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KAwwkd Znpeia @Aeypovig

Redness, heat, swelling, pain
(AC. Celsus)

Loss of function
(R. Virchow)

Dlreypoviy

25 B.C.-50AD. MRZAlp
AC. Celsius R. Virchow

https://en.wikipedia.org/wiki/Aulus_Cornelius_Celsus
https://en.wikipedia.org/wiki/Rudolf_Virchow

late 19— early 20t century AyyelaKEG/KUTTOPIKEG AANAYES

| Metchnikoff |}

leukocyte migration phagocytosis triple response

1- red reaction, 2- wheal, 3- flare

ns://www.slideshare.net/anushareddy999/inflammation-84417407
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Me tnv gvpvTtepN £vvora Oa AEyaue 0TL GUVIGTA UTAVTI|GT TOV
0PYUVIGUOV UTTEVUVTL GE EPEOIGUATO TOV OLUTUPIGGOVY TNV
OLLOL0CTUGLY,

s :;j@‘_WOparglal e
.~ Infarction »
> -
R ~

- -_:\ -
- -
.
4y

Monocytes/
~Edema Neutrophils Macrophages

ACTIVITY ———

vascular: vasodilation, increased permeability, exudate,
cellular:  recruitment, extravasation, phagocytosis

Robbins and Cotran Review of Pathology, Klatt and Kumar, 2" edition




H owoikaoio TG ETOVAMONG ATOTELEL HEPOS TNS PAEYHLOVADOOVS
OLEPYUOLUC, TPOAYOVTUS TNS OLOLOGTUGT] TOV OPYUVIGHOV

Wound
contraction

“ Collagen
accumulation

Remodeling

0.1 0.3 30 100
Days

FIGURE 3-20 Phases of wound healing. (Modified from Clark
RAF: Wound repair. In Clark RAF (ed): The molecular and cellular
biology of wound repair, 2nd ed, New York, Plenum Press, 1996,

P. 3.) Robbins and Cotran Review of Pathology, Klatt and Kumar, 2" edition




To povomatt e eAeypovig

Inducers —» Sensors —» Mediators —» Effectors

Table 1| Examples of inflammatory pathways

Inducer Sensor Mediator Effectors

Lipopolysaccharide TLR4 TNF-q,IL-6andPGE,  Endothelial cells, hepatocytes, leukocytes, the hypothalamus, and others
Allergens IgE Vasoactiveamines  Endothelial cellsand smooth muscle cells

Momosodiumuraterystalsandcakiom ~ NALP3 ~ Ip Endothelial cells, hepatocytes, leukocytes, the hypothalamus, andothers
pyrophosphate dihydrate crystals

Collagen Hagemanfactor  Bradykinin Endothelial cells and smooth muscle cells

Medzhitov Nature 2008




Table 1

Well-characterized types of PRRs along with the come sponding members functioning as intrace lular DMA/ENA sensors. A few stillund assfied PRREs are
presented as “other” The size of the p mtein domains is not depicted to s@le; blue-colored domains are implicated in protein-protein interactions,
whereas red-oolored domai ns interact withnucleic acids Detailed description of e ach PRR memiber is provided in the come-sponding Supplemse nital Data.

Type Members Protein domains AlGO“Tﬁ pgg [Patte rn
o L7 Gepood Recognition Receptors

TLR7 (Xp22.3) ) .
TLRE (Xp22.2) - m m_ (PRRS)] TOV
avVayvVOPLLovY

TLRS {(3p21.3) EE
DNA/RNA
PYHIN AIMZ (1921-23)

IFI16 (1g21-23) “_m

DExID/H- RLE helicases

JJEE::SE! RIGDDXSE (9p12) RIGI/MDAS ~ mm RecA RecA [ CTIDs
MDASTFIHI (2g24.2)
LGP2DHXSE (17q21.2) IR 28" RecA RecA | cTDYS

Other helicazes
DDX1 (2p24)
DDX3DDXIX (Xpll.3-pll1.23)
DDX21 (10g21)
DHX36/DDX36 (3925.2)
DDX41 (5g35.3) pom——— p———
DDX60 (4q32.3) \'—-‘.”,_____._____H',»'—r
DHXDDXYRHAMNDHII {1g25)
DHX15/DDX15 (4p15.3)
[PHX33/M00X335 (17p13)
DHX36/DDX36 (3925.2)

