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1. Abstrakt

Karcinom pankreatu (PDAC) je zdvaZznou malignitou se stoupajici incidenci. VétSina pacienti
je diagnostikovana v pokrocilych stadiich onemocnéni. Nejuzivangjsi parametr CA19-9 nema
dostatecnou efektivitu v diagnostice asnych forem PDAC ¢i pro screening. Vzhledem

k poznatkiim o interakcich mezi extracelularni matrix (ECM), buiikami nadorového stroma a
bunikami PDAC, se slibnym cilem vyzkumu jevi pankreatické stelatni buiiky. Tyto bunky

produkuji vétsinu ECM pankreatického tumoru a akumuluji retinol.

Cilem disertacni prace bylo analyzou Sirokého spektra parametri popsat cirkulujici biomarker
nebo jejich panel, ktery by dokézal odlisit nemetastazujici PDAC od pacientt s diabetem 2.
typu (T2DM), chronické pankreatitidy (ChP) a zdravych kontrol. DalSim cilem bylo v tomto

souboru pacientll zméfit hladiny retinolu a ATRA a urcit jejich vyznam.

U celkem 220 pacientii s PDAC, ChP, T2DM a u zdravych kontrol jsme stanovovali riznymi
biochemickymi metodami, pfedevS§im imunochemicky metodou ELISA koncentrace fady
specialnich a bézné vysSetfovanych parametr. Na zaklad¢ rozdilti mezi jednotlivymi
skupinami jsme definovali panely biomarkerd, jejichz efektivitu jsme porovnéavali s CA19-9.
Daéle jsme pomoci vysokoucinné kapalinové chromatografie (HPLC) s UV detekci stanovili

v téchto skupinach koncentrace retinolu a ATRA.

Vysledkem prace jsou panely biomarkerd, které zlepsuji efektivitu CA19-9 nebo tento marker
zcela nahrazuji. Panel ,,CA19-9, AAT, IGFBP2, albumin, ALP, Reg3a, HSP27* detekuje
PDAC mezi T2DM, panel ,,S100A11, CA72-4, AAT, CA19-9, CB, MMP-7, S100P-s,
Reg3a* odlisi PDAC od ChP, panel ,MMP-7, Reg3a, SICAM1, OPG, CB, feritin odlisi
PDAC od zdravych jedincti, panel ,,CA19-9, S100P-plazma, AAT, albumin, adiponektin,
IGF-1, MMP7, S100A11* odlis§i PDAC od ostatnich. VSechny panely maji vyssi efektivitu
nez CA 19-9 (p<0,05). Pii vylouceni CA19-9 odlisi panel ,,CEA, HbAlc, AST, HDL-
cholesterol, prealbumin, SAA, IGF-2, CB*“ PDAC od zdravych kontrol 1épe nezli v porovnani
s CA19-9. Déle jsme prokazali signifikantni pokles hladin retinolu u PDAC v srovnani

s ostatnimi skupinami a pokles koncentraci ATRA u PDAC ve srovnéni se zdravymi

kontrolami a diabetiky.

Vysledky prace dokladaji heterogenni biochemické zmény doprovazejici rozvoj PDAC.

Ziskané panely zlepSuji diagnostiku PDAC ve srovnani s CA19-9. Zaroven potvrzuji roli



retinoidil v rozvoji PDAC, jakkoli vysledky nepotvrzuji jejich vyuzitelnost jako biomarkeru

¢asného PDAC.

Klicova slova: karcinom pankreatu, chronicka pankreatitida, diabetes mellitus 2. typu, retinol,
all-trans retinova kyselina, cirkulujici biomarkery, pankreatické stelatni buiky,

imunoenzymatickd analyza (ELISA), HPLC, vysokoucinna kapalinovéa chromatografie



2. Abstract

Pancreatic cancer (PDAC) is malignancy with increasing incidence. Most of the patients are
diagnosed in advanced stages of the disease. Due to its low efficacy CA19-9 is neither useful
for identification of early PDAC nor for its screening. There is strong evidence about the
relationship between extracellular matrix (ECM), tumour stroma and PDAC cells. Thus,
retinol storing pancreatic stellate cells which produce majority of ECM seem to be promising
target of the research.

