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Fig. 1| Steps, biological functions and cancer cell vulnerabilities in the metastasis cascade. Local surgery or radiation and systemic approaches including
chemotherapy, targeted therapy and immunotherapy are currently the mainstay of metastasis prevention and treatment and are frequently effective at
reducing metastatic tumor mass. However, these treatments do not specifically target the cryptic phase of metastasis or regenerative progenitors that
persist following therapeutic debulking of macrometastatic disease. Cancer cells disseminating from a primary tumor via the blood or lymphatic system
require specific functions (as listed under each boldface step) to adapt to a number of stresses in order to invade vessels, survive the loss of niche factors
from the originating organ and survive in the circulation. On reaching distant organs (gray area), cancer cells enter and exit proliferative dormancy, evade
immunity and acquire mitogenic signals by co-opting the stroma of the distant organs. The majority of cancer cells leaving a primary tumor are unable to
survive these stresses and are cleared. Cancer cells that survive and retain the ability to regenerate the tumor during the cryptic phase of metastasis are
called metastasis-initiating cells (MICs). MICs launch overt metastatic growth in distant organs, develop along tissue-regenerative trajectories and deploy
organ-specific stromal co-option functions. Clinically overt macrometastases may be effectively debulked by classic therapies, but resistance and relapse
are driven by the plasticity and persistence of MIC states within macrometastases. ECM, extracellular matrix; EMT, epithelial-mesenchymal transition;
MET, mesenchymal-epithelial transition.
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The progression and evolution of metastatic disease is highly variable, manifesting in ways that must affect the kinetics of metastatic colonization. Five hypothetical
alternatives are presented here.

(A) The dissemination of CTC clusters to distant sites may generate overt metastases with a relatively short latency, since such clusters are highly efficient at spawning
metastatic growths. Their efficiency in forming metastases may derive from advantages during transit in the circulation or because they benefit from homotypic cell-cell
interactions in a foreign tissue environment.

(B) Solitary disseminated carcinoma cells that are adept at recruiting and establishing a supportive metastatic niche, or that are able to generate a microenvironmental niche
themselves, may be better able to survive and initiate programs of proliferation.

(C) While the dissemination of tumor-initiating cancer stem cells may be a prerequisite for metastasis, the generation and evolution of progeny that are well adapted to the
local microenvironment could take many months or years.

(D) At later stages of metastatic progression, other dynamics come into play, such as the exchange of metastatic cell clones between different metastatic lesions in the same
patient. The biological and clinical impact of such transfer, however, remains to be firmly established.

(E) Tumor cells may disseminate during the early stages of tumorigenesis and even from pre-malignant lesions, but it remains unclear how such cells are able to evolve, in
parallel with the primary tumor, the full complement of genetic mutations and malignant traits required for successful metastatic colonization.
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Figure 14.53 The Biology of Cancer (© Garland Science 2014)

Thirty-three cells from a large population of human MDA-MB-231 cells were each expanded into a clonal population in culture. The mRNA expression pattern of each subclone
was analyzed (columns, arrayed left to right) using probes for the mRNAs of five genes—IL 11 (interleukin-11), OPN (osteopontin), CTGF (connective tissue growth

factor), CXCR4 (chemokine receptor 4), and MMP1 (matrix metalloproteinase-1)—and, as loading control, a probe for GAPDH (glyceraldehyde-3-phosphate dehydrogenase)
mRNA. In addition, the expression patterns of the original tumor cell population (ATCC, left column) and a subcloned cancer cell population termed 2287 (which was selected
for its ability to generate osteolytic metastases; 2nd column) were analyzed. The five experimental genes were chosen because of their overexpression in osteotropic
metastatic cells and their known biological properties in promoting osteolytic metastases. Clone 2 cells (red box), when injected into the arterial circulation of mice, showed a
tendency to produce osteotropic metastases, as indicated by in vivo imaging; these cells expressed high levels of all five experimental mRNAs. Clone 3 cells (yellow box), in
contrast, expressed low levels of all five mMRNAs and preferentially formed lung metastases. And clone 26 genes (yellow box), which expressed essentially none of these
mRNAs, formed no metastases at all. Moreover, when otherwise poorly metastatic cells were forced to express combinations of three of these genes, they acquired the ability
to form bone metastases efficiently (not shown), pointing to the causal role of these genes in forming these metastases. Metastases were visualized through the presence of a
luciferase gene in the tumor cells, which causes cells to release a bioluminescent signal. (From Y. Kang et al., Cancer Cell 3:537-549, 2003.)
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Osteotropni metastaze
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Terapie cilena na metastazovani

