells withdraw from cell cycle when they
terminally differentiate; phosphorylation by Cdk2 triggers its ubiquitylation by SCF

p21 (mammals) Suppresses G,/S-Cdk and S-Cdk activities following DNA damage

p16 (mammals) Suppresses G,-Cdk activity in G ; frequently inactivated in cancer

Ubiquitin ligases and their activators

APC/C Catalyzes ubiquitylation of regulatory proteins involved primarily in exit from mitosis, including
securin and S- and M-cyclins; regulated by association with activating subunits Cdc20 or Cdh1

Cdc20 APC/C-activating subunit in all cells; triggers initial activation of APC/C at metaphase-to-anaphase
transition; stimulated by M-Cdk activity

Cdh1 APC/C-activating subunit that maintains APC/C activity after anaphase and throughout G ; inhibited
by Cdk activity

SCF Catalyzes ubiquitylation of regulatory proteins involved in G, control, including some CKis (Sic1 in

budding yeast, p27 in mammals); phosphorylation of target protein usually required for this activity

Table 17-2 Molecular Biology of the Cell 6e (© Garland Science 2015)



Prehled systému rizeni bunécného cyklu

favorable chromosome
extracellular DNA unreplicated DNA unattached to
environment damage DNA damage spindle

G1-Cdk G,/S-Cdk —> S-Cdk > M-Cdk —> |}
G1/S-cyclin synthes.s/| /
S-cyclin synthe5|s DNA re-replication

Figure 17-16 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Kontrola buné¢éného déleni a rustu

» Bunécny rust, déleni a prezivani bunek jsou klicové procesy
ovliviujici velikost organu a celych organismu (napf. mys vs.
Clovék)

» Vliv extracelularnich signald
» Mitogeny — stimuluji bunécné déleni, G1/S-Cdk aktivita
» Ruastové faktory — stimuluji rist bunééné hmoty, indukce syntézy

proteinu a dalSich makromolekul, inhibice jejich degradace
» Faktory preziti ,survival factors® — inhibuji bunéénou smrt, apoptozu

GROWTH FACTOR MITOGEN

EXTRACELLL ACTOR EXTRACELLULA OR
CELL GROWTH \ \ / \

CELL DIVISION CELLGROWTH  CELL DIVISION CELL GROWTH CELL DIVISION

(A) (B)
Figure 17-65 Molecular Biology of the Cell 6e (© Garland Science 2015)

57
(D)
Figure 20-33 Essential Cell Biology, 4th ed. (© Garland Science 2014)




Mitogeny

» Extracelularni signal mitogennich
faktort vede k pfekonani vnitfniho
mechanismu blokujiciho bunécéné
déleni

» PDGF — platelet-derived growth
factor, jeden z cca 50-ti znamych
mitogennich faktoru

» V fadé tkani jsou pfitomny
extracelularni proteiny inhibujici
pusobeni mitogend napf. TGF-1

»  Mitogeny stimuluji G1-Cdk a G1/S-
Cdk aktivitu

» vybrané klicové molekuly:
» Ras — monomeric GTPase
» MAPs — mitogen activated protein
kinases — Casna odpoveéd
» Myc, E2F — transkripCni faktory

» Rb protein - pocket protein
(nadorovy supresor)

microtubule

mitochondrion
mitogen

X — mitogen receptor
/ P . \\\E
h ; Ras
'
MAP kinase

¢

activation of transcription regulatory protein
CYTOSOL

:—D\Q

N

NyQaEus immediate early

| S |
W\177, gene expression 1um
60 Molecular Biokogy of the arland
l transcription
Myc regulatory
‘ protein
delayed-response gene expression
"f
actlve
Gi-Cdk positive feedback
active Rb active
protem s Gy/S- Cdk
active E2F protein G| /$-cyclin
S-phase gene __, (eyclinE) ___ active DNA
””” (rans:nptlon S-cyclin s-Cdk SYNTHESIS
|nact|vated (cyclin A)
E2F protein
positive
feedback
mactlvated Rb protein
Gy 'S

Figure 17-61 Molecular Biology of the Cell 6e (© Garland Science 2015)