MNLR NODZCARDILS (16g21)

3

OB OB

DDRR MEEILI {11921}

KuT0{22913.2) WA AEEE  Nuclease (DEDa DEDhgs
Nb Rh
KuTd ™ vWA Ku core Ec

br

Crther PEE {Zg31.2)

DATZBP1I/DLM-1 (20q13.31)
RMA pol T [d 4 B RdsRBM1 dsRBM2 CKD [%

HMGB1(13q12),2{4q31).3(Xq28)
LsmldA (19g13.2)

LRRFIP1 (2437.3) (NS Zo| 7§ D3 § TBKI/IRFLS
cGASMBZID] (6gl13)

Pateras IS, Havaki S et al. Pharmacol Therap 2015




dleypovoong aravrnon (Inflammatory response):
Eleyyopevn — Mn gheyyonevn

Inflammatory
trigger

Infection Tissue injury

N/

Inflammation

Adaptive response: / l \

Usually not-evident
Physiological
purpose

Non-adaptive 1 1

response: Usually
not-evident

Pathological Autoimmunity, inflammatory Fibrosis, metaplasia
consequences tissue damage and sepsis and/or tumour growth

Host defence against infection Tissue-repair response

Medzhitov Nature 2008



«UNOEY ayav» Xolowva (639-559 n.X.)

nothing in excess

dlreynovn




Rudolph Virchow (1821-1902)

Linking inflammation with cancer
“lymphoreticular infiltration of tumors’

Hallmarks of Cancer: The Next Generation

Emerging Hallmarks

Deregulating cellular Avoiding immune
energetics destruction

Genome instability [ Tumor-promoting
and mutation Inflammation

Enabling Characteristics

Hanahan and Weinberg Cell 2011
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o S

I'evopikn aotdOcia (Genomic instability)

Ayyerwoyéveon (Angiogenesis)
A Onon kow Metdotaon (Invasion and Metastasis)

Avocoora@uyn (Immune invasion, i.e. T cell
exhaustion)




Table 1 Chronic inflammatory conditions associated with neoplasms
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Coussens and Werb Nature 2002




NFkB: 0 kprog pvOuotg ™ @AEYHOVIS KOl OGS €K TOVTOV

ONUOVTIKOS pLOHIGTAS 6TNV AVATTVEN KOPKIVOL TOV GYETICETAUL UE
- “Eival To 1poTo Proitl”

r L4
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@ | TLRs (0)
Viruses Cytokines
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“ o
(aTKKp) RKDKKD)
KKy, =
A |
- - - -
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/ _J
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Bonizzi-Karin Trends in Immunol 2004  TRENDS in immunology




Kapkivog mov avontvooetol o IONE

Normal epithelium

Environmental trigger
- Bacterial/viral infection >
- NSAIDs
+ Other toxins

Inflammatory Inflamed epithelium
cells, cytokines, (colitis)

chemokines,
bacterial flora

v

Oxidative stress
+ Reactive oxygen and
nitrogen species (RONS) >
NO; H,0,; others

\4
+ Damaged epithelium

Genetic and epigenetic
alterations

+ p53 mutation/activation Increased epithelial
- Damage/mutation of DNA > ( cell turnover

MMR system

* Methylation of regulatory
genes

- Telomere shortening Y

Dysplasia
Additional genetic )l
ance

changes

IONE: 16tontadn ®Asypovwdn Noco tou Evtépou (voco tou
Crohn kat eAkwdn kKoAitida)

- Proliferation
« Apoptosis

Ullman-Itzkowitz Gastroenterology 2011
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guanine 8-oxoguanine (GO)|| http://mol-
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Sporadic colon cancer

