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What is stemness and how does that matter?
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Stem cells: the classical view

 Stem cell definition
— Self-renewal
— Differentiation

» Differentiation hierarchy
- lrreversible
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Differentiation hierarchy

* Cloning e iPSC

John Gurdon Shinya Yamanaka

Nobel Prize for Physiology or medicine 2012 “for the discovery that mature
cells can be reprogrammed to be pluripotent”






Dedifferentiation and cellular plasticity in vivo
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Dedifferentiation and cellular plasticity in vivo

Cancer stem cells

Progenitor-like

cells

Differentiated
tumour
cells

(®

© @

Stromal cells

4
@é@@

Cancer

Ge et al. Cell 2017. .
Shimokawa et al. Nature 2017. .
De Sousa e Melo et al. Nature 2017. .
Davis et al. Nature medicine 2015. .
Krieger and Simons. Development 2015.

Pereira et al. Frontiers in Oncology 2015. .
Plaks, Kong, and Werb. Cell Stem Cell 2015. .
Safa, et al. Genes & Diseases 2015. .
Singh, et al. EMBO 2015. .
Van Keymeulen, et al. Nature 2015. .
Ye, et al. Nature 2015.

Auffinger et al. Cell Death and Differentiation .
2014. .

Easwaran et al. Molecular Cell 2014.
Pattabiraman and Weinberg Nature Reviews. Drug *

Discovery 2014.

Chaffer et al. Cell 2013. .
Marjanovic, Weinberg, and Chaffer. Clin Chem .
2013. .
Zhang, et al. Stem Cells 2013. .

Zhou, et al. Quantitative Biology 2013.

Zhu, et al. Cancer Cell International 2013.
Landsberg et al. Nature 2012.

Quail, Taylor, and Postovit. Current Stem Cell
Research & Therapy 2012.

Vermeulen, et al. Lancet Oncol 2012.

Yang, et al. British Journal of Cancer 2012.
Chaffer et al. PNAS 2011.

Gupta et al. Cell 2011.

Lee et al. International Journal of Hematology
2011.

Thirant, et al. PLoS One 2011.

Hoek and Goding. Pigment Cell & Melanoma
Research 2010.

Oliveras-Ferraros, et al. Rejuvenation Research
2010.

Vermeulen, et al. Nat Cell Biol 2010.

Dufour et al. Stem Cells 2009.

Morel et al. PLoS One 2008.

Rapp, Ceteci, and Schreck. Cell Cycle 2008.



Dedifferentiation and cellular plasticity in vivo

Drosophila germ line

16-cell cyst
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The stem cell niche: two views
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sub-population of osteoblastic cells

Definition 1 (controlling-niche):
The niche regulates stemness

Stem Cell
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Stem Cell Niche
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Stem Cell Daughter

Stem Cell

Definition 2 (inducing-niche):
The niche determines stemness

* Schofield, R. (1978). The relationship between the
spleen colony-forming cell and the haemopoietic stem
cell. Blood Cells, 4(1-2), 7-25.

* Schofield, R. (1983). The stem cell system. Biomed
Pharmacother, 37(8), 375-80.




Dedifferentiation and cellular plasticity in vivo
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Drosophila germ line

16-cell cyst

- Inducing-niche (def 2) <

Dedifferentiation and cellular plasticity in vivo

Dedifferentiation and cellular plasticity in vivo
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- How do cells acquire stemness?
- Is the niche necessary?



Dedifferentiation and cellular plasticity in vivo

Parental population

Sorted: SL Basal Luminal

Expanded subpopulations

Cell-state
proportion (%)

C

Cell-state
proportion (%)

3

FACS

—
=

—

(=4
—

SUM1 59shCmrl

ESL
mBasal
mLuminal

1N

Parental populétion

eccccccas
B

Sorted: SL Basal Luminal

100+

=

—
"

&

Expanded subpopulations

Gupta et al. Cell 2011
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Conflicting views of

stem cells
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« Phenotype or Function? »

Clevers and Watt, Annual Rev
Biochem 2018
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« Types or states? »

Alder & Sanchez Alvarado, Trends in
Cell Biol 2015
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« Nature or nurture? »

Mikkers & Frisen, EMBO 2005

« Entity or state? »

Zipori, Nature Rev Genet 2004

« Entity or function? »

Blau, Brazelton, Weimann, Cell 2001




What is stemness?

Does the microenvironment play a determinant role
in stemness?

Niche independent Niche dependent
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What is stemness? The classical view

Niche independent
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Stemness as a relational property

Niche independent Niche dependent

Intrinsic m i Dispositional ]

Definition: intrinsic property whose expression depends on extrinsic factors

Example: Fragility Hematopoietic stem cells
= : : HSC
/ Ro;\\
ol Lt -":;s,ﬁf\ A\
Fortis x ﬂAg1IT2 \\/\/Myc }Quiescsnce
@—< X

/ / /
‘ A \\\ S \ VL/ 1/ /
| >

sub-population of osteoblastic cells




Stemness as a relational property

Niche independent Niche dependent

Intrinsic MM
Extrinsic W;JRG“’“W'

Definition: a relational property is a property that emerges from a particular
relationship between two entities.

