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* Lze i experimentalné navodit zvySenim exprese oncogenu, napf ras + myc.



Kmenové bunky nadort jsou odpovédné za navrat (relaps) onemocnéni
a metastaze

CSCs podobné jako jiné SSC -> rezistence na toxické faktory (MDR proteiny)
-> pomala proliferace (=>self-renewal) — in vivo
(V soucCasné dobé ale pochybnosti, CSC snad vice pfipominaji embryonalni SSC nez adultni)

% maji vSechny nadory benigni/maligni/ metastazujici CSC?

% ne vSechny bunky izolované z nadort jsou schopny

dat nadorim vzniknout => CSC

in vitro jsou nadorové linie s SP bunkami (jejich SC ???) i bez SP bunék!
SSCs jsou pro danou tkan prakticky stejné, u CSCs to ale neplati
(rozdily ve fenotypu i genotypu) = mnohé nadory i CSCs maji
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jedinééné vlastnosti! (=> zavislost na tom, co se pokazilo)
% potencial CSC je zavisly na puvodni bunce -> CSC z diferenciacné
casnéjsich typu maji ,,agresivnéjsi“ fenotyp




Kmenové bunky nadoru jsou zodpovédné za navrat (relaps) onemocnéni a metastaze
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Hypoteticky ,,niche“ nadorovych kmenovych bunék — model neuraini CSC

Blood vessels

Secreted factors

CSC = Self-
niche renewal

Differentiation

Drug resistance
Radiation resistance

CSC-specific antigens

Ailles & Weissman, 2007




Stromadlni bunky niche CSC
- Podobné jako v .niche" SSC, stromadlni buriky podporuji produkci

ristovych faktorrl a extraceluldrni matrix CSC v jejich niche

- Zdd se Ze velké riziko predstavuji senescentni stromdlni buriky/fibroblasty,
samy maji pozkozené regula¢ni mechanismy => $patna kooperace s prostredim
(burikami, tkani), s organismem => podpora nerovnovdhy v regulaci homeostaze
niche/SC => podpora CSC

= Nejen zmény na prekurzorech CSC a selhdni imunitniho systému,
ale i zmény v jejich potenciondlnich niche hraji vyznamnou dlohu

v progresi nadorového onemocnéni
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Dobrie prokazané CSCs jsou u nadoru ptivodu
neuralniho hematopoetického prsniho
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Hematopoetické CSCs ‘

Leukemogenesis
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Clinical Leukemia

v LSC

LSC and more

differentiated Blast cells Jones & Amstrong,2008

Leukemie podle puvodu

» Myeloidni leukémie
(granulocyty, monocyty,
erytrocyty, megakaryocyty)

» Lymfoidni leukémie
(B a T bunky, NK buriky)



Hematopoetické CSCs

chronicka myeloidni leukemie (CML)
akutni myeloidni leukemie (AML)
akutni lymfoblasticka leukemie (ALL)

CSCs byly jasné prokazany u AML a CML, a jsou s vysokou pravdépodobnosti i u ALL.
Diky tomu, je u téchto onemocnéni nedostate¢né pusobeni béznych
antiproliferativnich farmak.

AML - IL3-R* (neni u normalnich HSCs), CD33* (IgSF, sialoadhesin)
- CD33 se zda byt vhodnym pro rozpoznani AML CSCs (imunoterapie),
navic byl prokazan u nékterych dalsich leukemickych CSCs.
- vysoka aktivita NF-xB a PI3K u AML SCs, ale ne u HSCs, farmakologicka
inhibice NF-kB a PI3K nebo mTOR (target of rapamycin; substrat PI3K)
snizuje proliferaci AML SCs, ale ne HSCs (=>CSCs specificka terapie)

CML - charakteristicky fuzni gen BCR-ABL (=> nadbytek ABL kinazy), inhibitory
ABL (imatinib mesylate, dasatinib) potlacuji leukemii, ale ne jeji SCs,
=> vysazeni vede k obnové onemocnéni

BCR-ABL — Breakpoint Cluster Region-Abelson Kinase



@ it Kmenové bunky akutni
myeloidni leukémie

* Differentiation
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CD34+, CD38- @ CD34+, CD38+ » akumulace nezralych bunék
ABCG1+, ABCB1+ ABCG1-, ABCB1- : L -
(i bez liniové specifikace)

Leukemia AML
stem cell

Able to repopulate Unable to repopulate
BM In Irradiated BM in irradiated
NOD-SCID mice NOD-SCID mice

Mouse doe_s Mouse does
get leukemia not net leukemia

Misaghian et al., 2009



Kmenoveé bunky chronické myeloidni leukemie
- fenotypem jsou €asto velmi podobné normalnim HSC

Hematopoietic/myeloid
stem cell

@ 9 Self-renewal

v

* Differentiation

BCR-ABL translocation

point mutations in BCR-ABL
other deletions / \

BCR-ABL Translocation

- leukémie tvorena zralymi typy bunék
(napf. granulocyty)

Vznik Philadelphia chromozému
pritomného v burikach CML

CD34+, CD38-
Thy-1+, Lin-

Selection for expression
changes which
are linked to survival l
Increased cytokine,
drug transporter,
Oct-1, B-catenin
and other genes

