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Cells in culture

Primary cells : represent the tissue of origin

Difficult to culture and maintain, variability from donors

1917, aseptic and nutrients

Keratinocyte, enterocyte, endothelial cell, myocyte, fibroblast, hematopoietic
stem cells ...

Transformation of primary cells in immortalized secondary cell line
Spontaneous / chemically or virally induced, easy to culture, no variability
Hela, 1951, human cell line, derived from cervix cancer from Henrietta Lacks

Stem cells

Embryonic stem cells (ESCs) : (totipotent) pluripotent

1981 (mouse), 1998 (human)

Induced pluripotent stem cells (iPSCs)

2006 (from mouse, human fibroblasts)

Nobel Prize in Physiology or Medicine 2012 John B. Gurdon & Shinya Yamanaka
Induced multipotent stem cells (ex : induced neural stem cell iNSCs)

2012 (from fibroblasts). Reduced carcinogenic potential compared to iPSCs

B. BENOIT, UESQ7, Paris Saclay, 2024-2025 Sakalem et al, Biotech. J., 2020



Cell line in 2D culture

Stationary phase

Death phase

Log phase

Number of cells (log)

Lag phase

Time (days)

B. BENOIT, UESQ7, Paris Saclay, 2024-2025



2D versus 3D cell culture
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At least one cell type

At least one epithelial and
one mesenchymal cell type

Multiplexed models
“on-a-chip”

B. BENOIT, UE907, Paris Saclay, 2024-2025 Yinet al, Cell Stem Cell, 2016



Spheroid/organoid scaffold-free culture methods

pellet hangine d strirring vessel
anging drop

— non adhesive flask G 3

®) =y
GEC

rotating vessel Microfluidic
(organ on a chip) Magnetic levitation

[ MAGNET |

EREERETET ¢ fn

Rely on cell self-assembly and prevention of cell adhesion to the flask

B. BENOIT, UESQ7, Paris Saclay, 2024-2025 Ryu et al, Cells, 2019



Scaffolds for 3D culture : natural or synthetic
hydrogel or porous

MDcK epithelial kidney cell (cyst)
Polarized epithelial cell culture

T epithelial cell (monolayer) |[]

porous membrane

hydrogel (collagen)

Artificial skin Microcarrier culture
Keratinocytes Microcarrier
porous
polymer
Fibre mesh Fibroblasts - Adherent cells

biodegradable

B. BENOIT, UE907, Paris Saclay, 2024-2025 Adapted from Pampaloni et al, Nat. Rev. Mol. Cell. Biol., 2007



Before becoming a drug blockbuster...

Le developpement d’un
medicament passe par des étapes
indispensables et obligatoires.

Recherche fondamentale Développement clinique
Etudes in vitro Etudes in vivo chez Phomme

Deéveloppement préclinique Mise a disposition
Etudes in vivo chez PPanimal du traitement

Complex, long, expensive and risked

B. BENOIT, UE907, Paris Saclay, 2024-2025 AFM-Téléthon, Code de santé publique



Cell fate
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B. BENOIT, UESQ7, Paris Saclay, 2024-2025 Figure 15-4 Molecular Biology of the Cell 6th




Usually 4 phases in eukaryotic cell cycle

DNA

r'eplica‘l'ion PF‘OPhGSZ L-"'?\.L]Elg\alrEenBvBope
Prometaphase preakdown
Metaphase Mitosis
Interphase Anaphase
%....
“ Cytokinesis

Restriction point”

Mitogenic signals

B. BENOIT, UESQ7, Paris Saclay, 2024-2025 Meijer, Oncology, 2003



Mitosis : 2 daughter cells with identical DNA content

from dad from mum

Prophase dipIOid ZN, Zn
46 chromosomes

sister chromatids separation

diploid 2N, 1n
46 chromosomes

Cytokinesis

B. BENOIT, UE907, Paris Saclay, 2024-2025 Adapted from http://cyberbridge.mcb.harvard.edu/



Cell cycle variation in different cell types

Embryonic stem cells

ES cells Somatic cells Post-mitotic cells
ESCs 1h

Early
embryonic cells

morula

M

no transcription pluripotent

totipotent

B. BENOIT, UE907, Paris Saclay, 2024-2025 Padgett & Santos, FEBS letters, 2020



Cell cycle variation : endoreplication

h Megalca chye ( Iaet)
endomitosis B e
G2 G1
S
Curr Opi Plant Biol

acytokinetic mitosis ¥

B. BENOIT, UESQ7, Paris Saclay, 2024-2025



Cell cycle variation : meiosis (gametes formation)

from dad
Prophase | Prophase |l
from mum diploid 2N, 2n haploid 1N, 2n
46 chromosomes ’

Metaphase
g overs
N
/e S\ R
. A napnhase _.
\S 7%7 . | Anaphase Il
homologous chiobmosomes separation
§ | X Telophase|
oAy Telophase Il .
haploid 1N, 1n
Cytokinesis @

)\ Cytokinesis
— Meiosis I

haploid 1N, 2n
23 chromosomes

Adapted from http://cyberbridge.mcb.harvard.edu/
Atlas of human enbryology, fig 37

B. BENOIT, UESQ7, Paris Saclay, 2024-2025 Nussdorfer et al., Bosnian J Basic Med Sci, 2019




Cell cycle control system

Somatic cells
1h

--------

---- ~GO0 - Orderly sequence of events (4 phases)

- Binary (switches on/off) : complete and irreversible
- Remarkably robust and reliable

- Adaptable

- Reversible exit : possible in GO-quiescence
- Permanent exit : terminal differentiation, senescence, death

B. BENOIT, UE907, Paris Saclay, 2024-2025 Padgett & Santos, FEBS letters, 2020



