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6 types of junctions in epithelial cells :
4 are cell-cell junctions
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1. Tight junctions : claudins / occludins / JAMs
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2. & 3. Cell-cell anchoring junctions :
cell adhesion molecules (CAMs)

E-cadherin (cadherin)

Cadherins / tissue integrity (homophilic, Ca2+ dpt)
Adherens junctions
(non classical cadherins in desmosomes)

P-selectin

(sakecting Slycoptateln Selectins / transient binding to glycoproteins (Ca2+ dpt)
Transient junctions (heterophilic)
N-CAM (IgSF) ]

[

(a)
IgCAMs : immunoglobulin super family (fine tuning adhesion)

ICAM (IgSF) Integrin - neural (homophilic)

- EpCAM epithelial (homophilic)
- intercellular, vascular (heterophilic integrin)

(d)

™ Plasma
membrane

Plasma__—7
CYTOSOL | | INTERCELLULAR SPACE membrane CYTOSOL

© 2012 Pearson Education, Inc.

(cell / matrix junctions: Integrin / ECM binding (Ca2+ dpt))

B. BENOIT, UESQ7, Paris Saclay, 2024-2025 Pearson Education Inc, 2012



2. Adherens junctions and Desmosomes : cadherins
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3. Transient cell-cell adhesion : selectins

(not epithelial-epithelial contact)

Ligands = Glycoproteins, glycolipids Traffic of white blood cells in vessels rolling in the bloodstream
(oligosaccharide binding) and going into lymphoid organ or inflamed tissue
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Circulating cancer cells (CTCs) in blood vessels

A tumor/neoplasm is a type of abnormal and excessive growth of tissue.
The word tumor comes from the Latin word for swelling.

Tumor/neoplasm are classified into four main groups:
- Benign (ex: skin mole)

- In situ (potentially malignant)

- Unknown behavior

- Malignant = cancers (focus of oncology)

malignant invasive circulating micrometastasis metastasis
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disseminated
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Wikipedia

B. BENOIT, UESQ7, Paris Saclay, 2024-2025 Adapted from igure 20-16, Molecular Biology of the Cell 6th



3. Transient cell-cell adhesion : selectins

(not epithelial-epithelial contact)

Tumor cells in blood vessels rolling in the bloodstream
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4. Channel / gap junctions : connexins

connexon

connexin monomer

Plasma membranes

Hydrophillic channel R&D Systems

| W ll

Closed Open

Dpt of Ca2+, pH, Volt...

heteromeric homotypic heterotypic
Pore size of 1.4 nm, exchange inorganic ions and small \ v J V /
water-soluble molecules (1 kDa) connexon channel
Chemical and electrical coupling (6 connexins)

Adapted from wikipedia
B. BENOIT, UE907, Paris Saclay, 2024-2025 Figures 19-23 & 25, Molecular Biology of the Cell 6th




Cell-cell junctions and diseases

Tight junctions : claudins

Leaky barrier : enteric disorder, asthma, neurodegeneration ...
Sawada, Path. International, 2012, Greene et al., Fluids & Barriers of the CNS, 2019

Anchoring junctions : adherence - classical cadherins

Macular dystrophy (eye disease)
El-Amraoui & Petit, Pro. Mol. Biol. Trans. Sci., 2013

Anchoring junctions : desmosomes - non classical cadherins

- Arrhythmogenic cardiomyopathy if plakophilin, desmoplakin, desmoglein or desmocolin mutations.
Akdis et al., Cardiovasc Med, 2017, Stevens et al., J. Card. Dev & Disease, 2020

- Pemphigus = blistering skin disease if desmoglein autoantibodies
Schmidt et al., The Lancet, 2019

Gap junctions : connexins
- Atrial fibrillation (heart arrhythmia)

