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Vnitfni a vnéjsi prostredi
otevreny systém s ustalenym vnitfnim prostredim
protichddné pozadavky => separace a komunikace, boj proti entropii okolniho prostredi, investice energie

homeostaza bunky (organismu) je dynamicky stav, balancujici rovnovaha

vymeéna latek, energii a informaci s okolim
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Adaptace

soucet cost vs. benefits

Casto je vyhodné nebyt dokonale adaptovany na okolni podminky

uspésnost druhu ur€uje celkova Zivotni strategie... (ale co je vlastné uspésnost druhu?)
investice do vzniku organovych soustav! (=> pfi vétSich rozmérech prestane fungovat difuze)

Zakladni adaptacni strategie:

e utec

e akceptuj zménu homeostazy
e vyreguluj

systém zpétnovazebnych okruhd, vidy kompromis mezi chybou, rychlosti a stabilitou



1. Reproductive Success

*Viruses: Extremely successful. They replicate rapidly, with some producing millions of copies in hours.
*Humans: Reproduce relatively slowly, with a long gestation period and limited offspring.

Winner: Viruses

2. Adaptability & Evolution

*Viruses: Evolve quickly due to high mutation rates, allowing them to adapt to new hosts and environments rapidly.
*Humans: Adapt through intelligence, technology, and cultural evolution rather than just biological evolution.
Winner: Viruses for biological evolution, humans for technological adaptation.

3. Global Presence & Biomass

*Viruses: Found everywhere—deep oceans, extreme heat, even inside other organisms. Estimated to outnumber all life forms combined.
*Humans: Dominant on land but dependent on specific conditions.

Winner: Viruses

4. Longevity & Impact

*Viruses: Have existed for billions of years and will likely persist far into the future.

*Humans: Have shaped the planet but might be more vulnerable to self-destruction.

Winner: Viruses in terms of longevity, humans in terms of planetary impact.

5. Control Over Environment

*Viruses: Dependent on hosts to replicate.

*Humans: Can manipulate environments, cure diseases, and even alter genetic material.

Winner: Humans

Overall?

If "success" is about sheer numbers, persistence, and evolutionary adaptability, viruses win.

If it's about intelligence, control, and technological advancement, humans win—for now.



Bunécna membrana
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https://iu.pressbooks.pub/humanphys/chapter/cell-membrane/



Bunécna membranalll
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Bunécné struktury
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https://www.genome.gov/genetics-glossary/Gene-Expression
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DNA
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Transcription

FTIRIN/L oo e . . A . .8 A L1001 .S .

AUGACGGUACAGCCGCAAUACGAAUUGGCGUUUAAGGCGAAAGCUGGAACCGGGCGCUCAUAA
STOP

Translation

Protein — — 0—@—0— —@&—0— —0—0— —0— —0—0—090—0— —

Met Thr Asp Gin Pro GIn Tyr Glu Leu Ala Phe Lys Ala Lys Ala Gly Thr Gly Arg Ser

https://www.genome.gov/genetics-glossary/Central-Dogma



Bunécna komunikace

receptory, kanaly, prenasece, pumpy (vSechno to jsou proteiny!)
selektivni

pripadné procesy jako exocytdza a endocytdza

membrana (+ proteiny) + energie => aktivni udrzovani vhodného prostredi



Proteiny jako signalni molekuly

prostorove konfigurovatelné molekuly
enzymy

vazba recptor a ligand => zména ve vazebnych silach => zména konfigurace => efekt
(zména vlastnosti molekuly, odpoutdani jiné molekuly, otevreni kanalu, spusténé genové exprese)

zesilovani signalu, rozdilné intracelularni drahy a prenasece signalu

vykondavani mechanické prace, konverze ATP na pohyb, vyznam cytoskeletu (opét vse v rezii proteinua!)



Role proteint
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Levels of protein organization

Primary protein structure
is the sequence of a chain of
amino acids.

LD
Amino acids é

https://www.genome.gov/genetics-glossary/Protein

Secondary protein structure
occurs when the sequence of amino
acids folds into a three-dimensional
shape.

Pleated sheet  Alpha helix

Tertiary protein structure
occurs when a mature protein
folds upon itself.

Alpha helix

Pleated sheet

Quaternary protein structure
is a protein consisting of more than
one polypeptide chain.




