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Key facts about cancer

Second leading cause of death
after cerebrovascular diseases

New estimates worldwide
19.3 million cases and
10 million cancer deaths in 2020

GLOBALLY
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The Most Common Types

of Cancer in the U.S.

Projected share of new cancer diagnoses in the U.S.

in 2020, by gender

4.4% Thyroid

30.3% Breast

12.3% Lung

8.3% Colorectal

8.7% Uterus

Source: American Cancer Society

Lung 13.0%

Melanoma 6.7%
of the skin

Colorectal 9.1%

Bladder 6.9%

Prostate 21.5%

statista %a




-
cawncer progwnosis evaluation

v" Tumors are classified according to their organ of origin (breast, liver, kidney, bones)

v Pathological examination to establish the TYPE, GRADE and STAGE of the tumor

TYPES

Carcinoma (epithelial tissue), Sarcoma (connective tissue), Lymphoma and Leukemia (blood cells),
Neuroblastoma (embryonic tissue), ...

GRADES written in Arabic numerals
Differentiation, nuclear and cytoplasmic abnormalities, number of mitoses, extension of necrosis...

Example : the Gleason score to grade prostate cancer

STAGES represented as Roman numerals

TNM classification followed by a number from 0 (no cancer), | to IV, X impossiblity to evaluate
T: size of the tumor

N: putative regional lymph node invasion
M: distant metastases

v’ Search for molecular markers allow to precise the spontaneous pronostic or are
predictive of an answer to a treatment

32 AB Int. ML




cawncer: a muLthtcp process

primary tumor metastase

D5 BEE) EpEpEpEpm) ©))

- carcinogenesis in the primary site

- hyperproliferation

- hypoxic environment

- sustained angiogenesis Paoli et al., BBA 2013
- crosstalk with parenchymal, stromal, endothelial and inflammatory cells

- migration and invasiveness

- intravasation into the bloodstream

- cell survival in the blood and lymphatic vessels

- extravasation from the circulation

- metastatic niche in which cancer cells should adapt

- growth of the invading cells in the new site
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cawncer: a mul.tistcp process

Mutation inactivates

Three sequential steps —————

Cells proliferate

Initiation:

Promotion

First driver mutation Clonal expansion
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Hyperplasia Mild
dysplasia

Progression
Additional mutations and
hallmark traits

Mutation inactivates
DNA repair gene

Mutation of proto-oncogene
creates an oncogene

Mutation inactivates
several more
tumor suppressor genes

Carcinoma in situ
(severe dysplasla)

Cancer

invasive
( ) Cancer

Compton, Cancer: The Enemy from Within, Springer Ed., 2020 pp 25-48




cawncer: a multigenic and multifactorial disease

up to 10 or 20 years

Promotion gEamd Progression —»m

7

DNA damage : . I - :
Point mutations [Hyperplasm / clonal selection / genomic instability } —

Heredity v' Cytokines
Genotoxic agents v' Growth factors
Radiations v' Hormones
Viruses

Epigenetics

Gene amplification

Chromosomal rearrangements

Loss of heterozygosity

Oncogene activation

Inhibition of tumor suppressor genes

Expression of novel genes
(cytoskeleton or cell adherence proteins)

Predispose the cell to
malignant transformation
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Example :
Three specific gene modifications are sufficient to
convert a normal cell into a transformed one

normal cell

limited number of replications
limited growth factor signal accepted
mortal

hTERT, increased telomerase activity|—p

unlimited number of replications

SV40  loss of cell cycle suppressors
large T, and protection against apoptosis

unlimited number of replications
immortalization

H-v12Ras, excessive proliferative signal —»l

unlimited number of replications
immortalization
enhanced proliferation

transformed cell

Transformed cells acquire nwew properties

Sequential mutations induce
new cell properties

Immortality

Decreased sensitivity to growth suppressors
Increased resistance to cell deaths

Sustained proliferative signaling

Decreased cell-cell and cell-matrix interactions

Avoiding immune destruction

The Hallmarks of
Cancer




|
Btiology of cancer : a genetic disease

All cancers arise from changes in genes (mutations) but NOT all are inherited

Differentiating hereditary from sporadic cancers

- Sporadic No identified syndrome

Familial Hereditary syndromae

Figure 2. Approximate Prevalence of Sporadic and
Familial Colorectal Cancer—Most patients with colorectal
cancer have sporadic disease, and only a small fraction of
patients with familial colorectal cancer have an identifiable
hereditary syndrome.

