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Sustaining proliferative
signaling

Resisting Evading growth
cell death suppressors

Inducing Activating invasion
angiogenesis and metastasis

Enabling replicative
immortality

original six hallmarks, proposed by Hanahan and
Weinberg in 2000, that enable tumor growth and metastasis. Provided an
overview for understanding the biology of cancer.




Emerging Hallmarks

Deregulating cellular Avoiding immune
energetics destruction

Genome instability N Tumor-promoting
and mutation Inflammation

Enabling Characteristics

Hanahan and Weinberg in 2011 added

two emerging hallmarks and two enabling characteristics that facilitate
cancer devliopment.




Cancer Is a disease of tissues, not just cells!

For a long time, cancer research has focused
mainly on cancer cells and their defective genes.

In many cancers, non-neoplastic cells account
for up to 90% of the cells in the tumor mass.

* The “tumor stroma”, both 1nside the tumor mass
and also surrounding it, contains these non-
neoplastic cells.

* |Interactions between the tumor cells and stroma
cells (“heterotypic signaling”) influence tumor
growth and progression.



EMT. microenvironment, and metastasis
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Figure 1. Conceptual diagram of molecular, phenotypic, and behavioral transitions of cells undergoing EMT. Repro-
duced with permission from Micalizzi DS, Farabaugh SM, and Ford HL, Epithelial-mesenchymal transition in cancer:
parallels between normal development and tumor progression. J Mammary Gland Biol Neoplasia 2010; 15: 117-134.



Extracellular matrix in CANCER

Nature Reviews | Cancer
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CANCER ASSOCTATED FIBROBLASTS

a Fibroblast b Activated fibroblast
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Invasive carcinoma
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M1/M2 MACROPHAGE POLARIZATION

Elimination

Initiation/ promotion

Increased proliferation and
resistance to apoptesis

Equilibrium
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Adapted from Dunn GP et al Nat. Immunal 2002



EFFECTS of M1/M2 macrophage polarization
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THE METASTATIC PROCESS

6 @‘ \%MOT"JTY & INVASION
-

i1
i

TRANSFORMATION ANGIOGENESIS

Capillaries,
ARREST IN Venules, lymphatic vessels
CAPILLARY
RESE * EMBOLISM &
\‘@ : ‘ ' : : .‘.‘ .
ADHERENCE MULTICELL AGGREGATES
(lymphocytes,platelets)
EXTRAVASATION
INTO ORGAN
PARENCHYMA
_ RESPONSE TO
( MICROENVIRONMENT
) x
24 TUMOR CELL

‘\,

i PROLIFERATION | St
& ANGIOGENESIS METASTASES



(" ) Transformed
PRIMARY G Clonal expansion,

growth, diversification,

angiogenesis

— Metastatic subclone

Basement
membrane

Adhesion to and
invasion of basement
membrane

Passage through
extracellular matrix

- Intravasation

Interaction with host
/ lymphoid cells
Host
lymphocyte
\l
\

Platelets -~} Tumor cell

embolus

Extracellular
matrix

Adhesion to
basement
membrane

— Extravasation

Metastatic
deposit

= Angiogenesis
METASTATIC
TUMOR

\ Growth

Metastatic cascade:

hematogenous spread
of a tumor




Primary tumor formation Local invasion

Arrest at a

Extravasation distant organ site

® Q‘

l

Micrometastasis
formation Metastatic colonization

Intravasation

Survival in the circulation

— 6 o ®

Clinically detectable
macroscopic metastases

Invasion —Metastasis Cascade




Laminin
Receptor

Connective
Tissue Stroma— Basement Membrane Dissolution |

Invasion: Tumors cells, secrete enzymes, such as
metalloproteinases, (Type IV collagenase) that degrade the
basement membrane and express high levels of laminin and
fibronectin receptors, that mediate ECM attachment.




Figure 14-5b The Biology of Cancer (© Garland Science 2007)

Cancer cell migrating through the stroma. Note the
large space In the stroma matrix, that has been
degraded by the advancing cell.




Figure 14-8 The Biology of Cancer (© Garland Science 2007)

Cancer cells (expressing GFP) growing within the lumen of
a blood vessel.




cancer tissue endothelial capillary basement
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Figure 14-9 The Biology of Cancer (© Garland Science 2007)

Extravasation of Cancer Cells

Cancer cells become trapped in capillaries, microthrombi are formed, endothelial cells
are pushed aside and cancer cells contact basement membrane, cancer cell proliferates,
and eventually tumor cells break through the basement membrane.




In the primary tumor

¢ Suppressive TME

» Blocked NK cell infiltration

¢ Induces alternative phenotypes
» Resistant to immunotherapies
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Figure 14-19d The Biology of Cancer (© Garland Science 2007)

Epithelial-mesenchymal transition (EMT): Carcinoma cells
at edge of invading islets in direct contact with the stroma
have undergone EMT, and are expressing vimentin.
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Figure 14-17b The Biology of Cancer (© Garland Science 2007)

Concept of reversibility of epithelial-mesenchymal
transition (EMT).
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Figure 14-25 The Biology of Cancer (© Garland Science 2007)

Signals that mediate EMT




ENDOTHELIAL CELL

Inhibitors of VEGF, FGF,
etc., signaling, e.g.,
anti-VEGF and anti-
VEGF-R antibodies,
small-molecule VEGF-R
inhibitors, VEGF-Trap,
Ang2/Tie2 blocking
antibodies.
Endogenous
angiogenesis inhibitors,
e.g., endostatin, tumsta-
tin. Inhibitors of EPC
recruitment.

PERICYTE

Inhibitors of PDGF
signaling, e.g., anti-
PDGF antibodies,
PDGF-R inhibitors.
Inhibitors of Ang-1/Tie2
signaling.