Role membranovych proteint

Transport of molecules
throughout the membrane
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Zaklad bunécné signalizace
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Zakladni typy receptoru

Channel-linked receptors
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Chemokines,

Hormones,
Survival Factors Transmitters Growth Factors
(e.g., IGF1) (e.g., interleukins,  (e.q., TGFa, EGF) Ext;:;:ﬁ:lxular
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Transport latek pres membranu

Aktivni transport je narozdil od pasivniho spojen se spotfebou energie. Diky dodané energii, ktera vznika nejcastéji Stépenim ATP, je mozné vykonavat tento
transport i proti sméru koncentraéniho gradientu (koncentraéniho spadu).

PASSIVE TRANSPORT ACTIVE TRANSPORT
Simple diffusion Facilitated diffusion Primary active transport
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Makroergni sloucenina => obsahuje vazby, které pri rozStépeni uvoliuji velké mnozstvi energie.
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https://slcc.pressbooks.pub/collegebiologyl/chapter/the-atp-cycle/



Funkcni bunécné celky
=> mezibunécna spojeni typu gap junction

typ spojeni dvou sousednich bunék v misté, kde dochazi k priblizeni membran => pomoci
transmembrdnovych kanalkl, konexonu

Closed Open

Connexon
connexin monomer

Plasma membranes

Intercellular space

2-4 nm space

Hydrophilic channel
&@

https://en.wikipedia.org/wiki/Gap_junction#/media/File:Gap_cell_junction-en.svg



Transcelularni a paracelularni transport

u sloZitéjsich organismu je tfeba oddélit vnéjsi a vnitini prostfedi plosné (nestaci uz membrdna jedna bunky)
selektivni bariéra = bunécné seskupeni (vyznam bazalni membrany tvorené extracelularni matrix)

napr. epitely

prostupnost epitelll je ddna typem bunécnych spojeni (a velikosti prostupujicich molekul)

% @ Transcellular transport

$» @ Paracellular transport

—’—'. Vesicular transport

https://www.pharmacy180.com/article/mechanisms-of-drug-absorption-2450/



lontové kanaly

Na*
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Intracellular

CC BY-NC-ND Created by Emma Cornelius with BioRender.com
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Examples of Secondary Active Transporters

Co-transporters | Antiporters
(symporters) :
Dopamine,
Na* K" CI Na* GABA Na* Na*
00 ® © @ Q
90900000000 9000900000000 00 0900060000000 Q.Q...0".0.1"00...00!0. 000990000006 000 09099000000/
960600000000 0000000000000 0 0000000000000 0 ..'Q..O.'..l*’....'....... 0000000000000 900000000000
o @ E Q
Kt cr : Ca® H*
Na'/K'/CI" co- K/CI co- L S Na'/Ca? Na'/H*
transporter transporter transporter ; exchanger exchanger

Jako zdroj energie je vyuzito sprazeni s prenosem jiné latky ve sméru koncentracniho gradientu.

Castice, je vyuzita k prenosu druhé c¢astice proti sméru koncentracniho spadu.

Energie uloZzena v gradientu, ktery nasleduje pasivné prenasena



Vezikularni transport
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Phagocytosis Pinocytosis Receptor-mediated
endocytosis

Extracellular fluid
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https://jackwestin.com/resources/mcat-content/plasmamembrane/exocytosis-and-endocytosis



Solute Transfer Across — -
Blood-Brain Barrier (€
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Membranovy potencial

Membranovy potencial je elektrické napéti mezi vnitrni a vnéjsi stranou biologické membrany, vznikajici nerovnomérnym
rozloZzenim iontd. UdrZuji ho iontové pumpy (napi. Na*/K* ATPaza => 3 Na* ven 2 K* dovniti) a iontové kandly. V klidovém

stavu ma vétsina bunék vnitrek zaporny vUici vnéjsku.

toto napéti Ize pouzit pro déje vyzadujici energii (transport proti koncentraénimu spadu, signalizace, udrzeni osmotické

()

~ A NEGATIVELT C, ‘- v (HLORIDE
CHARGED ANIONS

L AnIND acids
U Proteins

rovnovahy)

No* ~ soDium

'

e <
Coa ~ CALLiuM

Na* chce dovnitf (je nabity pozitivné a vnitrek b. je negativni; navic je ho uvnitf malo, ale membrana ho nepropousti)
elektrickd + koncentracéni (gradientova) sila generuje membranovy potencial

osmosis.org



Na'/K* pump
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Akcni potencial
neurony, svalové bunky, endokrinni buriky
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Akcni potencidl - summary

elektricky signal, ktery umoznuje komunikaci mezi neurony a dalSimi bunkami, napriklad ve svalech. Tento signdl vznikd ndhlou zménou membranového potencialu
nervové buriky diky pohybu iontl (Na*, K*) pfes bunéénou membranu.

