MODERNI METODY BIOLOGICKEHO VYZKUMU

(Specialni cvi€eni)

Oddéleni molekularni cytologie a cytometrie
Oddéleni patofyziologie volnych radikal
Oddéleni cytokinetiky

Biofyzikalni ustav AV CR v.v.i.,Brno



ODDELENI CYTOKINETIKY

http://www.ibp.cz/cs/oddeleni/cytokinetika/informace-o-oddeleni

t&sna spoluprace s Odd. fyziologie a imunologie Zivodichd UEB, PiF MU



Oddeleni Cytokinetiky

okruhy vyzkumu

Regulace cytokinetickych parametru
lipidovymi slozkami vyzivy

Interakce lipidu a cytokinu

PUsobeni protinadorovych IéCiv
Role rustovych faktoru v signalizaci
nadorovych bunek, mikroprostredi

Molekularni a bunecne mechanizmy
toxicity organickych latek



TKANOVE (BUNECNE) KULTURY IN VITRO

zivo€isné, rostlinné, hmyzi, rybi atd.
Zivocisné bunécné kultury (ziskané z riznych tkani napf. hlodavcu jako je
mys$, krysa, kfe€ek nebo opic, Clovéka)

PRIMARNI KULTURY - buriky ziskané pfimo z Zivogisnych tkani, kousek tkang,
nutna disociace (rozvolnéni) bunék a odstranéni nezadoucich €asti,
omezena doba kultivace, specifické pozadavky

BUNECNE LINIE - adaptované na dlouhodoby rast in vitro

diploidni - karyotyp identicky s zivoCiSnym druhem, z néhoz byly izolovany

vétSinou omezeny pocet pasazi, starnou a hynou (omezeny tzv. “life-span”)

heteroploidni - karyotyp a €asto i morfologie odliSné, dlouhodoba kultivace

Udrzuji se tzv. pasazovanim - urcCity poCet bunék se po urcité dobe prenese do
cerstvého zivného prostredi

ADHERENTNI kultury - rostou pfichyceny k pevnému podkladu (kultivaéni
nadobky, mikronosice)

SUSPENZNI kultury - nevyzaduji podklad, rostou voln& v médiu



Hlavni komercni dodavatele bunecnych linii

 The American Type Culture Collection

* The European Collection of Cell Cultures

ATCC Number: CCL-247
Designation: HCT 116

Organizmus

Organ a typ tkané
Adherentni x neadherentni
Jaké medium a sérum
Zpusob pasazovani
Podrobnosti,literatura atd.

High Density


http://www.atcc.com/
http://www.ecacc.org.uk/

Cell Lines

Product Storage
Number Conditions

93112519

human
ovary
ep\thehal
/=" Split sub-confluent cultures (70-80%) 1:3 to 1:6 i.e. seeding
3-6 x 104 cellslcm using 0.25% trypsin or trypsin/EDTA; 5% CO,; 37 °C.
! RPMI 1640 + 2 mM L-Glutamine + 10% Fetal Bovine Serum (FBS).
Not specified
The A2780 human ovarian cancer cell line was established from
umor tissue from an untreated patient. Cells grow as a monolayer and in sus-
pension in spinner cultures. A2780 is the parent line to the cisplatin resistant cell
ine A2780 cis (ECACC catalog no. 93112517) and the adriamycin resistant cell
ne A2780 ADR (ECACC catalog no. 93112520).
shipped on dry ice -
A2780cis 93112517
human
ovary
epﬂheila\
/ re Methods: Split sub-confluent cultures (70-80%) 1:5 to 1:20 i.e. seeding
at 1 x 10’ to 10 cells/icm? using 0.25% trypsin or trypsin/EDTA; 5% CO,; 37 °C.
ells will attach slowly after resuscitation and take up to 7 days to reach conflu-
ency. Recommendation: resuscitate cells in media without cisplatin. Add after
subculture of attached cells.
1 RPMI 1640 + 2 mM L-Glutamine + 1 pm cisplatinum + 10% Fetal
Bovme Serum (FBS) (cisplatinum only necessary every 2-3 passages).
Modal no. 46
¢ This cisplatin-resistant cell line has been developed by chronic expo-
sure of the parent cisplatin-sensitive A2780 cell line (ECACC catalog no.
93112519) to increasing concentrations of cisplatin. A2780cis is cross-resistant
to melphalan, adriamycin and irradiation. An increased ability to repair DNA
damage as well as cytogenetic abnormalities has been observed. In order to
retain resistance cisplatinum has to be added to the media every 2-3 passages.
In addition to this matched pair of drug-sensitive/resistant cell lines an adri-
amycin-resistant cell line, A2780adr (ECACC catalog no. 93112520), has been
isolated from the same parental line A2780
Shipped on dry ice
A431 85090402
human
skin
epithelial
Split sub-confluent cultures (70-80%) 1:3 to 1:6 i.e. seeding
at 2- 4 X 104 cells/em? using 0.25% trypsin or trypsin/EDTA; 5% CO,; 37 °C.
I EMEM (EBSS) + 2 mM L-Glutamine + 1% Non Essential Amino Acids
(NEAA) + 10% Fetal Bovine Serum (FBS).
Hypertriploid
Derived from an 85 year old female with epidermal carcinoma
The cells carry large numbers of EGF binding sites and is an indicator cell for
anti-TGF binding.
Shipped on i

Unit Size




KULTIVACE BUNEK

Specialni plastikové lahvicky, misky razné velikosti — sterilni
Kultivace v zivném médiu podle rastovych a metabolickych pozadavki
bunék v termostatu s fizenou atmosférou - 37° C, 95% vlhkost, 5% CO..
Nutna prisna sterilita!!l! - sterilni roztoky, plastik. nadobky, sklo, pipety atd.,
sterilizace autoklavem (120 °C), nebo horkym vzduchem (180 °C)

Prace ve sterilnim laminarnim boxu (typ BioHazard — laminarni proudéni
vzduchu, filtry -chrani i uzivatele - prace s nebezpeénymi viry apod.)

Zakladni médium je balancované chemické prostredi - zdroj pro energii a
biosyntezu.

Doplnky: a) nedefinované slozky - zvireci séra (hovézi, teleci, fetalni,
konské)

b) definované slozky (rlstové faktory, hormony atd.) - specializované podle
typu bunék

Zivoéisna séra

nejdrazsi souCast meédia - ze zvirat z ekologicky malo poskozenych oblasti
vhodné definované nahrady sér

Antibiotika a antimykotika

penicilin + streptomycin, gentamicin (i proti mykoplazmatim)



ZPUSOB KULTIVACE

Suspenzni bunky - po spocitani bunék se ¢ast supenze doplni ¢erstvym
kultivaCnim médiem

Adherentni (pfisedlé) burnky - uvolnéni od podkladu a rozvolnéni shluk
enzymy napr. trypsinem, spocCitani bunék, vyseti do Cerstvého média.
Nékteré bunky vyzaduji tzv. feeder layer - vrstvu bunék inaktivovanych
zarenim nebo chemicky slouzici jako podklad pro rust specifickych typu
bunék

Kultivace ve sterilnich plastikovych lahvickach se Sroubovacimi uzavery nebo
v miskach rtizné velikosti.