Regulace bunécéného cyklu po poskozeni DNA

» Oprava poskozené DNA
pred jeji replikaci je
esencialni

» V pripadé detekce
poskozeni, zastava
proliferace pfed poCatkem
S faze nebo pred vstupem
do mitdzy

» vybrané klicové molekuly:

» ATM (ataxia-telangiectasia
mutated), ATR (ATM- and
Rad3-Related) — kinazy

» Chkl, Chk2 - kinadzy
» p53 — transkripéni faktor

» MDM2 — regulator stability
p53
» p21 — CDK inhibitor

DNA
= =
s s DNA damage

ATM/ATR kinase activation
Chk1/Chk2 kinase activation

Mdm2
) PHOSPHORYLATION
OF p53

!
1p53

o MY stable,

ACTIVE p53 BINDS TO
REGULATORY REGION
P53 UBIQUITYLATION OF p21 GENE
AND DEGRADATION - ,’
IN PROTEASOMES WX p31 gene

TRANSCRIPTION

s p271 mRNA

TRANSLATION §

Figure 17-62 Molecular Biology of the Cell 6e (© Garland Science 2015)

Sk

p21 (Cdk
inhibitor protein)

INACTIVE

G,/S-Cdk and S-Cdk
complexed with p21



Zastava bunécného cyklu v pripadé nadmérné mitogenni
stimulace

s\

excessive Myc production
‘ inactive Mdm2

k / vz, stable,
M ~ 005 activepss
l p53

p53
DEGRADATION

Figure 17-63 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Bunécna proliferace je doprovazena bunéénym rustem

growth factor amino acids

ko PI(4,5)P, o
PR
T U
2 & & PI(3,4,5)P, oce \
activated l / %: t\\ \i’)
activated growth  p| 3-kinase 1 / ‘ \

factor receptor

| I—
transcription a ) : 25 pm
regulatory (\%ﬂ;f»;@'" s r
proteins //ﬁ”\\\ J_ ?/4
| .
liver cell

l N

Figure 17-64 Molecular Biology of the Cell 6e (© Garland Science 2015) Figure 18-44 Essential Cell Biology, 4th ed. (© Garland Science 2014)



Bunécna proliferace je doprovazena bunéénym rustem

Mutovany gen myostatin

o BDNF
Myostatin I—@ Myonectin
- Irisin FGF21
SPARC
ActRIl
ALK4,5 L34
et M"”wm"’ '” ““.@“5 *;W’ ’““ IL6R "v

»1« PR E—
‘ 1

IL15

Smad2/3 ¥ mTOR
\i Myogenic related genes ﬂ Muscle mass H

— Target genes\r[ Muscle atrophic related genes

AN\ Mitochondrial biogenic related genes
g Inflammatory related genes
\§ = https://doi.org/10.3389/fphys.2019.00042



https://doi.org/10.3389/fphys.2019.00042

Programovana bunéc¢na smrt, apoptoza, (Greek
ATTOTITWOIG, apoptosis '

Apoptosis as seen in 1886 by a German
medical student, Franz Nissen, in the
lactating mammary gland

Apotosis as observed in 1885 by fé?\:fzyfgimeé F;?ﬁsetgn

Flemming, who called it chromatolysis. 2002




Bunecna smrt

» Vyvoj, rust, regenerace a udrzovani homeostazy
mnohobunécnych organizmu vyzaduje mechanismy
umoznuijici rizenou destrukci nezadoucich bunek

» Apoptoza — fizeny zpusob smrti
» Nekroza — nefizena odpovéd na akutni poskozeni

» Nekroptdza — forma fizené bunécné smrti v odpovédi na
specifické stimuly

(A)

engulfed phagocytic cell ©

dead cell

N Engl J Med 26i3; 369:el




DEVELOPMENTAL BIOLOGY 36, 110-156 (1977)

Post-embryonic Cell Lineages of the Nematode.
Caenorhabditis elegans

J. E. SurLston anND H. R. HorviTz
Medical Research Council Laboratory of Molecular Biology, Hills Road, Cambridge, CB2 2QH, England

