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Differences in mRNA expression patterns
among different types of human cancer cells

unknown leukemia stomach

prostate llun brain |rena|| ovarian breast liver

Figure 7-3. Molecular Biology of the Cell, 4th Edition.




Differences in the proteins expressed by two
human tissues

(A) human brain (B) human liver
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Figure 7-4. Molecular Biology of the Cell, 4th Edition




Polyklonalni charakter kostnich bunck

Obr. 1. Ptirovnani kmenoveé bunky ke stromu:
a — kmenova bunka v embryondlni dobé&

b — kmenova bunika v dospélosti

L aborator
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~Pluripotentni butika jiZ neschopna vytvofit slezinnou kolonii !
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Pluripotentni buniky Morfologicky rozpoznatelné bunky
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Proliferujici bunky Neproliferujici
bunky

'Podle Gregorové a Henkelmana (1977); *podle MacVittieho a Porvaznika (1978); 3nejsou odvozeny od CFU-S.
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The early acting growth factor which
maximises host defense

IL-371L-4

Myeloblast
’ IL-3/1L-4

Basophilic

lg_aggl:sF IL-3/1L-4
w Basophil
Neutrophil

’ IL-3/1-4

aborator
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Bunécné komponenty hematopoetického mikroprostiedi (H.I.M.) v kostni

dreni (K.D.)

Bunécény typ

Endotelie sinusoidl

Fibroblasty

Tukové buriky

Retikuloendotelové buriky, monocyty

Endostalni bunky

Kost

(podle Knospeho 1978)

Predpokladana funkce

zachycovani kmenovych bunék, vyména metabolitu,

uvolfovani zralych bunék do cirkulace,

soucast mikroprostfedi umoziujici bunéénou proliferaci

tvorba kolagenu, mukopolysacharidd, indukce diferenciace?
vyplnéni prostoru po zaniklé kostni dfeni,

proliferace pluripotentnich kmenovych bunék

fagocytéza, tvorba CSF a jinych hemokininu, indukce diferenciace?

tvorba CSF a jinych hemokinin, kmenové buriky stromatu?

mechanicka ochrana, tvorba hemokinin(i?
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CFU-E

A
) —
Kmenova
bunka

citlivé na erytropoetin I

QQQ v

citlivé na

citlivé na

Obr.27. Model humorélniho tfizeni hemopoézy. Nejnezralejsi buiiky obsahuji receptory O
jednotlivych tad, jako je . Pfi maturaci se postupné tyto receptory ztraceji a objevuji se specifické receptory pro humoralni

faktory jednotlivych tad [pro erytropoetin (V) a pro (W) ]. Podle Iscova (1978)
‘ t aborator
yptokinctiky
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LYMFOPOEZA cl.‘..,m..,f
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imunitni
‘ odpovéd

SEKUNDARNI L.O. & imunitni
(Lymfatické uzliny odpoved
a slezina)

/ N\
Sekundarni
|

Recirkulujici pamétové buriky Plazmaticka bunka
s dlouhou dobou zivota
T- lymfocyty B lymfocyty




Progenitorové
erytroidni
kmenoveé

bunky

ZvySena
proliferace
za erytro-

poetického E P

stresu

Obr. 23. Na obrazku je zndzornéna
zvySena proliferace pri erytropoetic- stimulace
kém stresu, ktera muze vést k znacné

expanzi kompartmentu progenitoro-

vych erytroidnich kmenovych bunék.

Citlivost k erytropoetinu (EP) se ob-

jevuje az v pozdgjSich stadiich. Upra-

veno podle Schofielda a Lajthy (1977). Citlivost na

erytropoetin

aborator
ptokinctiky
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Six steps at which eucaryotic gene expression
can be controlled

inactive mRNA

egradation b
RNA control

DNA ___, transcript 5 mRNA - mRNA
1

transcriptional RNA RNA P e protein

control processing transport 4 activity
control a_ncl ' St el control
localization — ) :
control protein—"inactive
protein

igure 7-5. Molecular Biology of the Cell, 4th Edition.