Table 1| Preclinical and clinical history of four metastasis-directed drug development efforts
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Tumour
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RANKL activates osteoclasts
and promotes bone destruction;
denosumab reduced bone
resorption in mice expressing
human RANKL*

* Bevacizumab inhibited
corneal angiogenesis and
lymphangiogenesis?**

= In multiple cancer xenograft
models, bevacizumab reduced
primary tumour growth rates
and, in some studies, enhanced
survival. Reduced angiogenesis
and vessel normalization was
observed™*

* Prevention or, less frequently,
abrogation of metastasis'®*

* Stabilization of glioma growth
and angiogenesis. Synergistic
inhibition of glioma with TMZ®-5

* Synergy with therapeutics in
melanoma primary tumour
growth®, synergy with radio-
immunotherapy in breast cancer
tumour growth®*®

¢ Inhibition of metastasis®

* Synergy with verapamil increased
angiogenesis and reduced
metastasis™*?

* Inhibition of CML models*®

* Inhibition of primary tumour
growth in multiple model
systems, as monotherapy orin
combination?!-2**

* Prevention of metastasis
in multiple cancer model
systems?**2 but not
C oma™?

# Inhibition of prostate cancer
growing in bone and bone
remodelling®#

SREs* in metastatic setting;
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* Recurrent ovarian cancer,
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cancer, 05760261

* Metastatic or resistant
HER2* breast cancer, PFS*

* Metastatic renal cancer,
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* Advanced lung cancer, OS*"
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TMZ, for glioma, OS. Newly
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* Negative in prostate
cancer Phase lll trial
with docetaxel

* Multiple adjuvant
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ALL, acute lymphoblastic leukaemia; CML, chronic myelogenous leukaemia; DFS, disease-free survival; ECM, extracellular matrix; FAK, focal adhesion kinase:
FDA, US Food and Drug Administration; OS, overall survival; PFS, progression-free survival; RANK, receptor activator of NF-kB; RANKL, RANK ligand; RTK, receptor

tyrasine kinase; TMZ, temozolomide; VEGF, vascular endothelial growth factor. *Skeletal-related event (SRE) captures the deleterious effects of new lesions and

progression of existing lesions to cause patient morbidity.
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immunosuppressive factors
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Fig. 3 | Classic and new opportunities for the treatment of metastatic cancer. Targeting cancer cells with chemotherapy and targeted therapies is a
mainstay of metastasis prevention and treatment. However, the recent success of IC| therapy demonstrates the value of targeting specific components
of the tumor stroma (T cells) to treat metastasis. Leveraging recent insights into the regenerative origins, phenotypic plasticity, immune evasion and
organ-specific colonization strategies of MICs could yield more potent approaches to prevent metastasis by targeting its cryptic phase during dormancy
and micrometastasis and to augment the efficacy of ICl and other therapies by more effective elimination of drug-resistant macrometastatic disease.

CAFs, cancer-associated fibroblasts; T.,, regulatory T cells; NK, natural killer cells; TGF-§, transforming growth factor-.
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Shrnuti

» 90% umrti na nadorova onemocnéni souvisi s
metastazovanim

» Invazivni kaskada zahrnuje: lokalni invazi, intravazaci,
transport, extravazaci, formovani mikrometastaz a
kolonizaci

» Nizka efektivita celé kaskady, nejméné efektivni je
kolonizace

» EMT, fizena pleiotropnimi TF v ruznych fazich
embryogeneze, adaptovana behem tumorigeneze

» Motilita je fizena malymi GTPasami, Rho rodina

» Proteazy (MMP) umoznuiji invazi nadorovych bunék,
degradace ECM
» Tkanovy tropismus nadorovych bunék lze v nékterych

pripadech vysvetlit organizaci obehoveho systému a
specifikymi molekularnimi mechanismy



Stale nezodpovezeneé otazky ...
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Kde vznikaji znaky organoveé specifické kolonizace — primarni nador vs.
distantni organ?

