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Programme du cours

Intro et fil directeur. le cancerune instabilité physicabiologique
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| Domaine de la physique Effets «macro» physiologiques,
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1 - Energétigue meétabolisme, Respiration, chaleur, |
I . . —l , .
. glycolyserespiration metabolisme !
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- Hydro: pression osmotiques, Ecoulement sang, permeabilité |
| hydrauliques membranaire, tissulaire n
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- Mecanique proprietes Migration cellulaire, |
| mecanique, contractilité _— An&rati !
! MY, ’ géneration de force !
| adhesivité !
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- Electrique poten_tlel Influx nerveux, | :
, transmembranaire contraction musculaire |
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+ exposésur articles parbindmes(format 12min + 5 min questions)
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Importance de la physique pour abordég vivant

A Phénoménologidrésriche du vivant: dazardet QS @2»f dzi A 2 Y

A Maisla vie est nécessairement physiquelle est «contrainte» par ses
f 2A4% SO d&8dus S & Ql LILJdzA S

A Concepts structuranpour la compréhension ddA g1 y i Y |j dzQS .
physiqueet/ou biochimique/génétique ?

A Son efficacité thérapeutique rayons Xprotonthérapie prothéses,
massage, ultrasonsptique €.g.endoscopik lasers, cryogenietc.

A Butsdu cours

A Introduction auxconcepts physiques importantsquations, et
developpement dans la recherche récentel@a/meédecine.

A Culture biologique structure, anatomié histologie, méthodes



Réferencesle cours

THERMUS
A WQUAT LNl

=~ Physical Biology of
f;-_‘-"f the Cell 2nd Edition

by Rob Phillips et al.

Tous les ordres de
grandeur importants:

CELL BIOLOGY BY
THE NUMBERS

http://book.bionumbers.org/

Molecular Biology of

THE CELL

Molecular Biology
Of The Cell
- Bruce Alberts

+ articles de recherche
A Pubmed
A SciHub


https://www.amazon.com/Rob-Phillips/e/B001HMQNI8/ref=dp_byline_cont_book_1
https://fr.shopping.rakuten.com/s/bruce+alberts
http://book.bionumbers.org/
http://book.bionumbers.org/
http://book.bionumbers.org/

Cancer phenomenology

Some statistics
Proliferation
Apoptosis
Cell morphology

Migration
Neo-vascularization
Metastasis



Incidence of cancer in different organs

Carcinome

Melanomes

LeucémieX
lymphomes

Gliome

Sarcomes

cancers of
epithelia:
carcinomas
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Epithelium,tissusconjonctif ... késako?

epithelium

tissuconjonctif
muqueuse
vaisseauxsanguins

musclelisse
circulaire

musclelisse o) o &
longitudinal A P % B Ry _
etneurones Exempledet QA Y G S&aGAY



Cancer Is characterized by aberrarell proliferation

LOW-GRADE INTRAEPITHELIAL HIGH-GRADE INTRAEPITHELIAL INVASIVE CARCINOMA

NORMAL EPITHELIUM

NEOPLASIA

NEOPLASIA

QDNSSI) SAISULOD

50 um
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or cell population doublings



Cancercellsproliferate like stemcells

Symmetric division Asymmetric division

Pluripotent
Embryonic

Stem Cell

Multipotent
Adult Stem Cell O
Mature
Somatic

Cell

A Differentiated Linear

cells do not proliferation
proliferate !

Symmetric division

©
00O

Exponential
proliferation
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i{ Leibniz
Institute of Technical Chemistry | 4olg! |Uniesii
109:4 Hannaver

Cultivation of Mesenchymal Stem Cells
in 2-D Cell Culture

72 hour time lapse video

Institut fiir Technische Chemie
Leibniz Universitat Hannover

Antonina Lavrentieva
Franziska Sambale
Ferdinand Ridinger

www.tci.uni-hannover.de i
clideo.com
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Cancer cells preserat bigger nucleus than normal cells

Normal Pre-cancerous InvasiveCarcinoma



Nucleus to cytoplasm area ratio of in embryonic, normal and
cancer cell

b
Celltype Nucleus :

5 PR CytoplasmArea
Ea 3 gar Ratio
%3 R Embryonic 1:4
g Carcinoma 1:45
g2

| - haploid Neonate 1:6

foduie Adult 1:12
%0 0 20 30 40

cell area (um?)