Events in cell proliferation

early
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Cytokiny

Nektere priklady




PREHLED NEJDULEZITEJSICH CYTOKINU - 2.

cytokin zdroj pusobeni
IFN a1 dvojité negativni zvysuje rezistenci proti virim; inhibuje proliferaci normalnich i
IFN a 2 lymfocyty, monocyty, nadorovych bunék; indukuje syntézu MHC |, receptoru pro Ig;
makrofagy aktivuje NK-bunky
IFN B 1 fibroblasty, buriky epitelu stejné jako u IFN a
IFN B2 fibroblasty, monocyty stejné jako u IFN a
IFNy T - burnky, NK-bunky podobna jako u IFN a a b, navic ma vétsi schopnost aktivovat
makrofagy, zvysSovat odolnost vici parazitim; indukuje syntézu
MHCI i MHCII;stimuluje syntézu IgG2 a inhibuje syntézu IgG2 a IgE
B-burikami
TNF a makrofagy, T-bunky, pusobi nekrézu riznych typa bunék, prevazné nadorovych; pleiotropni
thymocyty, B-bunky, ucinky na Siroké spektrum bunék, napr. reguluje prolifera¢ni a funkéni
NK-bunky odpovéd’ B- a T-bunék; stimuluje diferenciaci prekurzorti myeloidni
rady; stimuluje expresi cytokin, MHC a prostaglandint
TNF B T-bunky ma stejné uéinky jako TNF a
G-CSF monocyty, makrofagy, stimuluje proliferaci kolonii granulocyti; aktivuje granulocyty

T-bunky, fibroblasty,
bunky endotelu

GM-CSF T-buriky, monocyty,

M-CSF

EPO
TGF

makrofagy, fibroblasty,
bunky endotelu
monocyty, makrofagy,
fibroblasty

ledviny

krevni desti¢ky, kosti -
matrix, placenta, ledviny,
nékteré nadory

stimuluje proliferaci prekurzori granulocytt, makrofagu; aktivuje
makrofagy, neutrofly, eozinofiy

stimuluje rust kolonii monocytli a makrofagu; aktivuje monocyty

stimuluje rust kolonii erytrocyti a megakaryocytu

reguluje rust bunék (vétsinou inhibuje proliferaci vyvolanou
pusobenim hematopoietickych cytokini)




PREHLED NEJDULEZITEJSICH CYTOKINU - 1.

cytokin zdroj pusobeni
IL-1 monocyty (+ témér pyrogen, komitogenni faktor T-bunék; stimuluje uvolnéni lymfokinu
vSechny bunky s T-bunkami; aktivuje NK-bunky;stimuluje diferenciaci B-bunék
jadrem)
IL-2 T-bunky ristovy faktor T-bunék a thymocytl, zvySuje cytotoxicitu, aktivuje
NK-bunky, stimuluje diferenciaci B-bunék
IL-3  T-bunky (+ zirné stimuluje  proliferaci  prekurzori  granulocytd, erytrocytq,
bunky) megakaryocytl, makrofagu; aktivuje monocyty a makrofagy
IL-4 T-bunky stimuluje syntézu IgG1 a IgE B-bunikami, proliferaci makrofagu,
NK-bunék, T-bunék
IL-5 T-buniky stimuluje diferenciaci a rist eozinofilu, proliferaci T- a B-bunék
IL-6 T-bunky, rpakrofégy, stimuluje syntézu Ig B-buinkami; stimuluje proliferaci thymocytu,
monocyty, f|b:oblasty, prekurzort neutrofilti, makrofagii, megakaryocytt, myelomu,
bunky endotelu plazmacytomu, B-lymfomu
IL-7 bunky kostni drené stimuluje proliferaci prekurzort B- a T-bunék a T-bunék
IL-8 monocyty, makrofagy, stimuluje chemotaxi neutrofilti a dalSich leukocytu
lymfocyty, fibroblasty,
bunky endotelu
IL-9 T-bunky stimuluje proliferaci T-bunék bez pritomnosti antigenu a APC
IL-10 T-bunky (+ zirné bunky) Inhibuje syntézu nékterych cytokint (IFN y)
IL-11 bunky kostni drené stimuluje proliferaci multipotentnich prekurzori leukocytu (synergie
s IFN y) a prekurzori megakaryocytu (synergie s IL — 3)
IL-12 B-bunky stimulace NK-bunék, cytolyticych T-bunék, T-bunék aktivovanych

