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Come si possono studiare le CSC?

Metodi di Isolamento/Purificazione/Arricchimento delle CSC per studiare le loro
caratteristiche molecolari ed il loro comportamento

Isolamento “prospettivo” di CSC

RY

Test di tumorigenicita in vivo

U

Analisi molecolari e fenotipiche

Y

Trovare cratteristiche peculiari delle CSC e le
differenze tra CSC e cellule staminali normali

Y

Trovare marcatori per diagnosi e prognosi
Sviluppo di farmaci e trattamenti che possano colpire
le CSC e non le cellule staminali normali




Isolamento prospettivo di CSC basandosi sulle proprieta principali delle cellule staminali
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CSC

Auto-rinnovamento

Potenziale differenziativo
Poteziale proliferativo
Quiescenza

Marcatori di superficie specifici

Chemioresistenza (meccanismi di
detossificazione e pompe ad efflusso,
quiescenza, etc.)




Tecniche di purificazione ed isolamento prospettivo di cellule staminali del cancro

Si basano sulle proprieta caratteristiche di cellule staminali, quali quiescenza,

meccanismi di esclusione di farmaci, detossficazione etc.
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Trapianto seriale di cellule tumorali in topi immunocompromessi:
Dimostrazione della tumorigenicita in vivo
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Tecniche di purificazione ed isolamento prospettivo di cellule staminali del cancro

Definizione di una CELLULA STAMINALE TUMORALE
= UNA CELLULA IN GRADO DI RICAPITOLARE TUTTA LA TUMORIGENESI SE
IMPIANTATA IN UN OSPITE

Q O “Bulk”non-side population
Q cellule eterogenee del tumore
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|dentification of novel markers for CSC

Isolation based on stemness properties

Primary cell lines & fresh tumors from Mouse & Man

PKH26 membrane dye

Optimization of
sphere cell culture conditions

/ >

Resistance Stemness Label retaining
to chemotherapy SP cells reporter cell assay
- 0t ] A

Identify distinct / overlapping populations / enrich populations
-> Membrane Proteomics / Phage Display Technology Pece et al. Cell 2010

SCC W

-> Functional characterization of subpopulations



CD44 expr

Surface markers/

Prospective identification of tumorigenic breast e
cancer cells

Muhammad Al-Hajj*, Max S. Wicha*, Adalberto Benito-Hernandez®, Sean J. Morrison**S, and Michael F. Clarke**7 CD44-APC

h
Departments of *Internal Medicine and *Pathology, Comprehensive Cancer Center, *Department of Developmental Biology, and $Howard Hughes Medical 1

Institute, University of Michigan Medical School, Ann Arbor, MI 48109
Communicated by Jack E. Dixon, University of Michigan Medical School, Ann Arbor, MI, January 16, 2003 (received for review December 18, 2002)

C
Table 3. Tumorigenic breast cancer cells were highly enriched in the ESA+CD44+CD24-/low population
Tumors/injections
5x 10° 10° 5x 104 2 x 104 104 5x 103 10? 500 200 100
Mouse passage 1
Unsorted 8/8 8/8 10/10 3/12 0/12 —_ —_ _
CD44"CD24" —_ —_ —_ 0/10 0/10 0/14 0/10 —_ —_ —_
CD44+CD24 flow —_ —_ —_ 10/10 10/10 14/14 10/10 —_ _ —_
CD44+(CD24NlowESA+ _ —_ _ _ —_ _ 10/10* 4/4 4/4 1/6
CD44*CD24 owESA- —_ —_ —_ —_ — —_ 0/10* 0/4 0/4 0/6
Mouse passage 2
CD44+CD24+ — — - — 0/9 — — — - —
CD44+CD24flow — —_ —_ - 9/9 —_ — —_ - —
Patients’ tumor cells
CD44+CD24+ _ 0/3 0/4 0/8 1/13 0/2 _ —_ _ —_
CD44+CD24 flow — 3/3 4/4 —_ 11/13 11 — —_ —_ —_
. it CD44+CD24 owESA*+ _ _ _ —_ —_ 2/2 2/2 —_ _ _
- CD24 expression > CD44+CD24 NowESA- — — — —_ — 2/2t 0/2 — — —_

PNAS | Aprll1,2003 | vol. 100 | no.7 | 3983-3088



Cell Stem Cell

ALDH1 Is a Marker of Normal and Malignant
Human Mammary Stem Cells
and a Predictor of Poor Clinical Outcome