Jaky je puvod téchto metastatickych znaku — geneticky, epigeneticky?
VyuZzivaji metastatické buriky rizné niky pro inicialni pfeziti, stav dormance a
agresivni rast?

Co umoznuje metastatickym burikam vstup do dormance a zaroven reaktivaci
jejich proliferace?

Jaké signaly jsou zodpovédné za exit z dormance a aktivaci proliferace?

Jak ziskaji nadorové bunky vlastnosti organové specifické kolonizace béhem
dormance?

Jsou organy kde dochazi k akumulaci dormantnich bunék zaroven organy kde
se rozviji metastazujici onemocnéni?

Jsou mechanismy podporujici pfezivani bunék béhem extravazace spolecné s
mechanismy podporujici pfezivani bunék béhem protinadorové [éEby?

Jaké jsou zaklady znamé rezistence metastatickych bunék v mikroprostredi
vzdalenych organa?

Je mozné prokazat efektivni strategii prevence vzniku metastaz tak, ze
specificky zacilime mechanismy podporujici preziti dormantnich bunék?
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Typicke znaky nadoroveé bunky

» podpurné proliferacni signaly

deregulace supresoru rustu/proliferace ... ...
odolnost k buneécné smrti
neomezena replikace
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mutace a genomicka nestabilita
zanet
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Stromalni komponenta karcinomu

duktalni karcino

Figure 13.1 The Biology of Cancer (© Garland Science 2014)

lobularni karcinom prsu adenokarcinom Zaludku



Variabilita pomeéru neoplastickych bunék a stromatu

Figure 13.2 The Biology of Cancer (© Garland Science 2014)

Priklad:

» Hodgkinuv lymfom — 99% bunék normalni lymfocyty obklopujici
Reed-Sternebergovu bunku

» Hemangiom — neoplasticke endotelialni bunky tvori vétsinu
masy nadoru



Zakladni principy a znaky karcinogeneze

» Rakovina neni onemocnéni jedné bunky
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Heterotypicka signalizace

» Vyména mitogennich signalu
mezi riznymi typy bunék v
normalni tkani

» Rada téchto interakci pfetrvava
| v neoplastickych tkanich

» Dukaz — autologni transplantace
nadoru kuze (1961)
» Uplna nezavislost - ascit
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Figure 13.4 The Biology of Cancer (© Garland Science 2014)



Hojeni rany

» Zajisténi homeostazy (sekundy — minuty)
» Koagulace
» Provizorni ECM
» Zanét (hodiny — dny)
» Infiltrace leukocytl
» Trofické faktory stimuluji migraci a proliferaci dalSich bunék
» Proliferace (dny — tydny)
» Vstup fibroblastl a endotelianich bunék do rany
» Reorganizace ECM
» Remodelace a maturace (tydny — mésice —roky)
» Reorganizace kolegenové ECM
» Zakryti rany epitelem
» Migrace keratinocytu, ustanoveni nové bazalni membrany




Hojeni rany
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Hojeni rany
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Nador — nehojici se rana
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Remodelace epitelialni tkané behem hojeni, EMT, MET
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Remodelace epitelialni tkané béhem hojeni, EMT, MET

Exprese vimentinu (mes.)
béhem hojeni u
normalnich epitelialnich
bunék

» Priklad plasticity bunek —
spontanni indukce a-SMA
(mes.) z ztrata exprese
cytokeratinu (ep.)

% Induce EMT puUsobenim
MMP-3

control culture

~+ MMP-3 for 3 days

Figure 13.13 The Biology of Cancer (© Garland Science 2014)



Neoangiogeneze

® nador, stejné jako zdrava tkan, vyzaduje prisun zivin a kysliku a odvod
metabolitd a CO,

» Nové endotelialni bunky vznikaji v pribéhu embryogeneze — dochazi k
vaskulogenezi — formovani cév

» v dospéelosti je tento proces utlumen, aktivovan jen prechodné - hojeni ran,
ovulacni cyklus

» Behem nadorové progrese je trvale aktivni
» VEGF-A (induktor) vs. TSP-1 (inhibitor)