CML
stem cell

Insensitive
to ECR-ABL
targeted therapy

CD34+, CD38+

2@ s

Selection for expression
changes which
are linked to proliferation

Sensitive
to BCR-ABL

targeted therapy

gen BCR _Eb)

chromozom 22 (@ U
chromozom 9 \

gen BCR/abl

gen abl

&

Adam et al. 2003 Ph chromozom

Misaghian et al., 2009




Akutni lymfoidni leukémie — ALL

» pric¢inou muze byt vznik Philadelphia chromosomu (fuze Bcr/Abl)
» ALL SC (stejné jako CML) fenotyp CD34*CD38-
» nadprodukce nezralych lymfoidnich bunék

Chronicka lymfoidni leukémie — CLL

» nadprodukce B a T lymfoidnich bunék
» sebeobnova i u zralych bunék -> CLL SC jak z HCS tak z diferencujicich typu

Puvod jednotlivych typu
v' HSC nebo pre-B bunky => ALL
v' z B bunék folikularniho plasté (follicular mantle B cells)
=> vétSina lymfomu + nepfizniva (unfavorable) CLL
v z B bunék germinalniho centra => ne-Hodgkinovy lymfomy
v’ z pamétovych B bunék
=> mnohocetny myelom, Hodgkinovy lymfomy, pfizniva (favorable) CLL



Fenotyp a geneze bunék lymfoidnich leukémii
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Neuralni CSC - NCSC

neuralni CSCs vytvareji (v kulture) podobné jako NSCs sférické plovouci
utvary (= neurosféry)

neurosféry mohou byt rozsuspendovany na jednotlivé bunky, z nichz nékteré jsou
multipotentni a jsou schopné vytvorit novou neurosféru, pripadné davat vznik vSem
znamym skupinam neuralnich bunék (neurony + glie, stejné pro NSC i NCSC)

NSCs i NCSCs exprimuji povrchovy antigen CD133 (AC133), pripadné i nestin,

u nékterych gliomu bylo prokazano, ze pouze CD133" bunky izolované z téchto
nadoru jsou schopné tyto nadory po transplantaci vyvolavat, kdezto ostatni bunky
ze stejného nadoru ne, a to ani v pripadé aplikace o 104 vy$Si koncentrace bunék

u NCSCs je také dobie prokazan vznik jak z NSCs, tak z neuralnich prekurzorti
(TA bunék, pro které jsou znamy dlouhodobé kultivacni podminky pro rust in vitro)



Glioblastom a potencialni vyznam BMP pro jeho eliminaci / terapii

A Treatment with ionizing radiation

Tumour shrinks but Glioblastoma regrowth
CDI133" cells persis: in vitro and in vivo

Ghoblastoma
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Graft into Graft into
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% Tumour astrocytes

Reduced tumorigenicity




Signalni drahy jejichz pozkozeni (mutace komponent) se podili
na vzniku nadoru nervového systému

Wnt Shh Smo Notch 1

SELF-RENEWAL
Ponnusamy & Batra, 2008




WHO klasifikace
nadord CNS

NADORY
NEUROEPITELIALNEHO
POVODU
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TUMOURS OF NEUROEPITHELIAL TISSUE

Astrocytic tumours
Pilocytic astrocytoma 9421/1!
Pilomyxoid astrocytoma 8425/3
Subependymal giant cell astrocytoma 93841
Pleomaorphic xanthoastrocytoma 9424/3
Diffuse astrocytoma 9400/3
Fibrillary astrocytoma 9420/3
Gemistocytic astrocytoma a411/3
Protoplasmic astrocytoma 9410/3
Anaplastic astrocytoma 9401/3
Glioblastoma 9440/3
Giant cell glioblastoma 9441/3
Gliosarcoma 9442/3
Gliomatosis cerebri 9381/3

Oligodendroglial tumours

Oligodendroglioma 9450/3
Anaplastic oligodendroglioma 9451/3
Oligoastrocytic tumours
Oligoastrocytoma 93823
Anaplastic cligoastrocytoma 9382/3
Ependymal tumours
Subependymoma 9383M1
Myxopapillary ependymoma 93941
Ependymoma 9391/3
Cellular 9391/3
Papillary 9393/3
Clear cell 9391/3
Tanycytic 9391/3
Anaplastic ependymoma 9392/3
Choroid plexus tumours
Choroid plexus papilloma 9390/0
Atypical choroid plexus papilloma 93%0/1
Choroid plexus carcinoma 9390/3
Other neuroepithelial tumours
Astroblastoma 943013
Chardoid glioma of the third ventricle 94441
Angiocentric glioma 8431/1"

! Mamphalogy code of Te Intematonal Classification of Dissases far Oncclogy (IC0-0)
{6144} and the Systematized Momenclatura of Medicine (hitpsliEnomed.arg).
Behaviour i5 coded M for berign Wmaurs, 13 for maligianl mours and M Tor borderfine
of uncertain behaviour.