Suiston AND Horvitz  Cell Lineages of a Nematode 125

Received August 23, 1976; accepted November 4, 1976

The number of nongonadal nuclel 1n the free-hiving soil tode Caenorhabdi le
increases from about 550 in the newly hatched larva to about 810 in the mature herm:phmdlte
and to about 970 in the mature male. The pattern of cell dlvmona which leads to this increase is

essentially invariant among individuals; rigidly d ined cell i a fixed
number of progeny cells of strictly specified fates. These hneagec rangn in length from one to
eight sequential divisions and lead to signifi hanges in the neuronal,
muscular, hypodermal, and digestive sys . Freq 'y uveml blast cells follow the same

asymmetric program of divisions; lineally equivalent progeny of such cells generally differen-
tiate into functionally equivalent cells. We have determined these cell lineages by direct
observation of the divisions, migrations, and deaths of individual cells in living nematodes.
Many of the cell lineages are involved in 1 ion. At hatching, the hermaphrodite
and male are almost identical morphologically; by the adult stage, gross anatomical differences
arc obvious. Some of these sexual differences arise from blast cells whose division patterns are
initially identical in the male and in the hermaphrodite but later diverge. In the hermaphro-
dite, these cells produce structures used in egg-laying and mating, whereas, in the male, they
produce morphologically different structures which function before and during copulation. In
addition, development of the male involves a number of lmeages derived from cells which do
not divide in the hermaphrodite. Similar p bryonic d P tal events occur in other
nematode species

TEa R, e
e o ;3}3{@:@ jaap
’/ / {

Fic. 8. Cell death. Sequential photographs of an L1 hermaphrodite, lateral view; Nomarski optics. The
arrow points to the dying cell, P11.aap. Bar = 20 pm.

I

Figure 3. The complete cell lineage of C. elegans.




Cell, Vol 44, 817-828, March 28, 1986, Copyright & 1986 by Ceil Press

Genetic Control of Programmed Cell Death

in the Nematode C. elegans

Hilary M. Ellis, and H. Robert Horvitz
Department of Biology

Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

Summary

The wild-type functiens of the genes ced-3 and ced-4
are required for the initiation of programmed cell
deaths in the nematode Caenorhabditis elegans. The
reduction or loss of ced-3 or ced-4 function results in
atransformation in the fates of cells that normally die;
in ced-3 or ced-4 mutants, such cells instead survive
and differentiate, adopling fales that in the wild type
are associated with other cells. ced-3 and ced-4 mu-
tants appear grossly normal in morphology and be-
havior, indicating that programmed cell death is notan

The phenomenon of programmed cell death raises a
number of questions. Why are cells generated only to die?
By what mechanisms do they die? How is it determined
during development which cells die? C. elegans is well
suited for studies that attempt to answer these questions.
This nematode has fewer than 1000 somatic cells, and
fixed patterns of cell divisions, migrations, and deaths
generate individuals of invariant anatomy (Suiston and
Horvitz, 1977, Kimble and Hirsh, 1979; Sulston et al.,
1983). Thus, specific developmental events can be exam-
ined reproducibly and at the resolution of single cells. In
addition, the short generation time (3 days at 20°C) and
large brood size of C. elegans facilitate genetic manipula-
tions (Brenner, 1974; Herman and Horvitz, 1980).

We describe here the isclation and characlerization of
mutations that prevent the initiation of programmed cell
death in C. elegans. causing cells that would normally die
to survive instead. These mutations define two genes,

aspect of The genes ced-3 and ced-4, that may be involved in determining
ced-3 and ced-4 define the first known step of a de- which cells express the fate of programmed cell death.
pathway cell death, sug-
gesting that these genes may be involved in determin- Results
ing which cells die during C. elegans development.
A C.elegans |B Drosophila C Mammals
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Figure 1. Absence of Cell Deaths in ced-3 Animals

(a) Nomarski photomicrograph of a newly hatched ced-7 larva. Arrows
indicate dying cells. (b) Nomarski photomicrograph of a newly hatched
ced-1; ced-3 larva. Plane of focus is approximately that shown in (a).
Arrowheads indicate several of the nuclei that can be seen in both (a)
and (b). No cell deaths are seen in the ced-1; ced-3 larva. Bar = 10 .