» Exprese VEGF-A je indukovana hypoxii a fadou onkogenu

» Pericyty a bunky derivované z kostni drené pfispivaji k nadorové
neoangiogenezi

» Chronicka aktivace neoangiogeneze v nadoru vede k tvorbé nenormalnich
cév

Neorganizované, slozité vétvenych

Zdeformovane, zvétSené

Nestaly prutok krve

Krvacivost, netésnost

Abnormalni proliferace a apoptdza endotelialnich bunék

v 9 9 @& 9



Makrofagy hraji dulezitou ulohu v angiogenezi
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r=0.743, p <.001

Figure 13.25 The Biology of Cancer (© Garland Science 2014)
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» Makrofagy mohou produkovat VEGF, asociuji s neovaskulogenezi,
produkuji MMP-9, produkuji mitogenni faktory a reorganizuji stroma



Hypoxie, neoangiogeneze
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Angiogeneze a klinicka prognoza
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Angiogeneze jako cil protinadorové léchy

Table 13.6 Summary of clinically approved anti-angiogenic drugs?

Nature of agent Approved % of patients Improvement® in Improvement® in
indication respa:)ndingb PFS (months) 0S (months)
Bevacizumab anti-VEGF-A metastatic CRCd-e 10 4.4 4.7
(Avastin)c© MoAb
0 1.4 1.4
7.8 2.8 2.5
14.1 2.6 21
metastatic 20 17 2.0
non-squamous
NSCLCd (With 10.3-14.0 0.4-0.6 NR
chemotherapy)
metastatic breast 15.7 5.9 NS
cancer (with
chemotherapy) 9—1 8 0.8—1 .9 NS
11.8-13.4 1.2-2.9 Nsd
9.9 2.1 NS
recurrent GBMf 28 2-3
metastatic RCC4 18 4.8 NS
(with IFN-a)
12.4 3.3 NS
Sunitinib (Sutent)c inhibitor of RTKs9 metastatic RCCC 35 6.0 4.6
GIST® 4.5
pancreatic 4.8
neuroendocrine
tumors¢

Table 13.6 (part 1 of 2) The Biology of Cancer (© Garland Science 2014)



Angiogeneze jako cil protinadorove lécby

Table 13.6 Summary of clinically approved anti-angiogenic drugs?

Nature of agent Approved % of patients Improvement® in Improvement® in
indication responding® PFS (months) 0OS (months)
Sorafenib inhibitor of metastatic RCCH 8 2.7 NS
(Nexavar) VEGF-R, i
cRaf, PDGF-R, and  unresectable HCC 1 NS 2.8
- h
Kit TKs 2 14 23
Pazopanib inhibitor of RTKs! metastatic RCCY 27 5.0 NR
(Votrient)
soft tissue sarcoma® 3.0
Vandetanib inhibitor of metastatic 6.2
(Caprelsa) VEGF-R, EGF-R, medullary thyroid
and Ret TKs carcinomad
Axitinib® (Inlyta) inhibitor of VEGF-  advanced RCC® 2.0
Rs, PDGF-R and
Kit TKs

2"Clinically approved” indicates approval for use by the U.S. Food and Drug Administration (FDA). "“Inhibitor” indicates in all cases a low molecular
weight pharmacologic agent. In addition, as of March 2011, derivatives of thalidomide have been found to have substantial therapeutic utility in
treating multiple myeloma; they are not included here, however, because the drugs have adverse physiologic effects, notably neurotoxicity. The mTOR
inhibitor Everolimus has been approved for treatment of a series of different tumor types and has anti-angiogenic effects; it has not been listed here
because it also has effects on apoptosis, nutrient uptake, and proliferation that may explain part or most of its effects.

bimprovement relative to standard treatment.

cFDA approval for use against breast cancer was revoked in 2011.

dFirst-line therapy.

eSecond-line therapy. Axitinib was approved because PFS was 2.0 months longer than existing Sorafenib treatment.

fMonotherapy.

9Inhibitor of VEGF-R, PDGF-R, FLT-3, Ret, and Kit TKs; Raf/B-Raf.

hLow-molecular-weight inhibitor of VEGF-Rs and PDGF-Rs.

iInhibitor of VEGF-Rs, PDGF-Rs, and c-Kit TKs.