- Charcot-Marie-Tooth disease (PNS)
Herndndez-Guerra et al., J. Hepato., 2019

Virus / bacteria infections
Dong et al., Thoracic cancer, 2020

Transient cell-cell adhesion : selectins

Inflammation disease (innate immune response)
Impellizzeri & Cuzzocrea, Expert Opi. Ther. Targets, 2014

B. BENOIT, UE9O7, Paris Saclay, 2024



EMT = epithelial-mesenchymal transition
MET = mesenchymal-epithelial transition

EMT
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B. BENOIT, UE907, Paris Saclay, 2024-2025 Adapted from Dongre & Weinberg, Nat. Rev. Mol. Cell Biol., 2019



EMT / MET in physiopathology
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6 types of junctions in epithelial cells :
2 are cell-matrix junctions
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1. Cell-matrix anchoring junctions : integrins in
focal adhesions (FAs)

Integrins : matrix receptors focal adhesion
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Figure 19-55, Molecular Biology of the Cell 6th
Schwartz, Curr Biol, 2011 ; Jeruschke et al., PLOS ONE, 2015

B. BENOIT, UESO7, Paris Saclay, 2024-2025



2. Cell-matrix anchoring junctions : integrins in
hemidesmosomes
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B. BENOIT, UESQ7, Paris Saclay, 2024-2025
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Figure 19-56, Molecular Biology of the Cell 6th
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Cell-matrix junctions and diseases

intermediate Skin blistering disorders :

filaments junctional epidermolysis bullosa
(keratin) mutations in
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Figure 19-56, Molecular Biology of the Cell 6th

B. BENOIT, UE907, Paris Saclay, 2024-2025 Plastic surgery key



EMT = epithelial-mesenchymal transition
MET = mesenchymal-epithelial transition
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FA and hemidesmosome : mechanotransduction

FA : mechanical force propagation to the nucleus
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Junctions and mitosis
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B. BENOIT, UE907, Paris Saclay, 2024-2025 Lechler & Mapelli, Mol. Cell Biol., 2021



The extracellular matrix (ECM)

| Proteoglycan
almost 300 ECM proteins

* fibronectin bone/teeth : calcified
‘ cornea : transparent

300 1 AT | tendon : rope-like
Y h
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B. BENOIT, UE907, Paris Saclay, 2024-2025 Figure 19-30 & 32, Molecular Biology of the Cell 6th



1. Glycosaminoglycans (GAGs), proteoglycans

GAG = disaccharide repeats proteoglycan
negatively charged, stiff and bulky :
attract Na+ and H20 creating a
turgor against compressive forces

Decorin | fibroblasts ——— Core protein
e Chondroitin sulfate

Heparan sulfate GAG

OH OH
0 - Keratan sulfate
A (0] (0]
o} HO J
H&&

OH . NH Basal lamina Aggrecan | cartilages
Perlecan
L 4n fibroblasts
Ex : hyaluronan epithelial cells
(-4GIcUAB1-3GIcNAcB1-), Syndecan

Migration, wound healing

Extracellular

.........................................

Cytosol Lin et al., Microbiology, 2017

' - Resist compressive forces
Kultti et al., JBC, 2006 - Diffusion of nutrients, metabolites, hormones (blood / tissues)

B. BENOIT, UESO7, Paris Saclay, 2024-2025



2. Collagens

procollagen enzyme cleavage of — fibrillar collagen (i.e.|type I II, V)
a-helices superhelices

ot
/ | I S ..
R - hydrophobic, non elastic
- type | : skin, bone ...