The aim of this work was to analyse to broad spectre of circulating biomarkers and define one
or more biomarkers, which can identify PDAC among chronic pancreatitis (ChP), type 2
diabetes mellitus (T2DM) and healthy controls. Another goal was to measure levels of ATRA
and retinol in these groups and define their role as a biomarker. We used several methods,
mainly ELISA, to measure concentrations of many common and special parameters in 220
patients with PDAC, T2DM, ChP and healthy controls. Based on the differences in
concentrations, panels of biomarkers were defined, and their efficacy was compared to CA19-
9. We used high performance liquid chromatography (HPLC) with UV detection to

determine the serum levels of retinol and ATRA among those groups.

The result of our study are panels of biomarkers which define PDAC among other groups
better (p<0,05) than solitary CA19-9. Panel ,,CA19-9, AAT, IGFBP2, albumin, ALP, Reg3a,
HSP27¢ detects PDAC among T2DM, panel ,,SI00A11, CA72-4, AAT, CA19-9, CB, MMP-
7, S100P-s, Reg3a* detects PDAC among ChP, panel ,,MMP-7, Reg3a, sSICAM1, OPG, CB,
ferritin detects PDAC among controls better that CA 19-9. After exclusion of CA19-9 from
the panels, set of markers ,,CEA, HbAlc, AST, HDL-chol., prealbumin, SAA, IGF-2, total
protein® detects PDAC among healthy controls better than solitary CA19-9.

We also proved significantly lower levels of retinol in PDAC compared to other groups and

significant decrease of ATRA levels in PDAC compared to healthy controls and T2DM.

The results confirm heterogenic changes accompanying PDAC. Although not suitable as a
diagnostic biomarker of early PDAC, retinol and ATRA seem to have important role in

PDAC pathogenesis.

Key words: pancreatic cancer, chronic pancreatitis, type 2 diabetes mellitus, retinol, all trans
retinoic acid, circulating biomarkers, pancreatic stellate cells, ELISA, enzyme linked

immunosorbent assay, HPLC, high-performance liquid chromatography.
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4. Seznam zkratek:

AAT: o-1-antitrypsin
ADM: acinarni duktalni metaplazie (acinar to ductal metaplasia)
AJCC: American Joint Committee on Cancer classification

ALCAM: aktivovana adhezni molekula leukocytt (activated leukocyte cell adhesion

molecule)

ALP: alkalicka fosfataza

ALT: alaninaminotransferaza

AMS-P: pankreatickd amylaza

ANOVA: analyza rozptylu (analysis of variance)

ApoB: apolipoprotein B

AST: aspartataminotransferdza

ATRA: kyselina all-trans retinova (all-trans retinoic acid)
AUC: plocha pod kiivkou (area under the curve)

BMI: body mass index

CA19-9: carbohydrate antigen 19-9

CA72-4: carbohydrate antigen 72-4

CB: celkova bilkovina

CEA: karcinoembryonalni antigen

CEACAM: adhezni molekuly asociované s karcinoembryonéalnim antigenem
CLIA: chemiluminescenc¢ni analyza

CRP: C-reaktivni protein

DJ-1: protein deglyklaza DJ-1

DM: diabetes mellitus
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ECLIA: elektrochemiluminescen¢ni analyza

ECM: extracelularni matrix

EDTA: ethylendiamintetraoctova kyselina

ELISA: imunoenzymatické analyza (enzyme linked immunosorbent assay)
GGT: y- glutamyltransferaza

Glyk. prot.: glykovany protein (fruktosamin)

HbAlc: hemoglobin Alc (glykovany hemoglobin)

HDL.: lipoprotein s vysokou hustotou

HRP: kienova peroxidaza (horseradich peroxidase)

HP: hereditarni (chronicka) pankreatitida

HPLC: vysokou¢inna kapalinova chromatografie (high performance liquid chromatography)
HSC: jaterni stelatni buniky (hepatic stellate cells)

HSP: protein teplotniho Soku (heat shock protein)

Chol: cholesterol

ChP: chronicka pankreatitida

IGF: inzulinu podobny ristovy faktor (insuline like growth factor)

IGFBP: protein vazajici inzulinu podobny ristovy faktor (IGF binding protein)
INS: inzulin

KRAS: produkt genu KRAS (Kirsten- rat sarkoma virus oncogene homolog)
LR: logisticka regresni analyza

MCP-1: chemotakticky cytokin MCP-1 (monocyte chemoattractant protein -1)
MIC-1: makrofagy inhibujici cytokin 1