Faze akéniho potencialu
1.Klidovy stav (-70 mV)
1. Membrana neuronu je v klidu, vnitfek bunky je zaporny oproti vnéjsku.
2. Sodiko-draslikova pumpa udrZuje vysokou koncentraci Na* venku a K* uvnitf.
2.Depolarizace (stoupani napéti k +30 mV)
1. Po dosaZeni prahového potencialu (-55 mV) se oteviraji sodikové kandly a Na* proudi dovnitf.
2. Vnitfek neuronu se stava kladné nabitym.
3.Repolarizace (ndvrat k negativnimu napéti)
1. Sodikové kandly se zaviraji, oteviraji se draslikové kanaly.
2. K*ionty proudi ven, coZ obnovuje zaporny ndboj uvnitf buriky.
4.Hyperpolarizace (prechodné , prepaleni” pod -70 mV)
1. Draslikové kanaly zUstavaji chvili oteviené déle, coz zplsobi, Ze membranovy potencidl docasné klesne pod klidovou hodnotu.
2. Poté sodiko-draslikova pumpa vraci ionty na pivodni mista, ¢imzZ se neuron vraci do klidového stavu.

AkEni potencial se Sifi po nervovém vlakné jako vina otevirajicich se sodikovych kandl( — podobné jako kdyZ dominové kostky padaji jedna po druhé.
Tento proces umoziuje prenos nervovych vzruch(



Kde se bere energie a co s ni?



Hlavni biochemické drahy ziskavani energie

Bunky ziskavaji energii primarné katabolickymi procesy, které rozkladaji glukézu, mastné kyseliny a aminokyseliny. Hlavni drahy zahrnuji:
1. Glykolyza (cytoplazma) — anaerobni i aerobni proces

*Rozklad glukézy (C¢H1,06) na 2 pyruvaty.

«Cisty zisk: 2 ATP + 2 NADH.

*Pokud neni kyslik, pyruvat se méni na laktat

2. Pyruvatdehydrogenazova reakce (mitochondrie)

*Pyruvat je preménén na acetyl-CoA za vzniku 1 NADH a CO,.

*Acetyl-CoA vstupuje do Krebsova cyklu.

3. Krebsliv cyklus (citratovy cyklus, mitochondrie)

+Uplnd oxidace acetyl-CoA na CO..

*\Vlystupy z jednoho cyklu: 3 NADH, 1 FADH,, 1 ATP.

*Poskytuje redukované kofaktory pro dychaci retézec.

4. Dychaci retézec a oxidativni fosforylace (mitochondrie, vnitini membrana)
*Elektrony z NADH a FADH, prochazeji pres komplexy I-IV.

*Pumpovani proton( (H*) vytvati elektrochemicky gradient.

*ATP syntdza vyuziva gradient k syntéze ~34 ATP na molekulu glukdzy.
*Konecny akceptor elektroni = kyslik (0,), vznika voda (H,0).

5. Beta-oxidace (mitochondrie, peroxizomy u dlouhych MK)

*Postupna oxidace mastnych kyselin na acetyl-CoA.

*\/ystupy: FADH,, NADH, acetyl-CoA pro Krebs(v cyklus.

*Energeticky efektivnéjsi nez glykolyza (napf. palmitat - 129 ATP).

6. Katabolismus aminokyselin

*Odstranéni aminoskupiny (deaminace), uhlikaté kostry vstupuji do Krebsova cyklu nebo jsou preménény na glukozu (glukoneogeneze).
*Dusikaty odpad je vylu¢ovan jako mocovina (savci) nebo amoniak (ryby).