- resist tensile forces
- organized by cell tension

beaded (i.e. type VI)

W netforming collagen (i.e| type IV

FACIT (i.e. type XII, XIV) % /\ 4

anchoring (i.e. VII)

Basal lamina
(specialized extracellular matrix)

B. BENOIT, UE907, Paris Saclay, 2024-2025 Pfisterer et al, Front Cell Dev Biol, 2021



3. Glycoproteins : fibronectin

fibronectin
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B. BENOIT, UESQ7, Paris Saclay, 2024-2025
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Figures 19-46 & 48, Molecular Biology of the Cell 6th



4. Elastin
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Figure 32, Molecular Biology of the Cell 6th
Taki et al., Comput. & Visualiz. for Intravascular
Imaging & Comp.-Assisted Stenting, 2017
Pathway medecine




ECM contains nutrients, GFs, cytokines, hormones

vasculature

tumor

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



ECM contains nutrients, GFs, cytokines,
hormones but also extracellular vesicles (Evs)
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B. BENOIT, UESO7, Paris Saclay, 2024-2025
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- Can act on neighboring or far
away cells.

- Role in tumor initiation,
progression, metastasis and

chemotherapy failure.

- Found in blood, urine, saliva
(can help diagnosis/prognosis).

Xavier et al., Cells, 2020



Extracellular matrix remodeling by cells : stiffness

Focal adhesion

(b) Contraction/ Collagen

} Alignment Alianed ECM
—— Aligne
PTM metalloprotease
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B. BENOIT, UE907, Paris Saclay, 2024-2025 Ford & Rajagopalan, WIREs NanoMed & NanoBiotec, 2018



A thin specialized matrix sheet : the basal lamina
(or basement membrane)

EPITHELIUM
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B. BENOIT, UESQ7, Paris Saclay, 2024-2025
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Figure 19-50, 52, 53, Molecular Biology of the Cell 6th



Basal lamina and diseases

Junctional epidermolysis bullosa
(Laminin)

)

————

Basement membrane

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

Kidney disorders
(Collagen IV, laminin :
basal lamina thickening or disruption)
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endothelium

y o capillary
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arteriole

- - -

Plastic surgery key
Figure 19-56, Molecular Biology of the Cell 6th
Naylor et al, Nephrology, 2020



Functions of the extracellular matrix (ECM)

g OOO P R
b= e

adhesive substrate structure receptor Stores GF mec a.nlca >ena
\ Y J (stiffness)

K / K Growth factor /

Misregulation in cancer

B. BENOIT, UE907, Paris Saclay, 2024-2025 Adapted from Tumor metastasis, Edited by Ke Xu



Invasive tumor : ECM remodeling for migration

1. Regulation of Healthy Tissue Homeostasis

epithelium
Basement membrane
Fibroblast e | cm— - e
(connective » o < )
tissue) ¥ 3 iy o ] LOX crosslinker ®
- Q= Matrix metalloproteinases = ECM alteration
2. ECM Remodeling During Tumor Progression (MMPs) o B Dicruption of basement

Basement membrane membrane

. * 1 Tissue stiffness
tension and rupture * 1 Fibrillar collagens

* 1 Remodeling enzymes

S 6 & : A Cj S
‘ e - —<__ TumorLOX o
O Z <= (Elastin fragmentation = stiff ECM)

Desmoplasia
growth of fibrous
connective tissue
around the tumor

B. BENOIT, UE907, Paris Saclay, 2024-2025 Walker et al., In J Mol Sci, 2018



ECM : cell signaling in cancer

Collagen

¢ NEXSEN
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B. BENOIT, UESQ7, Paris Saclay, 2024-2025 Cox et al., Cancer, 2021



A capsule of cancer-associated fibroblasts (CAFs)
that enwraps primary cancer cells

CAFs : cancer associated fibroblasts
Highly contractiles
Rigid protection around cancer cells

B. BENOIT, UE907, Paris Saclay, 2024-2025 Barbazan et al., Nat Comm., 2023



Cell polarity

Intestinal epithelium

@éur’ons

e

- asymmetric cellular shape
- asymmetric distribution of molecules / organelles
- asymmetric functions

Need :

- to break symmetry and then to maintain asymmetry
- establish subcellular domains

- cytoskeleton

B. BENOIT, UESO7, Paris Saclay, 2024-2025



Three polarity complexes : initiation and maintenance
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Ohno et al., Cell Polarity, 2015
Suzuki & Ohno, J Cell Sci, 2006