lymfokiny




SPOLECNE CHARAKTERISTIKY CYTOKINU

Prestoze cytokiny predstavuji velmi heterogenni skupinu proteinu,
Ize uvést nektereé jejich spolecné charakteristiky:
1) Nizka MW (< 80 kDa), €asto byvaji glykosylovany (glykoproteiny)
2) ucastni se imunity a zanétu, kde reguluji intenzitu a déelku trvani odpovédi
3) jsou produkovany - lokalné, po prechodnou dobu
4) pusobi autokrinné a parakrinné
5) jsou vysoce ucinné (pM)
6) interaguji vysoce specificky s povrchovymi receptory
7) po vazbé na receptory indukuji syntézu mRNA a receptorovych proteinti
8) pulisobi v siti, kde
- svoje efekty vzajemné ovlivnuji (zejm. svoji produkci)
- indukuji transmodulaci povrchovych receptoru

- mohou pusobit na bunécéné funkce aditivhé, synergicky anebo
antagonisticky




cytokiny jsou polyfunkcni
multi- CSF

\l, myeloblast
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(a) cell production is dependent on regulator stimulation

(b) induction of commitment to form cells in a restricted lineage
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The role of IL - 1 in hematopoiesis (jiny pf.)

1. monocyte production and activation 1. neutrophil activation

2. proliferation of committed 2. neutrophil production
progenitor cells (BFU-E, CFU-GM)

\
\ ' /

fibroblasts
/ epithelial cells

3. stem cell activation

N
]
T s

clonal ‘1,

expansion of adhesion of
differentiated 1. T - cell growth leukocytes to

h ||
B - cells 2. Ig secretion other cells

ELAM - endothelial leukocyte adhesive molecule

ICAM - intercellular adhesive molecule




Network of cytokine interaction
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Autoregulace uvnitr systému granulocytlt - makrofagu
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(GM - CFC)

CFU-C CFU-C CFU-C

X R
/N W A
ONOBNONO

A B

rizné koncentrace CSF zpétnovazebna stimulace —> produkce inhibitoru
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The four important families of small
organic molecules in cells

building blocks larger units
of the cell of the cell

— SUGARS _;-rm
I? FATS, LIPIDS, MEMBRANES

N

AMIND ACIDS ‘ PHDTEINS |
~ NUCLEQTIDES | * NUCLEIC ACIDS

Figure 2-17. Molecular Biclogy of the Cell, 4th Edition.
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According to: G.Powis: TiPS; 12: 188 -194, 1991
‘ lnbornton‘
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STRUKTURNI ULOHA
FOSFOLIPIDU V BUNKACH

I

MEMBRANOV
SYSTEMY
a bunécné
kompartmenty

protientropicke
dusledky

NEODDELITELNA OD BUNECNYCH FUNKCI
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D.G.Cornwell and N.Morisaki, Free Radicals in Biology. Vol.6, 1984
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D.G.Cornwell and N.Morisaki, Free Radicals in Biology. Vol.6, 1984
‘ Lobornl:oi"
yptokinctiky

nnnnnnnnnnnnnnnnnnnnnnnnn o




n
&)
<
14
L
—
-
o
14
o

PROSTAGLANDINY

n-o6
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D.G.Cornwell and N.Morisaki, Free Radicals in Biology. Vol.6, 1984
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MEMBRANE PHOSPHOLIPIDS

l PLA,
<j<:\/\/COOH
N

}

/ \

CYCLOOXYGENASES EPOX(TDCZE(;“)ASES LIPOXYGENASES

1
EPOXYACIDS
PGH, DIOLS, etc

I 7S,

COOH
A TD4

CH CO NH CH, COOH LTE,
NH
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and its possible modulations