Christophe Ginestier,! Min Hee Hur,2 Emmanuelle Charafe-Jauffret,3 Florence Monville,3 Julie Dutcher,1
Marty Brown,! Jocelyne Jacquemier,® Patrice Viens,3 Celina G. Kleer,! Suling Liu,* Anne Schott,! Dan Hayes,!
Daniel Birnbaum,® Max S. Wicha,! and Gabriela Dontu-*

ALDEFLUOR™ Kit i STE M C E |_ L'“

o B o -
For the Identification, Evaluation and Isolation of Stem and

Progenitor Cells Expressing High Levels Of ALDH Scientists Helping Scientists™ | wWwWw.STEMCELL.COM
TOLL FREE PHONE 1 800 667 0322 » PHONE +1 604
Catalog #01700 1 Kit NFOGSTEMCELL.COM » TECHSUPPORT@STEMCELL.CO
FOR GLOBAL CONTACT DETAILS VISIT OUR WEBSITE

FOARESEARCH USE ONLY. NOT INTENDED FOR HUMAN O ANMAL DAGNCSTIC OR THERAFY 1ICUSES

Product Description

ALDEFLUCR™ is a reagent kit that is used to identify human cells that express high levels of the enzyme aldehyde dehydrogenase (ALDH).

The activated ALDEFLUOR™ Reagent, BODIPY-aminoacetaldehyde (BAAA), is a flucrescent non-toxic substrate for ALDH, which freely
diffuses into intact and viable cells. In the presence of ALDH, BAAA is converted into BODIPY-aminoacate (BAA), which is retained inside
the cells. The amount of fluorescent reaction product is propoertional to the ALDH activity in the cells and is measured using a flow
cytometer. Viable ALDH-pright (ALDH™) cells can, in principle, be isolated using a cell sorter. Active efflux of the reaction product is
inhibited by an efflux inhibitor in the ALDEFLUOR™ Assay Buffer. A specific inhibitor of ALDH, diethylaminobenzaldehyde (DEAB), is used
to control for background fluorescence.

ALDEFLUOR™ is optimized for the detection of ALDHor hematopoietic cells in human blood and bone marrow, but it can also be used with
non-hematopoietic cells. For a full list of ALDEFLUOR™ products, please visit our website at www.stemcell.com.

Enzyme activity/
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| marcatori per cellule staminali non sono univoci:

esistono diverse popolazioni di CSC
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Analisi di marcatori di EMT e staminalita
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Possiamo sfruttare la conoscenza delle caratteristiche molecolari e
fenotipiche delle CSC ai fini clinici




Le CSC sono responsabili della progressione tumorale e delle recidive

Chemotherapy
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Le CSCs sono insensibili alle chemiotherapie e
sono alla base del “dandelion phenomenon”

Kreso and Dick, 2014; Dean 2009; Dean 2005

Le CSCs mostrano caratteristiche di
transdifferenziamento (ad es. EMT) e sono
responsabili della disseminazione metastatica.

Induzione di EMT in cellule epiteliali della mammella
induce un fenotipo CSC.

Oskarsson 2014; Mani 2008

| carcinomi della mammella piu aggressivi sono
arricchiti di CSCs.

Pece 2010; Ben-Porath 2008



Yin et al. Journal of Experimental & Clinical Cancer Research 2014, 33:49

http://www.jeccr.com/content/33/1/49
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A 41-gene signature derived from breast cancer

stem cells as a predictor of survival

Zhi-Qiang Yin'", Jian-Jun Liu'", Ying-Chun Xu', Jian Yu?, Guo-Hui Ding?, Feng Yang', Lei Tang', Bao-Hong Liu?,
Yue Ma', Yu-Wei Xia', Xiao-Lin Lin' and Hong-Xia Wang'*"
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Significato clinico delle CSC

Potenziale tumorigenico
» Le CSC garantiscono il mantenimento della cellula staminale e la produzione di cellule
della massa tumorle “differenziata” (bulk).

Resistenza intrinseca alle radio- e chemioterapie

> Quiescenza;

» Meccanismi di resistenza/sopravvivenza potenziati in CSC proliferanti (anti-apoptotici,
pompe ad efflusso, antiossidanti, riparazione del DNA, interazioni con la nicchia etc.).