B. BENOIT, UESO7, Paris Saclay, 2024-2025



Two phospholipids :

Phosphatdylinositol lipids

®  PIP2
G )
®
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phosphatase

B. BENOIT, UESO7, Paris Saclay, 2024-2025
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Lesli et al., Oncogene, 2008



Cytoskeleton and polarity

epithelium

APICAL

microvilli

terminal web
of actin

adherens
junction

~— basal lamina
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Actin microfilament / septin
Microtubules Intermediate filaments

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

desmosome

filopodia
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\\\\\

~ / ventral stress fibers
/ arcs

perinuclear actin cap

+ actin dendritic network

focal adhesions

Adapted from figure 16-4, Molecular Biology of the Cell 6t

Battaglia et al., F1000 Res., 2018
Burridge & Guilluy, Exp Cell Res, 2015



EMT = epithelial-mesenchymal transition
MET = mesenchymal-epithelial transition

EMT
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Sty 5= %é T / .\ )
Basal ey Back Front
‘ # - $ & e
IBasement 'Hemidesmosome
membrane
MET
* E-cadherin * Crumbs
* Epithelial cell adhesion |* PAT]
molecule » LGL ﬂ Mesenchymal
* Occludins * Vimentin | intermediate filament
* Claudins * Fibronectin
* 06B4 integrins * B1 and B3 integrins

* Cytokeratins | Epithelial intermediate filament  * MMPs

-[ » ZEB family —}

Repression of & SNAIL and/or SLUG Induction of
epithelial state « TWIST1 mesenchymal state

T TGF-B

B. BENOIT, UE907, Paris Saclay, 2024-2025 Adapted from Dongre & Weinberg, Nat. Rev. Mol. Cell Biol., 2019




Cellular migration in human

crawling cells : in embryos or adults
sperm : swimming o
hot migration .ee Immune cells

metastasis

(A) Neural crest
migration

embryogenesis

Nussdorfer et al., Bosnian J Basic Med Sci, 2019

(E) Primordial germ cell
migration

Shellard & Mayor, Trends Cell Biol, 2020 N. Bradbury

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



Five steps for mesenchymal cellular migration in 2D

(A) T
Q ——< Myosin I
1. polarization = Stress fibre
(B)

Actin filament

\ 2. Lamellipodium formation () Focal contact
Q > dendritic actin network / (" Mature focal adhesion
—_— protrusion
\\_ — (" Detached adhesion

i
/ \\ 3 Formation of new adhesions (attachment)

M

Q wr retraction (pushing forward)
B
4

REAR ___RhoA Rac | FRONT

> 4. Cell body traction / FA

B. BENOIT, UE907, Paris Saclay, 2024-2025 Shellard & Mayor, Trends Cell Biol, 2020



Rho, Rac, Cdc42 GTPases and actin cytoskeleton

mesenchymal migration =}

Lamellipodium

Stress

Focal fibre > —
adhesions Cell corEex

),

gel-like network

RhoA-GTP ——' Rac1-GTP Cdc42-GTP
Stress fiber (+ FA) lamellipodium filopodia
NS _ + \
\ actin microfilaments
S Yég = —
NG e

contractile bundle dendritic network tight parallel

Mayor & Carmona-Fontaine, Trends Cell Biol , 2010
B. BENOIT, UE907, Paris Saclay, 2024-2025 Figure 16-21, Molecular Biology of the Cell 6th




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

Focal adhesions maturation and disassembly

Increasing tension = assembly
decreasing tension = disassembly

—_— :
Trailing edge xMTOC Golgi
| <=5
— > | R
Nucleus \__— \
—_~“—Focal complexes
Substrate — ~— ‘
(ECM) \ Focal -_— Direction of
Fibrillar adhesions A movement
adheslonS\ —
Leading
edge
Focal complexes Focal adhesions Fibrillar adhesions
Zyxin
-actinis
o..' Sfc
Actin—s % FAK Xp130Cas
Paxillin
Vinculin
Tensi Tensi Tensi Tensi
Tali
Cel membrans - Talin) fCTalin) [(Talin) [(Talin
alf alf ) o b alp
Substrate —_
ECM ECM ECM

