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Program prednasky:

e Adultni kmenoveé bunky (ASCs)
biologicke vlastnosti a diferenciacni potencial
transdiferenciace, EMT

mikroprostredi (niche) ASCs
vyuziti ASCs pro bunecne terapie - 24.4.2013

e Nadorove kmenove bunky (CSCs)
biologicke vlastnosti a hypotézy vzniku CSCs
markery CSCs

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




Plasticita hematopoetickych SCs

Bone marrow Bone marrow
extracted contains many
types of cell

Useful stem
calls selectead
and grown




ACTIVATED CELL
SORTING (FACS)

Logor beam passed

|zolace
hematopoetickych
SCs pomoci FACS




Transdiferenciace

= schopnost bunek diferencovat do fenotypu
charakterlstlckeho pro ]|ny typ tkane nebo
organu, nez byla tkan ptvodni

 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 kardlomyocytu
neuralnich a pankreatickych bunek




Priklad transdiferenciace neuralnich SCs

Neural stem cells
expressing B-galactosidase

Signal

Myoblast/
embryoid body

Muscle cells
expressing -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 nemz polarizovana epitelialni
bunka, kterad svym bazalnim povrchem interaguje s
pazalni laminou (ECM), prochazi radou
biochemickych zmén, diky nimz ziska
mezenchymalni fenotyp (zesilena schopnost
migrace, invazivita, vyssi rezistence k apoptoze a
zvysena produkce komponent ECM)




A Type 1 EMT Primitive
streak Epiblast
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Primary mesenchyme Hypoblast

C Type 3EMT

< O )~ Primary epithelial
s . cancer cell

Basement
membrane

Invasive and
metastatic cell




"Niche" (hnizdo) SCs

e mikroprostredi (microenvironment):

podplrné bunky, extracelularni matrix, adhezni
molekuly a signalni molekuly

e ASCs - po celou dobu zivota organismu

SCs (mitdza)
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NADOROVE KMENOVE BUNKY
(CANCER STEM CELLS, CSCs)
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Nadorové kmenove bunky (Cancer SCs, CSCs)

e prokazany u hematologickych malignit i rlznych
typl solidnich nadord

Vlastnosti

 proliferacni a diferenciacni potencial

e schopnost self-renewal

e metastaticky potencial

 sekrece rlstovych faktord, cytokinl

e vysoka telomerazova aktivita

e specifické markery (CD133...)

e specificke signalni drahy (Wnt, Notch, Hedgehog)
e rezistence vici apoptdze




COMMENTARY

Cancer Stem Cells: Are We Missing the Target?

Richard J. fomes, Williaer H Matawi, B. Dowslaz Seurk
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Stem cells and cancer: an intimate relationship
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Cancer stem cells - normal stem cells " Jedi™
that went over to the "dark side"

Mariasz . Hata jeeak

' - Siem Cell Biology Frogram at James Graham Brown Cancer Center, University of Louisvillz, B, USA
and European Union Etem Cell Thempeutic Excellznce Center, Jagisllonian University, Krakew, Poland
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Mini review
Tumour-initiating cells vs. cancer ‘stem’ cells and CD133:
What’s in the name?

Jiri Neuzil *®*, Marina Stantic *, Renata Zobalova *®, Jaromira Chladova ®, Xiufang Wang *,
Lubomir Prochazka ¢, Lanfeng Dong *, Ladislav Andera %, Stephen J. Ralph ¢




DUsledek:

zasadni zména pohledu na biologii nadord

Stochastic/ clonal evolution model
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Cancer cells are heterogeneous, but
most cells can proliferate extensively
and form new tumors. All cancer cells
must be eliminated to cure the patient.

Cancer cells are heterogeneous and only
the cancer stem cells (CSC; green) have
the ability to proliferate extensively and
form new tumors. Other cancer cells have
little capacity to divide. To cure cancer it
may be necessary and sufficient to
eliminate the cancer stem cells
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solidniho nadoru

C = kapilara
N = nekrdza

TAM
= tumor-associated
marcophages

"ICs = tumor Initiating cells (= CSCs)
'ACs = transiently amplifying cells
'D = terminally differentiated cells




Mikroprostredi (niche) CSCs v solidnich nadorech

Blood vessels

Secreted factors

k
C

CSC Self-
—

. Differentiation
niche renewal

Drug resistance
Radiation resistance

CSC-specific antigens
Curren nion In Bloctecnnolo




Komponenty mikroprostredi v solidnich nadorech

e hypoxie, ECM, mezibunécné interakce,
extracelularni (secernovane) faktory a signaly,
"tissue makeup"

ﬁ Hypoxia

\- — —Extracellular P Am—{

Matrix ____F_., e
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Interactions
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A Apoptosis/
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Hypotezy vzniku CSCs

e aberantni depozity ESCs (transformovanych)

 nadorova transformace ASCs, resp.
progenitorovych bunek

e mutace podminujici dediferenciaci a imortalizaci
diferencovanych bunek ve tkani