MSI %‘

k-ras
APC COX-2 DCC/DPC4

p53
Normal l’ Early | l’ Intermediate l’ Late Lm

mucosa adenoma adenoma adenoma

Aneuploidy
Methylation

Colitis-associated colon cancer

Aneuploidy/CIN
MSI
Methylation

& COX-2
p53 p53

mut. LOH| | DCC/DPC4 k-ras APC

Colitis; Y, | Indefinite l Low-grade l High-grade l’ ’M

no dysplasia » dysplasia > dysplasia > dysplasia

Ullman-Itzkowitz Gastroenterology 2011




H onuaocio tng mopovolog
UETAALAYUEVOV HOPPOV TNG
nPOTEIVNS P33 Tpoipa oty

EUPAVIOT] KOPKIVOV TOV TUYEOS
evVTEPOVL o€ £00p0c IPNE

Onaoo Kadnynti Bacsiin Fopyovin (EKIIA) o€ ovvepyoaosio pe Opada Kadnyntiy Moshe Oren
(Weizmann Institute)




letters to nature

316, 158 - 160 (11 July 1985)

Overproduction of p53 antigen makes
established cells highly tumorigenic

D. ELIYAHU, D. MICHALOVITZ & M. OREN

Department of Chemical Immunology, The

Weizmann Institute of Science, Rehovot 76100,
Israel




“Cancer. P53, guardian of the genome” Lane DP,

Nature 1992, Jul 2;358(6381):15-6
LOCALIZATION OF THE HUMAN TP53 GENE I

|<— 17p13.1
«

Levine-Oren Nat Rev Cancer 2009

Mitotic apparatus dysfunction

Ribonucleotide depletion Oncogene activation j
Hypoxia l // DNA replication stress

Mitric oxide | ~y === | Double-strand breaks

— o
Oxidative stress f= B Telomere erosion

o
V
@ @—pr@tei ni nte@
NS T

Metabolic Antioxidant ~ DNA Growth Senescence Apoptosis
homeostasis defence repair arrest

Mild and physiological stress Severe stress




Axképaro (Wild MeTalloypévo
type) p53 (Mutant) p53

N

Dominant Galin of
negative function
function (DNF) (GOF)




To yoviowo P53 petarrhdooetor ol ovyvd 6€ covi0eig

GTTOPUOIKOVS KUPKIVOVG

Ovary (204004264
Colorectum (547512687)

Esophagus (1772/4110)

Head & neck (2116%5206)
Larynx (310/768) -

Lung (2604/2157)

Skin {758/2157) 3

Pancreas (299918)

Stomach (1097/3432)
Liver (1010V3171) =
Bram (15654/5756) 5

Bladder (1031/3017) -

Broast {3405/13608)
Uterus (231/11286)
Soft t=sues (214/1089)

Lymph nodes (301/1575)

Tumoar site (Samples mulated'samples analyzed)

Prastate {1531106)

Bones {148/1011)

Endocring glands (105/721)

Hemalop system (762/5979)

Cearvix (7TOV1156)
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Data from IARCTP53 Database (R13, November 2008) (Petitjean et al. Hum Mutation 2007)




[CANCER. RESEARCH 60, 33333337, July 1, 2000]

Advances in Brief

Increased p53 Mutation Load in Noncancerous Colon Tissue from Ulcerative

Colitis: A Cancer-prone Chronic Inflammatory Disease

S. Perwez Hussain, Paul Amstad,] Kamran Raja, Stefan Ambs,',2 Makoto Nagashima, William P. Beuuett,3

Peter G. Shields, Amy-Joan Hﬂm,4 James A. S‘rﬂvenherg,‘1 Aizen J. Marrogi, and Curtis C. Harris®

Laboratory of Human Carcinogenesis, National Cancer Institute, NIH, Bethesda, Maryland 20892
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M7mopovv HETUALOYUEVES NOPPES TNS
TPOTEIVIG PO3 VO TPOAYOULV HEG®
gvepyomoinons Tov NFkB v ypovia
PAEYNOVI] KOL KOTO GUVETELO TO KOPKIVO TOV
OVOTTUGGETUL GTO £00.(PO0S TNG YPOVIUS

PAreypovic;