Data from Grady WM. Gastroenterology. 2003.[12]
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Heredi.targ VErsus Sporaalio Cancers

Hereditary cancer

Inherited cancer syndromes are caused
by mutations (changes) in certain genes

passed from parents to children

With hereditary cancers, the first mutation is
inherited and already present at birth. Additional
mutations build up over time, leading to cancer.

First

o mutation 3
)
Ce\\da'“
Second
e S mutation o°
CA’.\\‘F“\a

| \
S a mutation
& &

Cancer cell

}
4
}
4

Adapted from “Understanding Gene Testing” - NIH 1995

mep Higher risk
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Sporadic cancer

Cancer that occurs in people who do not have a family
history of that cancer or an inherited change in their

DNA that would increase their risk for that cancer

With sporadic cancers, many mutations build up
in cells over time, eventually leading to cancer.

Normal cell v Virus
v’ Pollutant exposure
\ v’ Tobacco, Alcohol
v’ Sunlight

First
R mttin #%5» ¥ Radiations
ce .
v’ Aging

L] \
Second o
o sex  Mmutation Ce\\dama
L] ! \
Third
° S8 a mutation
Fourth +
1 1 1 \ mutation
e
-~ & & {53

Cancer cell
Adapted from “Understanding Gene Testing” - NIH 1995

== Generally has a later onset




Heredita ry cancers

Mutations that you have
inherited from your parents

v’ Breast cancer

v Familial adenomatous polyposis
Colon cancer

Both are transmitted in an autosomal dominant pattern

10 AB int. M1

PREDISPOSITIONS GENETIQUES

PRINCIPAUX GENES ASSOCIES

SYNDROME SEINS-OVAIRES

BRCA1, BRCA2, PALB2, RAD51

SYNDROME DE LYNCH

ADENOMES HYPOPHYSAIRES FAMILIAUX
ATAXIE-TELANGIECTASIE

CANCER GASTRIQUE DIFFUS FAMILIAL
CARCINOME PAPILLAIRE RENAL HEREDITAIRE
HYPERPARATHYROIDISME

MALADIE DE COWDEN

MALADIE DE FANCONI

MALADIE DE VON HIPPEL-LINDAU
MELANOME MALIN FAMILIAL
NEOPLASIES ENDOCRINIENNES

NEUROFIBROMATOSES

PHEOCHROMOCYTOME-PARAGANGLIOME HEREDITAIRE

MLH1, MSH2, MSH6, PMS2, EPCAM
AIP

ATM, MRE11A

CDH1

FH, MET

CDC73, CASR

PTEN, PIK3CA, AKT1

FANC

VHL

CDKN2A, MITF, BAP1, POT1, CDK4
MEN1, RET, CDKN1B

NF1, NF2, LZTR1, SMARCB1, SPRED1, SMARCE1

SDH, TMEM127, MAX, EPAS1

POLYPOSES ADENOMATEUSES FAMILIALES

APC, MUTYH, POLE, POLD1, NTHL1

RETINOBLASTOME

SYNDROME DE BIRT-HOGG-DUBE
SYNDROME DE BLOOM

SYNDROME DE CARNEY
SYNDROME DE GORLIN

SYNDROME DE LI-FRAUMENI
SYNDROME DE NIJMEGEN
SYNDROME DE PEUTZ-JEGHERS
SYNDROME DE POLYPOSE JUVENILE
SYNDROME DE WERNER

XERODERMA PIGMENTOSUM

RB1

FLCN

BLM

PRKAR1A, ARMCS5
PTCH1, PTCH2, SUFU
TP53, CHEK2

NBN

STK11

BMPR1A, SMAD4
WRN

XP

Institut national du cancer | 2018




Hereditary cancers : the case of BRCA genes

BRCA1
BReast Cancer 1

BRCA2
BReast Cancer 2

The most well-known genes
linked to breast cancer risk
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Name of syndrome
HNPCC/Lynch

XPb

ataxia telangiectasia (AT)¢

AT-like disorder¢

Name of gene
(4-5 genes)?
(8 genes)®
ATM

MRET1

Table 12.1 Human familial cancer syndromes due to germ-line defects in DNA repair

