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Program prednasky:

e Adultni kmenové buriky (ASCs)
biologické vlastnosti a diferenciacni potencial
transdiferenciace, EMT

mikroprostredi (niche) ASCs
vyuziti ASCs pro bunécné terapie - 27.4.2015

e Nadorové kmenové bunky (CSCs)
biologicke vlastnosti a hypotézy vzniku CSCs
markery CSCs

moznosti cilené protinadorové terapie
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ADULTNI KMENOVE BUNKY
(ADULT STEM CELLS, ASCs)
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Where They've Been Found
i Typy ASCs:
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Lidské SCs kostni drené
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Diferenciacni potencial
hematopoetickych a stromalnich SCs
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Plasticita hematopoetickych SCs

Bone marrow w Bone marrow
xtracted e contains many
types of cell

Useful stem
cells selected

and grown
(S
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Izolace
hematopoetickych
SCs pomoci FACS
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Transdiferenciace

= schopnost bunek diferencovat do fenotypu
charakteristickeho pro Jlny typ tkane nebo
organu, nez byla tkan plvodni

o hematopoetické SCs — kardiomyocyty,
hepatocyty

Ratajczak et al. 2006

e populace velmi malych bunék v kostni dreni,
které se podobaji ESCs, maji morfologii a
markery shodné s nediferencovanymi SCs

e /n vitro diferenciace do fenotypu kardiomyocytd,

neuralnich a pankreatickych bunék
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Priklad transdiferenciace neuralnich SCs

Neural stem cells
expressing B-galactosidase

Myoblast/
embryoid body

Muscle cells
expressing 3-galactosidase
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Epithelial phenotype Intermediate phenotypes Mesenchymal phenotype
as cells transition -
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Progressive loss of epithelial markers
and gain of mesenchymal markers

Epitelialné mezenchymalni tranzice (EMT)

= biologicky proces, pri némz polarizovana epitelialni
burika, ktera svym bazalnim povrchem interaguje s
bazalni laminou (ECM), prochazi radou
biochemickych zmeén, diky nimz ziska
mezenchymalni fenotyp (zesilena schopnost
migrace, invazivita, vyssi rezistence k apoptoze a
zvysena produkce komponent ECM)
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A Type 1 EMT

Primitive
streak Epiblast

Primary mesenchyme Hypoblast

B Type 2 EMT C Type 3 EMT

G,
gl C TN

membrane

esenchymal cell @ Invasive and

metastatic cell
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"Niche" (hnizdo) SCs

e mikroprostredi (microenvironment):

podptrné bunky, extracelularni matrix, adhezni
molekuly a signalni molekuly

e ASCs - po celou dobu zivota organismu

bunky tvorici niche
SCs (mitoza)
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NADOROVE KMENOVE BUNKY
(CANCER STEM CELLS, CSCs)
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Nadorové kmenové bunky:
cancer stem cells, CSCs / tumor-initiating cells, TICs

Available online at www.sciencedirect.com REVIEW ARTICLE
Journal of

"2 ScienceDirect BBRC Cellular

S
ELSEVIER Biochemical and Biophysical Research Communications 355 (2007) 855-859

e Gram Cells i_n the Gastrointestinal
Tract and Liver

GANG-MING ZOU*

Mini review

Tumour-initiating cells vs. cancer ‘stem’ cells and CD133:
What’s in the name?
[Cancer Biology & Therapy 7:3, 1-6; March 2008]; ©2008 Landes Bioscience
Jiri Neuzil *™*, Marina Stantic *, Renata Zobalova *°, Jaromira Chladova °, Xiufang Wang *,
Lubomir Prochazka ¢, Lanfeng Dong *, Ladislav Andera ¢, Stephen J. Ralph © .
Review

Tumor-initiating stem cells in liver cancer

Shan Yong Yi and Ke Jun Nan*

%

o CANCER STEM CELLS
Cancer Stem Cells THEORIES AND PRACTICE
Identification and Targets L Cancer. :

Cancer Stem Cells Stem(e_"S
in Solid Tumors o Pxo."_{wls.
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Seminars in Cancer Biology 22 (2012) 462-470

Contents lists available at SciVerse ScienceDirect

Seminars in Cancer Biology

journal homepage: www.elsevier.com/locate/semcancer

Review

and cancer stem cells

The bed and the bugs: Interactions between the tumor microenvironment

Zafira Castano®?.1, Christine M. Fillmore<d.¢.f.1 Carla F. Kim<d.ef Sandra S. McAllisterb.f.g.*

Stem Cell Rev and Rep (2011) 7:227-237
DOI 10.1007/512015-010-9194-6

Seeing is Believing: Are Cancer Stem Cells the Loch Ness
Monster of Tumor Biology?