Abbreviations: CRC, colorectal cancer; GBM, glioblastoma multiforme; GIST, gastrointestinal stromal tumor; HCC, hepatocellular carcinoma; IFN,
interferon; MoAb, monoclonal antibody; NR, not reported; NS, not significant; NSCLC, non-small-cell lung carcinoma; OS, overall survival; PFS,
progression-free survival; RCC, renal cell carcinoma; RTK, receptor tyrosine kinase.

Table adapted from P. Carmeliet and R. Jain, Nature 473:298-307, 2011.

Table 13.6 (part 2 of 2) The Biology of Cancer (© Garland Science 2014)



Inhibice angiogeneze - paradox
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Heterotypické interakce jako cil protinadorové lé€by

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,

tumstatin. Inhibitors of
EPC recruitment.

Inhibitors of matrix
turnover, e.g. suramin,
dalteparin and matrix-
degrading enzymes,
e.g., proteases
(cathepsins, MMPs, uPA
etc.), endoglycosidases
(e.g., heparanase).
Inhibitors of ECM
contact, e.g., integrin
avp3, avps, a5p1, or
a6p4 antibodies.

Inhibitors of PDGF
signaling, e.g., anti-

Anti-inflammatory

PDGF antibodies, inhibitors, e.g., cytokine
PDGF-R inhibitors. and chemokine
Inhibitors of inhibitors, NF-xB, IKK,

Ang-1/Tie2 signaling. TNF-o inhibitors.

Inhibitors of HGF, inhibitors of Anti-lymphatic targeting: inhibitors of
CXCL12/ SDF-1, PDGF/PDGF-R, of VEGF-C, VEGF-D, VEGF-R3, or
fibroblast activation protein, PDGF/PDGF-R.

e.g., sibrotuzumab.

Figure 13.49 The Biology of Cancer (© Garland Science 2014)



Cytokiny a nadorova progrese

Ty1 cytokines Ty2 cytokines
(IL-1, TNF-a, IFN-v, etc.) [ (IL-1,IL-10, IL-13, etc.)
Pro-inflammatory Anti-inflammatory

A
B

Few Abundant Altered balance of pro-
chemokines pro-inflammatory and anti-inflammatory
(e.g. ELR(+)CXC) chemokines chemokines
+ (e.g. ELR(+)CXC) (e.g. ELR(-)CXC)
Limited
inflammation Inflammation Excessive
inflammation
Restricted Neovascularization
vascularization Angiostasis

Rapid tumour growth .
Restricted Tumour regression

tumour growth .=
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Zanét a nadorova progrese

Table 1 Chronic inflammatory conditions associated with neoplasms

Pathnlﬂglc cnndltlun

Aﬁbesloms 5|I|c03|5

Cys uu5h| adder

mﬂam mahnn

Glngmtls llichen Dlanu3

Inflammatory bowel
disease, Crohn's disease,
Ch[ﬂﬂl(‘. ulceratwe C'D|ItIS

Lu:hen sclemaus

Chrumcpancreahhs
heredltaryr pancreal l|l|3

Reflux oeso phag ItIS

5|aladen|t|5

SJGgren synd mme
Ha E.hlmotﬂ 5 thymldlhs

5|{II'I '"ﬂammauan

Assc}mated neoplasm{s]

Mesomelloma Iung
carcmcrma

Lung carcinoma
Bladder carcinoma
Oral squamous cell

carcmcrma
Ccrlnrectal carclncrma

Pancreatu: EETCIFIDTTI E

Oesophageal carcinoma
Barretl s Desopha gus

MALT Ig.rmphcrma

Melanoma

Aetmlnglc agent

‘Asbestos fibres, siica
Dartu:les

5|Irca asbestns Smﬂklng

{nltmsamlnes percmdes]

Chmnlc |ndwelllng urlnar"_yr
catheters

Vulvar squamous cell
carcinoma

s
tryrpsmcrgen gene on Ch ?