MMP: matrix metaloproteinaza

OPG: osteoprotegerin
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PANDER: pankreaticky odvozeny faktor
PCT: prokalcitonin
PDAC: pankreaticky duktalni adenokarcinom /karcinom pankreatu;

PPAR: receptory aktivované peroxisomovym proliferatorem (peroxisome proliferator-

activated receptors)

Prealb: prealbumin

PRSS1: gen pro trypsin-1

PSC: pankreatické hvézdicovité (stelatni) buiiky (pancreatic stellate cells)
RAR: receptor kyseliny retinové

RBP4: retinol vazajici protein 4

REG: regenerating protein

RF: analyza metodou ndhodny les (random forest analysis)

RXR: retinoic X receptor

SAA: sérovy amyloid A

SD: standard deviation (smerodatnd odchylka)

sICAM: solubilni mezibunééna adhezni molekula (soluble Intercellular Adhesion Molecule)

sRAGE: solubilni receptor kone¢nych produktii pokroc¢ilé glykace (soluble receptor for

advanced glycation end-products)
T2DM: diabetes mellitus 2. typu
T3cDM: diabetes mellitus typu 3¢
TAG: triacylglycerol

TFF1: trefoil faktor

TIMP: tkanovy inhibitor matrixovych metaloproteindz
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5. Karcinom pankreatu — uvod

24

onemocnéni travici soustavy. Je osmou nejcastéjsi pri¢inou imrti na maligni onemocnéni
celosvétove a jeho incidence v rozvinutych zemich neustale stoupa. (Rahib L. et al., 2021)
V soucasné dobé¢ je jedinou metodou, ktera vede k uplnému vyléceni PDAC chirurgicka
terapie. Podminkou uspésné chirurgické 1€cby je dosazeni RO resekce, tj. odstranéni nadoru
s dostateCnym lemem zdravé tkané pfi neptitomnosti diseminace onemocnéni. Bohuzel, u
vétSiny pacientl je v dobé diagnézy PDAC jiz v natolik pokrocilém stadiu, ze je kurativni

resekce nemozna.

5.1. Epidemologie

Karcinom pankreatu je celosvétové 8. nejcastéjsi malignitou. Ve srovnani s evropskymi staty
patii Ceska republika, kde v r. 2021 dosahovala incidence 22,9/100 000 osob mezi zemé

s nejvyssim vyskytem PDAC. V CR bylo v letech 2017 -2021 zachyceno roén& primérné 2
448 novych ptipadi a primeérnd mortalita ¢inila 2 236 ptipadi/rok. Maximum vyskytu
onemocnéni je mezi 65. a 79. rokem zivota. V prvnich dvou deceniich Zivota se prakticky
neobjevuje, vyrazny nartst incidence je patrny od 60. roku Zivota. Kiivka mortality PDAC do
zna&né miry koresponduje s kfivkou incidence (mortalita v CR v roce 2021 ¢&inila 22,31/100
000), coz PDAC fadi mezi nejzhoubnéjsi nadory vitbec. Jednou z hlavnich pfi¢in infaustni
prognozy vétsiny pacientli s PDAC je pozdni diagnostika tohoto onemocnéni. Jen necelych 20
% pacientl je zachyceno v L. nebo II. stadiu onemocnéni. Ve stadiu T1-4 NO-1 MO dle MKN
bylo v CR v roce 2021 zachyceno jen 277 z 2393 diagnostikovanych piipadii. (Narodni
onkologicky registr CR, spravovany UZIS CR). (Obréazek 1)
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Obr. 1 a-c: Epidemiologickd data karcinomu pankreatu v CR
a/ incidence stadii I-1I karcinomu pankreatu

b/ zastoupeni jednotlivych stadii karcinomu pankreatu v case

¢/ vyvoj incidence a mortality karcinomu pankreatu

Zdroj: (Dusek L, 2024) (pouZzito se svolenim)

5.2. Etiologie

PDAC je onemocnéni vznikajici obvykle disledkem akumulace somatickych mutaci tumor
supresorovych genti a/nebo onkogenti. Obvykle se jedna o pozvolny mnohastupiiovy proces.
Konsensualné se popisuji morfologické jednotky, které koreluji s akumulaci alterovanych
mutaci. Jejich definice byla ustanovena r. 1999 a publikovéana v roce 2001. Tento konsensus
definoval na zéklad¢ histomorfologickych charakteristik pankreatické intraepitelové neoplazie
(PanIN) 1-3 , kdy PanIN 1-2 jsou low-grade a PanIN 3 high-grade 1éze. (Hruban RH. et al.,

2001). Toto déleni rovnéz reflektuje Cetnost somatickych mutaci. V asnych stadiich je
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nejcastéjSi mutaci genu KRAS, dale se objevuji mutace tumor supresorovych gentt — SMAD4,

Ip53, p16, BRCA2, Her 2/neu.