Dychaci retézec

biochemicky proces probihajici v mitochondriich, pfi kterém se z NADH a FADH, prenaseji elektrony na kyslik za vzniku vody. Tento proces zahrnuje Ctyfi
enzymové komplexy a koenzym Q a cytochrom c jako prenasece elektron(l. Pfenos elektronl vytvari protonovy gradient pres vnitini mitochondridlni membranu,

ktery pohani syntézu ATP pomoci ATP syntazy. Tento mechanismus je kliCovy pro ziskavani energie v podobé ATP z Zivin.

Cytoplasm
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Bunécna a tkanova homeostaza

organizace tkané:

* tkanové specifické kmenové buriky
* replikacni potencial srovnatelny s dobou Zivota celého organismu; koncentrace ve tkani velmi nizka; neomezeny,
avSak nizky mitoticky potencial; chybéni vétsiny fenotypovych znakl maturovanych bunécnych populaci.
e progenitorové burky
* omezeny generacni potencial; rychlé déleni; schopnost migrace; schopnost diferenciace do podoby specializovanych
bunécnych populaci prislusné tkané
* maturované bunky
» tkanoveé specifickych funkci; maji nizky replikacni ; terminalni a specializovany fenotyp; omezena nebo zadna
schopnost migrace (plati pro solidni tkané).

rovnovaha mezi vznikem a zanikem bunék => nezbytny predpoklad fyziologické integrity organismu

proliferace vs. diferenciace vs. bunécna smrt



Egg and sperm

Zygote ] E
) m
'é a ﬁ ﬁ
b=}
% Two-cell stage
z -
g 3z
2-cell stage E
3
&
B
5
3
o
3
4-cell stage %
K2}
Fetus Extraembryonic
tissues
8-cell stage
| d Two-cell-like ES cell ES cell
Trophoblast -
Blastocyst

"/ Primitive
endoderm

Epiblast ©nature



Ontogeneze a kmenové burnky
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https://www.enzo.com/note/stem-cells-from-embryonic-origin-to-induced-pluripotency-an-overview/
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Typy kmenovych bunék

https://www.nature.com/articles/nature08602

a Blastocyst

Muscle
stem cell

Inner cell mass

e8RS

L
—

v{—{." %’— J

B> =T ey

Embryonic stem cells Induced pluripotent Adult stem cells
stem cells



Asymetrické déleni kmenovych bunék

predpoklad funkéni tkané

a Maintenance b Exhaustion ¢ Expansion

Committed cell

7
®

{ @ o %
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https://www.nature.com/articles/nrm3772/figures/1



Self-renewal

Diﬁerentilated cells

Metabolic requirements
(for example, FAO for HSCs)

Stem cell Commited
progenitor cell

Stem cell marker Positive Negative
Differentiation marker Negative Positive
Glycolysis
OXPHOS

https://www.nature.com/articles/nrm3772/figures/5



Bunécny cyklus
regulace a kontrolni body
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Anaphase
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https://www.genome.gov/genetics-glossary/Mitosis



Typy bun
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Nadorova transformace

nekontrolovatelny rist nadoru => selhani dvou kritickych déju — bunécného cyklu a apoptozy

Poruchy obou déjli jsou podminény mutacemi doprovazenymi epigenetickymi alteracemi genu, které oba déje ridi
(onkogeny resp. protoonkogeny — podilejici se na stimulaci bunééného cyklu a inhibici apoptdzy a opacné plsobici
tumorsupresorové geny



Poskozeni DNA

mutageny

Mutace je zména v sekvenci DNA organismu. Mutace mohou vzniknout v dlsledku chyb v replikaci DNA pfi déleni bunék,

plsobenim mutagenl nebo virovou infekci. Zarode¢né mutace (které se vyskytuji ve vajickach a spermiich) se mohou

7

prenaset na potomky, zatimco somatické mutace (které se vyskytuji v télesnych bunkach) se neprenaseji.

https://www.cancer.gov/about-cancer/understanding/what-is-cancer



Theodor Boveri (1862 — 1915)

Inventarie N./_“GZ?
ZurFrage der Entstehung
maligner Tumoren

Rakovina mUze byt spojena s chromozomadlnimi abnormalitami

==== ,When | published the results of my experiments on the development of double-fertilized
%K sea-urchin eggs in 1902, | added the suggestion that malignant tumors might be the result
. of a certain abnormal condition of the chromosomes, which may arise from multipolar

mitosis...So | have carried on for a long time the kind of experiments | suggested, which are
so far without success, but my conviction remains unshaken®