Ga stm: acrds

- Salwar‘j gland Ca rcmoma
Llltravmlellg ht
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Zanét a nadorova progrese

Cancers assot:lated mth miectlnus agents

Dp.rsmﬂmhs Cﬁﬂ.!angn“xs

Chrnnlc Cth-EC}fStItIS

GEStI‘ItISf ulcers

HEpEltItIS
Mnnnnuclenms

dFElIﬂII'IQ SIFII.ISES

Pelvic inflammatory
dlsease chrnnlc CEF‘I.I'ICItIS

"Chola ngmsa rcoma, colon

CE[CTIDI'I’]E

Gastnc adenncarclnnma

MALT

B_cell non- Hcdgklns
lymphoma, Burkitts

I:.rm phc:ma

Non- Hr::clgl-:lns Iymphcma.
squamous cell carcinomas,
I{apcrsl S sarcoma

SHIH carclncrma |n

Owarian carcino ma

EEWIEE”EHEH ca rcmnma

Gall bladdEr ca r“:er GO0 5o 59 555D 60

Hepatncellular EETCII'IDFHH

‘Liver flukes (Opisthorchis

wmmrnj bile acids

rEpstem Barr Virus.

virus, human herpesvirus

-||-ty-FE B rETrEIrEIrET PR FEY
Baclenal mfectn:nn

‘Gonnorrhoea, chlamydia,
human paplllcrmawn_ls

Baclena gall hladder stﬂnes
He.l'rﬂbacrar py.bn

Hepamls B andfnr C 1.r|r|_|5

Human immunodeficiency

Chrnnlc le'StItIS . Bladder |I1.I'Ef rectal SChIS’[DSDmIElSIE
carcinoma, follicular
lymphoma of the spleen

Pathologic condition Associated neoplasm(s) Aetiologic agent
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Infiltrace CD45+ bunék do solidnich nadoru

Normal Pre-malignant Invasive

Breast

Prostate
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Imunitni systém, zanét a tumorigeneze

MNeoplastic progression

ﬁ
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Pro-inflammatory
cytokines

DC migration and
antigen presentation

|

’ T- and B-
O lymphocyte
activation

Secondary lymphoid organs
Adaptive immune response

Innate immune

response \

Anti-tumour

T-cell-mediated cytotoxicity

(FAS, perforin and/or cytokine pathways)
Antibody-dependent cell-mediated cytotoxicity
Antibody-induced complement-mediated lysis
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Rakovina slinivky

® O @ @

Family History Diet Obesity Race
Risk increases if A diet high in red and Obese people have a African-Americans and
multiple first-degree processed meats may 20% increased risk of Ashkenazi Jews have a
relatives had the increase risk. A diet developing the disease higher incidence of
disease, or any were high in fruits and compared to people of pancreatic cancer.
diagnosed under 50. vegetable may a normal weight,

decrease risk.

S W ® 0O /@

Smoking Gender Diabetes Pancreatitis
Smaking may cause slightly more men are The chan:e of Long standing (over 5 Chranic pancreatitis
about 20-30% of all diagnosed with developing pancreatic years) diabetes increases risk. Risk is
exocrine pancreatic pancreatic cancer than cancerincreases with increases risk. even higher for people
cancer cases. women. age. with hereditary

pancreatitis.




Slinivka brisni, pankreas

Gallbladder

Esophagus

Gallbladder

Bile duct

Small intestine
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Pancreatic tumor Pancreas

Small intestine

& MAYD FOUNDATION FOR MEDICAL EDUCATION AND AESEARCH. ALL RIGHTS RESERVED.




y

Slinivka brisni, pankreas

» smiSena exo/endokrinni zZlaza, produkujici travici enzymy a
hormony (vaha ~ 80g, velikost ~ 15 cm)

» stroma: na povrchu pouzdro (husté vazivo) — z néj vybihaji
septa — laloky — laluCky (cévni + nervové zasobeni +
vétveni vyvodu); podkladovou tkani je fidké vazivo

» parenchym: pankreatické aciny + tramcité usporadani
bunék (Langerhansovy ostruvky)

—5— Pancreatic islet

Exocrine acinus




Pankreas

a Gall bladder

Islet of
langerhans

Acinar cell

Alpha cell

Beta cell
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Regenerace pankreatu

» Nizka intenzita proliferace
» Nizka klonogenni kapacita
» Délka zivota u mysich bunék ~ 1 rok (podobnée jako u
jater)
» RegeneracCni kapacita odliSna od jaterni
» Bunky zvysSi svoji proliferacni kapacitu, ale k uplné
obnové poskozené tkane nedojde

» Lgr5+ bunky nejsou pritomny, jsou indukovany pri
poskozeni v bunkach duktu nebo v podminkach in vitro —
vliv mikroprostredi?