* The Ralickzed numbers are provisional codes proposed for e dth edbon of IC0-0, Whike they
ars expacied v be incorporated into $ha nexd ICD-0 edition, hey cumently remain subjact fo
changs

Meuronal and mixed neuronal-glial tumours
Dysplastic gangliocytoma of cerebellum

{Lhermitte-Duclos) 9493/0
Desmoplastic infantile astrocytoma/

ganglioglioma 94121
Dysembryoplastic neuroepithelial tumour  9413/0
Gangliocytoma 9492/0
Ganglioglioma 95051
Anaplastic ganglioglioma 9505/3
Central neurocytoma 9506M1
Extraventricular neurocytoma a9508/1"
Cerebellar liponeurocytoma 9506/1"
Papillary glioneuronal tumour 8509/1"
Rosette-forming glioneuronal tumour

of the fourth ventricle 89509/1*
Paraganglioma a6a0M1
Tumours of the pineal region
Pineocytoma 93611
Pineal parenchymal tumour of

intermediate differentiation 9362/3
Pineoblastoma 936213
Papillary tumour of the pineal region 93953

Embryonal tumours

Medulloblastoma 9470/3
Desmoplastic/nodular medulloblastoma  9471/3
Medulloblastoma with extensive

nodularity 847143
Anaplastic medulloblastoma 8474/3°
Large cell medulloblastoma 9474/3

CNS primitive neurcectodermal tumour 9473/3
CNS MNeuroblastoma 9500/3
CNS Ganglioneuroblastoma 9490/3
Medulloepithelioma 9501/3
Ependymoblastoma 9392/3

Atypical teratoid / rhabdoid tumour 9508/3

TUMOURS OF CRANIAL AND PARASPINAL
NERVES

Schwannoma (neurilemoma, neurinoma)  9560/0

Cellular 9560/0
Plexiform 9560/0
Melanotic 9560/0
MNeurofibroma 9540/0
Plexiform 9550/0




Blizké fenotypy CSC neuroepitelidlnich nadord

I. st. : pilocyticky astrocytom

II. st. : difdzni astrocytom, oligodendrocytom

GFAP, vimentin, nestin,
Ki-67 , CD133, Sox2
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Blizké fenotypy CSC neuroepitelidlnich nadord

IIT. st. : anaplasticky astrocytom, ependymom
IV. st. : glioblastoma multiforme,meduloblastom, neuroblastom

-
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SC a CSC mléénych zlaz — MaSC a MaCSC (Mammary CSC) |

% MaSCs —> SP populace Scal* a liniové negativnich (B220-, Gr-1-, Mac-1-, CD4-,
CD5~ a CD8") bunék tvoricich ,,mammosféry* (podobné jako neurosféry obsahuji
jak SCs, tak mnozstvi progenitoru a diferencovanéjsSich typu bunék)

% kmenové bunky mléénych zlaz jsou schopné dat vznik prsni tkani
po transplantaci do vhodného prostredi z metastazujicich prsnich nadort
byly izolovany bunky CD44*/CD24-, schopné tyto nadory vyvolavat
po nasledné transplantaci, oproti 100 nasobnému mnozstvi ostatnich bunék
izolovanych z takového nadoru

% pravdépodobné ne vsechny CD44+/CD24- maji potencial CSC

% CD44+/CD24- burniky nejsou také pravdépodobné odvozeny od MaSCs ale od TA



Multipotential
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Woodward, 2005
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LT-LCR (long term label retaining cell), ST-LRC (short term LRC), ER —receptor pro estrogen
PR — receptor pro progeteron, CD24 — povrchovy protein s GPI kotvou, CD44 (H-CAM)




Nadory a fenotyp jejich kmenovych bunék

S. No Cancer type Markers for CSC population
l. Brain Tumors cDIl33*

2. Breast Cancer CD24 lew/CD44+/ESA*

3. Ovarian Cancer CD133+/Side population (SPYCD44+, CDI 17+
4, Lung Cancer CDI33*

5. Prostate Cancer CD44*/a2f | hieh/CD | 33+

6. Pancreatic Cancer CD44*/CD24*/ESA/CD 133+
7. Hepatocellular Cancer CDI33+

8. Hematological Malignancies CD34*/CD38

9. Colon Cancer CD133+/CD44+/Lin/ESA*
10. Head and Neck Cancer CD44*

Vaish, 2007



Fenotyp nadorovych kmenovych bunék a jejich zdravych ekvivalent

Organ Cancer type Normal stem cellmarkers  Cancer stem cell markers
Hematopoietic Leukemia CD34+CD38-Thy I-Lin- CD34+CD38- Thy|-Lin-
Breast Mammary cancer CD24med CD44+*CD24-'owESA*Lin-
Brain Brain tumor CD133*Lin- CD133* Nestin

Skin Melanoma cancer CD20-CD| 66- Nestin- CD20* CD166* Nestin+
Prostate Prostate cancer CD133*a,p M CD44*a, 3, NCD 133+

Tongue, Larynx, Throat and Sinus
Pancreas

Head and neck squamous cell carcinoma (HNSCC)
Pancreatic cancer

CD44-
CD24-CD44-ESA

CD44*
CD24* CD44*ESA*

Ponnusamy & Batra, 2008