Zakladni mechanismus apoptozy

» Aktivace intracelularnich
proteaz — kaspaz
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Fragmentace DNA béehem apoptozy

» CAD (Caspase-activated Dnase) endonukleaza je u intaktnich
bunek neaktivni diky asociaci se svym inhibitorem iCAD

» Exekulni kaspazy stépi ICAD a dochazi k aktivaci CAD
» Stépeni DNA mezi nucleosomy vede ke vzniku fragment(i DNA
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Vnéjsi aktivace apoptotické drahy

» receptory smrti (dead receptors), homotrimery
» Ligand vazajici extracelularni domeéna, intracelularni dead domeéna

» rodina cytokini Tumor Necrosis Factor-o
» TNF-a, FasL, TRAIL

» death-inducing signaling complex (DISC)
» Kaspaza-8, FADD, death doména receptoru
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Role mitochondrii ve vnitrni draze apoptozy
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Role extracelularnich ,,survival“ faktora v inhibici apoptdzy
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Anoikis (cell-detachment-induced apoptosis, Frisch and Francis, Journal of
Cell Biology in 1994, Greek av- "without", oik- "house", and the suffix -I1¢.)
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Autofagie (Greek autoégayoc autéphagos, "self-
devouring"and kuto¢ kytos, meaning "hollow")

» Intracelularni recyklacni systém

» Degradacni proces — normalni béhem vyvoje, difereciace
(restrukruralizace), adaptace na stres (hladovéni, infekce)

» Neselektivni vs. selektivni (napr. mitofagie)
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and organelles
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Autofagie

» Hemoglobin 1x10"15/s

» Zivot je v rovnhovaze mezi
syntezou a degradaci
proteinu

» Recyklace je esencialni
proces pro zivot
» Schopnost adaptace na
hladovéni jako kriticky

selekcni faktor béhem
evoluce

» Cervené krvinky 3x1076/s

Yoshinori Ohsumi, 2016 |

Protein Dynamics in Body
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Using genetics to understand autophagy

cdc mutants : cell cycle
By Lee H. Hartwell, Nobel Prize 2004
sec mutants: secretory pathway
By Randy W. Schekman, Nobel Prize 2013

Isolation of autophagy-defective mutants

What is the phenotype of the mutants?

Microscopic screen : no accumulation of autophagic
bodies in the vacuole

Only one mutant, apg1-1 (atg1)



Typy autofagie
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Mechanismus autofagie
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Mechanismus autofagie
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Autofagie a metabolismus
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Onemocnéni spojena s poruchami autofagie

Table 1  Examples of human diseases associated with defective autophagy?®
Primary autophagy defects Secondary autophagy defects Both
Lung Central nervous system Central nervous system
Asthma (ATGYS) Huntington’s disease Alzheimer’s disease (PSENT)
Heart Tauopathies Parkinson’s disease (PINK1,
Ischemia/reperfusion Stroke PARK?2)
Intestine Heart Amyotrophic lateral sclerosis
o) Crohn’s disease (ATG16L1, Cardiomyopathy (SQSTMI)
£ NOD2, IRGM) Shelogal mnscls
& | Ulcerative colitis (SMURFT) Muscle atrophy
é Bone Autophagic vacuolar
g’ Paget’s disease of bone (SQSTMI) myopathies
Central nervous system Collagen YI—related
Static encephalopathy of childhood with myopathies N
neurodegeneration in adulthood ) Tnichusion body myositis
(SENDA) (WDR45) Liven
«l-Antitrypsin deficiency
Nonalcoholic fatty liver
disease (NAFLD)
Cancer Cancer Immune disease
Breast (BECNI) Carcinoma Lupus erythematosus (ATGS5)
Opvarian (BECNI) Sarcoma
Prostate (BECNI) Immune disease
9 Brain (PARK?2) Infection
g Lung (PARK2) Metabolic dysfunction
2 Gastric (UVRAG, PARK2) Type 11 diabetes
,"_,3 Immune disease Metabolic syndrome
Z Vici syndrome (EPGS5) Obesity
Mycobacterium tuberculosis infection Vascular disease
(IRGM) Ischemia/reperfusion
Mycobacterium leprae infection (NOD?2) Lysosomal disease

Lysosomal disease
Danon disease (LAMP2)