Velkokapacitni kultivace - na mikroCasticich ve velkych kontejnerech -
automaticka vyména media

Uchovavani bunék v hlubokozmrazeném stavu (-180 °C - mraznice, tekuty
dusik) ve specialnich ampulich a kontejnerech nékolik let. Nutné
kryoprotektivum (proti tvorbé krystaltl vody) - vétSinou dimetylsulfoxid nebo
glycerol. Zmrazovani je pomalé (fizené po 1 °C), rozmrazovani rychlé -
ponofeni ampuli do lazné 37 °C.



Kultivace bunéek

 Adherentni

* Udrzovani kultury — — odsati média
pasazovani — oplach EDTA/PBS
— urcity pocet bunek — trypsin
se po urcité dobé
prenese do
Serstvého zivného * Neadherentni
prostredi - cast kultury se prenese

do nového média



VYUZITi BUNECNYCH KULTUR

Bunécné kultury se staly nastrojem pro detekci a objasfiovani mechanismu
ucinkd bunécnych regulatort a genu, které urcuji individualni aspekty
chovani bunék.

Tato technologie umoznila pokrok ve virologii, somatické bunécné genetice,
endokrinologii, toxikologii, farmakologii, hematologii, imunologii i ve
vyzkumu karcinogeneze a stala se vyznamnym nastrojem vyvojoveé
biologie, komplexni tkanoveé fyziologie a pramyslové vyroby specifickych
bunéénych produktu.

Vyhody:

- Ize sledovat ucinky rtznych faktor a mechanismy studovanych déju bez
nezadouci interakce s bunkami jinych typu nebo tkani, ucinku humoralnich
faktora i celkového stavu organismu

- |ze ziskat rozsahlé populace bunék shodnych vilastnosti a sledovat jejich
reakce v kontrolovatelnych podminkach

- homogenita, reprodukovatelnost a mnozstvi materialu umoznuje studovat a
odhalovat zakladni mechanismy vybranych aspektu chovani téchto bunék

- specifické bunééné kultury lze vyuzit k produkci a ziskavani mnozstvi
dalezitych biologickych latek (enzymy, hormony) - hybridomy

- etické hledisko - systém omezuje vyuzivani laboratornich zvirat

Nevyhody:

- umély zjednoduseny systém

- poznatky nelze beze zbytku aplikovat na podminky in vivo



Bunky nezralé (nediferencované nebo Castecné diferencované)

» buriky kmenové (toti- nebo pluripotentni)

» buriky progenitorové

Jsou schopny sebeobnovy, mohou se dale délit a diferencovat do zralejSich stadii.

Charakteristické pro embryonalni stadium a v dospélém organismu pro nékteré
tkané (krevni tkan, stfevni a kozni epitel, zarodecné buriky).

Schopné kultivace a dozravani in vitro ve specifickych podminkach.

Bunky zralé - diferencované

Rozriznéné podle typu tkané se specifickymi vlastnostmi. Nejsou schopny se dale
délit, starnou a umiraji apoptézou (nervové, jaterni bunky apod.)

Schopné kultivace in vitro omezeny pocCet pasazi (diploidni stav) nebo se z nich
vytvareji heteroploidni permanentni linie.

Bunécné populace in vitro

Imortalizované — z normalni tkané i nadorove linie

asynchronni - bunky se nachazeji v riznych fazich bunééného cyklu - pfirozeny
stav

synchronni - buriky jsou ve stejné fazi bunééného cyklu - uméle navozené ruznymi
chemickymi latkami, homogenni populace, stejné reakce

Vyuziti:

pfi vyzkumu déju vazanych na urcitou fazi bunécného cyklu

v praxi v nadoroveé terapii (IéCba cytostatiky)



KREVNI BUNKY

primarni - z krve nebo kostni dfené Clovéka a laboratornich zvifat

detekce jednotlivych typu a poétl na hemocytometru

kultivace progenitort in vitro - BFU-E, CFU-S, GM-CFU - vyzZaduji specifické
podminky a specifické rustové faktory (erytropetin, GM-CSF, IL-3 apod.)

Vyuziti pri transplantacich — namnozeni bunék

permanentni linie - z krve leukemickych pacientt nebo lab. zvirat

HL-60 - lidska promyelocytarni leukémie - promyelocyty schopné diferencovat in
vitro - bipotentni, deficientni v p53

kys. retinova (RA), DMSO - diferenciace do granulocytu

vit. D3., forbol ester (TPA), butyrat - diferenciace do monocytu-makrofagu

Vhodny model pro

» studium regulace proliferace, diferenciace a apoptézy myeloidnich bunék

» studium pfiCin leukemickych poruch

> studiﬁ ucinkd kyseliny arachidonové (AA), eikosanoidu a cytokind (TGF-‘
TNF



EPITELIALNIi BUNKY

z lidské tkané kolonu - linie HT29, CaCO2, HCT116 - nadorové burnky , FHC
— fetalni strevo, NCM460 — nenadorové.

» morfologické zmény doprovazené polymerizaci F-aktinu

» vySeni exprese adhezivnich molekul - E-kadherinu

Vhodny model

» pro studium regulace prolif., dif. a apoptozy epitelu stfeva a mechanismu
vzniku nadort kolonu, pusobeni lipidovych slozek vyzivy a environm.
polutantu

z lidské tkané prostaty — nadorové i nenadorove linie

» pro studium ucinkd cytokinu a nadorového mikroprostredi

Pro ekotoxikologické studie jsou vhodné

» jaterni bunky: primarni hepatocyty (krysi), linie nadorovych bunék
hepatomu (lidského nebo hlodavcu), krysi jaterni fibroblasty

» geneticky modifikované bunécéné linie:

Vneseny gen s luciferazou - intenzita odrazi aktivaci prislusnych
vnitrobunéénych receptoru

pro detekci dioxinové aktivity (AhR), estrogenni aktivity ( ER) Ci aktivace
PPAR (peroxisome proliferator - activated receptors) studovanych latek

a je detekovana na luminometru.
Linie transfekované rliznymi zkoumanymi geny nebo je postradajici (,knock-out®)




VYBAVENI LABORATORE PRO KULTIVACE BUNEK

» Sterilni prostredi — specialni plastik, sklo, pipety
(sklenéné, automatické -ruzné objemy

autoklav, horkovzdusna sterilizace (130 oC)

» Klimatizace, UV svétlo

» Destilacni pristroj na supercistou vodu

» Laminarni box (Biohazard) — laminarni proudéni vzduchu,
filtry — sterilni prostredi pro praci, ochrana pfi praci
» Inkubator — 37 oC, 5% CO2, 95% vihkost

» Pocitac€ castic (bunék)

» Inverzni mikroskop

» Centrifugy



» ELISA reader

» Cytocentrifuga

» Fluorescencni mikroskop

» Vysokoobratkova chlazena centrifuga (vymeénnée rotory)
» Prutokovy cytometr (FACSCalibur, Beckton Dickinson)
Nékolik laseru, stanoveni nékolika parametru sou¢asné u
rozsahlych bunecnych populaci

FACSVerse

» Fluostar — multifunkéni pristroj — spektrofotometr, fluorimetr,
chemiluminometr

» Zarizeni pro molekularni biologii

» Vykonna vypocetni technika

,Core facilities“ (Laborator molekularni biofyziky)
FACS Aria Sorb (BD) — vysokorychlostni bunecCny sorter
Unikatni konfokalni mikroskop Leica s vysokym rozliSenim



Prutokova cytometrie

Jedna z hlavnich pouzivanych
metodologii.