Joo & Yamada 2015, Chapter 5, Cell Adhesion and Movement



Determinants of migration direction

(A) 5 o) R ® .. ® ... .
[ ]
. OOoo : ......o..
T e}
B e Chemotaxis
<© \p§ Chemoattractant

gradient

(C)
C CD_\;‘? Durotaxis
/NVVWWWWWA

Extracellular stiffness

(E)

< @ - § Adhesion sites Haptotaxis
ali’s, °

(G)

e Galvanotaxis
<© \QQ ®
- D@ Electric field

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

Contact inhibition of migration

—_—

Collisionand | |Separation to
adherence new paths

Contact stimulation of migration

Isolated cell halts
N

-

Cell resumes migration
after contact

® X

Shellard & Mayor, Trends Cell Biol, 2020
Yamada & Sixt,Mol Cell Biol, 2019



ECM feature modulating migration in 3D

ECM topology
e.g. 1D tracks/fibrils,
2D sheet or 3D ECM

or tissue

T iD

=,

kzo

==

Spaces or pores
within the ECM

Molecular composition
of the ECM
e.g. collagen, fibronectin

3D

Ve

Collagen‘ ’
Fibronectin

ECM remodelling
e.g. by proteases or forces

Concentration
of each component
Uniform or localized

ECM crosslinking
Covalent or non-covalent

- \
\
/ Soa
/
High
concentration concentration
Stiffness of the ECM elasticity
ECM or tissue linear, non-linear,

viscoelastic (plastic)

N W

\ I~ S
\v tress (pul| ing)
' l 7 = T =
Stiff fibres

Deformable
fibres

Gradients
e.g. composition,

concentration, stiffness

ECM confinement
of cells

>«

B. BENOIT, UESO7, Paris Saclay, 2024-2025

Yamada & Sixt,Mol Cell Biol, 2019




Modes of migration adopted by cells in 2D/3D

- 2D adhesion 3D confinement
Mesenchymal N~ & @ — - |
Slow migration y e ) S
P high low
of 4

Amoeboid Bleb ‘ ’-\) —
fast migration S

Pseudopod (A1) ‘ ) : —_—

| low high
Stable bleb (A2) v . —— '

Influenced by strength of :
- Adhesion to the substrate
- Physical confinement

- Contractility

B. BENOIT, UESO7, Paris Saclay, 2024-2025 Welch, Cell, 2015



Modes of migration adopted by cells in 3D

Mesenchymal / lamellipodial migration Amoeboid migration

Path of least
Alignment along / ;

resistance

Proteolytic
path

the ECM fibres

Lamellipodia

Wactin

protru5|on
W o
ECM Nucleus Microtubule- . \Xl aCt'V'tY
fibre organizing centre
Microtubule Protease-loaded
vesicle
Traction Propulsion
Cell break the wall Cell go through holes in the wall
- ——
Focal adhesion
e e Actomyosin contractility

Strong adhesion ECM Low adhesion ECM

Front : Racl branched actin protrusion Back : RhoA Myosin contraction
ECM proteolysis

Nucleus in the back / MTs in the front Nucleus in the front / MTs in the back

B. BENOIT, UESQ7, Paris Saclay, 2024-2025 Yamada & Sixt, Mol Cell Biol, 2019



Nucleus and cell migration

Nuclear ruler : path finding

]

—

Path of least

i//ﬁ\\‘l

High vimentin

@

Persistent
invasion

Low vimentin

DNA
Increased damage

deformability
EMT, TEM

Soft cell

Resistence to
deformation

-

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

intravasation (EMT)

extravasation (MET)