Pompe disease
Gaucher disease

Annu. Rev. Pharmacol. Toxicol. 2017. 57:375-98




Ent6za (Greek €viog entos, "within" and -waig -osis, "disease")
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Diferenciace, obnova tkani, kmenové bunky
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Strevni epitel
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Hlavni bunecne typy strevniho epitelu

absorptive cell goblet cell Paneth cell enteroendocrine cell
Figure 22-2 Molecular Biology of the Cell 6e (© Garland Science 2015)
Nejvetsi . i .
5 éet 10x Sekretu;i Sekretuji Sekretui
P hlen cryptdin cholescystokinin

Plocha 30x (defensin)



Clevers group: The intestinal Crypt

> https://www.youtube.com/watch?v=NIT1VYgMzgc

Clevers group: The intestinal Crypt

The Intestinal Crypt:
A Clonal Conveyor Belt

.

,,1_1"

Hans Clevers (Hubrecht I., UU) 1: Discovery and Characterization of Adult Stem Cells in the Gut
https://www.youtube.com/watch?v=HgVivkoA7UA

https://www.youtube.com/watch?v=0MEihKffBJI


https://www.youtube.com/watch?v=NlT1VYqMzgc
https://www.youtube.com/watch?v=HgVivkoA7UA

Notch & Wnt signalizace udrzuje kmenovost a ridi
diferenciaci strevniho epitelu
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Adenom streva

» Pacient s mutaci v APC (adenomatous polyposis coli)- > pernamentni aktivace Wnt

Canonical Wnt pathway

Wnttargef.gene

ADENOMA = —

Figure 22-4 Molecular Biology of the Cell 6e (© Garland Science 2015)



The Intestinal Wnt/TCF Signature

GASTROENTEROLOGY 2007;132:628 - 632

LAURENS G. VAN DER FLIER,” JACOB SABATES-BELLVER,* IRMA OVING,” ANDREA HAEGEBARTH,*
MARIAGRAZIA DE PALO,S MARCELLO ANTI,S MARIELLE E. VAN GIN,* SASKIA SUIUKERBUIJK,*
MARC VAN DE WETERING,* GIANCARLO MARRA,* and HANS CLEVERS*

“Hubrecht Institute,

Institute for De

Biology and Centre for Biomedical Genetics, Utrecht, The Netheriands; *Institute of Molecular C

Research, University of Zurich, Zurich, Switzerland; and Sthe Gastroenterology Unit, Beicolle Hospital, Strada Sammartinese, Viterbo, Italy

Background & Aims: In colorectal cancer, activating
mutations in the Wnt pathway transform epithelial
cells through the inappropriate expression of a TCF4
target gene program, which is physiologically ex-
pressed in intestinal crypts. Methods: We have now
performed an exhaustive array-based analysis of this
target gene program in colorectal cancer cell lines
carrying an inducible block of the Wnt cascade. In-
dependently, differential gene-expression profiles of
h d and ad i vs normal
colonic epithelium were obtained. Results: Expres-
of appr 80 genes common be-
tween these data sets were performed in a murine
adenoma model. The combined data sets describe a
core target gene program, the intestinal Wnt/TCF
signature gene set, which is responsible for the trans-
formation of human intestinal epithelial cells.
Conclusions: The genes were invariably expressed in
adenomas, yet could be subdivided into 3 dul
based on expression in distinct crypt compartments.
A module of 17 genes was specifically expressed at the
position of the crypt stem cell.

: T
sion y

lowed by transient promoter assays. DNA array t
ogy allows the assessment of differential messeng
(mRNA) expression on a genome-wide scale.

Materials and Methods

Cell Culture

CRC cell lines LS174T and DLDI, stably ex
inducible dominant-negative (dn)TCF1 or dnTCF
generated as previously described.® The Wnt pathw:
ity in the CRC cells was determined as described pre
using the optimized TCF reporter pTopGlow and i
tive control pFopGlow, constructed in our laboratc

Ohgonucleotide Microarray Analysis of
Cell Lines

RNA was isolated after 10 and 20 hours indu
the dnTCFs. RNA quality was assessed using capil
electrophoresis (BioAnalyzer; Agilent Technologies
plementary DNA (cDNA) synthesis and labeling v
formed according to Affymetrix (Santa Clara, CA
lines. cRNA was synthesized and labeled with Aft
One-cycle Target Labeling kit, and hybridized on Aft

e PLE XA TT129 e AN el T e

Table 1. Target Genes Down-Regulated in All 4 CRC Cell Lines on Over Expression of dnTCFs