Vyvoj zdravé tkan€ v invazivni karcinom je pravdépodobné pomérné dlouhy (az 10 let),
teoreticky tak skytd moznost ¢asné diagnostiky. Bohuzel, v sou¢asné dob¢ nemame spolehlivy

biomarker ¢i zobrazovaci vySetfeni schopné detekovat prekurzorové 1éze PDAC.

5.3. Histologicka a molekularni charakteristika karcinomu pankreatu

5.3.1. Histologie:

Zhruba 90 % vSech karcinomi pankreatu tvoti duktalni adenokarcinom, ktery lze dle
histologické charakteristiky blize klasifikovat jako mucinozni, hepatoidni, adenoskvamoézni,
medularni, mikropapilarni, z bun¢k pecetniho prstenu, sarkomatoidni ¢i anaplasticky.

(Taherian M. et al., 2022, Mizrahi JD et al., 2020).

Vyraznou mensinu pak tvoii acindrni karcinom a nddory vychazejici z prekurzorovych
cystickych 1ézi — serdzni cystadenokarcinom, solidni pseudopapilarni karcinom, intraduktalni
papilarni karcinom a mucindzni cysticky karcinom. Vliv jednotlivych subtyptit PDAC na
progndzu neni zcela objasnén, n€ktera klinicka data v§ak nasvédcuji, ze karcinomy
vychézejicich z intraduktalni pseudopapilarni mucinézni neoplazie (IPMN) ¢i mucindzni
cystické neoplazie (MCN) maji lepsi prognézu nez PDAC. (Furukawa T. et al., 2011, Cros J
etal., 2018)

Identifikace medularniho typu PDAC pravdépodobné zasluhuje bliz8i pozornost, nebot’ u
tohoto typu nadoru byva ptfitomna mutace v opravném systému chybného parovani bazi DNA
(DNA mismatch repair system) a lze u ného piedpokladat efekt imunoterapie. (D1 Federico A.

et al., 2022)

5.3.2. Molekularni charakteristika

Se souc¢asnym rozvojem onkologické terapie a diky rozvinutym moznostem molekularni
diagnostiky nabyva na vyznamu definovani molekularné genetického profilu malignit. Studie

publikovana r 2015 v Nature (Waddell N. et al., 2015) zkoumajici genomické charakteristiky

17


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9139656/

primarné resekovanych nadort (n=100) rozliSuje PDAC na 4 zakladni subtypy v zéavislosti na

mnozstvi strukturdlnich variant detekovanych v genomu
- stabilni: < 50 zmén ve struktufe chromozomil
- rozptyleny (scattered): 50-200 zmén ve struktufe chromozomu

- lokaln¢ preskupeny (rearranged): >200 zmén ve struktuie chromozomu na <3

chromozomech
- nestabilni: >200 zmén ve struktufe chromozomu

Toto déleni ma i klinicky korelat, kdy napt. pfitomnost genomové nestability a BRCA mutace

je asociovana s efektivitou terapie cis-platinou.

5.4.Staging

Staging PDAC je stanovovan na zékladé TNM klasifikace (AJCC 8. vydani 2017 + WHO
2019). (Tabulka 1)

TX Nelze hodnotit

TO Bez znamek primarniho naddoru

Tis Carcinoma in situ / PanIn-3

T1 Nador omezen na pankreas, vel >/=2cm

T2 Néador omezen na pankreas, vel. >2cm, ale

s, <4cm
Primarni tumor

T3 Nador >4cm

T4 Postizeni truncus coeliacus, arteria
mesenterica superior nebo arteria hepatica
communis

NX Nelze hodnotit

NO Regiondlni uzliny bez metastaz
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Lymfatické uzliny | N1 Metastazy v maximalné 3 regionalnich
uzlinach
N2 Metastazy ve vice nez 3 lymfatickych uzlinach
MO Nejsou vzdalené metastazy
Metastazy MIl Vzdélené metastazy pifitomny
Stadium 0 TisNOMO
Stadium IA TINOMO
Stadium IB T2NOMO
Stadium ITA T3NOMO
Stadium I1B T1-3N1MO
Staging/klinické | Stadium I1I T1-4N2MO
stadium
T4N0-2 MO
Stadium IV T1-4 NO -2 M1