Arachidonic acid: metabolic pathways

MEMBRANE PHOSPHOLIPIDS

INDOMETHACIN
DICLOPHENAC

ARACHIDONIC
ACID

abbreviations:
ETYA = 5,8,11,14 -eicosatetraynoic acid
ESC = esculetin
NDGA = nordihydroguaiaretic acid
FLAP = 5-lipoxygenase activating protein
9-HE = 9-hydroxyellipticin
HETEs = hydroxyeicosatetraenoic acids
HPETESs = hydroperoxyeicosatetraenoic acids

EETs = epoxyeicosatrienoic acids
SKF525A = proadifen

CYCLOOXYGENASES < l 12-LIPOXYGENASE ﬁ -
SKF525A, ESC
9-HE

5-LIPOXYGENASE 7"“)
P450-MONOOXYGENASES /

/

(15-LIPOXYGENASE)

@ TER
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growth factors
hormones

N
O
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PLA, —VVYVYYYY

YiE
PLA, y /M

cyclooxygenases
lipoxygenases
CP450 monooxygenases

l

eicosanoids

/

-ion channel activity
- guanylate cyclase
- adenylate cyclase
- protein kinase C

- protein kinase A

- tyrosine kinase

- MAP kinase

- G-proteins

y

\

€—-—————— e e — ===

\

transcription factors

|

gene expression
cell growth

According to: A. Sellmayer et al.:

Prostaglandins, Leukotrienes
and Essential Fatty Acids ;

57: 353 - 357, 1997.

Clonoree:
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pokracovani




STRUCTURALNIULOHA
FOSFOPIDU v BUNKACH

MEMBRANOVE

SYSTEMY

a bunééné T
kompartmenty LT
Protientropické _ !::I:aiz.:;itzs
dusledky .

NEODMYSLITELNE od BUNECNYCH FUNKCI




Prirozené funkce membranovych lipidu

FUNKCNI
STRUKTURNI

(REGULACNI)

Closensse:
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MEMBRANE PHOSPHOLIPIDS
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Signal transmission systems

ATP cAMP

... receptor

... G-protein

000000 00000000000
0= e il o

I
~HAC PLA2
ooooo'o’c.»ooo PKC ou.no

DAG

arachidonic acid (AA)

5\

prostaglandins (PG)

leukotrienes




positive effect on cell proliferation— an example

SHETE > <

Nuclear responses .

t aborator
ptokinctiky
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Negative effect on cell proliferation— an example

IL-3
Phorbol esters CSF-1 PGE2

oooocoooo»ooooooo. adenylyl 0O0OC
GM - CSF R cyclase

CSF-1R
(c- fms)

tyr-P
ST v

EFFECTOR
e.g. G protein,
kinase

l

RESPONSE

GO
cell cycle phases I




SIGNAL Protein kinases and
| phosphatases

0errRRRAl IRRRARRRRARRRRRRAR
HUHHEEEE J88888880008888888

PtdIns(4,5)P, PC

Phospholipase C Phospholipase A, Phospholipase D

¥ :ﬂ l
Ins(1,4,5)P, | DAG FFA LysoPC

N

Transient PKC activation Sustained PKC activation
]

l T

Early responses Late responses c

A 4

t aborator
ptokinctiky
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e.g. Secretion e.g. Proliferation
Release reaction Differentiation