Cancer phenotype
colonic polyposis
UV-induced skin cancers
leukemia, lymphoma

lung, breast cancers

Enzyme or process affected
mismatch repair enzymes
nucleotide-excision repair
response to dsDNA breaks
dsDNA repair by NHEJ

Familial breast, ovarian cancer

BRCAT, BRCA2,d
BACH1, RAD51C

breast, ovarian, prostate
carcinomas

homology-directed repair of dsDNA
breaks

Werner

Bloom

Fanconi anemia
Nijmegen breakage?
Li-Fraumeni
Li-Fraumeni
Rothmund-Thomson
Familial adenomatosis

Familial breast cancer

WRN
BLM

(13 genes)f
NBS

TP53

CHK2
RECQL4
MYH
PALB2

sarcomas, other cancers
leukemias, lymphomas,
solid tumors

AML, diverse carcinomas
mostly lymphomas
multiple cancers

colon, breast carcinomas
osteosarcoma

colonic adenomas

breast cancer

exonuclease and DNA helicase,®
replication

DNA helicase, replication

repair of DNA cross-links and ds breaks
processing of dsDNA breaks, NHEJ
DNA damage alarm protein

kinase signaling DNA damage

DNA helicase

base-excision repair

dsDNA repair by HR

Weinberg, The Biology of Cancer Garland Science, Taylor & Francis Group, LLC 2014




Hereditary cancers : the case of BRCA genes

Loss of BRCA1 partners Loss of BRCA1 partners affects
affects homology-directed checkpoint controls in the cell cycle
repair of dsDNA breaks and homologous recombination

TopBP1 BRCA2
988 @
BRCT

NLS (PXPIPIPIPIP T Rad51

(N

BARD1 . |||| “ v v v
RING BRCT [ PALB2 ({BRCA2 S-phas.e Gy/M homolpgo_us
ankyrin checkpoints checkpoints recombination
y 351
Ra

rad
rad>"

god>’
gad>! Act as scaffolds to assemble a cohort

rad>"
rad>"
rad>"

of other proteins into large complexes

Weinberg, The Biology of Cancer Garland Science, Taylor & Francis Group, LLC 2014

Half of sporadic breast carcinomas carry inactive BRCA1 gene copies, silenced through promoter methylation

This gene suffers the same fate in ~40% of sporadic epithelial ovarian carcinomas
12 A® int. ML
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The Hallmarks of Cancer

Emerging Hallmarks and enabling characteristics due to research progress

Emerging Hallmarks

Sustaining proliferative
signaling

Resisting Evading growth Deregulating cellular Avoiding immune
cell death suppressors energetics destruction

Inducing Activating invasion

angiogenesis and metastasis Genome instability N Tumor-promoting

and mutation Inflammation

Enabling replicative
immortality

Hanahan and Weinberg, Cell 2000 Enabling Gharacteristics

Hanahan and Weinberg, Cell 2011
Six hallmarks capabilities — Ten hallmarks capabilities
Targeting these pathways has improved survival dramatically in most cancers

1323 AB Int. ML




-
The Hallmarks of Cancer

Main proteins or pathways are dysrequlated in the carcinogenesis process

The mitogen-activated protein kinases
(MAPK)/extracellular signal-regulated
kinases (ERK) pathway (sometimes
called RAS-RAF-MEK-ERK pathway)
plays a crucial role in this hallmark

EGFR
inhibitors

Sustaining
proliferative
signaling

Antigrowth signals are under the
control of two proteins, namely,
retinoblastoma (pRb) and P53,
often lost or mutated in cancer cells

Cyclin-dependent
kinase inhibitors

Evading
growth
suppressors

Programmed cell death-1 (PD-1)
is a checkpoint protein expressed
on the surface of activated T cells.
Its binding to PD-L1 that most
cancer cells express in a large
amount allows cancer cells to
evade the immune system

As they utilize anaerobic
glycolysis which produce
less energy, cancer cells
upregulate glucose
transporters, mainly Glut-1,
to increase
transportation to
cytoplasm

Aerobic glycolysis
inhibitors

Immune activating
glucose anti-CTLA4 mAb

the

Avoiding
immune
destruction

Telomerase is a specialized
reverse transcriptase
enzyme capping the
chromosome ends, the
overexpression of which
prevents telomere
shortening, resulting in
immortality