CTCs (circulating tumor cells in the
blood stream) : round and stiff cells

Venturini et al., Science, 2020

Yamada & Sixt, Mol Cell Biol, 2019
Strouhalova et al., Cancers, 2020
20-16, Molecular Biology of the Cell 6t



EMT = epithelial-mesenchymal transition

/\\ ~ _ EMT & MET =
) (@@ = abnormally reactivated during metastasis

-~

Polarity
NV | reversal [T TNy Cell
Epithelial MT destabilization unction e
centrosome centering dissassembly  scattering

Mesenchymal
polarity

\ ﬂrCRNA @\-

—s [TWIST ——> VIVENTIN

TGFB
ZEB1 [SNAIL \_/
SLUG | y E

>DDOWMK 3 - —
intermediate filaments : keratin / vimentin switch e — ;
Cadherin : E-Cad / N-Cad switch Epithelial < - - - E,,M,_TA ~ = - 4 Mesenchymal  _ ,M,AT - - Rounded
Hemidesmosome / focal adhesion - spindle $amoebmd
EAT

Yamada & Sixt, Mol Cell Biol, 2019 ; Strouhalova et al., Cancers, 2020
B. BENOIT, UESQ7, Paris Saclay, 2024-2025 Burute et al., Dev Cell, 2017 ; Graziani et al, Trends in Cell Biology, 2022




EMT in cancer : individual or collective migration

EMT effectiveness (mesenchymal property)

-
-

epithelium

Other junctions

E-cadherin

|
Follower cells

E-cadherin

Complete EMT : confinement of the single Partial EMT : collective cell migration
migrating cell in the epithelium

tumor invasion

e

/

. Partial EMT | /177 Complete EMT @é
transition g VY transition £

E-Cad / N-Cad switch

Yamada & Sixt,Mol Cell Biol, 2019
Barriga & Mayor, Sem Cell Dev Biol, 2018

B. BENOIT, UE907, Paris Saclay, 2024-2025 Bocci et al., Cancer Research, 2019



Plasticity of cancer cell migration

AMOEBOID
MIGRATION

PRIMARY

Migrastatics :
MESENCHYMAL anti-invasion / anti-metastatic
MIGRATION

drugs ?
= y

COLLECTIVE
MET

MIGRATION i
METASTASIS

B. BENOIT, UE907, Paris Saclay, 2024-2025 Rubtsova et al, Int. J. Mol. Sci., 2021




Therapeutic strategies related to metastasis ?

“WANTED | OzLr8

—nn ) A —

Preventing EMT (TEM) ? Micrating cells DTC : dormant, resistant
. How & & and killers if they wake-up
. When ? (early/late events of dissemination) "
Mike

Targeting circulating tumor cells ? =Nrn
Probably not in the blood stream for a lon g o

. y 8 Latitude zéro
time ... 40 000 km POUR PARTIR

7 A LA RENCONTRE DU monDE

INVISIBLE MaAN

Best chance : targeting DTCs / their niches ? ¥
Modulating quiescence - senescence ? agu ' ot

. _Personne na

See cell cycle slides : etk
. . dumonde en

.. 'sulvant la ligne

r;g'_.’ . _de Uéquateur.

Dormant
Disseminated
Tumor Cells

H. G.
WELLS

B. BENOIT, UESO7, Paris Saclay, 2024-2025



Ways to reduce @)y
i
your cancer risk S e

Do not smoke or use Avoid too much sun,
’ any form of tobacco use sun protection

Make your home Reduce indoor and

smoke-free a' outdoor air pollution

8-
N
“

Enjoy a healthy diet Be physically active

Take partin
organized cancer
screening
programmes

Vaccinate your
children against
Hepatitis B and HPV

e, e

&5

Breastfeeding reduces e _

the mother’s cancer risk Limit alcohol intake
R

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

Credit: WHO