LS174T dnTCF1 LS174T dnTCF4 DLD1 dnTCF1 DLD1
Gene symbol References Affymetrix ID 10 h 20h 10h 20 h 10h 20h 10h 20h
ASCL2 1= 229215_at —4.3 —24 —23 -15 -28 -75 -3.0 —-4.0
AXIN2 115 222696_at -25 -49 —-23 —26 -28 —-35 -28 -37
BMP42 2 211518 s at -2.0 -25 -23 —4.9 -3.0 —-3.2 -16 -23
C1orf33? 220688_s_at 1.7 -3.2 —-23 —238 -1.7 —-2.0 -16 -20
HIG2 = 1554452 a at —1.7 -4.0 -21 —-32 -14 —-26 -1.9 -2.0
HSPC111 203023_at -15 -3.0 -23 —-25 -1.4 —16 -1.9 -1.7
HSPC111 214011_s_at -1.6 -3.0 —-23 —-23 -15 -1.9 -16 -16
KITLG? 226534_at -26 -3.0 -23 -23 -43 -26 -16 -238
LGR5? B 213880_at —4.3 -9.8 —23 —-3.5 -7.5 -7.5 -21 -3.2
myc? i 202431 _s_at —-21 -23 —-23 -16 -28 -3.0 -21 -23
NOL1 214427_at -1.7 -28 -23 —-21 -13 -19 -16 -16
PPIF 201490_s_at —1.4 -16 -23 -2.0 -15 -19 -15 -15
SOX4 2 201416_at -1.3 -21 —-23 —-21 -3.0 -3.2 -21 -2.0
WDRT71 218957 _s_at -28 -17 -23 -28 -19 -3.7 -20 -3.7
ZIc2 223642 _at -1.7 -23 —23 —-2.3 -1.4 -21 -1.7 -1.9
ZNRF3? 226360_at —46 -3.2 —-23 —-25 -35 -3.2 -21 -238

NOTE. Fold changes of genes down-regulated in all 4 CRC cell lines on over expression of dnTCFs are shown.

3Genes also have been identified in the Stanford array experiment.®

Vol 449|25 October 2007 |doi:10.1038/nature06196 nawre

ARTICLES

Identification of stem cells in small
intestine and colon by marker gene Lgr5

Nick Barker’, Johan H. van Es', Jeroen Kuipers', Pekka Kujala®, Maaike van den Born', Miranda Cozijnsen’,
Andrea Haegebarth', Jeroen Korving', Harry Begthel, Peter J. Peters” & Hans Clevers'

The intestinal epithelium is the most rapidly self-renewing tissue in adult mammals. It is currently believed that four to six
crypt stem cells reside at the +4 position immediately above the Paneth cells in the small intestine; colon stem cells
remain undefined. Lgr5 (leucine-rich-repeat-containing G-protein-coupled receptor 5, also known as Gpr49) was selected
from a panel of intestinal Wnt target genes for its restricted crypt expression. Here, using two knock-in alleles, we reveal
exclusive expression of Lgr5 in cycling columnar cells at the crypt base. In addition, Lgr5 was expressed in rare cells in
several other tissues. Using an inducible Cre knock-in allele and the Rosa26-lacZ reporter strain, lineage-tracing experiments
were performed in adult mice. The Lgr5-positive crypt base columnar cell generated all epithelial lineages over a 60-day
period, suggesting that it represents the stem cell of the small intestine and colon. The expression pattern of Lgr5 suggests
that it marks stem cells in multiple adult tissues and cancers.
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nature Vol 45914 May 2009|doi:10.1038/nature07935

LETTERS

Single Lgr5 stem cells build crypt-villus structures in
vitro without a mesenchymal niche

Toshiro Sato', Robert G. Vries!, Hugo J. Snippert’, Marc van de Wetering', Nick Barker', Daniel E. Stange’,
Johan H. van Es!, Arie Abo?, Pekka Kujala®, Peter J. Peters® & Hans Clevers'



https://www.youtube.com/watch?v=XddaxQcFOs8
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Regulace

CONTROLLABLE PARAMETER

stem cell
1. Frequency of stem-cell division
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Zavislost kmenové bunky na kontaktu se stromatem

c-kit receptor — CD117,
receptorova tyrosin kinaza

SCF — stem cells factor,
cytokin
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Kmenova bunka viasového folikulu
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Regenerace

Animal What they regenerate

Any part of their bodies,

Flatworm including their heads!