Méreni rady bunécénych
parametrui v kratkém Case u
10 tis. bunék.

FACSCalibur

FACSVerse

FACSAria — vysokorychlostni
sorter

Institute of Biophysics. Brno
Py » of Sci

Czcech Republic



MEDIA

Rada druhti podle typu bunék (Eaglovo, Dulbecco, RPMI-1640), dodavaiji se
kompletni tekuta, koncentraty, praskova - skladovani 40 C.

Nutna kvalitni apyrogenni voda o vodivosti 0,2-0-1 . a chemikalie nejvyssi Cistoty.
Nutna sterilizace pres filtr 0,2 .1

Zakladni slozky:

Glukoéza (nebo galaktéza) a glutamin - zdroj energie a uhliku
Aminokyseliny - zdroj energie a dusiku

Vitaminy - kofaktory pro enzymatické reakce

Lipidy - esencialni mastné kyseliny, cholesterol, etanolamin apod.
Anorganickeé soli - zajiStuji osmolalitu, tlumi aciditu, nutriéni faktor
Pufracni solné smeési - Earlav roztok (fyziolog. roztok s vysokym obsahem
NaHCOZ3) - kultivace v fizené atmosfére s regulovanym obsahem 5% CO2
zabranuje rozpadu a alkalizaci média.

Pozadované pH vétSinou 7,2 - 7,4 - uprava HCl a NaOH

Otevieny systém - Petriho misky nebo lahvi€ky s povolenym uzavéren
Opticka kontrola - indikator fenolova ¢erven

Organické pufracni systemy - HEPES 20mM



il Culture Media
ssic Media: Media Formulations

1-1640 Medium

ymponent

DRGANIC SALTS

jlcium Nitrate ® 4H,0
agnesium Sulfate (anhydrous)
tassium Chloride

pdium Bicarbonate

dium Chloride

odium Phosphate Dibasic (anhydrous)

iMINO ACIDS
Arginine
Asparagine (anhydrous)
-Aspartic Acid
ystine ® 2HC|
Glutamic Acid
-Glutamine
lycine
L-Histidine
Hydroxy-L-Proline
L-Isoleucine
-Leucine
~Lysine » HCI
ethionine
-Phenylalanine
-Proline
L-Serine
-Threonine
L-Tryptophan
L-Tyrosine ® 2Na e 2H,0
1-Valine
WITAMINS
D-Biotin
Choline Chloride
Folic Acid
myo-Inositol
Niacinamide
p-Amino Benzoic Acid
‘D-Pantothenic Acid (hemicalcium)
Pyridoxine ® HCI
Riboflavin
Thiamine ¢ HC|
Vitamin B,
OTHER
D-Glucose
Glutathione (reduced)
Phenol Red * Na
ADD
L-Glutamine
Sodium Bicarbonate

R 1145
[10x] g/L

1.0
0.04884
4.0

0.02
0.05
0.05
0.04
0.015
0.015
0.02
0.03
0.02
0.005
0.02883
0.02

0.0002

0.003

0.001

0.035

0.001 0.01
0.001 0.01
0.00025 0.0025
0.001 0.01
0.0002 0.002
0.001 0.01
0.000005 0.00005

2.0 20.0
0.001 0.01
0.0053 0.053

0.3 0.3 at 1x
. 2.0 at 1x

0.05
0.05
0.04
0.015
0.015
0.02
0.03
0.02
0.005
0.02883
0.02

0.0002
0.003
0.001
0.035
0.001
0.001
0.00025
0.001
0.0002
0.001
0.000005

0.001
0.0053

2.0

0.1

0.4
6.0
0.8

0.2
0.05
0.02

0.02
0.3
0.01

0.02
0.05
0.05
0.04
0.015
0.015
0.02
0.03
0.02
0.005
0.02883
0.02

0.0002
0.003
0.001
0.035
0.001
0.001
0.00025
0.001
0.0002
0.001
0.000005

2.0
0.001
0.0053

2.0

R 8758
[1x] g/L

0.1
0.04884
04
2.0
6.0
0.8

0.2
0.05
0.02
0.0652
0.02
0.3
0.01
0.015
0.02
0.05
0.05
0.04
0.015
0.015
0.02
0.03
0.02
0.005
0.02883
0.02

0.0002
0.003
0.001
0.035
0.001
0.001
0.00025
0.001
0.0002
0.001
0.000005

2.0
0.001
0.0053




Cell Culture Media

Classic Media: Media Formulations

Dulbecco’s Modified Eagle’s Medium (DME)

D 5671
Component [1x] g/L

INORGANIC SALTS

Calcium Chloride ® 2H,0 0.265 0.265 0.265 0.265
Ferric Nitrate  9H,0 0.0001 0.0001 0.0001 0.0001
Magnesium Sulfate (anhydrous) 0.09767 0.09767 0.09767 0.09767
Potassium Chloride 0.4 0.4 04 0.4
Sodium Bicarbonate — — 37 —
Sodium Chloride 6.4 6.4 6.4 6.4
Sodium Phosphate Monobasic (anhydrous) — 0.109 0.109 0.109
AMINO ACIDS

L-Arginine ¢ HC| 0.084 0.084 0.084 0.084
L-Cystine » 2HCI 0.0626 0.0626 0.0626 0.0626
L-Glutamine 0.584 0.584 — 0.584
Glycine 0.03 0.03 0.03 0.03
L-Histidine ® HC| » H,0 0.042 0.042 0.042 0.042
L-Isoleucine 0.105 0.105 0.105 0.105
L-Leucine 0.105 0.105 0.105 0.105
L-Lysine  HC| 0.146 0.146 0.146 0.146
L-Methionine 0.03 0.03 0.03 0.03
L-Phenylalanine 0.066 0.066 0.066 0.066
L-Serine 0.042 0.042 0.042 0.042
L-Threonine 0.095 0.095 0.095 0.095
L-Tryptophan 0.016 0.016 0.016 0.016
L-Tyrosine ® 2Na  2H,0 0.10379 0.10379 0.10379 0.10379
L-Valine 0.094 0.094 0.094 0.094
VITAMINS

Choline Chloride 0.004 0.004 0.004 0.004
Folic Acid 0.004 0.004 0.004 0.004
myo-Inositol 0.0072 0.0072 0.0072 0.0072
Niacinamide 0.004 0.004 0.004 0.004
D-Pantothenic Acid (hemicalcium) 0.004 0.004 0.004 0.004
Pyridoxal ¢ HCI 0.004 0.004 — 0.004
Pyridoxine ¢ HCI —_ — 0.004 —
Riboflavin 0.0004 0.0004 0.0004 0.0004
Thiamine o HCI 0.004 0.004 0.004 0.004
OTHER

D-Glucose iy 1.0 1.0 4.5
Phenol Red * Na 0.0159 0.0159 0.0159 0.0159
Pyruvic Acid * Na e 0.11 0.1 =
ADD

L-Glutamine —_ 0.584

Sodium Bicarbonate 37 ] —

Sodium Phosphate 0.109 — e




NejCastéji pouzivane

Animal Sera

Product Testing for Fetal Bovine Sera

SOURCE

bovine

COUNTRY

STERILITY

PERFORMANCE

CLONING ASSAY

VIRUS (raw material)

MYCOPLASMA

BACTERIOPHAGE

ENDOTOXIN (EU/mI)

v
v
v
v
v
v
=

—_
o

MNNISNISNISNISIS

—_
o

ANSNININIS IS (IS

o

HEMOGLOBIN (mg %)

N

N
o

N

TOTAL PROTEIN (g %)

?
H
ul

ELECTROPHORECTIC PATTERN

N|WIA
@
A
u

NIW A
'
A
wn

lgG

SIS (WA

N/A

N/A

HORMONE TESTING

Report result

Report result

Report result

pH at RT

6.7-8.0

6.7-8.0

6.7-8.0 6.7-8.0

OSMOLALITY (mOsm/Kg H,0)

260-340 260-340

260-340

260-340 260-340

260-340

CHEMICAL ANALYSIS

v N/A

v

v N/A

v — Indicates testing is performed and product meets specification.