Correlazione con parametri clinici (impatto prognostico e terapeutico)

» Frequenza di CSC nel tumore & associata con aggressivita in molti tumori;

» Aumento del pool di CSC dopo chemioterapia e diminuita sopravvivenza dei pazienti;
> Valore prognostico di firme molecolari delle CSC;

> Bersagli di terapie specifiche.




Teoria delle cellule staminali del cancro

FALLIMENTI DELLE CHEMIO O RADIOTERAPIE >> RECIDIVE, METASTASI

QUALI CELLULE DEVONO ESSERE COLPITE DALLE TERAPIE ANTI-TUMORALI?

Terapie anti-proliferative non hanno senso per le cellule staminali del cancro, vista la

loro quiescenza e l'attivazione di meccanismi, che le rendono resistenti al trattamento
con chemioterpici come ad esempio:

»Aumento dei livelli di proteine della famiglia BCL-2
»Proteine “multiple drug resistance”

Terapie anti-CSC:
Contrastare meccanismi di chemioresistenza
Contrastare l'attivazione di pathway dello sviluppo (“Terapie differenzianti”)
etc.

+ CHEMIOTERAPIE CONVENZIONALI (CONTRO IL “BULK)
+ TERAPIE A BERSAGLIO SPECIFICO

4

SCOPRIRE QUALI SONO | MECCANISMI MOLECOLARI E LE
VULNERABILITA’ SPECIFICHE DELLE CSC




Mantenimento delle CSC e della massa tumorale dipende da alterazioni di pathway

specifiche: nu

ovi bersagli per la terapia anti-CSC?
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Bersagli per colpire le CSC: Pathways coinvolte nella EMT e deregolate nel cancro
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Bersagli per colpire le CSC: Pathways coinvolte nel self-renewal e deregolate nel cancro

Stem/progenitor cell self-ranewal

Epidermal

Haematopoiatic

Gut

Tumorigenesis

Colon
carcinoma

Epidermal
tumours

Neural

5

Haematopoletic

Germ ling

Medulloblastoma

Basal cell
carcinoma

Haematopoletic Neural

@

+ Mammary epithelium
+ Intestinal epithelium

Leukaemia

Mammary

tumours . ' &‘

Adapted from Reya et al. Nature 2001



Ruolo di p53 nel differenziamento cellulare: un

ulteriore modalita di soppressione tumorale

Ferroptosis
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p53 regola le divisioni asimmetriche delle cellule staminali della mammella
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Forme mutate di p53 (mtp53) cooperano nell’induzione di YAP/TAZ e CSC
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Terapie anti-CSC (I)
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Vulnerabilita selettive delle CSC: metabolismo lipidico alterato

Cell Metabolism

JAK/STAT3-Regulated Fatty Acid B-Oxidation Is
Critical for Breast Cancer Stem Cell Self-Renewal

and Chemoresistance

Graphical Abstract
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Tianyi Wang,

Johannes Francois Fahrmann,
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Richard Jove, Hua Yu
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In Brief

Cancer stem cells play an important role
in cancer development and
chemoresistance. Wang et al. show that
leptin~-JAK/STATS regulates lipid
metabolism through fatty acid
B-oxidation (FAO), promoting breast
cancer stemness and chemoresistance.
Blocking FAO and/or depleting leptin re-
sensitize cancer cells to chemotherapy
while reducing cancer stemness in vivo.

Inhibition of FAO preferentially
eliminates BCSCs

JAK/STAT3 activates FAO through
transcription of CPT1B

Adipocyte-derived leptin is critical
for JAK/STAT3-FAO in BCSCs

Targeting FAO/leptin inhibits
BCSCs, chemoresistance, and
breast tumor growth



The Notch receptor signaling pathway:

an appealing target for cancer therapy

ARRESTED DEVELOPMENT?
Notch Emerges as New Cancer Drug Target

By Ken Garber
JNCI, 2007



The Notch receptor signaling pathway

Signal-sending cell
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Mediates short-range signals that control
many cell fate decisions, such as

QStem cell renewal/Asymmetric cell
division

QInhibition of differentiation/Differentiation
QProliferation/Growth promotion or arrest
QInhibition of Apoptosis

UMovement

In multiple tissues....but is cell/context
dependent!

Depends on cell-cell contact

Cooperates with developmental pathways
(Wnt, SHH, RTKs etc.)

Cross-talks with many pathways (Ras,
TGFbeta, HIF-1 alpha, NF-kappaB)

Misregulation of Notch has been linked to
Cancer and to developmental disorders.