(

BASEMENT MEMBRANE
EXTRACELLULAR MATRIX

Inhibitors of matrix
turnover, e.g. suramin,
dalteparin and matrix-
degrading enzymes, e.g.,
proteases (cathepsins,
MMPs, uPA etc.), endogly-
cosidases (e.g., hepara-
nase). Inhibitors of ECM
contact, e.g., integrin
avB3,avpB5,a581,or
a6B4 antibodies.

NEUTROPHIL
MACROPHAGE
MAST CELL

Anti-inflammatory
inhibitors, e.g., cytokine
and chemokine inhibi-
tors, NF-kB, IKK, TNF-a
inhibitors.

FIBROBLAST LYMPHATIC CELL

Inhibitors of HGF or its receptor c-Met, Anti-lymphatic targeting: inhibitors of
inhibitors of CXCL12/ SDF-1, VEGF-C, VEGF-D, VEGF-R3, or
PDGF/PDGF-R, of fibroblast PDGF/PDGF-R.

activation protein, e.g., sibrotuzumab.

Figure 13-49 The Biology of Cancer (© Garland Science 2007)

Heterotypic Interactions: Targets for Cancer Therapy
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Nature Reviews | Cancer



Tumor
Angiogenesis
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of blood
vessels by

Implanted
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Figure 13-32a The Biology of Cancer (© Garland Science 2007)




a Dormant o b Perivascular detachment ~ € Onset of angiogenic sprouting‘ ~
‘ * and vessel dilation i :

A. Most tumors start as avascular nodules (dormant). B. The

“angilogenic switch” begins with pericyte detachment and
vessel dilatation. C. Angiogenic sprouting occurs by
endothelial migration (guided by pericytes).



\ R . 4
d Continuous sprout!ng; , € Tumour vasculature =
- new vessel formation and maturation:; G
recruitment of perivascular cells

D. Angiogenic sprouting continues as endothelial cells
proliferate, adhere to each other, and create lumens.
E. Sprouts fuse with other sprouts forming a complex tumor

vasculature.




Inadequate

Normalized

The capillaries inside
of tumors are chaotic.

Angiogenesis inhibitors (anti-
VEGF therapy) associated
with “normalization” of
tumor vasculature. The goal
of therapy is total vessel
collapse and inadequate
support for tumor growth.
Normalization of the tumor
vasculature enhances
chemotherapeutic drug
delivery.




Oncogenes - inflammation

v

Angiogenic stimulators 4

Angiogenic inhibitors ¥
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Hypoxia
Vessel abnormalization | —» y
/ ¢ Acidosis
Invasion Tumor tissue chemoradiation immune serum
Metastasis swelling therapy response deprivation

Current Opinion in Genetics & Development

Angiogenic growth factors
are In excess of angiogenic inhibitors leading to vessel abnormalization.

This results in continual tumor hypoxia and acidosis creating a self-

perpetuating cycle of abnormal angiogenesis which promotes tumor
Invasion and metastasis and hinders chemoradiation therapy.




Hypoxia
(low O,)

g

Endothelial cell @ Pericyte, smooth muscle
proliferation < Angiogenic factors ——————3 cell recruitment

migration sprouting
assembly
Vessel maturation

Maintenance

Vasodilatation Differentiation
Vascular permeability Extracellular matrix degradation Remodeling
Stabilization Plasma protein extravasation

Mobilization of CACs and EPCs

transcription factors that mediate the

cellular response to physiologic hypoxia also regulate angiogenic factors,
such as VEGF, which execute some of the steps in tumor angiogenesis.




Angiogenesis increases with tumor invasion
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Figure 13-41b The Biology of Cancer (© Garland Science 2007)

A higher density of capillaries, (expressing factor

V111 by IHC) Is present with invasion.




-
o
o

=
N
w

probability
=
U
o

=== |ow microvessel density
=== high microvessel density

O
N
u

'©
2
>
B
=
n
v
v
P
Y
v
v
S
v
L
O

5 10 15 20
time (years)

Breast Cancer: increased angiogenesis (higher
microvessel density) associated with worse prognosis.



Tumor angiogenesis
and therapeutic

/  nomostTherapy angiogenesis inhibitors:
Large Tumaor

Tumors secrete VEGF
and PDGF. Current
clinical approaches
Include bevacizumab
(Avastatin), an antibody
against VEGF, and

W% Bl sunitinib (Sutent) a

| w \ll small molecule inhibitor
. | x;._-.___:;___ O ;-;
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ENHANCING PERICYTE COVERAGE PRUNING OF IMMATURE VESSELS

R

&

T Ang-1 T PDGF signaling

VEGF ©_

Inflammatory cells

IMPROVING TUMOR PERFUSION, OXYGENATION
THEREBY ENHANCING CHEMOTHERAPEUTIC EFFICACY

urrent Opinion in Genetics & Development

Anti-VEGF therapy induces normalization of the tumor vasculature. It
Increases pericyte coverage ( thru Ang-1 and PDGFJ3 signaling), destroys
existing vessels and prevents new vessel growth (“vessel pruning”),
Improves tumor perfusion and oxygenation, and enhances drug delivery.
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Figure 13-42b The Biology of Cancer (© Garland Science 2007)

Breast Cancer: tumors with high VEGF expression
(in addition to HER2) have worse prognosis.
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Figure 14-43 The Biology of Cancer (© Garland Science 2007)

Stephen Paget: British
physician proposed the
“seed and so1l” hypothesis
In 1889. He believed that
the non-random nature of

metastasis depends on an
Interaction between the
cancer cell (seed) and a
specific organ micro-
environment (soil).
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Figure 14-42 The Biology of Cancer (© Garland Science 2007)

Primary cancers and their metastatic tropisms
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