Metodologicke pristupy

Chosreer



DETEKCE PROLIFERACNI AKTIVITY BUNEK

Rust bunék
pocCty bunék (Burkerova komurka, Coulter Counter, Casy) v asovych intervalech
od vyseti urCitého poctu - ristové krivky
e spektrofotometrické stanoveni celkovych proteint - Amido black
e doba zdvojeni populace (doubling time),
e generacni doba (trvani bunécného cyklu)

Metabolicky aktivni ¢ast populace

e izotopové metody - stanoveni podilu populace syntetizujici DNA - inkorporace
3H-tymidinu do DNA - detekce hladiny radioaktivity autoradiograficky nebo
scintilacné — detektor léfeni

e spektofotometrické metody - inkorporace bromdeoxyuridinu - detekce pomoci
navazané protilatky - ELISA reader nebo prutokova cytometrie (FCM)

e metoda redukce MTT na formazan - zalozeno na aktivité mitochondrii

Stanoveni mitotického indexu
mikroskopické stanoveni podilu bunék v mitéze na fezech z tkani €i bunécnych
preparatech



Testy cytotoxicity
o MTT (WST) test

e Stanoveni viability - vitalni barveni trypanovou modfi nebo eosinem
propidium jodid (flow cytometrie)

Detekce poctu bunék v jednotlivych fazich buneéného cyklu

Flow cytometrie - procento bunék v GO/G1, S a G2/M fazi (propidium iodid)
Stanoveni délky fazi bunécného cyklu_ - autoradiografické metody, BrDU

7: Analysis of DNA—general methods

i
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 Coulter Counter

* Mezi elektrodou uvnitr
trubice a zevni elektrodou
proteka elektricky proud
— Bunka prochazejici mezi
elektrodami prerusi tok proudu

a vede kK zméne napeti

— Zmena napeti je umerna
objemu castice e

— Zmena napeti musi mit urcitou
prahovou hodnotu, aby byla
zapocitana

— Suspenze bunek v elektrolytu

je nasavana do trubice s == o \
malym otvorem i

EXTERMAL
ELECTRODE

APERTURE

DETAIL OF

PARTICLE
SUSPENSION




— Zakladni princip stejny jako u
Coulter Counter
— Navic analyza
 Viability bunek
* Objemu bunek
« Agregatu
» Debris - ,rozbitych bunék”

& a4 mambrana 1hat is permeable Viable cedls have an intacl mermbrans,
| ou maasured by which exgludes the elesrical current. They
are measured by the true cell volume.




TRYPAN BLUE

 Burkerova komurka
— nejjednodussSi metoda | ."_ -
— pocitani pod SR oy e
mikroskopem ' ===

count cells touching middle line at bottom and right {
Count 4 corner squares and middle square in both chambers
{one chamber represented here).

DIAGRAM Il
CORNER SQUARE (ENLARGEMENT)
o

Count cells on top and left touching middle line (O). Do not

count cells touching middle line at bottom and

}J_k : 1 mm =




XCELLIgence System (Roche)

« Real-Time Cell
Analyzer

* Meri tzv. cell index
(rust, adheze, tvar
bunek)

w E




DETEKCE BUNECNE SMRTI
apoptozy/nekrozy/autofagie

* Morfologicky — svetelny mikroskop
* Fluorescencni mikroskop
* Prutokova (flow) cytometrie

(TUNEL- barveni koncu fragmentu DNA,
AnnexinV, subG0/G1 populace)

Stanoveni specifickych markeru (proteinu —
western blotting) téchto procesu



Aktivace kaspaz

Kondenzace bunky a organel
Kondenzace chromatinu

Ztrata asymetrie buneCné membrany
Zachovani integrity bunééné membrany

Tvorba ,bodies” a jejich fagocytéza
okolnimi bunkami

Fagocyidea makrofhgy

Stanoveni apoptdzy na ruznych urovnich procesu...(aktivace kaspaz,
uvolnéni cytochromu c, Stépeni cilovych proteinu, DNA)



Morfologicka detekce apoptozy
barveni DAPI

=

‘B&hem apoptozy — fragmentace & ." i3

DNA ~ 200 PB » Al

*DAPI (4'6-diamidino-2- ’ l .

phenylindole) prochazi neporusenou g . » 4 L]

cytoplazmatickou membranou ;.;fﬁ

-DAPI se vmezefuje do DNA — " % e

typické ,rosety“ pod fluorescenénim

mikroskopem B .

*Absorpcni maximum ~358 nm — 7z

(ultrafialova) Ay By
8" . &

*Emisni maximum ~461 nm (modra) Za ‘g; ™\ W‘T
o) Mgl m

It _ g:.-_*“ t

http://springerimages.com/Images/Biomedicine/1-10.1007_s13277-010-0036-6-3
http://cytoquant.com/mediac/450_0/media/8cda7dca66452e40ffff84f0ac144225.JPG



Stanoveni apoptozy

dalSi moznosti

Substraty kaspaz

detekce stepeni PARP (poly-ADP ribose polymerase),
detekce exprese proteinu z rodiny Bcl-2 (western blot)

Aktivita (stepeni) kaspazy-3 (-8, -9)
Mitochondrialni funkce

uvolfiovani cytochromu c (FACS)

pokles potencialu mitochondrialni membrany (TMRE,
Mitotracker; FACS)

TUNEL

— sledovani fragmentace DNA (fluorescencCni mikroskop,
FACS)

Anexin V

— vaze se na fosfatidylseriny v membrane, ktere pri
apoptdze meni orientaci



Jakou metodu pouzit?