Example: Body weight Example: Germ line

16-cell cyst

Def 2 — Inducing-niche




Stemness as a systemic property

Niche independent Niche dependent

- R Y -
e | Semic | i

Definition: a property (generally a function) maintained by a system

Example: Soccer position Example: Breast cancer cell lines
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Intro: what are stem cells?

What kind of property is stemness?

Stemness can be 4 kinds of Depends on niche and
properties dedifferentiation
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The CSC model

stem cells “ ability to generate
‘. new cells

l \ Drugs that Kkill .‘
. tumour cells

but not cancer Pp-_—
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Reya et al. Nature 2001



CSCs-targeting therapeutic strategy
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CSCs-targeting therapeutic strategy
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CSCs-targeting therapeutic strategy
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Targeting the niche-cell relationship?

Niche- CSCs cannot
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Niche targeting
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Intrinsic

Extrinsic

CSC targeting Niche targeting
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Biol Philos (2018) 33:18 @ CrossMark
https://doi.org/10.1007/s10539-018-9629-z

Cancer stem cells modulate patterns and processes
of evolution in cancers

Lucie Laplane'”
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Intro: what are stem cells?

What kind of property is stemness?

Does stemness nature matter?

NI DS

Is stemness nature stable?
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Is stemness the same type of property in cancer?

CSC targeting Niche targeting

Categorical
e
L..JEEEﬂEL..JIIIIIIIIIIIIII'IIII-I--I-J

HSCs LSCs ?

Eric Solary William Vainchencker



Is stemness the same type of property in cancer?

myeloproliferative neoplasms
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Is stemness the same type of property in cancer?

Constitutive activation of signaling pathways and niche degradation in
myeloproliferative neoplasms
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Is stemness the same type of property in cancer?

Monocytes/macrophages transformation by intracellular parasites

Jonathan Weitzman’s courtesy

Categorical i Dispositional ]




Is stemness the same type of property in cancer?

Monocytes/macrophages transformation by intracellular parasites

Jonathan Weitzman’s courtesy
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Is stemness the same type of property in cancer?
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Is stemness the same type of property in cancer?

C Fully concordant reads

chr5 [_CoGisiand | 100p
CpGs |11 NI0H 000N

:

e.g. SDHAP3
promoter

Interpretation:
Mixture of popu-
lations with ordered
methylation states

il

Fully discordant reads

chr17 [CpGisiand ]  1dobe
coGs |11 100 NRMMIRRN

)

with locally disor-
dered methylation

e.g. PIK3R5
II promoter
teeX: )
-e0ce-  [nterpretation:
.0."*. Admixture of cells

i

Epigenetic alterations and cell plasticity

B Clinical outcome
Ordered

Mutations

epigenetic Lower adaptive potential
state
c
o
e
3
’ Q
5 @
5 g
= &
Longer &
Disordered 1
epigenetic Mutations
state Higher adaptive potential
5
f =4
B 3
o
= )
o 2]
: §
>
= &
Low @ Stem-cell-like epigenetic state High 1 Time
@ Treatment

PDR @ Differentiated-cell-like epigenetic state PDR

Landau et al. Cancer cell 2014

Categorical Dispositional

Relational




Is stemness the same type of property in cancer?

Stemness can be a different type of property in CSCs as compared to their
normal counterparts

Can change throughout disease progression

Depends on the alterations Interfolicular Epidermis Hair Follicle

(IFE) (HF)
HF genes\‘

\,l; genes} ( (

Depends on the cell of origin

Squamous cell carcinoma:

Tumor Epithelial Cell Tumor Msenchymal Cell
(Epcam+) (Epcam-)

Latil et al. Cell Stem Cell 2017



Is stemness the same type of property in cancer?

1. Stemness can be a different type of property in CSCs as compared to their
normal counterparts

2. Can change throughout disease progression
3. Depends on the alterations

4. Depends on the cell of origin

> Needs experimental validations
» Might require therapeutic adaptations

» Stemness transitions: cause or consequence of disease occurrence/progression
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Intro: what are stem cells?

What kind of property is stemness?

Does stemness nature matter?

Is stemness nature stable?
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“No such thing as a fish”

Streamlined Shape due to Aquatic Environment (Shared Selection Pressure)

SHARK DOLPHIN ' PUMA

CHONDRICHTHYES
+ Cartilaginous Skeleton
+  Gills

+ Scale Denticles in Skin

[ CONVERGENT EVOLUTION J

MAMMALIA
* Bony skeleton

+  Lungs

+  Mammary Glands

VERTEBRATA
* \Vertebrae

* Cranium

+ Tri-Partite brain

DIVERGENT EVOLUTION

Branching of Vertebrata into
Mammalia and Chondrichthyes



“No such thing as a stem cell?”

Homologous cell types
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Institut Jacques Monod



“No such thing as a stem cell?”

One common origin Several independent origins Independent origins
@
Stemness
Niche Niche
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Conclusion

Niche independent Niche dependent

Intrinsic [ Categorical H Diseositional l
Extrinsic l sttemic H Relational ]

CSC targeting Niche targeting
 cuegrior_| e
Intrinsic ,
mﬂu Niche
M dependent
Extrinsic

» Stemness identity should be address in all stem cell types
» And in cancers depending on oncogenic alterations/cell of origin

» Experimental biology + phylogeny + philosophy required
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