Justin D. Lathia - Monica Venere - Mahendra S. Rao -
Jeremy N. Rich

Urologic Oncology: Seminars and Original Investigations 26 (2008) 581-589
ELSEVIER e Oncology ¢ ¢ (2008

Review article

“Cancer stem cells”—Lessons from Hercules to fight the Hydra

Felix Roman Moltzahn, M.D.!, Jens-Peter Volkmer. M.D.*, Daniel Rottke, M.D..
Rolf Ackermann, M.D.?

UROLOGIC
ONCOLOGY
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Journal of Pathology

| Pathol 2009; 217: 282-298

Published online 23 September 2008 in Wiley InterScience
(www.interscience.wiley.com) DOI: 10.1002/path.2453

Invited Review

Stem cells in liver regeneration, fibrosis and cancer: the
good, the bad and the ugly

REVIEW ARTICLE

Cytometry

Die Hard: Are Cancer Stem Cells the Bruce Willises of
Tumor Biology?

FOLIA HISTOCHEMICA
ET CYTOBIOLOGICA
Vol. 43, No. 4, 2005

pp. 175-181

Review article

Cancer stem cells - normal stem cells "Jedi"
that went over to the "dark side"

Mariusz Z. Ratajczak
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Zasadni zména pohledu na biologii nadord:

A. stochasticky/klonalné evoluc¢ni model
B. CSCs model

DODQDOD@ O . Q @\‘
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S,
O TiCs _ , TACs P

Heterogenni prostredi \ o o @ W
~ ' CAF Tam @ Lymphocyte s Tof
O o '

solidniho nadoru

C = kapilara
N = nekroza

TAM
= tumor-associated

marcophages

TICs = tumor initiating cells (= CSCs)

TACs = transiently amplifying cells
TD = terminally differentiated cells
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Prehled biologickych vlastnosti CSCs:

e specifické mikroprostredi (niche)

e schopnost sebeobnovy (self-renewal)

e proliferacni potencial / schopnost asymetrického
déleni

o diferenciacni potencial

e vysoka telomerazova aktivita

o specifické markery, resp. jejich kombinace

o specifické signalni drahy (Wnt, Notch, SHH)

e rezistence vUci apoptdze

e metastaticky potencial / schopnost EMT, resp. MET
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Mikroprostredi (niche) CSCs v solidnich nadorech:
hypoxie, ECM, mezibunécné interakce, extracelularni

(secernovane€) faktory a signaly = "tissue makeup

Stroma CSC Non-CSC tumor cells

Blood vessels

Secreted factors

(?SC . Self-
niche renewal

Differentiation
Drug resistance
Radiation resistance

CSC-specific antigens
Current Opinion in Biotechnology

(/ Stem cell niche

O Stem cell
Asymmetric division
y A s Vi ic divisi
O o Daughter cell
A

£\
o o Progenitor cells
R £\
Lineage-
committed
cells
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Diferenciacni potencial CSCs

Diferenciace CSCs
Z nadoru mozku v
podminkach /in vitro:

neurony
astrocyty
nediferencované CSCs
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Metastaticky potencial CSCs

« zmeny interakci s ECM

« vytvareni invadopodii (participace CD1337?)
» u CSCs karcinomt schopnost EMT/MET

LYMPHATIC

VESSEL PRIMARY HNSCC

(tumor nest)

LYMPH NODE
METASTASIS

‘ DISTANT
METASTASIS

. Epithelial cancer cell
<& Cancer stem cell
& Cancer stem cell undergoing EMT
<% Tumor associated fibroblast
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Hypotézy vzniku CSCs

e nadorova transformace embryonalnich SCs
(aberantni depozity embryonalnich SCs v
organismu)

e nadorova transformace adultnich SCs, resp.
progenitorovych bunek v prislusne tkani

e nadorova transformace diferencovanych bunek
ve tkani (mutace podminujici dediferenciaci na
fenotyp CSCs)
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Hypotézy vzniku CSCs:

Self-renewal

Cemd
-

Stem- CeII niche Self-renewal

. O Sy o

P it " Cancer
rogenitor cells stem coll
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ST