Verlag von Guslav Fischer
1914

https://pathsocjournals.onlinelibrary.wiley.com/doi/10.1002/path.4410 https://www.tandfonline.com/doi/pdf/10.4161/cbt.1.5.225



Genetické zmény potencialné vedouci k rakoviné

Starting sequence

.GTCGAGTCTA@CGCTATCGCT...m%

Deletion .GTCGAGTCTA CGCTATCGCT. ..
Substitution .GTCGAGTCTAACGCTATCGCT. ..
Insertion .GTCGAGTCTAI@CGCTATCGCT...
Deletion Duplication Inversion Insertion Translocation
: ! " Before After Before After
M) M) M) M M M) M M M) M)
' M (Z)
e P » < PR K oK 4 7 < > < P K ﬂ P P
’ BE OB de-
i - 20 20
I J I ; =
4 4 20 .
4
/ _/ / / / -/
4 4 4 4 4 4

& ¢

https://www.genome.gov/genetics-glossary/Mutation



Normal

Open reading frame

Met Thr Asp GIn Pro GIn Tyr Glu Leu Ala Phe Lys Ala
I I I I I I I I ] I I I

mRNA AUGACGGAUCAGCCGCAAUACGAAUUGGCGUUUAAGGCG

Codons

Amino acids

Antisense strand (Non-coding strand)

TACTGCCTAGTCGGCGTTATGCTTAACCGCAAATTCCGC
ATGACGGATCAGCCGCAAT/AICGAATTGGCGTTTAAGGCSG

Sense strand (Coding strand)

7,
L1111

DNA

/ﬁlllll

Missense mutation

Open reading frame

Amino acids Met Thr Asp GIn Pro Gin ) Glu Leu Ala Phe Lys Ala
I 1 I I I I ‘ I I I I I e

mRNA

Codons

Antisense strand (Non-coding strand)

TACTGCCTAGTCGGCGTTAGGCTTAACCGCAAATTCCGC
ATGACGGATCAGCCGCAATECGAATTGGCGTTTAAGGCG

Sense strand (Coding strand) Substitution

I’Illll
DNA

,ﬁlun

https://www.genome.gov/genetics-glossary/Missense-Mutation

Protein

Protein



Normal Protein

Open reading frame

Amino acids Met Thr Asp Gin Pro Gin Tyr Glu Leu Ala Phe Lys Ala —
| | | | | | | | | | I 1 I

AUGACGGAUCAGCCGCAAUACGAAUUGGCGUUUAAGGCG
mRNAW:‘"III

Codons

Antisense strand (Non-coding strand)
,IIIII

—
TACTGCCTAGTCGGCGTTATGCTTAACCGCAAATTCCGC

ATGACGGATCAGCCGCAATACGAATTGGCGTTTAAGGCGA
—Illll

DNA

Sense strand (Coding strand)

Frameshift mutation Protein

Open reading frame

Met - Thr - Asp ~ GIn ~ Pro Clie )—Arg )~ lle )—Gly »~(Val ) | sTOP — pe
| | | | | Jiil |
RNA AUGACGGAUCAGCCGCAEAUACGAAUUGGCGUUUAAGGCGm"

Codons

Amino acids

Antisense strand (Non-coding strand) ,

TACTGCCTAGTCGGCGT TATGCTTAACCGCAAATTCCGEC
ATGACGGATCAGCCGCAATACGAATTGGCGTTTAAGGCG{‘

Sense strand (Coding strand)