Tabulka 1: Staging karcinomu pankreatu (Kang H. et al., 2022)

5.5. Rizikové faktory karcinomu pankreatu

Existuje celd fada rizikovych faktort PDAC. Rozséhla metaanalyza 117 studii publikovana r.
2015 popisuje jako rizikové faktory mj. chronickou pankreatitidu, metabolicky syndrom,
koufeni, diabetes mellitus ¢i rodinnou zatéz. (Lang J. et al., 2021, Maisonneuve P. et al.,

2015)

Mezi neovlivnitelné faktory patii zejména vek a geneticka dispozice (rodinna zaté€z a/nebo
vrozend mutace). Znamé ovlivnitelné faktory zvysSujici riziko PDAC jsou stravovaci navyky
s pfevahou pfijmu energie nad vydejem tstici v obezitu a metabolicky syndrom, koufeni a

abuzus alkoholu. Alkohol vSak neni pravdépodobné pfimym kancerogenem, je ale
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etiologickym faktorem chronické pankreatitidy, ktera prokazatelné zvysuje riziko vzniku
PDAC. (Lucenteforte E. et al., 2012) Jak chronické pankreatitida (ChP), tak diabetes mellitus
(DM) maji k PDAC vyjimecny vztah.

5.5.1. Chronicka pankreatitida jako rizikovy faktor rozvoje karcinomu

pankreatu

Chronicka pankreatitida je chronické progredujici onemocnéni charakterizované postupnou
nahradou funk¢ni exokrinni pankreatické tkdné€ vazivem nasledkem ¢ehoz dochézi ke ztraté
exokrinni a endokrinni funkce. V drtivé vétSin€ pfipadui je hlavnim etiologickym faktorem
ChP v zdpadnich zemich chronicky abusus ethanolu. U mensi ¢asti pacientl je chronicka
pankreatitida nasledkem autoimunitniho procesu, prodélanych akutni pankreatitid ¢i na
zakladeé vrozenych genetickych abnormalit. V rozvinutych zemich je incidence ChP cca 5-12/
100 000 obyvatel. V CR je incidence udavana 7,9/100 000 (Dité P. et al., 2001). Prevalence
ChP je cca 30-50/100 000 obyvatel. (Cohen SM. et al., 2023) Dle metaanalyzy 13 studii se
zda, ze u pacienti s ChP je celozivotni riziko PDAC zvyseno 16x. (Kirkegard J. et al., 2017)
Nicméné jen 5 % pacientli s ChP vyvine PDAC. ChP je tedy stale pomérné vzacnou pticinou
PDAC. Naproti tomu akutni pankreatitida, ktera se objevi do dvou let pfed manifestaci PDAC
je pravdépodobné prvni manifestaci toho nddorového onemocnéni. Naopak jen malé ¢ast (5

%) pacienti s PDAC se manifestuje jako akutni pankreatitida. (Munigala S. et al., 2014)

Zvlastni skupinou jsou pak pacienti s hereditarni chronickou pankreatitidou (HP). Jedna se o
autosomalné dominantni onemocnéni s neuplnou penetranci (cca 80 %). Pfi¢inou jsou mutace
genu PRSS-1, jehoz produktem je kationicky trypsinogen. Mutace vede k produkci
trypsinogenu, ktery je nachyInéjsi k intrapankreatické aktivaci. (Girodon E. et al., 2021) Toto
onemocnéni se manifestuje jako rekurentni akutni pankreatitida jiz v détském véku. Riziko
rozvoje PDAC u téchto pacientti je cca 70x vyssi neZ v bé€zné populaci (v zavislosti na typu
mutace). Riziko PDAC u téchto pacientl je tedy zhruba 40 %. Soucasné expozice dalSim
rizikovym faktorim (zejména koufeni) podstatné snizuje v€k rozvoje PDAC s HP. Byla
popsana cela fada dalSich mutaci v riznych genech (CFTR, SPINK-1, CTRC, CTRBI1/B2...),
které se mohou spolupodilet na rozvoji ChP. Vzhledem k vyse uvedenému zvySenému riziku
rozvoje PDAC u HP jsou tito pacienti indikovani k dlouhodobému sledovani v rdmci

programu surveillance PDAC v CR. (Vangk P. et al., 2023)
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V poslednich letech se objevuji prace popisujici zvysené riziko PDAC u pacienta
s autoimunitni pankreatitidou zejména I. typu. (Kunovsky L. et al., 2021, Macinga P. et al.,

2021)

5.5.2. Diabetes mellitus 2. typu jako rizikovy faktor karcinomu pankreatu

Protoze pravé pankreas, resp. jeho endokrinni ¢ast, je klicovym organem regulace glukézové

homeostazy v organismu, je vztah mezi T2DM a PDAC v mnoha ohledech specificky.