Unbalanced equilibrium
of pro- versus anti-
apoptotic Bcl-2 proteins
acts as a barrier to
apoptosis

Resisting
cell

Enabling
replicative
immortality

Telomerase
Inhibitors

Proapoptotic \
BH3 mimetics |

Tumor-
promoting
inflammation

AN

instability &
mutation

PARP
inhibitors

Selective anti-
inflammatory drugs

Inducing
angiogenesis

Activating
invasion &
metastasis

Poly (ADP-ribose)
polymerase (PARP) plays a

Inflammatory cells present in
the tumor environment can

vital role in repairing single-
strand DNA damage in the
stabilization of the genome

Inhibitors of
VEGF signaling

Vascular endothelial growth factor (VEGF) family
and its receptors (VEGFR) are the main players in
neoplasticvascularization, and their expression can
be triggered by hypoxia.

14 AB nt. ML

Inhibitors of
HGF/c-Met

provide the malignant cells
with growth factors and other
hallmark-facilitating
mechanisms, involving

cytokines and proteases

Downregulation or loss of E-cadherin is one of the

features
(EMT)

of epithelial-to-mesenchymal

transition

Dysregulation of HGF/c-Met signaling has emerged as
a key player in the invasion and metastasis

Hanahan and Weinberg, Cell 2011

Al-Bedeary et al., Iragi J. Hemat. 2020




The Hallmarks of Cancer

New additions

Nonmutational

Unlocking . : :
epigenetic reprogramming

phenotypic plasticity

15 A8 nt. M1 Hanahan, Cancer discovery 2022
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Eplgenetic reprogramming

DNMT1
DNMT3A

Genetic mutations in reTie
genes involved in the control
of gene expression ey

(epigenetic modifiers) V4

Nucleosome
remodeling

Histone-
modifying
enzymes

Gene expression
potential

Three main epigenetic mechanisms : Histores Histone PTH

and variants readers

y

DNA methylation /

H3K27 mutant
H3K34 mutant

Histone posttranslational modifications miANAS
Noncoding RNAs

The epigenetic machinery

Baylin and Jones, Cold Spring Harb Perspect Biol 2016

The Cancer Genome Atlas, a database of crucial genomic changes in 33 different cancers

The cBio Cancer Genomics Portal is a web-based platform which offers access to 5000 tumor samples
from 20 various cancer studies

16 AR nt. ML



https://cancergenome.nih.gov/
http://www.cbioportal.org/

-
Eplgenetic reprogramming

Promoter hypermethylation of genes playing important roles in processes encompassing tumor
suppression, cell cycle regulation, apoptosis, DNA repair, and metastastic potential

Hypermethylation signature specific of each cancer types

— 1 51"\\‘/'|<4GBM
— P14Ars
R1 Q'NKkgp

Esteller, Cancer Res. 2001

17 AB int. M1




-
Eplgenetic reprogramming

Chromatin structural changes in cancer cells

Covalent modification of histones is critical in making regions of chromatin more or less hospitable for transcription

A Normal epigenome

B Cancer epigenome

4 — Hypomethylated domain (28 kb—10 Mb)

bbb g5

Hypomethylated region Hypermethylated region Hypomethylated region
Abnormal open configuration
of nucleosomes

Genomic instability Tumor-suppressor Genomic instability
Oncogene activation? gene silencing Oncogene activation?

@P Hakomes J&> Histone acetylation @ H3Kame3 O Unmethylated CpG © DNA methylation

Repressive histone
modification

18 AR Int. ML Baylin and Jones, Cold Spring Harb Perspect Biol 2016




-
Eplgenetic reprogramming

Figure 2. Chromatin structural changes in cancer cells. These two
photomicrographs were taken from a patient with a squamous cell
carcinoma of the skin. The left panel shows normal epidermal cells
within one millimeter of the contiguous tumor shown at the same
magnification on the right. The chromatin, which stains purple as a
result of its affinity to hematoxylin, appears much more coarse and
granular in the cancer cells than in normal epidermis. Such changes
in the staining characteristics of chromatin are used by pathologists
as diagnostic criteria for cancer.