+ ' Limbs and even their

« whole bodies if their
“ central nerve ring is
intact.

Intact  Trauma wh;.l.:"::%_ :ﬁaﬁon Re-differentiation Re-development

Invertebrates

Tadpoles can regenerate
limbs but lose this ability
in adulthood.

Vertebrates

Adult human regeneration
is largely limited to skin
and liver cells.

Human




Model of stem cell use over the life span.

Shaped by natural selection

Outside of evolutionary
selective pressure

Development and growth Adult reproductive years

Stem cell activity

“Protected aging”

Margaret A. Goodell, and Thomas A. Rando Science
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Fig. 2 Stem cell diversity and dynamics with age.

Blood

Skin stem cells have limited domain Marked expansion of some clones

Young Aged
Time

Margaret A. Goodell, and Thomas A. Rando Science
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Model of age-related selection for stem cells with new characteristics and potential outcomes
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Starnuti kmenovych bunék

Aged stem cell

* Antioxidants (e.g., NAC)
* Rapamycin
* p38 inhibitor

¢ Telomere reactivation

* Exhaustion of
supporting cells
(e.g., fibro/adipogenic

stem cell pool

(e.g., GDF11, oxytocin,
Wnt and CCL11)

progenitors , myofibers) Reduced/adverse
interaction with — _
alterations W
» Chronic inflammation V. Q% = p regeneration
» Circulating factors J (’;‘“, Q) [AS ‘ AP
& ?(/}k_, damaged protelns

* Rapamycin
 #Chaperone activity
« }Autophagy

e Caloric restriction
* Resveratrol
* *NAD*




Diferenciace in vitro

cells of inner cell mass

cultured ES cells

early embryo
(blastocyst)

Figure 20-41 Essential Cell Biology, 4th ed. (© Garland Science 2014)
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The Nobel Prize in Physiology or Medicine
2012
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from Adult Human Fibroblasts
by Defined Factors
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up regulation of - :
embryonic stem up regulation o
cell genes cell proliferation

down regulation of loosening of
differentiation genes chromatin structure

Figure 22-41 Molecular Biology of the Cell 6e (© Garland Science 2015)



treatment
with drugs

transplantation of genetically
matched healthy cells

«
D R WY

disease-specific drugs healtiy celts
KLF4, SOX2 differentiation
studying screening for [ L ®
disease theraputic ( ®
mechanism compounds

= =5

P

skin biopsy repaired iPS cells
affected cell type l
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P o repair disease-
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patient-specific iPS cells
Figure 22-47 Molecular Biology of the Cell 6e (© Garland Science 2015)



Deregulace proliferace a bunecné smrti

normal liver tissue  secondary tumors cancer cells normal liver cells
(metastases)

(8) ——— L

Figure 20-45 Essential Cell Biology, 4th ed. (© Garland Science 2014)




Strategie uniku transformované burnky

/ }oikis

Misplaced cells receive negative inputs derived \ » Cell cycle arrest
e .‘

[ -

from the absence of integrin signaling

S
/7T

Counteract negative inputs
(hyperactivate growth factor signaling,
constitutively activate survival or mitogenic pathways)

‘Hide and wait’
(autophagy, entosis)

Adapt to new surrounding
(EMT, integrin switch)

Marta C. Guadamillas et al. J Cell Sci 2011;124:3189-3197



Deregulace proliferace a buneécné smrti
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{ (apc)LOST

excessive epithelial proliferation

ONCOGENE (Ras) ACTIVATED
 /

small tumor

ANOTHER TUMOR SUPPRESSOR

{ GENELOST

large tumor

A THIRD TUMOR SUPPRESSOR

{ GENE (p53) LOST

tumor becomes invasive

RAPID ACCUMULATION
| OF OTHER MUTATIONS

A

metastasis

Figure 20-52 Essential Cell Biology, 4th ed. (© Garland Science 2014)
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