Nador jako "onemocnéni kmenovych bunek"?
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lidské CSCs

lidské ESCs
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SCs normalni tkane:

hematopoeticke SCs
neuralni SCs
neuroektodermalni SCs
epitelialni SCs prsni zlazy
epitelialni SCs renalnich
tubull

SCs jaterni tkane
ovarialni epitelialni SCs
cervikalni epitelialni SCs
epitelialni SCs sitnice

Odpovidajici typ nadoru:

leukemie
nadory mozku
neuroblastom
nador prsu
Wilmsdv tumor

nepatoblastom

karcinom vajecnikd
karcinom délozniho krcku
retinoblastom
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Hypotézy vzniku CSCs:

Self-renewal
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Hypotézy vzniku CSCs:

1. Stem cell 2. Progenitor cell 3. Differentiated cell
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differentiated cell

Genomic damage”!

Oncogenesis
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Bipotential breast
epithelial stem cell
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Differentiated Differentiated luminal
myoepithalial cells epithelial cells
CD10*, SMA*, CK14' Muct*, CD24*, CK18'

Vznik nadoru

v dlsledku
transformace ASCs
nebo progenitord:

karcinom prsu




Genetic or epigenetic alteration Frimary luminal M 02 N é fe N OtypOVé

microenvironment breast tumor

| (hypoxia, stromal factors, etc) rOZdﬂy meZ|
°) N primarnim
©> . nadorem a
CD44 ‘ metastazami:

karcinom prsu

Distant metastasis




Markery rdznych typu CSCs:

Organ Markery

kostni deee CD34+, CD38-, Thyl-, Lin-

prs CD44+, ESA+, CD24- , Lin-

ke Ze CD20+, MCAM+, CD166+, Nestin+
prostata CD44+, a2p1", CD133+

GIST CD133+

ustni dutina CD44+

CNS CD133+, Nestin+, Musashi-1+

EUINEET CD24+, CD44+, CD133+, ESA+, ABCG2
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Markery CSCs u nadord mozku:

 nestin (IF protein, nediferencovane bunky CNS)
e Musashi-1 (neural RNA-binding protein)

e CD44 (CAM, CNS nadory)

e CD133 (transmembranovy protein, neuralni SCs)
e Sox2 (transkripcni faktor, neuralni SCs)

e Bmi-1 (self-renewal, proliferace SCs)
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/n vitro diferenciace

CSCs z nadoru mozku:

e neurony

e astrocyty

e nediferencované
CSCs
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Markery CSCs u nadorl détského veku:

. Cell Surface Nuclear/Cytoplasmic Transcription Functional/
Malignancy . . Ref.
: Proteins Proteins Factors Enzymes
AT/RT CD133
Ependymoma CD1331 CD15 | Nestin,/BLBP, RC2 29.30,32]

Ewing’s Sarcoma/PNET| CD133 58,74]

[
[
[
Glioma CD1331 CD15 Musashi-1, bmi-1 [24,25,32]
[
[

31]

Hepatoblastoma
Malignant rhabdoid CD133
tumor of the kidney
Medulloblastoma CD133 Nestin SP
Melanoma, childhood | CD133

76]
45]

24-28,32-34]
44]

Osteosarcoma CD133 Nestin Oct3/4, Nanog SP
Retinoblastoma CD133 Nestin,|musashi-1, Oct3/4, Nanog, ALDHI, SP
bmi-1 pax-6, chx10
Rhabdomyosarcoma CD133 SP [57,74]
Wilms Tumor CD133 [46]

48-51,75]
36-39]

[

[
Neuroblastoma CD133 Nestin SP [42,43,74,77]

[

[

(Friedman and Gillespie, Cancers, 2011)




CD133 (Prominin-1)

e membranovy glykoprotein

e 4p15.32, 865 AA, 97 kDa

e 5 transmembranovych segmentl: 5-TM family
e organizace membranovych protruzi

e SCs 1 CSCs (epitop AC133)
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Osteosarkom (tkan)
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Osteosarkom (tKéﬁ)
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Bunécna linie Saos-2 (ATCC) — osteosarkom

/ Nestin /

Bi8120 Aplikovana bune ¢ na biologie / 09/ 17.4.2013




|dentifikace markert CSCs
v sarkomovych bunécnych liniich
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Rhabdomyosarkom