Baylin and Jones, Cold Spring Harb Perspect Biol 2016

19 A nt. M1




-
Sustained proliferation

Cancer cells produce their own growth signals
Overexpression of receptors, in particular growth factor receptors like EGF

Ligand independant signaling via constitutively active EGFR

Normal Cell

Ligand dependant Ligand independant
receptor homodimerization receptor homodimerization
and activation and activation

’
pMAPK pSTAT pAkt

20 AB Int. ML




-
Sustained proliferation

21 AB nt. M1

About half of human tumors have mutant Ras oncogene

In cancer cells, the RAS
gene product is locked into
its GTP-binding shape and
does not require a signal at

the receptor in order to
stimulate cell division
Normal cell

Cell
membrane

No proliferation

Growth
factor

))) 2)
3 i A 21,
,)") 2],

) ) )

' ) ) 4,
y) iJ IS 4

‘))) )y, /

pr BAS—5;
GTe

Proliferation

Ras Proto-Oncogene

Cancer cell

A A4 ))J),
p)
) ))))
Ny <42
3§33 AW 10T 4
BAS.

J) )JJ
2
T are

Proliferation even
without growth factor

In response to growth factor
binding at receptor, the Ras
gene product combines with
GTP to promote cell division




Dysregulated apoptosis

22 AB Int. ML

Reduced
-~
v = death signals
- -
Reduced - (
. -
expression of N

death receptor,

Expression of
decoy receptor

Impaired receptor without death
. . domain
signaling

Defects/ mutations
in p53

expression of —

Overexpression
of antiapoptotic
proteins

Group I
Bcl-2, Bel-xL,
Mcl-1, Bel-w,

Al1/BF-1,
BcIB/Bcel2L10

O -
Dysregulated Apoptosis
& Cancer

Reduced
expression of
caspases

Underexpression
of proapoptotic
proteins
Group I1 Group III
Bid, Bim, Bax, Bak,
Puma, Bok/Mtd

Noxa,Bad,
Bmf, Hrk, Bik

O

Disrupted balance of

Bcl-2 family of
proteins

Increased

expression of

TIAPs

Wong, Journal of Experimental & Clinical Cancer Research 2011




chawnges in tumoral wmicroenvironment

immune cells
stromal cells
blood vessels
extracellular matrix

Fibroblasts acquire
contractile properties

Cancer-associated
fibroblasts
CAF

2323 AB Int. ML

The tumor microenvironment orchestrates angiogenesis, proliferation, invasion and

metastasis through the secretion of growth factors and cytokines

Cancer progression

) P
-,
N,
|
- Q
Q'Q‘L =
Can

e com

Modified ECM

Metastatic
cell

s Fibroblast

CAF

Endothelial
cell

Quiescent
stellate cell
Activated
stellate cell

' Adipocyte

Lipolysis
adipocyte

Degraded ECM

Cytokine/

growth factor Free fatty acid

Current Biology

Anderson and Simon, Curr. Biol. 2020




EMT and tnereased motil.itg and tnvasivewness

The Epithelial to Mesench ywmal Tra nsttion (EMT)

A well polarized epithelial cell is converted into a non-polarized cell that
gains migratory and invasive properties to become a mesenchymal stem cell

CYTOPLASM

adjacent cell

plasma
membrane

EXTRACELLULAR
SPACE

ectodomains of two
E-cadherin molecules EPITHELIAL
forming adherens STATE
junction adherens MESENCHYMAL
junctions STATE
]

L
n

CYTOPLASM % E-cadherin CYTOPLASM

B-catenin

loss of :91 translocation binding to
E-cadherin = to nucleus Tcf/LEF and

EPITHELIAL LY F o O /"otherTFs
STATE _ \
a-catenin S .

Wnt
signals

/ SRS
plasma . '}ﬁﬂrﬁﬂ“
membrane % — cytoplasmic tail

of E-cadherin

linkage to actin free p-catenin
cytoskeleton in cytosol

Weinberg, The Biology of Cancer Garland Science, Taylor & Francis Group, LLC 2014
24 AR nt. ML

Table 14.2 Cellular changes
associated with an epithelial-
mesenchymal transition

Cytokeratin (intermediate
filament) expression

Tight junctions and epithelial
adherens junctions involving
E-cadherin

Epithelial cell polarity |

Epithelial gene expression
program

Acquisition of

Fibroblast-like shape

Motility

Invasiveness

Increased resistance to apoptosis
Mesenchymal gene expression
program including EMT-inducing
transcription factors
Mesenchymal adherens junction
Protease secretion (MMP-2,