» Bunky pankreatu jsou plasticke

» Behem zanetu Ize nalézt bunky s duktalni i acinarni
charakteristikou

» Transdiferenciace
» Risk pro vznik onemocnéni (acinar-to-ductal metaplasia)



Regenerace pankreatu

a b Tissue homeostasis
—— Acinus Acinar Ductal
cell cell
Centroacinar
cell
c Conditions of tissue injury d Tumorigenesis
* Inflammatory injury * Inflammatory injury * Near-complete * Inflammatory injury
- Drug-induced - Drug-induced B-cell ablation and oncogenic Kras
- Partial duct ligation - Partial duct ligation

* Partial createctom
pan y a-cell d-cell

Acinar cell Ductal cell . . Acinar cell
C . Bcell\./
XX, /
cl o © B el

Pancreatic ductal
Duct-like cell  B-cell Acinar cell B-cell Acinar cell Ductal cell Duct-like cell adenocarcinoma

NATURE CELL BIOLOGY VOLUME 18 | NUMBER 3 | MARCH 2016




Rakovina slinivky
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Rakovina slinivky




Mutace u nadoru slinivky

Pancreatic Ductal Adenocarcinomas

Intraductal Papillary Mucinous Neoplasms

CDKNZ2A

(G1 cell gycle

b arrest pathway)

(p53 pathway)

ATM
BRCA2
(DNA damage KRAS
response) (mitogenic signaling)
SMAD4
TGF-BR1
MLL2 TGF-BR2
GF-g pathwa
P (TGF-B pathway)
KDM6A ARID1A
(histone methylation) ARID1B
SMARCA1
(nucleosome
remodeling)

GNAS
(GPCR signaling)

KRAS
(mitogenic signaling)

RNF43
(Wnt pathway)
Key
|~ I' 4’ '_:‘\. :}al
““‘:L__é:vq,l .
Relative frequency Oncogene Tumor-suppressor
of mutation

gene




Nador slinivky - lécbha

» radikalni resekce - stadium | all

» Adjuvantni terapie
» Chemorezistentni onemocnéni

» radioterapie

KARCINOM SLINIVKY BRISNI ' ~ Staging:
CT bficha; ERCP, CA 19-9; biopsie

¥ NE| l
Biliami dekomprese
ANO - Resekabilni Zavedeni stentu ANO Biliami ANO —— Opakovani
onemoenni» < ERCEFIO = gpgpuikce <10 kenroce 0 NE o histologicks
gastroenteroanastomdza verifikace
NE
WEymptomatické lééha +—
Chirurgicky s d
vykon s
l ]Dh2 Chemoterapie 1. linie
Onkologie nebo chemoradioterapie
v klinické praxi ; AE‘
Standardni pristupy v diagnostice mhr&uﬁt%ﬁl;lm 34
a léébé vybranych zhoubnych nadori
NE - Progrese - ANO
; NE onemoecnéni > PS
l - ANO
Adjuvanini .. T Paliativni chemoterapie Progrese
chemoterapie = Dispenzarizace 1. nebo 2, linie onemocnéni

lNE

Obr. 1 Lé€ebny algoritmus - karcinom slinivky bfi§ni Dispenzarizace




Adjuvantni terapie

Table 2. Adjuvant Therapy for Pancreatic Cancer.*
No. of
Study Patients Treatment Survival P Value
GITSG®® 43 Observation 10% at 2 yr 0.007
Fluorouracil plus radiotherapy 20% at 2 yr
EORTC®*® 218 Observation 26% at 2yr 0.10
Fluorouracil plus radiotherapy 34% at 2yr
ESPAC-1%° 289 Observation 16.9 mo (median)
Chemoradiotherapy 13.9 mo
Fluorouracil 21.6 mo
Chemoradiotherapy plus flucrouracil 19.9 mo
CONKO-01°? 368 Observation 10.4% at Syr 0.01
Gemcitabine 20.7% at Syr
ESPAC 3%2 1088 Fluorouracil 23.0 mo (median) 0.39
Gemcitabine 23.6 mo
RTOG 9704°2 451 Fluorouracil plus radiotherapy 22% at S yr 0.12
Gemcitabine plus radiotherapy 18% at Syr
JASPAC-01°* 378 S-1 (oral fluoropyrimidine) 70% at 2 yr <0.001
Gemcitabine 53%at 2yr