Mutp53 prolongs NF-kB activation by TNF-a,
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Ta avoOTEpm evpuoTo OVOTOPAYOVTOL GE UN)-
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Mice expressing mutp53 (R172H, human homolog R175H) are
excessively susceptible to DSS
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Mice expressing mutps3 are prone to chronic inflammation
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Mice expressing mutp53 In the epithelial or myeloid
compartment are more susceptible to chronic inflammation
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YOUTEPUCUATIKO LETAAAAYUEVES HOPPES TNG
aPpOTEIVNS P53 1060 610 cmiOnAiioko otoryelo 060 Kot
GTO GTPOUUTIKO GTOLYELO HTOPOVY VO, ETAYOVV TNV
EKQPOoN NEGOAUPNTOV TNS PAEYROVIS (0TTMS
KUTTOPOKLVOV).




Gain-of-function (GOF) effect of mutp53: not attributed to &
dominant negative mechanism
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I 1%

Mutp53 mice are highly prone to DSS-induced colon carcinoma
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Treatment with NSAID sulindac (given after the 3 cycles of

DSS) inhibited the DSS-induced carcinogenesis
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MIP2/CXCL2 promoter

Mutp53
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AOM bypasses the
dependence on

mutp53 GOF for
accelerated
tumorigenesis

Chronic Inflammation
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Mutp53 P65/
GOF - NFk

I'evopikn aotdOcia (Genomic instability)
Ayyerwoyéveon (Angiogenesis)
A Onon kow Metdotaon (Invasion and Metastasis)

Avocoora@uyn (Immune invasion, i.e. T cell
exhaustion)




Cancer Cell

Mutant p53 Prolongs NF-kB Activation
and Promotes Chronic Inflammation
and Inflammation-Associated Colorectal Cancer

Taomer Cooks,? loannis S. Pateras,® Ohad Tarcic,? Hilla Solomon,? Aaron J. Schetter,® Sylvia Wilder,? Guillermina Lozano,*
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SUMMARY

The tumor suppressor p53 is frequently mutated in human cancer. Common mutant p53 (mutp53) isoforms
can actively promote cancer through gain-of-function (Z0F) mechanisms. We report that mutp53 prolongs
THF-z-induced MF-«B activation in cultured cells and intestinal organoid cultures. Remarkably, when
exposed to dextran sulfate sodium, mice harboring a germline p53 mutation develop severe chronic inflam-
matfion and persistent tissue damage, and are highly prone to inflammation-associated colon cancer. This
mutp53 GOF is manifested by rapid onset of flat dysplastic lesions that progress to invasive carcinoma
with muitp53 accumulation and augmented NF-xB activation, faithfully recapitulating features frequently
observedin human colitis-associated colorectal cancer (CAC). These findings might ex plain the early appear-
ance of p53 mutations in human CAC.

INTRODUCTION documantad link between chronic inflammation and human

cancer imnvolves colorectal cancer {CRC) in patients suffaring
Tha connaction betwsen inflammation and cancer has drawn from inflammatory bowsal disesse (IBDY) (Asquith and Powria,
intansive resaarch (Ban-Mearizh and Karin, 2011; Damaria et al,  2010; Wiman and kzkowitz, 2011). Continuous tissus destruc-
2010; Hanahan and Wainbarg, 2011; Schetter et al., 2010), and  tion and ranswal, together with parsistent oxidative damage
has highlightad the context-dapendant modulation of inflamma-  inflicted by tha inflamead microanvironment, can tigger muta-
tion-associated cancer by the transcription factor MF-xB  genic procasses that serve as cancer-initiating events. Furthar
{Ban-Marzh and Karin, 2011; He and Karin, 2011). One well- tumor progression is augmented by the continuous presence

Significance

The links between chronic inflammation and cancer are the subject of extensive research. ldentification of the underying
molecular mechanizms may be of high relevance for cancer prevention and treatment. Here, we demonstrate that a
cancer-associated mutant isoform of the pS3 tumor suppressor promotes chronic inflammation and inflammation-driven
cancer. Specifically, we report that mutant p53 acquires a significant proinflammatory activity mediated by MF-«B, which
may promote both tumor initiation and tumor progression. Furthermore, we describe a mouse mode] that faithfully mimics
features frequently seen in human colitis-associated colorectal cancer. As p53 mutations occur very early in the course of
inflammation-associated human colorectal cancer, tamgeting those mutations in premalignant lesions may be clinically
beneficial
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Me pBaon Ta akorov0a cvpnuoto:

- Ta avénuévo emimeda ypoviag ereynovic A0Y® petdiraemv g P53 1660 610 emOnAioko
000 KUl 6TO CTPONATIKO GTOLYELO

- To avénuéva enineda Tov pecorofntov g ereypoviig CCL2 kat IL6 og teproTatikd 6ov
1 P53 givon petairhaypévi). EUELOVETOL OTL KOl 01 000 KUTTUPOKIVES Tpodyovy Ty M2
TOMKOTNTO TOV HOKPOPAY®V.

-To yeyovig 0t tvoPracTteg Tov PEPOLY nETAAAAYREVES NOPPES TGS PS3 Tpodyovy TV
avantuén 6Ykov pécm tov pecorapnty ™ eAeypoviig SDF1L/CXL12 (Moskovit’s et al.,
Cancer Res, 2006, by Moshe’s group) . Avtog 0 Ta.payovTas Tpodayel TNV ToMKOTHTO TPOog T
pvOmeTika Aeppoxvrrapo (reviewed by Karin N J of Leuk Biol 2010)

-T pvOpotikd Aeppokvrrapa pe @orvotomo “CD4+CD25+Foxp3+ exdyovy TV TOAKOTI|TO

apog M2 pokpopayo (Tiemessen et al. PNAS 2007)



Epotnon

Mmopovv nHeTUALOYUEVES NOPPES TNG TPWTEIVNG P53 va
enovanpoypappatifovv ta pakpodaya mov Bpiokovtat oto
HIKpOTEPLBAAAOV TOU OYKOU WOTE va UloBeTriocouv Eva
dawotuno avtiotoyo He tov pawvotuno twv M2 pakpodpaywv?
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ARTICLE
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Mutant p53 cancers reprogram macrophages to
tumor supporting macrophages via exosomal
miR-1246

Tomer Cooks', loannis S. Pateras?, Lisa M. Jenkins®, Keval M. Patel @, Ana |. Robles® ', James Maorris=,
Tim Forshew®, Ettore Appella®, Vassilis G. Gorgoulis™™# & Curtis C. Harris’

TPE3 mutants {mutp53) are involved in the pathogenesis of most human cancers. Spedific
mutps3 proteins gain onocogenic fundions (GOFs) disting from the tumor sup pressor activity
of the wild-type protein. Tumor-assodated macrophages (TAMs), a hallmark of solid tumars,
are typically correlated with poor prognosis. Here, we report a3 non-cell-autonomous
mechanism, whereby human mutps3 cancer cells reprogram macrophages to a tumaor sup-
portive and antisinflasmatory state. The colon cancer cdls  harboring GOF
mutp53 selectively shed miR-1248-enriched exosomes. Uptake of these exosomes by
neighboring macrophages triggers their miR-1246 dependent reprogramming into a cancer-
promating state. MutpS3-reprogammed TAMs favor anti-inflammatory immunosuppression
with increased activity of TGF4}. These findings, associated with poor survivalin calon cancer
patients, strongly support 2 microenvironmenta GOF role for mutp53 in adively engaging the
immune system to promaote cancer progression and metastasis.
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DNA Damage Response/Repair (DDR/R)-Immune Response (ImmR)
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The DNA Damage Response and Repair (DDR/R) machinery
activated by endogenous and exogenous insults

Exogenous factors
IR, UV, chemical agents, toxins
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Endogenous factors
Cellular metabolism (i.e. RONS), replication stress
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A unifying model emerges with DDR/R and ImmR
activated in concert as a response to Damage/Pathogen-
Associated Molecular Patterns (D/PAMPS

Bright side

D/PAMPS ~— I l

immR
(PRR = Infl/Imm)

Full-blown
disease

Pateras IS, Havaki S, et al. Pharmac. & Therap. 2015
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The DMA damage response and immune signaling alliance: [s it good or @,.,M,__
bad ? Nature decides when and where
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