MMP-9)

Vimentin (intermediate filament)
expression

Fibronectin secretion
PDGF receptor expression
ayPe integrin expression

Stem cell-like traits




EMT and tnereased motil.itg and tnvasivewness

lllustration of the loss of cell-cell junctions following
ectopic expression of the Twist transcription factor,
which mimicks Epithelial to Mesenchymal Transition (EMT)

(A)

+
control
vector
+
Twist
vector

E-cadherin

E-cadherin

) ) a-catenin
epithelial

markers .
B-catenin

y-catenin

B-actin

25 AB Int. ML

epithelial markers

y-catenin fibronectin

fibronectin

vimentin
mesenchymal

markers
N-cadherin

o-SMA

B-actin -

mesenchymal markers

Expression of epithelial markers, specifically E-
cadherin, B-catenin, and y-catenin, is repressed,
while expression of mesenchymal markers,

specifically vimentin and fibronectin is induced

vimentin

(A) Immunofluorescence
(B) Western blot

Weinberg, The Biology of Cancer Garland Science, Taylor & Francis Group, LLC 2014




Enhanced anglogenesis

Initiation of tumor vascularization

Inflammatory cells by supplying proangiogenic,
growth factors, cytokines and proteases...

Angiogenesis

Inflammatory
and Immune Cells

VEGF, IL-8

Yu and Rak, Breast Cancer Res., 2003

... will induce an angiogenic switch...

Pre-
angiogenic

Angiogenic

Cancer progression

Tumor-suppressor genes
(053, PTEN, VHL)

20 AB Int. ML

Inhibition

Stimulation Oncogenes

(RAS, EGFR, HER2)

Endothelial cells
Pericytes W

(]

Basement
membrane

Mother
vessel

Tip cell
VEGFR2
VEGF

YNOTCH DIl4

O L) . vVEGFR2

o o o 4*
| TIE2
© NRP1

=

Phalanx cells -4 oxo o/o
Stalk cells 4

Tip cells —T

Rak, Angiogenesis, Basic Science of Oncology, (McGraw-Hill Int. Editions), 5th Ed.

Angiogenic switch

Endothelial cell
stimulation

Formation of
endothelial tip cells

Formation of
endothelial sprouts

... and promote
vessel formation
in tumors



Enhanced anglogenesis

Tumor vessels are characterized by endothelial cell sprouting, disruption of

In normal vessels,

endothelial cells are ﬁl
tightly connected by Y, ormatvesse
stable cell-cell junctions

endothelial cell junctions, loss of pericyte coverage and increased vessel

leakiness, resulting in intravasation of tumor cells

b Tumor vessel

ﬁa Pericytes
&) e

[Zj%: Sprouting ECs
S Tumor cell

N\ Intravasation

Normal vessel
perfusion

—

2T AB Int. ML

) Hypoxia

Basal membrane/ECM

Cell-cell junctions

Angiogenic growth factors/
MMPs/chemokines/cytokines

Reduced vessel
perfusion

Leakage

Orthotopic
mouse glioma

{

Tumor vessels
;7.*) &, »

Hostile tumor microenvironment
that fuel cancer progression

Lugano et al., Cell. Mol. Life Sci. 2020



Rearrangements of cytoskeleton elements

The mlerotubule network

Interphose

(growth and DNA
replication)

G,
(growth and final

preparotions for
awvision) ’
6. 6, :
S £
Gy
A !

Interphase
Traffic, Signaling

Are the target of several anticancer drugs

Mitosis
Chromosome alignment and segregation

28 AR Int. ML




-
Rearrangements of cytoskeleton elements

The mlerotubule network

Microtubule
dynamics
(growth)

Directional cell
Microtubule . .
capture migration

/

Microtubule

/ anchoring

Centrosome
positioning

Nggleqs Microtubule stability
positioning (stabilizing MAPs)

N

Nucleus-centrosome
axis orientation

|

Microtubule  Golgi complex
dynamics positioning
(shrinkage) l

\

Accumulation of microtubules Orientation of the microtubules
in the front half of the cells in the direction of migration

Figure 3

The polarized microtubule network of migrating cells. Abbreviations: MAP, microtubule-associated protein;
N, nucleus.