Spolupusobeni
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SIGNAL
(e.g. cytokines)

signal
cascade

F,

nuclear receptors
transcription factors
7’7
DNA

nhibition
beroxidation l (NSAIDs)
| n-3 PUFASs | membrane ™S~ l C
phospholipids .- arachidonic acid

acellular stimuli (cytokines, hormon

dietary

aborator
ytokinetiky
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n-6 PUFAs
AA. LA

pollutants, irradiation




Vyznam rovnovahy v prisunu prekursorovych PUFAs
a

v produkci jednotlivych jejich metabolitu
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and its possible modulations

Arachidonic acid: metabolic pathways

MEMBRANE PHOSPHOLIPIDS

INDOMETHACI
DICLOPHENAC

ARACHIDONIC
ACID

abbreviations:
ETYA = 5,8,11,14 -eicosatetraynoic
acid ESC = esculetin
NDGA = nordihydroguaiaretic acid
FLAP = 5-lipoxygenase activating
protein 9-HE = 9-hydroxyellipticin
HETEs = hydroxyeicosatetraenoic acids
HPETESs = hydroperoxyeicosatetraenoic
acids EETs =
epoxyeicosatrienoic acids

CYCLOOXYGENASES «. l 12-LIPOXYGENASE# -

ESC —
SKF525A,
:»l: 9-HE e

\ v \
5-LIPOXYGENASE 7’“) -

P450-MONOOXYGENASES

/

(15-LIPOXYGENASE)



PRODUKTY
. . VORE et al., J. Immunol. :
LIPOXYGENAZ A CYKLOOXYGENAZ 11, 435 - 442, 1989

Esculetin Indomethacin

% kontroly
% kontroly

1 3 10 30 100 03 1 3 10 30
koncentrace (uM) koncentrace (uM)

Ibuprofen

% kontroly
% kontroly

' ' i : ' : : j : toborntou‘
3 10 30 100 0,3 1 3 10 30 thokinetikv
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koncentrace (uM) koncentrace (uM)




effect

lipoxygenase inhibitors differentiation agents
TG F- ‘ 1 + (MK886, esculetin) + (TPA, RA, DMSO)

TGF-p1 cell membrane
receptor

arachidonic

serin - )
acid

threonin
kinase

cytosol

cyclooxygenases lipoxygenases

EETs
HETEs
diols ?

prostaglandins
thromboxanes

nucleus

p21 _
2 o C-mycC . fos

induction of
differentiation

(G1cyclins) »~
inE

cycl

\ ===
p27‘

inhibition of
> roliferation
Rb R X

G 1 DNA synthesis
cell cycle turnover

unknown well documented

some interactions

of TGF-1 and AA
metabolism with other
regulatory molecules
which should be studied
(unknown effects)

Closersse:
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MEMBRANE PHOSPHOLIPIDS
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Ovlivnéni metabolismu eikosanoidu

I. dodanim exogenni Il. ovlivnénim produkce eikosanoidt
kyselimy arachidonové s vyuzitim inhibitoru:
LPO nebo CO nebo P450

| TGF-B/ TNFa_

diferenciace (+)
po indukci do:

granulocytd
nebo
monocytl -
makrofag

Vytvoreni souboru dat detekci proliferace, diferenciace
a apoptdézy u bunék v definovanych ¢asovych intervalech

lnlgom!:oi
ytokinetiky
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Zhodnoceni dat: vymezeni vyznamnych interakci
pomoci matematické analyzy dat upresnéni modelovych
exp. podminek pro detailngjSi studium mechanismii
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Factor 1 - concentration

An example of interactions of two factors (data from Eur. J.
Pharmacol. 316, 349-357, 1996, see Publications.)
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Environmental
? Heat Stress UV light
lonizing Radiation
Chemotherapy
Xenobiotics