Differentiated cells

Environmental factors
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SCs normalni tkaneé:

hematopoeticke SCs
neuralni SCs
neuroektodermalni SCs
epitelialni SCs prsni zlazy
epitelialni SCs renalnich
tubul@

SCs jaterni tkané
ovarialni epitelialni SCs
cervikalni epitelialni SCs
epitelialni SCs sitnice

27

Odpovidajici typ nadoru:

leukemie
nadory mozku
neuroblastom
nador prsu
Wilmstyv tumor

hepatoblastom

karcinom vajecnikd
karcinom delozniho krcku
retinoblastom
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el stom cal Vz njk nadoru 28
v dusledku
sasalike broast 7. transformace ASCs

‘ Luminal breast
cancer stemcell  ,.* al breas

*+,_ cancer stem cell nebO progenitOI’fI:

@ karcinom prsu
26[%

Myoepi_lthe“a' Luminal
progenitors progenitors @
Basal-like I

breast cancer I Luminal breast

-

Differentiated Differentiated luminal
myoepithelial cells epithelial cells
CD10*, SMA*, CK14' Muc1*, CD24*, CK18'

Bipotential
progenitor

S\ s
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Kategorie markerd CSCs u rliznych typl malignit:

e membranové / povrchové proteiny:

CD15, CD24, CD44, CD133, CXCR4, NCAM,
ABC transportéry

o cytoplazmatické proteiny:
nestin, Musashi-1, ALDH

e jaderné proteiny (transkripcni faktory):
Sox2 , Oct3/4, Nanog
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Markery CSCs u nadort détského véku:

30

Cell Surface Nuclear/Cytoplasmic Transcription Functional/

Malignancy Proteins Proteins Factors Enzymes

AT/RT [CD133]

Ependymoma CD133]CD15 | Nestin| BLBP, RC2

Ewing’s Sarcoma/PNET|CD133 SP

Glioma CD133|CD15 Musashi-1, bmi-1 Sox-2

Hepatoblastoma SP

Malignant rhabdoid CD133

tumor of the kidney

Medulloblastoma CD133|CD15 | Nestin SP

Melanoma, childhood |CD133

Neuroblastoma CD133 Nestin SP

Osteosarcoma CD133 Nestin Oct3/4, Nanog SP

Retinoblastoma CD133]CD44 | Nestin] musashi-1, Oct3/4, Nanog, ALDHI, SP
bmi-1 pax-6, chx10

Rhabdomyosarcoma CD133 SP

Wilms Tumor CDI133]NCAM

Friedman and Gillespie, Cancers 2011
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Metodické moznosti detekce markert CSCs:
o transkript:

RT-PCR / Real-time PCR
e protein:

imunodetekcni metody

(imunohistochemie, imunocytochemie,
imunofluorescence, imunoznaceni pro ELM,
imunoblotting, flow cytometrie / FACS)

L, detekce "side population" (SD)
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Detekce "side population” (= SP):
 barvivo Hoechst 33342

 hodnoceni pri dvou emisnich délkach:
450 nm (Hoechst blue) a 670 nm (Hoechst red)

» aktivita transmembranovych ABC-transportérl
v CSCs

1sp
0.056% .

Hoechst Blue

LA || L |

| Hoechst Red
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Markery CSCs u neurogennich nadorl

Multiformni glioblastom

. ne]casteJS| zhoubny nador mozku u dospelych :
(30-40 pripady na 1 milion obyvatel rocné)

e CD133, CD15 (SSEA1), Sox-2, Musashi-1, nestin

Meduloblastom

e nejcastejsi zhoubny nador CNS u déti
(2-6 pripadll na 1 milion déti do 15 let ro¢né)

e CD133, CD15 (SSEA1), nestin

Neuroblastom

e nejCastejsi extrakranialni solidni nador u deti
(6-8 pripadd na 1 milion déti do 15 let rocné)

e CD133, nestin
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CD133 (Prominin-1)

e membranovy glykoprotein (5-TM family)
865 AA, 97 kDa

e apikalni strana epitelii, membranové vezikly
e SCs i CSCs: organizace membranovych protruzi
e Ucast v regulacni draze potlacujici diferenciaci (?)

microvilli primary cilium midbody

P4
o

{ @,
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CD133 (Prominin-1)
e AC133 — glykosylovana forma
o epitop AC133: specificky pro CSCs
pristupny v zavislosti na glykosylaci