* Vice nez jednu

» principialne odlisnou

Vv zavislosti na bunecnem typu

- Fyziologie bunéénych systemu (Bi7070), prof. A. Kozubik

- Genotoxicita a karcinogeneze (Bi 8110), prof. J. Hofmanova
- Zdravotni rizika (Bi3871), prof. J. Hofmanova

- Molekularni fyziologie zivocichu (Bi651)

- Mechanizmy bunécné smrti, vyznam, metody — RNDr. Alena
Hyrslova, Ph.D. (Bi8870)

- Analyticka cytometrie — Mgr. K. Soucek, PhD. (Bi9393)

- Aplikovana chemie a biochemie — Doc. Vondracek (Bi5599)



*SDS-PAGE (polyakrylamid)

elektroforéza — separace proteintl na Protein gel

zakladé jejich hmotnosti i

*SDS denaturuje proteiny a obali je — - Ao o miin
proteiny maji negativni naboj (Umeérny Western blot Universal His-Detestion Reagent

jejich velikosti)

*Proteiny v gelu migruji ke kladné
elektrodé

Negative
Electrode |5ad samples herg™"~,

ncubations and washes

i Streptavidin-HRP chemiluminescent reagent
Buffer | 3

Results High affinity binding + chemiluminescent detection

big' protei
¢ ¢ Glass . o
: AR P -Prenos vzorku z gelu na |
Positive § 3 | , , z 0 O
Electrode |SHE b membranu a nasledna identifikace [l
B Y | proteinli pomoci vazby protilatek oo :
‘Membrany PVDF, nitrocelul6zova [

An illustration of an
apparatus used for SDS PAGE.

(¥)  Anooe

http://ww2.chemistry.gatech.edu/~lw26/bCourse_Information/4581/techniques/gel_elect/page_protein.html
http://www.elect-intro.com/western-blots
http://www.kollewin.com/blog/read.php?5262&guid=1



DIFERENCIACE

* Rozruznéni bunék do odliSnych typu (pfi vyvoji, v
dospélosti v nekterych tkanich — krevni, epitelialni)

Pri diferenciaci
« se méni morfologie bunék

 stoupa aktivita specifickych enzymu (napr. alkalické
fosfatazy)

» stoupa exprese specif. povrchovych antigenu
(CD11b, CD 14)

» vznika schopnost fagocytozy a produkce
kyslikovych radikalt (méfeni redukce NBT nebo
chemiluminiscenéné)




Stanoveni diferenciace

Zména enzymového vybaveni bunék

« Nespecifické esterazy - Hydrolyza .1afty| acetatu esterazami vede k
vzniku hnedého zbarveni

« Detekce myeloperoxidazy - myeloperoxidaza stépi peroxid kysliku za
vzniku kyslikovych radikalu, které pak oxiduji o-dianisidin za vzniku
barevnych latek chinonového charakteru

- Detekce alkalickeé fosfatazy - alkalicka fosfataza Stépi bezbarvy substrat 4-
p-nitrofenyl fosfat za vzniku zlutého zbarveni

Produkce reaktivnich kyslikovych metabolitu (ROS) pfi oxidativhim
vzplanuti (monocyty)

 Redukce NBT (nitroblue tetrazolium) - NBT je redukovan superoxidem
produkovanym monocyty. Redukce vede k zmene barvy ze zluté na modrou

« Oxidace/redukce luminolu - ROS produkované monocyty oxiduji luminol
pri redukci — chemiluminiscence

Zména povrchovych molekul
 Exprese CD11b (R proC3b slozku komplementu) a CD14 (vazba LPS)
Zmeéna morfologie ZvySena adheze, pseudopodia, zastava proliferace




ETEZCEM

Anaerobni mikrobialni fermentace VLAKNINY
Fyziologicky vyznam pro zdravou strevni tkan

Nadorove burnky kolonu

snizena proliferace
l e indukce diferenciace

Specifické plsobeni na

e indukce apoptozy
e ZMENny genove exprese

Normalni kolonocyty

zdroj energie
— Zvyéené prOI ife race N ) = E-CADHERIN PROTEIN
—_—> po kI es a po p‘t(’)zy /// F-ACTIN (Stress fibers)

T TR

Growth inhibition
&

ALKALINE PHOSPHATASE

Prevence a terapie

NADORU TLUSTEHO STREVA ??? Prolferated arostin 1 phas o e ot
J’ : 7 TIME OF BUTYRATE TREATMENT



Srevni epitel - prechod adenom x karcinom

Bunécné linie

normalni epitel
NCM460

fetalni colon
FHC

adenom
AA/C1
{cyLop]

adenocarcinom
HT-29
DLD-1
HCT-116
SW480

lymf.
metastaza
SW-620

Normal

Mucosa

v

Hyper-

proliferation

v

Early

Adenoma

v

Intermediate

Adenoma

v

Late

Adenoma

v

Carcinoma

4

Metastases

r

Ucinky butyratu

Stimulation of proliferation
in the basal crypt

4——— Inhibition of proliferation
in the upper crypt

Induction of apoptosis

Inhibition of proliferation
Stimulation of differentiation

dr""/f Hyperacetylation of histones

—— Alterations in gene expression

\@n extracellul a@

44— Regression of carcinomatosis in vivo

(acetate, propionate,
butyrate)

(butyrate)

(butyrate)

(butyrate, propionate)
(butyrate)

(butyrate)

(butyrate)

(interleukin-2 + butyrate)




Bunky diferencuji po pusobeni butyratu sodného (NaBt, 2-5 mM, 72 h).

Morfologické zmény, adheze, zvySena exprese E-kadherinu, polymerizace F-
aktinu

Metoda fluorimetrického stanoveni - pfistroj Fluostar (spektrofotometr, fluorimetr,
chemiluminometr).

Spektrofotometrie = stanovovani vlastnosti vzorku, napr. koncentrace urcité
latky v roztoku, na zakladé pohlcovani svétla v ruznych vinovych délkach
S pe kt ra. zdroj svétla

detektor

X

opticka
mrizka



Detekce bunécne diferenciace

C

aboratory
ytokinetics

(aktivita alkalické fosfatdazy, spekirofotometrie)
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Detekce bunécné diferenciace
(obsah F-aktinu FITC znaceny phalloidin- konfokalni mikr.)

TNF - 0 ng/mi TNF - 0,5 ng/ml TNF - 15 ng/ml TNF - 30 ng/ml
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Metoda prutokové cytometrie

Specificka barviva - intenzita fluorescence
Parametry odrazejici chovani bunécnych populaci

L ]

FACSVerse

TN S N B
0.1 pM hypericin

Faze bunécného cyklu

GO/G1: 64.9+7.6% (a)
S(0): 11.9£2.7%
G2/M: 17.448.2%
S: 5.042.1%

GU/GL: 91.942.4% (abe)
S(0): 3.4+1.1% (a b c)
G2/M: 4.2+0.6%
S: 0.5+0.2%
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AKUMULACE LIPIDU v cytoplasmé (Nile red, )

FHC fetal HT-29 adenocarcinoma

Name
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Zvysena tvorba LD u FHC bunék posilena v kombinaci AA (DHA)/NaBt
korelovala s % bunék se snizenym mit. membranovym potencialem (MMP)
a zvySenou produkci reakt. kyslikovych metabolitd (ROS)




eské_ Jeénost pro analyticka

ANALYTICKA CYTOMETRIE Il

konference
se zahraniéni ucasti

Ceska spoleénost pro analytickou cytologii

Registered
participants: 65 1 37 1 80
Invited speakers: 0 3 7... (Angl.)

Mezinarodni konference 2001, 2003, 2005, 2007, 2009, 2011, 2013, 2015...