DNA

Insertion

https://www.genome.gov/genetics-glossary/Frameshift-Mutation



Normal Protein

‘Open reading frame e
Amino acids Met Thr Asp GIn Pro GIn Tyr Glu Leu Ala Phe Lys Ala —
I I I [ I I I I I I I I I
AUGACGGAUCAGCCGCAAUA;GAAUUGGCGUUUAAGGCG
mRNA 7 LT
Codons
Antisense strand (Non-coding strand) )
ONA TACTGCCTAGTCGGCGTTATGCTTAACCGCAAATTCCGC
ATGACGGATCAGCCGCAATA[CIGAATTGGCGTTTAAGGCG
Sense strand (Coding strand) E -
Nonsense mutation Protein
‘ Open reading frame
Amino acids Met Thr Asp GIn Pro GIn STOP | —
I I | | I I l
mRNAAUGACGGAUCAGCCGCAAUA GAAUUGGCGUUUAAGGCG -
Codons
Antisense strand (Non-coding strand) )
S TACTGCCTAGTCGGCGTTATCCTTAACCGCAAATTCCGC
ATGACGGATCAGCCGCAATAEGAATTGGCGTTTAAGGCG L

Sense strand (Coding strand) Substitution

https://www.genome.gov/genetics-glossary/Nonsense-Mutation



Postupné hromadéni mutaci nebo ,,single catastrophic event”?

Rakovina je zpUsobena somaticky ziskanymi bodovymi mutacemi

a chromozomalnimi prestavbami, o nichz se obvykle Cell. 2011 Jan 7; 144(1): 27-40. PMCID: PMC3065307
. s s N o1 v v v , doi: 10.1016/j.cell.2010.11.055 PMID: 21215367

predpoklada, ze se v prubehu casu postupné hromadi

Massive Genomic Rearrangement Acquired in a Single Catastrophic Event during
*  Cancer Development

v
|ed aze... %  Philip J. Stephens,? Chris D. Greenman,? Beiyuan Fu,' Fengtang Yang," Graham R. Bignell,' Laura J. Mudie,"
Erin D. Pleasance, King Wai Lau,' David Beare,! Lucy A. Stebbings,’ Stuart McLaren,’ Meng-Lay Lin,’

David J. McBride, ! |gnacio Varela,! Serena Nik-Zainal,! Catherine Leroy,! Mingming_Jia, Andrew Menzies !
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Adrienne M. Flanagan,® Michael R. Stratton,'.” P_Andrew Futreal,! and Peter J. Campbell! 34+

» Author information » Article notes » Copyright and License information  PMC Disclaimer

See editorial "Embracing the Landscape of Therapeutics” in Cell, volume 181 on page 1.

Associated Data

» Supplementary Materials

Summary Go to: »

Cancer is driven by somatically acquired point mutations and chromosomal rearrangements,
conventionally thought to accumulate gradually over time. Using next-generation sequencing, we
characterize a phenomenon, which we term chromothripsis, whereby tens to hundreds of genomic
rearrangements occur in a one-off cellular crisis. Rearrangements involving one or a few
1 chromosomes crisscross back and forth across involved regions, generating frequent oscillations
between two copy number states. These genomic hallmarks are highly improbable if
rearrangements accumulate over time and instead imply that nearly all occur during a single
cellular catastrophe. The stamp of chromothripsis can be seen in at least 2%-3% of all cancers,
across many subtypes, and is present in ~25% of bone cancers. We find that one, or indeed more
than one, cancer-causing lesion can emerge out of the genomic crisis. This phenomenon has
¢ importantimplications for the origins of genomic remodeling and temporal emergence of cancer.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3065307/



Onkogeny a tumor supresorové geny

Normal Cell Cycle
Proto-onkogeny

\\ Tumor supresorové geny
|
\) /
zrychleni/indukce bunécného cyklu 4 zpomaleni/zastaveni bunécného cyklu
inhibice apoptozy Proto-oncogene (99s) ) (Tumor Suppressor Gene (brakes) > indukce apoptozy

opravy DNA

Mutations leading to Cancer

T

T

('\ Proto-oncogene (gas) - Oncogene = Too much gas! )

)\

00300

NS

|

| won:m(;\'\

Tumor Suppressor Gene Inactivated = No brake! |

pravdépodobnost Ze za normalnich ziskate sadu mutaci vedoucich k rakoviné je velice nizka (je potreba cca 5 mutaci)
(ale jen do doby, nez mate prvni mutaci co zrychli b. cyklus nebo zastavi opravy DNA) => Geneticka nestabilita

https://jackwestin.com/resources/mcat-content/control-of-gene-expression-in-eukaryotes/cancer-as-a-failure-of-normal-cellular-controls-oncogenes-tumor-suppressor-genes



Onkogeny
Onkogen je mutovany gen s potencialem zpUsobit rakovinu. Pfedtim, nez se gen stane mutovanym, nazyva se

protoonkogen a ma ulohu pfti regulaci déleni bunék. Rakovina mUze vzniknout, kdyzZ je protoonkogen mutovan,
¢imzZ se zméni na onkogen a zpUsobi, Ze burika zacne délit a mnozit se nekontrolované.