35

Osteosarkomova bunécna linie OSA-02
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Nestin

= Neuronal Stem Cell Protein

e trida VI intermediarnich filament (1621 AA, 177 kDa)
o proliferujici neuroepitelium béhem vyvoje

o v dospélosti exprese za patologickych podminek

N
@@ c ¢

ook

N N

&
s
o=
c (o}

-
2 ogf

Dimer —— . Tetramer ——— Protofilament — Intermediate
Filament
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Markery CSCs u sarkomu

Osteosarkom

e zhoubny nador skeletu o
(4-5 pfipadd na 1 milion obyvatel rocn€)

e CD133, nestin, Oct3/4, Nanog, ALDH, ABCG2,

CXCRA4(?)

Rhabdomyosarkom

e zhoubny nador svalové tkane, nejcastejsi u deti
(5-8 pripadll na 1 milion déti do 15 let ro¢né)

e CD133, nestin, ALDH, ABCG2, CXCR4(?)
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Nestin
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Bunécna linie Saos-2 (ATCC) — osteosarkom

CD133 / DAPI Nestin / DAPI
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Identifikace markert CSCs
v sarkomovych bunécnych liniich

CD133
Nestin

Rhabdomyosarkom Osteosarkom
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CXCR4 (CD184, fusin)

o chemokinovy receptor pro ligand SDF-1 (CXCL 12)
352 AA, 40 kDa

o exprese za fyziologického stavu i v disledku
pUsobeni stresovych faktorl

e embryonalni i adultni SCs, CSCs

g
- CTCE-0214 CTCE-9908
@
P -
) ; L ,~AMD3100
SDF-1a | ‘ )2
! Vv

\J .. l’ ’,’ . . 4 R
a ~ \\/ . ” \ f
4 K X @cxcLiz
~re R QO AMD3100 A
CXCR4 \. . -/ Adenylate O Hiv-1 S0}
< cyclase

Migration

—— T \\ Polarization

Proliferation
Adhesion
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Identifikace CXCR4/SDF-1 v sarkomech

44

Rhabdomyosarkomova bunécna linie NSTS-11
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Markery CSCs u karcinomu pankreatu

e 110-150 pripad{ na 1 milion obyvatel rocné
o CD24, CD44, ESA, Ep-CAM
ALDH1, CXCR4, CD133, nestin
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Detekce markert CSCs u adenokarcinomu pankreatu

Pankreaticka bunécna linie P06
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Funkc¢ni testy fenotypu CSCs

e tvorba agregatll (aggregation assay)

e tvorba kolonii (colony forming assay)

e tvorba sféer (sphere formation assay)

e testy klonogenity (clonogenicity assay)

o testy tumorigenicity (tumorigenicity assay)

/n vitro assays

CSC

W/ vivo assays
1
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Tvorba agregatt (aggregation assay) 48

e kultivace bunécnych suspenzi v nadobkach s
neupravenym povrchem nebo metoda visicich
kapek (hanging drops)

J!IJUL‘U‘JU‘

Dispense Cell Forming Hanging Drop
Suspension  Hanging Drop Aooregale

Linie OSA-02
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Tvorba kolonii (colony-forming assay)

e vyseti naredéné bunécné suspenze na kultivacni
misky - vytvareni kolonii

Collagen Solution

Serum-free MegaCult®-C
medium containing
growth factors

+ Mouse CFU-Mk

Double chamber

Incubate 6 10 8 days
Remove chamber

\

Dehydrate, fix and
stain megakaryocytes for
acetylcholinesterase activity

B s -4 " .
culture slide . el
.-‘ - - > o
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Tvorba sfér (sphere-formation assay)

e vyseti naredene bunécne é
suspenze do mekkého agaru e &
- VYtVéFenll kOlOnill ! ot suspension
- ——

f Colorimetri C
ed Cells ’ ‘l)uh-(tmn
- ~—
|
Celis are
IIIIIII red,
diuted. and
cantrifuged Cells are
transferred and
detedcted with MTT
‘ Sotution
'— :
Re-plate isolated,
transtonmed cells

Bi8120 Aplikovana bunécéna biologie / 09 / 20.4.2015

50

50



51
Testy klonogenity (clonogenicity assay)

e inokulace izolovanych bunék do 96-jamkovych
desticek, proliferace a tvorba kolonii (>50 bunék)

e holoklony, meroklony, paraklony

Plate 1 celliwell Self-renewal

|o|o|o| — | @ |
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Testy tumorigenicity (tumorigenicity assay) §

e subkutanni injekce bunéc“:gé suspenze mysim
e monitorovani rustu nadoru, histologicka analyza
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Rhabdomyosarkomova linie NSTS-11:

test tumorigenicity v NOD/SCID mysich
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Rhabdomyosarkomova linie NSTS-11: >4