02, TM, Heat

Mitogens Growt
Factors
Hormones
Serum

[nFed

c-Jun, ATF2 DNA damage
Cytokines N l

c-jun, c-fos
antioxidants

AT
A
HSP ﬁ
PCNA
=
i

? Ceramide

Cytokines
Fas-ligand
TNF-alpha

Charus
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According to: Rizzieri: Drug Resistance Updates; 1: 359 - 376, 1998
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néktera
OBECNA VYCHODISKA,

DULEZITA PRO POSTIZENIi CHOVANIi A SMEROVANI BUNECNYCH
POPULACI, Z NICHZ LZE VYCHAZET, MOHOU BYT TATO:

mwe W

Zachovani_rovnovahy v _ne rodukci_bunék (intenzitou
proliferace) a jejich ubytkem (napr. smrti apoptézou) je podminkou pro zachovani
homeostazy na tkanové urovni.

- Proto zmény v intenzité proliferace, diferenciace a apoptézy po pusobeni jakychkoli
podnétli, jez mohou tyto procesy ovlivnit, Ize chapat jako integralni ukazatele
poruseni této homeostazy.

- Vhodny zpusob detekce téch zmén, které vedou k trvalejSimu poruseni rovnovahy
mezi produkci a ubytkem bunék muze celkové odrazet nejen poruchy, které jsou
zakladem tzv. proliferativnich chorob (nadorovych onemocneéni), ale byt i ukazatelem
procesu vedoucich k obnové porusené rovnovahy.

Parametry, jimiz lze postihnout tyto tendence, by proto mély byt predmétem zajmu
nejen teoreticky orientovanych pracovniku, ale i laboratori zabyvajicich se u€inky
Skodlivych latek vnéjSiho prostredi, Slechtitelskych a zejména klinicky

orientovanych laboratofri.
CLnborntoF
ytokinctiky
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Co by mélo byt rozhodovano nejdriv:

ProC chceme studovat, jaky je opravdovy zajem?
Na zaklade ceho se rozhodujeme?
Kdy zacit a proC? Vlastni projekty a aplikace.
Kde zacit?
Jaké mame moznosti uplatneni
po skonceni studia?

Closers
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riustové signaly

molekuly
signalové
transdukce

molekuly
zesilovaci

kaskady
lnborntoi
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Summary of the mechanisms by which specific gene regulatory

proteins control gene transcription in procaryots

NEGATIVE REGULATION
bound repressor protein prevents transcription

bound repressor
protein

7\

Fuoavo @
ADDITION OF LIGAND
SWITCHES GENE ON BY
REMOVING REPRESSOR
PROTEIN

REMOVAL OF LIGAND . Inactive
SWITCHES GENE ON repressor
BY REMOVING

REPRESSOR PROTEIN

Figure 7-36 part 1 of 2. Molecular Biology of the Cell, 4th Edition.

POSITIVE REGULATION
bound activator protein promotes transcription

bound activator RNA polymerase
protein

GENE ON

m mRNA
_
4 5-‘ l 3’
* protein
ADDITION OF LIGAND

SWITCHES GENE OFF
BY REMOVING ACTIVATOR
PROTEIN

m protein

REMOVAL OF LIGAND
SWITCHES GENE OFF BY

REMOVING ACTIVATOR
-~ PROTEIN

Figure 7-36 part 2 of 2. Molecular Biology of the Cell, 4th Edition.




growth factors
hormones

N
O
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PLA, —VVYVYYYY

YiE
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cyclooxygenases
lipoxygenases
CP450 monooxygenases

l

eicosanoids

/

-ion channel activity
- guanylate cyclase
- adenylate cyclase
- protein kinase C

- protein kinase A

- tyrosine kinase

- MAP kinase

- G-proteins

y

\

€—-—————— e e — ===

\

transcription factors

|

gene expression
cell growth

According to: A. Sellmayer et al.:

Prostaglandins, Leukotrienes
and Essential Fatty Acids ;

57: 353 - 357, 1997.

Clonoree:
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