Mutace jsou obvykle ziskané a stac¢i mutace v jednom z paru (dominantni efekt).

Normal oncogene Mutated oncogene
Stimulates cell proliferation when needed Leads to inappropriate cell proliferation

https://www.genome.gov/genetics-glossary/Oncogene



Tumor supresorové geny

Mutace v tumor supresorovych genech jsou ¢asto ziskané. Mutace v obou kopiich paru gen( potlacujicich nddory se mohou
vyskytnout jako vysledek starnuti, vlivu Zivotniho prostredi nebo obojiho.

Mutace muze byt také dédicnd (napf. retinoblastom, pRB). V téchto pripadech je mutace v jedné kopii paru genu predana od rodice a

je pritomna ve vSech bunkach (germinalni mutace). Mutace ve druhé kopii genu je ziskana a obvykle se vyskytuje pouze v jediné burice
nebo v nékolika malo burnikach => Two-hit hypothesis (Knudson, 1971)

Normal tumor suppressor genes One mutated tumor suppressor gene
Slows down cell proliferation

Two mutated tumor suppressor genes
Leads to inability to stop cell proliferation

0.0 %
{ oo)

https://www.genome.gov/genetics-glossary/Tumor-Suppressor-Gene



https://theory.labster.com/heritable-cancer/

a TSG mutation in a normal cell, leading to sporadic cancer

Deletion
Wild-type New "
TSGs mutation Progression 1o
» > » tumour formation
First 'hit' Second 'hit'
(e.g. a mutation (e.g. a deletion
in one copy in the other copy
of the TSG) of the TSG)

b TSG mutation in a cell with a germline mutation, leading to familial cancer

Deletion
Inherited P i
iaton , . [ Progression o
mutation rogression
in TSG / tumour formation
First ‘hit Second 'hit'
(the germline (e.g. a deletion
mutation) in the other copy
of the TSG)

Knudson's two-hit hypothesis for tumourigenesis involving a tumour
suppressor gene (TSG)

Expert Reviews in Molecular Medicine ©2001 Cambridge University Press




Representative Oncogenes and Tumor Suppressor Genes

Oncogenes Tumor suppressor genes
Class Examples Incidence Class Examples Incidence

Growth factors Sis/PDGF Simian sarcoma Phesphatase PTEN Breast, colon
Receptor tyrosine kinases EGFR, HER2 Lung cancer, GBM, breast Cell—cell and extracellular APC, GP43/Merin Colon cancer, neurofibromatosis type 2

cancer matrix
Cytoplasmic tyrosine Src, Syk, Abl Colon cancer, head and neck | DMNA repair and cell cycle BRCA1/2, pRb, p53 Breast and ovarian cancer,
kinases cancer, CML checkpoints retinoblastoma; 70% of all
Cytoplasmic BRaf Melanoma, colon G-protein (ras) inhibitor Neurofibromin 1 Meurcfibromatosis type 1
serinefthreonine kinases
21-kDa GTPases H-Ras, N-Ras, Pancreatic cancer; 20% of all Ubiquitin ligase VHL Renal cell cancer

K-Ras

Transcription factors Myc Burkitt's lymphoma; 20% of Dehydrogenases Succinate dehydrogenases Pheochromocytoma

all B andD

PDGF = platelet-derived growth factor, EGFR = epidermal growth factor receptor, GBM = glioblastoma multiforme; APC = adenomatosis polyposis coli; CML = chronic myelogenous
leukemia; VHL = von Hippel-Lindau disease.

https://jnm.snmjournals.org/content/49/Suppl_2/24S



Shen et al. Oncogenesis (2018)7:25
DOl 10.1038/541389-018-0034-x UI‘ICDQEI‘IESiS

ARTICLE Open Access

Double agents: genes with both oncogenic
and tumor-suppressor functions

Libing Shen', Qili Shi' and Wenyuan Wang'”