* CONKO-01 denotes Charité Onkologie 01, EORTC European Organization for Research and Treatment of Cancer,
ESPAC European Study Group for Pancreatic Cancer, GITSG Gastrointestinal Tumor Study Group, JASPAC-01 Japan
Adjuvant Study Group of Pancreatic Cancer, and RTOG 9704 Radiation Therapy Oncology Group 9704.

T The estimated 5-year survival rate was 10% among patients who received chemoradiotherapy and 20% among patients
who did not receive chemoradiotherapy (P=0.05). The 5-year survival rate was 21% among patients who received che-
motherapy and 8% among patients who did not receive chemotherapy (P=0.009).




Lécba metastazujiciho adenokarcinomu slinivky

Table 3. Key Clinical Trials in Metastatic Pancreatic Cancer.*
No. of
Trial Patients Treatment Median Survival P Value
mo
Burris et al.”® 126 Fluorouracil 4.4 0.002
Gemcitabine 5.6
NCIC™? 569 Gemcitabine 5.9 0.04
Gemcitabine plus 6.2
erlotinib
Ueno et al.”? 834 Gemcitabine 3.8 <0.001 for non-
S-1 9.7 inferiority
Conroy et al.”? 342 Gemcitabine 6.8 <0.001
FOLFIRINOX 11.1
Von Hoff et al.”* 861 Gemcitabine 6.7 <0.001
Gemcitabine plus 8.5
nab-paclitaxel

* FOLFIRINOX denotes fluorouracil, irinotecan, oxaliplatin, and leucovorin; and NCIC National Cancer Institute of Canada.




Biologické vlastnosti nadoru slinivky

Microenvironment of pancreatic adenocarcinoma

Metabolic reprogramming in pancreatic adenocarcinoma cells

Barrier to drug delivery
and compression of
blood vessels

depésition of|
extracellular r'r!__gtd

i /@\

Low vessel
density Hypoxia and low

nutrient availability

o

Prosurvival signaling
to tumor and
immunosuppressive
signaling

Canc_er—assomated >
fibroblasts

® 2%

-
Immune cells

’-!

Inflammatory signaling
and lack of antitumor
immunity

e

i

Cancerous
pancreatic-duct cell

Increased glycolysis, diversion

Glucose to biosynthetic pathways

uptake (e.g., nucleotide, hexosamine)

Glutamine Replenishment of TCA cycle,
uptake redox regulation by means

of NADPH production

Macropinocytosis

Serum lipids
Serum proteins

ATP production
and membranes

Nucleosides
Sugars
Fatty acids

Amino acids

Nutrient acquisition
Nutrient use
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Metastasis in Pancreatic Cancer

- A

Stationary normal cells Migratory preneoplastic
cells (PanIN)
Colonizing neoplastic
f & cells (PDAC)
Invading ’
EMT cells
Extrinsic factors: Inflammation Inflammation, ?hypoxia
S ) o KRAS LOH, Ink4a/ARF,
Intrinsic factors: KRAS TP53*, SMAD4
Competency to colonize: Nil or low High




Shrnuti

» Nador je komplexni tkan zavisla na komunikaci mezi
ruznymi bunéénymi typy

» Karcinomy zahrnuji neoplastické bunky a bunky stromatu —
fibroblasty, myofibroblasty, zanétlivé bunky, endotelialni
bunky, pericity

» VétSina nadoru je na stromatu zavisla s vyjimkou
ascitickych nadoru

» Formovani novych cév je kritickym faktorem determinuijici
rust solidnich nadoru

» Antiangiogenni Ié€ba muze vést k paradoxnim vysledkim
» Rakovina jako nikdy se nehojici rana

» Zanét — jeden z rizikovych faktord pro vznik nadoru slinivky
» EMT predchazi metastazovani nadorovych bunek slinivky
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