IHC analyza xenograft(

M3A138 M3B138 M3C138

CD133

Bi8120 Aplikovana bunécéna biologie / 09 / 20.4.2015

54



Rhabdomyosarkomova linie NSTS-11: >

IHC analyza xenograft(
M3A138

Oct3/4 www wwm o w—
GNL3 ™ s w— —
CD133 — e e—
APDH ‘e e e ‘e
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Priklad komplexni
analyzy CSCs

in vitro
(osteosarkom)

(Tirino et al.,
FASEB J, 2011)
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Priklad komplexni analyzy CSCs /n vitro (osteosarkom)

B Tumour growth from BS15 Tumour growth from BS16 Tumour growth from HT1080
s e
aﬂ -~ whems /' za o _"‘M
- / R
iz 7 . /
i - <z : o3
/ ~ = >
- p— P O
8 1 ? ] ‘ ' ] ] ] ] ‘ ] 6 ? 1 | ] 4 ] ] 7
Time (week) Time (week)

Time (week)

(Tirino et al., FASEB J, 2011)
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DUsledky "paradigmatu CSCs" pro |écbu nadord:

e selhani konvencni protinadorové |écby
(chemorezistence a radiorezistence CSCs)

Drugs that kill Tumor loses ability to
CSC-Targeted tumor stem cells generate new cells...

...and tumor
degenerates

Cancer

Therapy
Drugs that kill ...but not cancer

tumor cells... stem cells

6 ol

Tumor shrinks,
but grows back
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Konvencni vs. cilena protinadorova lécba:

_
Drugs B
specifically targeting t i
differentiated cells ‘ 4 ’
J A
, 4 : Complete Relapse
-~ remission
¥
1
Differentiated
cancer cells
Cancer
stem cells‘ Drugs P 3 y 3
specifically targeting a . c
cancer stemcells | —_— _— ure
r‘, . V’
Initially no clinical Eventually cancer
response is detected stops producing
by traditional criteria new cells
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Mechanismy chemorezistence CSCs:

e Ucinna schopnost reparace DNA

e variabilni exprese a fosforylace kinaz

e nizka proliferacni aktivita (Ki67 index)

e aktivni mechanismy "multidrug resistance"
(exprese ABC transportér()

Mechanismy radiorezistence CSCs:

e UCinna schopnost reparace DNA
e nizka proliferacni aktivita (Ki67 index)
e overexprese antiapoptotickych genl
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Mozné strategie |eCby cilené proti CSCs:

e ovlivnéni interakci mezi CSCs a mikroprostredim

e indukovana diferenciace

 ovlivneni signalnich drah udrzujicich sebeobnovu
Riziko: poskozenich adultnich SCs v nenadoroveé tkani
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Priklady konkrétnich strateqii IeCby
cilené proti CSCs:

e onkolyticka virova terapie s vyuzitim
modifikovanych adenovirovych vektor( proti
CD44+/CD24 bunkam — karcinom prsu

e anti-EpCAM monoklonalni protilatka — karcinom
pankreatu

e ATRA-indukovana diferenciace — neuroblastom
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Hypotéza: interakce CD133/HDAC6/B-catenin

63

e vyuziti inhibitor( histonovych deacetylaz — degradace

B-cateninu?

Mak et al., Cell Rep 2012
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[Review | Cel
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Pharmacogenomics and cancer stem
cells: a changing landscape?

Francesco Crea', Maria Ana Duhagon?, William L. Farrar® and Romano Danesi’

Stem CELLS
TRANSLATIONAL AND CLINICAL RESEARCH

Concise Review: Stem Cells As an Emerging Platform for Antibody
Therapy of Cancer

T B ab | a gy 3 e
RicuarD T. Frank,"” Josepn NaJBAUER," KAREN S, Apoopy™

Nanomedicine
April 2012, Vol. 7, No. 4, Pages 597-615, DOI 10.2217/nnm.12.22
(doi:10.2217/nnm.12.22)

Review

Cancer stem cells and drug resistance: the potential of nanomedicine

Serguei Vinogradov™ & Xin Wei
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