Analyticka cytometrie VI,
Olomouc
3. —6. rijna 2015



Priklady vysledku s vyuzitim
bunécnych linii

CE::.!::;‘::.:;



» Na pocatku stoji pracovni hypotéza, kterou overujeme
» Dulezité jsou Casové a koncentraéni zavislosti (dose-response)

» Studium pusobeni jednotlivych faktord nebo jejich kombinaci
(multivariaCni analyzy)

» Souvislost proliferace, diferenciace a apoptdézy na bunécné urovni

» Po stanoveni zakladnich cytokinetickych dat studium detailngjSich
mechanismu ucéinkd na subbunécéné a molekularni urovni

» Experimenty se opakuji nezavisle nejméné 3x (v pripadé nejasnosti i
vicekrat) a v mnoha pripadech zahrnuji jesté paralelni méreni, ktera
upfesnuji ziskanou hodnotu.

» Vysledky jsou vzdy statisticky zhodnoceny a je urCena vyznamnost
rozdild.

» Vysledky jsou prezentovany formou tabulek, grafl nebo reprezentativnich
obrazku ci fotografii.



Rustové krivky
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Figure 1. Effect of NaBt (5 mM) on growth of HT-29 and FHC cells

P - . D
(starting densityx10°/ml). The values are means *SEM of three
independent experiments.




—_— lﬂA
< o
(ew] -
i
v X
o
~= &)
g m
= =
= -]
> z
—
j =
= =
3 (&)

48 72 48
HOURS HOURS

Figure 3. Growth of HS578T (A) and U937 (B) cells cultivated in the absence (diamonds)
or in the presence of 50 pmol/l PIROX (squares), 25 pmol/l NDGA (circles) or 50 pmol/1
ESCUL (triangles). The solid lines and solid symbols represent nonirradiated cells. The
dashed lines and open symbols represent cells irradiated with 5 Gy. The data are means
+ S.E.M. for three independent experiments performed in triplicates.
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Number of cells (x 107) Proportion of cells in G0/G1 phase (%)

ATRA: 0 uM
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FIGURE 5. Number of cells and proportion of cells in cell cycle phases as influenced by combined all-
trans-retinoic acid (ATRA) and proadifen (PRO) during the experimental 24- to 96-h period. The points
represent the means of 3-8 independent experiments supplied with standard errors (error bars).
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Fig. 4. Jun proteins and lipoxygenase inhibitors slow down proliferation of BM2 cells. The same number of BM2,
BM2vJUN and BM2cJUN cells was seeded and treated with zinc chloride (1.5 x 10™#M). Four hours later,
lipoxygenase inhibitors MK886, ETYA, NDGA and esculetin (Esc) (5 .M) were added to cultivation media for
indicated time. Total cell number was determined using cell counter. Columns represent the average values from
three to six independent experiments. Error bars indicate standard deviations.




Koncentracni zavislosti

(dose-response)



NBT test
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FIGURE 1. Dose-response profiles of the individual cell parameters based on concentration of all-
trans-retinoic acid (ATRA) and proadifen (PRO) as independent variables. The points represent the
means of 3-10 independent experiments supplied with standard errors (error bars). NBT = nitroblue
tetrazolium.
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FIGURE 2. The effect of all-trans-retinoic acid (ATRA) and proadifen (PRO) on the studied cell param-
eters expressed-as model predictions (/ines) supplied with experimental points representing the means
of 3—10 independent experiments. NBT = nitroblue tetrazolium.




Figure 1. Effects of various doses of
PIROX (squares), NDGA (circles), or
ESCUL (triangles) on 3H-thymidine in-
corporation (% of nontreated control) in
HS578T and U937 cells after 24 h (open
symbols) or 72 h (solid symbols) cultiva-
tion. The data are means + S.E.M. for
3-4 independent experiments performed
in six parallels.
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Fig. 1. Esculetin and NDGA negatively regulate growth of BM2 cells. The cells were cultivated in the presence of
lipoxygenase inhibitors or ethanol solvent in indicated concentrations for 3 days. Total cell number in each sample
was determined using cell counter. The curves represent the average numbers from three independent experiments.
Error bars indicate standard deviations. BM2 cells treated with the amount of ethanol solvent corresponding to
40 pM concentration of inhibitor were used as a reference sample.
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Figure 4. *H-thymidine incorporation (% of nontreated control) in HS578T and U937
cells subjected to different treatment. The nonirradiated cells or cells irradiated with 1 or
5 Gy were cultivated in the presence of 25 ymol/1 NDGA, 25 umol/l ESCUL (inserts 3 a,
b) or 50 pmol/1 ESCUL or without the agents (- — —) for 72 h. Data are means + S.E.M.
for three independent experiments performed in six parallels. * p < 0.05: ** p < 0.01

significance of the interactive component
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Figure 1. Growth and viability of HT-29 cells after 120-hour-treatment with
TNF-a. P<0.05 versus untreated control; (*) Tukey or (+) LSD test.
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Fig. 2. Time- and dose-response effects on the survival of A2780 and A2780cis cancer cell lines. The effects after 72 h exposure to cisplatin or LA-12 in a
concentration range between 0.3 uM and 256 uM were determined by MTT assay. The calculated drug concentrations inhibiting metabolic activity of cells by
50% (ICso) and 90% (ICy) are displayed for both derivatives. The results are expressed as mean =+ standard deviations (S.D.) of at least three independent
experiments; all concentrations were tested in three replicates.




PARAMETRY BUNECNEHO CYKLU



A2780
UNTREATED CONTROL CISPLATIN(GDG) LA-12{50)
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Figure 2. Representative results of flow cytometric analysis of the cell cycles of U937
and HS578T cell lines after 24 h of cultivation. Cells were treated with 25 pmol/l NDGA,
50 pmol/1 ESCUL, or irradiated with 5 Gy.
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Fig. 5. The effects of lipoxygenase inhibitors on cell cycle of BM2 cells expressing v-jun or c-jun. BM2, BM2vJUN
and BM2cJUN cells were treated with zinc chloride and lipoxygenase inhibitors (5 M) or ethanol solvent (EtOH)
for 1 day. Harvested cells were fixed and stained with propidium iodide. DNA content in individual cells was
determined by flow cytometry. The bars represent the average values from three independent experiments. Error
bars indicate standard deviations.
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Figure 2. Cell cycle of HT-29 cells after 96-hour-treatment with TNF-a. (*)
P<0.05 versus untreated control for Tukey test.
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Fig. 2. Representative DNA content analyses (n = 3) for HL-60 cells treated with DMSO or ATRA, and TNF-a. Cells were stained and analyzed as described
in Materials and Methods. y-axis. counts; x—axis, PI staining. Gates denote subdiploid fraction.




EXPRESE PROTEINU (WESTERN BLOTTING)



Interakce Kys. arachidonové (AA) a dokosahexaenové (DHA) s butyratem

AA 50 - NaBt
DHA 20 - NaBt

control
NaBt
AA S0
DHA 20
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Fig. 8. Western blot analyses of (a) PARP (upper panel) and (b) p53 (middle panel) protein levels in A2780 (left panel) and A2780cis cells (right panel). The
cells were not exposed (untreated controls) or exposed to ICs or ICq, concentrations of cisplatin or LA-12 and harvested at 24 h, 48 h, and 72 h of sustained drug
treatment. One representative experiment of at least three is presented. Table (c) contains values of p53 expression quantified by densitometry (mean + S.D. of
at least three independent experiments). The symbols (*) denote significant difference (p < 0.05) from untreated control; (#) denote significant difference
(p < 0.05) between equitoxic cisplatin and LA-12 effects. Equal loading is documented by detection of (d) B-actin (bottom panel).




