Dipartimento di Diagnostica per Immagini e Medicina di Laboratorio
Department of Morphology, Surgery and Experimental Medicine
Center of Excellence MIUR for the

HEE Study of Inflammation (ICSI)

::EEE:: SERVIZIO SANITARIO REGIONALE Ferrara Unlversrty Hospltal % universi

::?:::::: EMILIA_ROMAGNA YY) DA SEICENTO ANNI GUARDIAMO AVANT
L ..ttt ... Azienda Ospedaliero - Universitaria di Ferrarg Ferrara’ Italy

Les liasons dangerouses: inflammazione e cancro
F. Di Virgilio

Qualita e Innovazione nel Dipartimento
di Diagnostica per Immagini e
Medicina di Laboratorio di Ferrara:

Il edizione
25 maggio 2013



Inflammation is all
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The multiple facets of inflammation

Acute tonsillitis Sprained ankle

Rheumatoid arthritis Atherosclerotic lesion

From Science, 2013



How many inflammation subtypes?

Acute inflammation: purulent inflammation
hemorragic inflammation
serous inflammation
catarrhal inflammation
fibrinous inflammation

Chronic inflammation

Hypersensitivity

Tolerance

Suppressive immunity

Tumors: “good” inflammation
“bad” inflammation




Virchow described the association of
leukocyte infiltrate with cancer, and
suggested that this might reflect the
origin of cancer at sites of chronic
inflammation




Lung metastasis of experimental B16 mouse melanoma

From Adinolfi and Di Virgilio, unpublished



Cell, Vol. 100, 57-70, January 7, 2000, Copyright ©2000 by Cell Press

The Hallmarks of Cancer Review

Douglas Hanahan* and Robert A. Weinbergt evolve progressively from normalcy via a series of pre-

Sustaining proliferative
signaling

Resisting Evading growth
cell death suppressors

Inducing ) Activating invasion
angiogenesis and metastasis

Enabling replicative
immortality

From Hanahan and Weinberg, Cell 2000
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Leading Edge

Hallmarks of Cancer: The Next Generation

Douglas Hanahan'2* and Robert A. Weinberg3-*

Emerging Hallmarks

Deregulating cellular Avoiding immune
energetics destruction

Genome instability N Tumor-promoting
and mutation Inflammation

Enabling Characteristics

Hanahan and Weinberg, Cell 2011



The inflammation-cancer liaison

Intrinsic pathway: overexpression of oncogenes and/ or
inflammation-associated genes

RAS-RAF, NF-kB, MYC, IL-1, HIF-1a, TNFa, COX2, CCL2 , CCL20,....

Extrinsic pathway: inflammatory infiltrate.

Macrophages (TAM), Dendritic cells, Mast cells, Th 1, Th2, Treg, NK,
Cytotoxic T Lymphocytes, Granulocytes, MDSCs,
tumour-associated fibroblasts,....




Tumor microenvironment

Cancer Stem Cell (CSC)

Cancer-Associated Fibroblast

(CAF) —t

Endothelial Cell (EC)

Pericyte (PC) (Co)
s

© Local & Bone marrow-
derived Stromal Stem

& Progenitor Cells .
© Invasive Cancer Cell

Core of Primary Tumor Invasive Tumor Metastatic Tumor
microenvironment microenvironment microenviranment

Hanahan and Weinberg, Cell 2011



How cancer cells mould their microenvironment

Cancer Cells
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L. Krehl und F. Marchand
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Cells: Mast cells, PMNs, Lymphocytes, Macrophages, Lymphocytes, Fibrobslasts,
Endothelial cells.......

Soluble factors: Histamine, Serotonin, Lysosomal enzymes, Zn-proteases,
Prostaglandins, Leucotrienes, PAF, Cytokines, Chemokines Kinins,
Coagulation factors, Activated complement fragments, NO, nucleosides,
nucleotides, growth factors.............



The tumor microenvironment is an inflammatory microenvironment

Cancer Cells
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The tumor-microenvironment polarizes macrophages
towards a tumor-promoting phenotype

TGFR
PGE2
Cox2
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MDSC




Phenotypic changes occurring in myeloid cells in cancer

Tumor

Antigen-
specific T-cell
tolerance and
non-specific
suppression

Cytokines and
soluble factors
supporting tumor
angiogenesis,
invasion, and
metastases

Non-specific
suppression

Non-specific
! suppression

Cytokines and
soluble

factors o=t
supporting
tumor
angiogenesis

From Gabrilovich et al Nat Rev Immunol 2012



Seeing Is believing
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Cells: Mast cells, PMNs, Lymphocytes, Macrophages, Lymphocytes, Fibrobslasts,
Endothelial cells.......
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PmelLuc

Luciferase from the firefly Photinus pyralis is an
extraordinarily sensitive bioluminescent ATP sensor.
This protein is found in the light-emitting organ known
as the lantern within the abdomen of the insect and its
used in vivo by the firefly to emit flashes of light to
attract its mate.
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HEK293 cells stably transfected with pmeLUC.
A probe for in vivo extracellular ATP measurement?
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Inoculation of HEK293-pmeLUC i.v.
Into healthy mice
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Day 15 Day 42 Pellegatti et a., PLoS ONE 2008



ATP is increased in the inflammatory microenvironment

Pellegatti et al., PLoS ONE 2008

Graft vs host C Inflammation Wilhelm et al. Nat Med 2010
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Inflammation and cancer

Inflammation

Is Virchow always right?

Bad: TAM, MDSCs, VEGF-angiogenesis,
Extracellular matrix degradation,......

Good: Type | macs, T lymphocyte activation,
Immunochemotherapy,....




Conclusions and take-lab message

Inflammation and cancer are intimately intertwined.

. Sometimes inflammation is protective, other times
(more often) is cancer-promoting.

If we learn how to re-program cancer-associated inflammation, this
might provide novel therapies for cancer.
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