Etienne-Manneuville et al., Annu. Rev. Cell Dev. Biol. 2013

;23 AR Int. ML




Rearrangements of cytoskeleton elements

The actin network
Fife et al., Brit. J. Pharmacol. 2014

Typical protrusive structures
in invasive cancer cells

O
0/0/0|0¢

| Basement membrane ( Extracellular matrix

L Lamellipodi;a\o\r\ ~
’ pseudopodia )

Nucleation and assembly
of F-actin

Cortactin

30 AB nt. ML




Rearrangements of cytoskeleton elements

Actin and Microtubules play a crucial role in directional migration
through organization of strong focal adhesions

Direction of migration

Contraction

Retraction

Strong focal adhesions === Stathmin Microtubules

Weak focal adhesions 4 ROCK Long unbranched F-actin

MTOC ® LvK ,|’ Short branched F-actin
- Myosin II £, Cofilin/ADF e End-binding protein 1

Fife et al., Brit. J. Pharmacol. 2014
321 Ar Int. Mz




Rearrangements of cytoskeleton elements

septiws : the fourth element of the cytoskeleton

Septins Septins

32 AB Int. ML




Rearrangements of cytoskeleton elements

Normal Fibroblast Cancer-associated fibroblast

Cancer cell-
derived soluble

factors

Cdc42EP3
F-Actin
Septins

YAP

~N
/‘\

232 AB Int. ML

Elevated Increased
Cdc42EP3 actin-septin

expression cohesion

Nuclear YAP

Increased mechano-
responsiveness

Increased
isometric tension
and force

Matrix remodeling and
pro-tumorigenic environment

Calvo et al., Cell Reports 2015

Septins,
by strenghtening actin fibers
favors matrix remodeling

and CAF migration

|

Pro-tumorigenic environment



Altered energy wmetabolism

Changes in glucose metabolism in cancer cells

even in the presence of oxygen and fully functioning mitochondria

(A) normal cells

extracellular | cytosol

mitochondrion
space

Krebs/citric
acid cycle

PDH h
glucose—»—— glycolysis T pyruvate ' @?}E@ - )
( ; o Because of the
-PK-M1
Tz hyperactivity of the
GLUT1 transporter,

tumors that have

concentrated large The Warbu rg effect
©) amounts of glucose

— o
+ — Roperastvein can be visualized

many cancer cells

hypOX|a
..PKB/Akt @ Increased

( Myg/ glucose uptake
Tl

glucose —»glycolysis — (pyruvate

- Fermentation of
\

glucose to lactate
extracellular | cytosol biosynthesis
space J

34 AB Int. ML

Weinberg, The Biology of Cancer Garland Science, Taylor & Francis Group, LLC 2014
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Escape immune damage

Over time, tumor cells evade immunity by :

. . . Promote tumorigenesis
Downregulating antigen presentation

Immune suppressive microenvironment
Upregulating expression of inhibitory cell surface molecules

that directly kill cytotoxic T cells (PD-L1, FasL)

Binding of PD1 on CD8+ to PD-L1 at the surface of tumor cell inhibits
cytotoxicity of T cells

Recruiting regulatory cells to attenuate antitumor immunity
Through the liberation of immunosuppressive cytokines and alterations in

the nutrient content of the tumor microenvironment

Inhibiting dendritic cells that can no longer produce proinflammatory

cytokines to attract macrophages or other immune cells

:;.':' , T Growth

; ; ; - factors
Tregs dampen anti-tumor immune responses and secretion of IZQ\ A
- ( @

growth factors o

35 AB Int. ML




Targeted and combinatorial therapy

EGFR Cyclin-dependent
inhibitors kinase inhibitors

Sustaining Evading |

Aerobic glycolysis proliferative growth Immune activating
inhibitors signaling suppressors anti-CTLA4 mAb

RN

Deregulating

cellular
energetics

Proapoptotic HeSiS’Itli”Q I\ St -j_-_‘ < E”I'?'b“’_‘g Telomerase
BH3 mimetics s WO IRisal Inhibitors
death \ﬁ(‘ gfﬁ»s? immortality
Do
22, 4 A S

Genome - ~ k‘ Tumc:r-
instability & promoting
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Targeted and combinatorial therapy
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