LIPIDOMICKE ANALYZY
(spoluprace s VUVel.)

GC-MS (gas chromatography — mass spectrometry)

PC, PS, PI, PE, SM a v neutralnich lipidech

LC-MS-MS (high — performance liquid chromatography

— tandem mass spectrometry)

po plsobeni AA, DHA, NaBt a kombinaci AA/NaBt, DHA/NaBt)
u bunék FHC a HCT-116
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kontrola

— AA((S0M)

ANALYZY FOSFOLIPIDU

Priklad LC/MS/MS

Hmotnostni spektra fosfatidyletanolamin
u bunék FHC po ptsobeni AA (DHA) 24h

Data hodnocena jako plochy pik( (normalizované na 106
bunék)

Detekovan sniZeny obsah typu obsahujicich FA
dominantni v kontrole a zvySeny obsah typu obsahujicich
AA (pfip. DHA)

NaBt tyto zmény dale vyznamné neovlivnil
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A2780

Bunky epitelialniho puvodu

Lokalization

ovarium

Organisms

¢loveék

Pahtology

karcinom, Pt - citlivé

A2780cis

ovarium

¢lovék

karcinom, Pt - rezistentni

A549

plice

¢loveék

karcinom

BEAS-2B

plice

¢lovék

tranformované virem

CaCo2

kolon

¢loveék

adenokarcinom

CCL-64

plice

norek

normalni

CH-1

ovarium

¢loveék

karcinom, Pt- citlivé

COR-L23

plice

¢loveék

karcinom

COR-L23/CP3

plice

¢loveék

karcinom, Pt - rezistentni

COR-L23R

plice

¢loveék

karcinom, doxorubicin -
rezistentni

CT26

kolorectum

karcinom

E10

plicni

normalni

FHC

kolon

embryonalni

HA4IIELuc

jatra

karcinom




HaCaT

Bunky epitelialniho puvodu

Lokalization

epidermis

Organisms

¢loveék

Pathology

normalni

HeLa

cervix

¢loveék

karcinom

Hepal

jatra

mys

karcinom

HepG2

jatra

¢loveék

karcinom

HT-29

kolon

¢lovek

adenokarcinom

HT115

kolon

¢loveék

adenokarcinom

HUVEC

endotel

¢loveék

embryonalni

LEP

plice

¢loveék

embryonalni (fibroblasty)

MCEF-7

prs

¢lovek

adenokarcinom

MDA-MB-231

prs

¢lovek

adenokarcinom

MDCK

ledvina

pes

normalni

MVLN

prs

¢lovek

adenokarcinom

SKOV-3

ovarium

¢loveék

adenokarcinom, Pt — priméarné
rezistentni

T47D

prs

¢lovek

karcinom

WB-F344

jatra

krysa

normalni




Bunky mesenchymalniho puvodu




Metody pouZivané v Oddéleni Cytokinetiky BFU AV CR v.v.i. Brno

Legenda: FACS — flow cytometry
FM - fluorescent microscopy
SM — light microscopy
WB - western blotting
FM - fluorimetry (FluoStar)
CM - colorimetry (FluoStar nebo Elisa reader)
LM - luminometry
PAGE - polyacrylamid electrophoresis
RT-PCR - reverse transcription polymerase chain reaction
RG - radiography

ELFO — agarose electrophoresis



od, molecules Princip, function, parameter Lege
DAPI staining Studium morfologickych zmén bunécéného jadra apoptotickych bunék FM
AnnexinV - FITC + propidium jodid
(PI) Externalizovany fosfatidylserin apop. bunék + zachovana semipermeabilita (detekce rané apoptozy) FACS, FM
TUNEL + PI Priikaz specifické fragmentace DNA (DNA zlomU - nickd — ss DNA breaks) FACS, FM
SubG0/G1 peak v distribuci
bunééného cyklu Barveni bunééné DNA propidium jodidem s extrakci nizkomolekularni DNA citratovym pufrem FACS
Pl - Hoechst double - stain Rozdéleni bunék na mrtvé/zivé, podle morfologie jadra identifikace apoptotickych bunék FM
DNA Zebrik Priikaz fragmentace DNA na 180 bp fragmenty (tzv. ladder) ELFO
Kaspaza1,3,7,8,9 Detekce exprese specifickych proteaz WB
Caspase assay (c-3, -6, -8, -9 subs.) Duiikaz aktivity specifickych proteaz stépenim specifické sekvence na fluorescenéni substrat FM
cytokeratin 18 - protilatka M30 Neoepitop vytvoreny Stépenim cytokeratinu kaspazou FACS,
Lamin B Degradace Laminu B kaspazami WB
PARP Detekce Stépeni proteinu PARP WB
JC-1, TMRE, DiOC6, MitoTracker
Red, Rh 123 Detekce zmén mitochondrialniho potencialu A¥Ym FACS
Hoechst + propidium jodid (PI) Detekce apoptickych, nekrotickych a sekundarné nekrotickych bunék (detekce i pozdni apoptézy) FM
F-aktin Detekce intenzity polymerizace a depolymerizace aktinu (pomoci konjugatu faloidin-FITC) FCM, FM
Intracelularni pH Priikaz poklesu intracelularniho pH vugi fyziol. hodnoté nutného k aktivaci enzymu DNA-azy
Izolace cytochromu c z cytos. frakce | Vyliti Cyt. C z mitochondrii do cytosolu a formovani komplexu s Apaf-1 a procasp-9 vytvari apoptosom WB
OxPhos Complex IV subunit Il Studium funkce mitochondrii WB




Proteiny a moleculy spojené s apoptozou

Princip, function, parameter Leg

Bad, Bag-1, Bak, Bax, Bcl-2, Bcl-X, Bcl-
XL, Bid, Mcl-1 Bcl-2 rodina - regulatory prabéhu apoptozy W

B
c-FLIP Inhibitor kaspazy 8 WB

c-1AP1, XIAP Rodina inhibitort kaspaz WB

Hydroethidin, 2 ,7
dichlorofluoresceindiacetat Stanoveni respiraéniho vzplanuti a produkce ROS provazejici apoptozu FACS

Dihydrorhodamin 123 Stanoveni respiracniho vzplanuti a produkce ROS provazejici apoptozu FACS
Stanoveni respiracniho vzplanuti a produkce ROS provazejici apoptozu LM




Detekce proliferace, cytotoxicity a viability

Princip, function, parameter Leg

d, molecules

Coulter
Pocitani bunék Pocitag ¢astic zaloZzeny na principu konduktivity counter

Dye exclusion assay - eosin, trypanova
modfF Barveni mrtvych bunék s permeabilizovanou membranou SM

Dye exclusion assay - propidium jodid Barveni mrtvych bunék s permeabilizovanou membranou FACS

Stanoveni relativniho mnozstvi bunék metabolizujicich tetrazolove soli MTT, WST-1 na formazanove
produkty

MTT, WST-1

CyQuant Kit (Molecular Probes) pro zna¢eni DNA specialni fluorescencni barvou - proliferacni assay

PCNA Marker proliferace - podjednotka DNA-polymerazy 6 a € WB, SM

Inkorporace BrdU Analog deoxyuridinu se inkorporuje béhem replikace DNA v proliferujich burikach FACS, FM

11
<

Inkorporace 3H-thymidinu (izotopova
metoda) Triciem znaceny thymidin se inkorporuje do bunék béhem replikace DNA - scintilacni hodnoceni