Abstract

The role of genetic components in cancer development s an area of interest for cancer biologists in general.
Intriguingly, some genes have both oncogenic and tumor-suppressor functions. In this study, we systematically
identified these genes through database search and text mining. We find that most of them are transcription factors or
kinases and exhibit dual biclogical functions, eg., that they both positively and negatively regulate transcription in
cells. Some cancer types such as leukemia are over-represented by them, whereas some commen cancer types such
as lung cancer are under-represented by them. Across 12 major cancer types, while their genomic mutation patterns
are similar to that of oncogenes, their expression pattemns are more similar to that of tumor-suppressor genes. Their
expression profile in six human organs propose that they mainly function as turmor suppressor in normal tissue. Our
network analyses further show they have higher network degrees than both oncogenes and tumor-suppressor genes
and thus tend to be the hub genes in the protein—-protein interaction netwaork. Our mutation, expression spectrum,
and network analyses might help explain why some cancer types are specifically associated with them. Finally, our
results suggest that the functionally altering mutations in "double-agent” genes and cncoegenes are the main driving
force in cancer development, because non-silent mutations are biasedly distributed toward these two gene sels across
all 12 major cancer types.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5852963/pdf/41389 2018 Article_34.pdf



N a’ d o) rova’ b u ﬁ ka Cell, Vol. 100, 57-70, January 7, 2000, Copyright ©2000 by Cell Press

koncept tzv. "klicovych znakd rakoviny" byl poprvé navrzen vyzkumniky Douglasem The Hallmarks of Cancer

Hanahanem a Robertem Weinbergem v roce 2000

Douglas Hanahan* and Robert A. Weinberg®
“Department of Biochemistry and Biophysics and
° v e o . ° Hormone Research Institute

L rust bez pntom nosti l‘UStOVVCh fa kto ru University of California at San Francisco
San Francisco, California 94143
TWhitehead Institute for Biomedical Research and
Department of Biology
Massachusetts Institute of Technology

* neschopnost odpovidat na signaly pro ukonceni ristu Cambridge, Massachusetts 02142
* omezena citlivost vici indukci programované bunécné smrti

* neomezend schopnost déleni (nenardazi na Hayflicktv limit)

Evading
apoptosis

» stimulace rastu krevnich kapilar zasobujicich nador

* schopnost Sirit se do vzdalenych tkani

Sustained Tissue invasion
angiogenesis & metastasis

https://www.cell.com/fulltext/S0092-8674(00)81683-9



Motility Circuits Cytostasis and

proteases @ factors

N\

adjacent cells

TCF4

pi6é
extracellular = inte -
matrix cy-tl:!inD —0
pRo—QO o
Proliferation (0} ks i
E2F O b— p21
Circuits
recept =4 v

abnormality
sensor

cytokines el |

Viability Circuits

https://link.springer.com/chapter/10.1007/978-3-319-95228-4_12 https://www.cell.com/fulltext/S0092-8674(00)81683-9



Emerging hallmarks &
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https://aacrjournals.org/view-large/figure/13775671/31figl.jpeg



Unlocking
phenotypic

Progenitor cell Differentiated cell

plasticity ~
el
.' — Normal differentiation
g e O
o — — " Dedifferentiation
o I &  Blocked

. " ‘ B . differentiation

N )

e — — - Transdifferentiation
‘ | & 8




Sustaining Evading
proliferative signaling growth suppressors

Nonmutational
epigenetic reprogramming

Unlocking
phenotypic plasticity

Deregulating
cellular
metabolism

Avoiding immune
destruction

Resisting cell Enabling
death replicative
immortality
Genome Tumor-promotin
instability & : RIOtIoing
) inflammation
mutation

Polymorphic
Senescent cells i _p
microbiomes
Inducing or accessing Activating invasion &

vasculature metastasis



Nadorové kmenové bunky (Cancer stem cells)

subpopulace bunék nadoru zodpovédna za jeho vznik, rezistenci a rozvoj?
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Classical SC/CSC view Updated SC/CSC view
0 Limited | &
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https://www.nature.com/articles/nm.4409
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Do cancer stem cells exist? A pilot study
combining a systematic review with the
hlerarchy-of-hypotheses approach
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Mutation in stem cell
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Additional mutation(s) in stem cell
or in progenitor cells
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