Dosage-dependent GOF, LOF



Regolazione e attivazione trascrizionale a valle di Notch

i D EGF repeats
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ﬂ Transmembrane
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E. Lai, Curr Biol 2004

Lista crescente di geni bersaglio:
Mediatori delle funzioni di Notch

HES-1/6 }
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Cyclin D1
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GATA-2
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p21 }
" Deltex

Repressori trascrizionali:
Ruolo anti-differenziativo

Mediatori della proliferazione
cellulare

Fattori trascrizionali: crescita e
differenziamento

Mediatori di chemioresistenza

Regolatori negativi



Interazione di Notch con altre pathways
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Notch controlla il self-renewal e differenziamento di cellule epiteliali nelluomo

Intestinal epithelium

Skin epithelium

Mammary gland

Intestinal stem cell

£\
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| o e

Tubular progenitor
/ \ Tubular
Mammary stam coll

Nveolar
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Blanpain, Cell 2007




Meccanismi di attivazione oncogenica di Notch

Attivazione deregolata nel cancro alla mammella

High-level Coexpression of JAG1 and NOTCH1 Is Observed in
Human Breast Cancer and Is Associated with
Poor Overall Survival

. oo L33 uom .o - | \ 1 . r 1 ar . . s
Michael Reedijk, ™ Silvia Odorcic, Lynn Chang, Hui Zhang, Naomi Miller,
X & g 5 5 Aty 16
David R. McCready, Gina Lockwood, and Sean E. Egan

Loss of negative regulation by Numb over Notch
is relevant to human breast carcinogenesis
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Meccanismi oncogeénici di Notch: repressione dell’attivita di p53

Notch suppresses p53 in
Lymphomagenesis
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Activated Notch1 inhibits
p53 function in H460 cells
through PI3K/Akt pathway
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Activated Notch1 interacts with
p53 to inhibit its phosphorylation

and transactivation
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Meccanismi oncogeénici di Notch: induzione di EMT

Jaggedl-mediated Notch activation induces
epithelial-to-mesenchymal transition through
Slug-induced repression of E-cadherin
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Meccanismi oncogeénici di Notch: angiogenesi e metastatizzazione

Hypoxia (reduced oxygen levels has received considerable attention as an inducer of tumor metastastis)
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Meccanismi oncogénici di Notch durante la fase metastatica:
Notch agevola il homing di cellule leucemiche nel cervello

nature
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CCR7 signalling as an essential regulator of CNS
infiltration in T-cell leukaemia

Silvia Buonamici?, Thomas Trimarchi'?, Maria Grazia Ruocco'”, Linsey Reavie'?, Severine Cathelin?,

Brenton G. Mar*, Apostolos Klinakis®, Yevgeniy Lukyanov', Jen-Chieh Tseng’, FilizSen"?, Eric Gehrie®, Mengling Li’,
Elizabeth Newcomb!, Jiri Zavadil’, Daniel Meruelo', Martin Lipp®, Sherif Ibrahim!, Argiris Efstratiadis®,

David Zagzag', Jonathan S. Bromberg®, Michael L. Dustin'? & lannis Aifantis"*

a b c a Peripheral blood
Adam15 801 p < 0.0002 T £ M Gated on EGFP*
|1 | Adams o g WMe 20% 0%
= 60 k
Ceiz22 E é |‘ WTHotcht-Ic g {
Cci24 § 40 '«g X =
Cci3 = 2 g 2
Celd 65’20 5 _ = ® ® Of
= / -
Ccls : .t BRESIES RN, " N— 1
Ccle WTMIG  \WTHotchi-I ——» CCR7 369% 43%
Ccl9 e - .
Cer1 d P < 0.01 Y
Cer2 P <0.01 Q 15% 91%
M Cers L 50 =
-20 [eelvd % E "b
Lo Joam i g
cuit 3 -3
Cxaclt S . o . !
c 0 @ 1% 3%
Drd1 mCCL21 - + - - o+ - -+ - - o+ - . D4
Dix1 mCCL19 - - - - 4 - -+ - - 4+ e
Gata3 WTMIG CCR7(KOMB WTNIteht-IC  CCR7(KOjNetehi-iC

Notch— CCR7 (chemokine receptor)

CCL19 ligand in the brain



Ruolo della cooperazione tra la prolil-isomerasi Pin1 e Notch nella chemioresistenza
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