P
®

9]
<

Clonogenic assay Otreatované bunky rostou v médiu nebo na agaru, sleduje se schopnost vytvaret kolonie bunék



ethods, molecules Princip, function, parameter Legend
Barveni pomoci PI
(napf. Vindellv roztok) Distribuce bunééné populace podle mnozstvi celkové bunééné DNA do jednotlivych faz bun. Cyklu FACS
Mouse anti-BrdU-FITC + PI Sledovani syntézy DNA na zakladé inkorporace BrdU do DNA proliferujicich bunék FACS
Pulse-chase BrdU labeling Sledovani priichodu bunék cyklem FACS

Nte NO1€ a nQ ) 0 N N |

azev metody, stanovované molekuly Princip, funkce, parametr Legenda
cyklin A Rizeni S - G2 faze b. cyklu - asociuje s cdk 2 WB
cyklin D1 Rizeni prechodu z faze G1 do S - asociuje s cdk 4 WB
cdk 2 activity assay Rizeni S - G2 faze b. cyklu - asociuje s cyklinem A RG
cdk 4 Rizeni prechodu z faze G1 do S - asociuje s cyklinem D WB
p15, 16 Rodina p16 - inhibujici kindzy cdk 4 a 6 WB
p21/waf1/cip1/sdi1/pic1 Inhibitor cdk a DNA replikace, transaktivovany pomoci p53 WB
p27/kip1 Inhibitor komplexu cyklin D-cdk 4, cyklin A-cdk 2 WB
Topoizomeraza llo Replikacéni faktor - marker pozdni S/G2/M faze b. cyklu WB
pRb Onkosupresor zastavujici ve fosforylované formé b. cyklus v souvislosti s p21 WB
p53 Tumor supresorovy gen - "Guardian of the genome" - downstream reguluje p21/waf WB




Detekce bunécéné diferenciace

Princip, function, parameter

Znaky monocytarni diferenciace lidskych leukemickych bunék

method, molecules Legend

CD11b, CD14 FACS

9]
<

Nespecifické esterazy Stanoveni aktivity a-naftyl acetat esterazy (difer. leukemickych bunék)

Fagocytickd aktivita Znak monocytarni diferenciace leukem. bunék - pohlceni ¢astic konjug. s FITC FACS

NBT redukéni test Se zvySuijici se urovni diferenciace roste poc¢et reduk. formazanovych zrn

9]
<

| O
<

Aktivita alkalické fosfatazy Znak diferenciace kolonovych bunék - disodna sul 4-nitrofenyl fosfatu

Stanoveni aktivity nespecifickych esteraz pomoci Stépeni fluoresenéné sondy CFDA

(karboxyfluorescein diacetat) FACS

FACS

Nespecifické esterazy

Intracelularni pH Stanoveni intracelularniho pH jako markru diferenciace bunék pomoci flourescenéni sondy SNARF-1

FITC znaceny faloidin

<

Polymerizace aktinu

Proteiny spojené a bunécnou diferenciaci

Princip, function, parameter Legend

Receptor all-trans kyselina retinova indukujici diferenciaci leukemickych bunék WB

method, molecules

RARa
RXRa

Receptor aktivovany 9-cis-retinovou kyselinou WB

VDR Receptor vitaminu D, mnozstvi VDR moduluje rist a diferenciaci nadorovych bunék



Mezibunécna komunikace, anoikis, motilita

method, molecules Princip, function, parameter

Nereceptorova tyrosin kinaza zapojena v prenosu signalt z ECM
Cadheriny Slozka desmosomu, nachazi se v komplexu s cateniny WB, FM

Slozka desmosomu, nachazi se v komplexu s cadheriny

GJIC inhibition assay Testovani funkénosti GJIC pomoci luciferoveé Zluti -
Wound healing assay Testovani motility bunék _

Metabolismus Kyseliny arachidonové

method, molecules Princip, function, parameter

cytopl. fosfolipaza A2 Odstépuje AA z membran
5-lipooxygenaza Metabolizuje AA na leukotrieny

Cyklooxygenaza 2 Metabolizuje AA na prostaglandiny, prostacykliny a tromboxany

HPLC




Nazev metody, stanovované molekuly Princip, funkce, parametr Legenda
Fas-L Ligand Fas-R - signal smrti WB
Fas-R (CD95) Receptor smrti - aktivovany navazanim Fas-L WB,FACS
FADD Adaptérova molekula - sou¢ast DISC komplexu WwB

Toso Inhibitor Fas indukované apoptézy nachazejici se na povrchu T lymfocytud WB
TRAIL Ligand TRAIL-R - signal smrti WB
TRAIL-R1,2 (DRs) Receptory smrti - aktivovany navazanim TRAIL-L WB,FACS
TRAIL-R3,4 (DcRs) Decoy receptory - vazou TRAIL, ale neaktivuji proces apoptozy WB,FACS

( ( DOJCINC PIrOTC

Nazev metody, stanovované molekuly Princip, funkce, parametr Legenda
Ras, N-Ras Mebranovy G-protein WB

ERK 1/2 Imunochemické stanoveni neaktivni a aktivni (fosforylované formy) WB

p38 Imunochemické stanoveni totalni (na fosforylaCnim stavu nezavislé) hladiny p38 WB
JNK/SAPK activity assay stanoveni aktivity analyzou fosforylace substratu (radioizotopova metoda) RG
Akt/PKB Serin/Threoninova protein kinaza, mize stimulovat Ras WB

pTyr Protilatka detekujici fosforylovany Tyrosin WB

pSer Protilatka detekujici fosforylovany Serin WB




Signalni draha TGF.

Nazev metody, stanovované molekuly Princip, funkce, parametr

TGF B1 Rstovy faktor we |
TGF BRI, Il Receptor pro TGF f -

Aktivace TGF R vede k translokaci téchto transkripénich faktorti do jadra

Proteiny spojené s receptorem AhR

Nazev metody, stanovované molekuly Princip, funkce, parametr

WB, RT-PCR EMSA
Ligand-dependentni transkrip&ni faktor,
Reporter gene assay for AhR Metoda stanoveni aktivity Ah R -

Stabilni transfekce mutantnich variant AhR a ARNT pomoci plazmidovych vektor(

WB, RT-
ARNT Jaderny partner receptoru AhR umoznujici jeho vazbu na XRE element

WB, RT-
CYP1A1 Oxidaza se smisenou funkci patfici do rodiny cytochromud P450 PCR




Proteiny spojené s hormonalni regulacil

Nazev metody, stanovované molekuly Princip, funkce, parametr

ERa, B Receptory estrogenl WB
Reporter gene assay for ER Metoda stanoveni aktivity estrogennich receptort LM
W

Cathepsin D Endopeptidaza indukovana estrogeny B

LRP/MVP Ribonukleoproteinové €astice ovlivnéné hladinou estrogenu WB

PPARy Jaderny receptor pro hormony ovliviovany MAPK WB

Transkripcni faktory a s nimi spojené proteiny

Nazev metody, stanovované molekuly Princip, funkce, parametr

Aktivator fady genl spojenych s hematopoezou, apoptézou atd. WB, EMSA
Po navazani heterodimeriza¢niho partnera Max pusobi jako TF _

IxB
c- WB