Figurs 2: Nudlear size for haploid and diploid yeast cells.
The cross sectional area of the nudei are plofted as a
function of the cross sectional area of the cells
themselves. (Adapted from P. Jorgensen et al.,
Molecular Biology of the Cell, 18:3523, 2007. )



Cancer cells shottircuit regulation byapoptosis

NORMAL CELL
DIVISION

NORMAL
APOPTOSIS

*' HOMEOSTASIS
b i‘&

INCREASED
CELL DIVISION

NORMAL
APOPTOSIS

_b' o

TUMOR

NORMAL CELL
DIVISION

DECREASED
APOPTOSIS

TUMOR




Apoptosis (video)




Apoptosis occurs naturally during finger formation

Red dots show cells undergoing apoptosis

E‘

Developing mouse paw, Developing mouse paw,
embryonic day 12.5 embryonic day 13.5



Cancer cells undergepithelial - mesenchymal
transition (EMT)to migrate out of tumor andmetastase

: cells grow as benign tumor in epithelium cells become invasive and enter capillary
normal epithelium

o) olefole

am na

capillary

travel through bloodstream
(fewer than 1 in 1000 cells will survive
to form metastases)

I liver forming

adhere to blood vessel

colonize liver fo
wall in liver full-blown metastasis



Example of highly migratory cells in the embryo: neural crest cell

Collagen
gel (3D)

Embryonic
gut (cell
source)




Tumors induce their own vascularizationeo-angiogenesis

A 12-day-old CAM incubated on day 8 for 4 days with
bioptic specimen of a tumor xenograft, showing
numerous host vessels around and inside the graft.



Tumors induce their own innervatiomeo-neurogenesis

Gt NP 3 Srghitliezdndial nervous
system drive neurogenesis@nt y O S NE

new paper 2019 for someone



The causes of cancer

Cell turnover, replicative error
Oncogenes
Viruses
| FEEYEFEN]J & 2F OF YyYOSNJI Iy



cell type

small intestine epithelium
stomach

blood Neutrophils

white blood cells Eosinophils
gastrointestinal colon crypt cells
cervix

lungs alveoli

tongue taste buds

platelets

bone osteoclasts

intestine Paneth cells

skin epidermis cells
pancreas beta cells {(mouse)
blood B cells (mouse)
trachea

hematopoietic stem cells
sperm (male gametes)
bone osteoblasts

red blood cells

liver hepatocyte cells

fat cells

cardiomyocytes

central nervous system
skeleton

lens cells

oocytes (female gametes)

turnover time
2-4 days

2-9 days

1-5 days

2-5 days

3-4 days

6 days

8 days

10 days

10 days

2 weeks

20 days
10-30 days
20-50 days
4-7 weeks
1-2 months
2 months

2 months

3 months

4 months
0.5-1 year

8 years
0.5-10% per year
life time

10% per year
life time

life time

BNID
107812,

101940
111427
111407,
109906
107812
109214,
109228
107910
101940
109232
110319,
109907
101708,
109233
103455
107076,
101940
108908
105840

111451

donerrosin DNA duplication

Se ran

—

107078

Becau

Number of countries

Cellturnover rate indifferent regionsof the body and cancernsk

0.0 0.2 0.4 0.6 0.8 1.0

t SI NB 2 Yy Qa&coé2 N
between division number in
tissue & cancer incidence rate

G { (c®lMivisions, somatic
mutations, cancer etiology, and
cancerLINE @ S yramasetiet >
al. Science, 2017



Most cancers are due to Badluck »: replicative error

Hereditary Replicative Environmental

0%

| R percentage of driver mutations attributable to each factor
2% 66% 29%

All organ
average:

Lung or skin: 60%

Tomasettiet al. Science, 2017



The causes of cancerumoursdevelop from cancer stem cells

X,y active
Xp active
X, active Xp active
TR -
random
inactivation of
X chromosomes by
adult tissue (liver)
_ tumor .
X,, active X active :
—_— —_—
random
inactivation of
X chromosomes embryo

(@)

adult tissue (liver) containing tumor



Cancer cells are genetically abnormal

(B)

(A\
Caryotype multicolored chromosomes
indicate aberrant crossver !