Osteosarkom

CD133
Nestin
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Funkcni testy (functional assays) na fenotyp CSCs

tvorba sfér (sphere formation assay)
tvorba kolonii (colony forming assay)
testy klonogenity (clonogenicity assay)
testy tumorigenicity (tumorigenicity assay)
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Tvorba sfér (sphere formation assay)
e vytvareni suspenznich bunécnych agregatt

defined defined serum
_medium medium medium,

astrocytic
amplifying
CD133, A2B5, |Decreased
SSEA-1, Sox2, | stem cell
markers
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Tvorba kolonii (colony-forming assay)

 vyseti naredené bunécné suspenze do mekkeho
agaru = vytvareni kolonii

Single Cells |
and Small Clumps

Colony Mumber - .
Evaluation ™




Testy klonogenity (clonogenicity assay)

e inokulace izolovanych bunék do 96-jamkovych
desticek (redenim nebo pomoci mikropipety)
« proliferace a tvorba kolonii (=50 bunék)

HOLOCLONE MEROCLONE PARACLONE
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Testy tumorigenicity (tumorigenicity assay)

 subkutanni injekce bunécné suspenze NOD/SCID
mysim (koncentrace cca 107/ml)

e monitorovani rtstu nadord, histologicka analyza
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Priklad komplexni
analyzy CSCs

n vitro
(osteosarkom)

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

. i EE YR EGE

Tumour Size (mm?)

= [ e
R — — =" Tl
1 o 3 & & & 7
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(Tirino et al., FASEB J, 2011)




Cancer stem cell
specific therapy

Hypoteza CSCs: > ~
DUsledky pro

protinadorovu lecbu

Tumor regression

Conventional Tumor relapse
cancer therapy

|:"._.. | Premalignant stem cell @ |

C/ . Cancer stem cell

<—
<

G
D

Specific therapeutic target

—® @ O

Classic therapeutic target

< Q000G O o

Lineage-restnicted tumor cells



Konvencni vs. cilena protinadorova lecba:

Drugs
specifically targeting
differentiated cells

Complete
remission

, Differentiated
’} cancer cells

Cancer \
stem cells |§ =
i Drugs -~ "

specifically targeting 4

" .
cancer stem cells _—>

b
L 5 & ___-'

\\%‘:*" 4 “~ L 3
| by
Initially no clinical Eventually cancer
response is detected stops producing

by traditional criteria new cells




Problém cilené terapie:
chemorezistence a radiorezistence CSCs

Chemoresistance Mechanism Tumor Type

Efficient DNA repair ability Ependymoma, Ewing’s sarcoma,

GBM., MB, osteosarcoma
Differential expression and phosphorylation of kinases ~ Neuroblastoma
Low Proliferative Ki-67 index Childhood melanoma
ABC multidrug resistance MB. neuroblastoma
Quiescence Ependymoma, GBM, MB, PNET
Radioresistance Mechanism
Preferential activation of DNA damage response Glioblastoma

Upregulation of anti-apoptotic genes MB. AT/RT

Predpokladané mechanismy chemorezistence a
radiorezistence u nadoru detskeho veku

(Friedman and Gillespie, Cancers, 2011)

Ref.

99,102]

[100]
[44]
[42.102]




Rizika neselektivni |ecby cilené proti CSCs:
poskozeni ASCs v nenadorove tkani

_ umorigenic ce normal cell umorigenic ce

# O

| |
| | |
renewal of renewal of
self-renewal g self-renewal S
malignant malignant

potential potential

non-selective ‘4 7 selective
targeting O targeting

shared renewal different renewal
mechanisms mechanisms

therapeutic index




Terapie cilena proti CSCs:
mozne strategie

Altering interaction
With ‘niche’

Differentiating
agents

_._r_____—-——-_.__\-\
o
= .

inhibiting __, @@ Tumor

"'-

\ regression )

<
——

—

angiogenesis

Checkpoint
blockers

Manipulating self
renewal pathways




Terapie cilena proti CSCs:
Priklady konkrétnich strategii u vybranych typl nadori

Table 2 Potential therapeutic avenues against stem-like cancer cells

Therapeutic modality Tissue-specific example Reference

Oncolytic viral therapy Capsid-modified adenoviral vectors against CDa44+/CD24— breast [63]
ells

Differentiation therapy A ans relinoic acid treatment for neuroblastoma; Oncostatin M [64, 63]
(IL-6-related) for hepatocellular carcinoma

Immunotoxin therapy Monoclonal antibodies against tumors for neutralization, inhibition, or [66]

cylotoxicity purposes; EpCAM antibody for stem-like population in
pancreatic cancer
Pharmacological disruption of *erifosine for Akt inhibition in leukemic stem cells and radioresistant
intracellular signaling breast cancer cells
Microenvironmental manipulation Disruption of bone marrow-mediated oncoprotection by inhibiting
‘R4/SDF-1 signaling in rhabdomyosarcoma and leukemia
Manotechnology Highly sensitive detection of disseminated breast tumor cells of
CD44+ phenots

pe using photoacoustic flow cytometry

(Patel et al., Oncol Rev, 2010)
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