Multiple mutations are required to provoke cancer

180
160
140

120

60

incidence rate per 100,000
=
o

40

20

0
10 20 30 40 50 60 70 80

age (years)



Oncogenes

Example

Rasmutated
in 1 out of 5
cancers

Example

Rbtumor
suppresor
gene
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Cancer can be caused by viruses

-j‘-'Table 20-1 Viruses Associated with Human Cancers

worldwide | ﬁ
worldwide

Southeast Asia, tropical
Africa

worldwide

West Africa, Papua New
Guinea

Southern China, Greenland

Japan, West Indies

Central and Southern Africa



e cancer: une instabilité de la vie

Biologique

Biophysique

Kooy
A Indifférencié(~cellule souche
A Prolifération importante

A Non-apoptotique
A Migratoire

A Métabolisme:glycolyse, pH intracellulaire acit
A Néo-angiogénése

A Cellules mécaniquememolles

A Membrane dépolarisée électriguement

Chromatine(geneg ouverte, caryotypeaberrant

Comme
— dans un
Heembryon




Parentheseechnigque:
mesurerle cyclecellulaire



How longdoesit take a cellto divide ? Thecell cycle:

| Exercice
' Human celcycle: ~20h

Compute how many cells in our body ?
 How long does it take to get to this numbe
I by exponential mitotic growth ?

The cell "double checks” the ;’f
duplicated chromosomes for / /
error, making any needed
repairs.

S

Each of the 46
chromosomes is

duplicated I:hef Cellular contents,
Dﬂ' oy " execluding the chmmsnmes

.-" are duplicated.

™ (@

G1

G2

fission yeast (2 hr)

o

budding yeast (1.5 hr)

o)

human cell line (20 hr) Drosophila embryo (8 min)

Cell cycle arrest.




How to measurecell proliferation ?

AddBrdUfluorescentantibody to

Acidenucléique
: detect proliferatingcells(S phase)

o]

0
H.C Br
\ﬁmﬁ I NH
HO AD HO Acr
e e

OH OH
Thym |d | ne 5"-bromo-2"-deoxyuridine (BrdU)
BrdU

l

Enexcesincorporéa la

placede la thymidine
lorsde la phase S ExampleProliferationin thin

section of cortex

A Good to compare relativprolif. ratein
diff. tissues, or same tissue in diff. condition



How to measurecell cyclelength ?

Flowcytometry

Sheath fluid —=

Mozzie

Laser light source

F

0 P 0 08 e a

(stained cells in suspension)

l Sample

R

b

Hydrodynamic Focusing
Cells pass through
in "single file'

Fluorescence
emitied from
stained cells
detected

Forward and side

scattered light from

all cells detecied

Cell count

1 G1
1200 \
900
' S Phase
600
' G2
300 /
{] ~r T | T T T I
0 200 400 600 800 1000

Propidiumlodide

Fluorescence intensity

(proportional to DNA content)



510 nm)

BrdU-FITC (<

Cytométrieen flux adeux couleursBrDU+ propidium iodide

10% 5
S Phase
10° -
10° 4
107 5 e
. | G2
G..I AT
1'[]{' T T T | T T | T T T |
0 200 8OO 1000

Propidiumlodide (<= 620 nm)

Nombrede pointsdans
chaquephase
h duréedu cycle

mais X

Exercice

Proposer urprotocole
pour trouverladurée
absoluede tout le cycle
R Qdzy cefiudairdén
suspension ? Swne
tranche detissu?