Pfedn¢, T2DM je vyznamnym rizikovym faktorem rozvoje PDAC. V zavislosti na studiich je
relativni riziko rozvoje PDAC u diabetikt 1,5-2,0. (Everhart J. et al., 1995) U pacientt, kteti
maji soucasné diabetes i PDAC se ve vétsing pripada projevil diabetes v obdobi krat$im nez
24 mésict pred diagndzou PDAC. (Pannala R. et al., 2008) Ve studii zr. 2013 byl na 100
pacientech s rliznymi typy nadorovych onemocnéni diabetes prokazan u 68 % pacientti

s PDAC, zatimco u ostatnich nadorovych onemocnéni a u zdravych kontrol neptesahla

pritomnost diabetu 25%. (Aggarwal G. et al., 2013)

Dosud byla ptedstavena fada mechanisma, kterymi T2DM riziko PDAC zvySuje. Pfedné
samotna dlouhodoba hyperglykemie stimuluje fadu procesi, které vedou ke karcinogenezi.
Vysoké hladiny krevni glukézy aktivuji transforming growth factor-1 (TGF 1), ktery svou
signalni drahou stimuluje epitelidlni-mesenchymalni pteménu (epitelial-mesenchymal
transition) - inicialni krok v rozvoji PDAC. (Rahn S. et al., 2017) ZvySena aktivace receptori
pro konecné produkty pokrocilé glykace (RAGE) u pacientd s T2DM stimuluje rtst a
metastazovani PDAC. (Tesarova P. et al., 2016, Grote VA. et al., 2012) Hyperinzulinémie
pfitomna u T2DM stimuluje duktalni buniky pankreatu aktivaci signalni drahy
PI3K/Akt/mTOR prosttednictvim inzulinu podobného ristového faktoru (IGF-1). Aktivace
této drahy stimuluje riist a proliferaci bunék PDAC. (Stanciu S. et al., 2022)

5.5.3. Nov¢ vznikly diabetes mellitus

Specifickou situaci u PDAC je pfitomnost pankreatogenniho diabetu, tzv. T3cDM. Tento
termin je vyhrazen pro pacienty, u nichZ se diabetes rozvinul v terénu chronické pankreatitidy
a pro stav, kdy je DM diagnostikovany ne déle nez 2 roky pted diagn6zou PDAC. Jedna se
tak tedy o jednotny termin pro skupinu diabetikil, u nichZ pfi¢ina diabetu tkvi v alteraci
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pankreatické tkané, avSak konkrétni patofyziologicky proces vedouci k rozvoji DM muze byt
rozdilny. Oznaceni toho typu diabetu jako T3¢ prameni z jeho zatfazeni v tabulce publikované
pravidelné americkou pracovni skupinou pro diagnostiku a klasifikaci DM (Expert Committee

on the Diagnosis and Classification of Diabetes Mellitus, 2003)

Prevalence T3cDM u ChP je zhruba 80 % a u PDAC cca 50 %. (Hart PA. et al., 2016)
Celkem tvoti T3¢cDM pravdépodobné 0,5-1 % pacienti s DM. Podle n¢kterych autort vSak
muze tvofit az necelych 10 %. (Ewald N. et al., 2012) Zaroven u 0,85 % pacientll s nové
diagnostikovanym DM byl prokazan PDAC. (Chari ST. et al., 2005) Lze tedy fici, ze
dlouhotrvajici T2DM zvysuje riziko rozvoje PDAC, zatimco nové vznikly DM miize u ¢asti
pacientii byt paraneoplastickym projevem této malignity. Odlisit pacienty s T3cDM od T2DM
by proto mohlo zvysit detekci PDAC a racionalizovat tak dalsi diagnosticky proces.

Roku 2018 byl piedstaven diagnosticky model zalozeny na stanoveni rizika PDAC u nové
vzniklého DM na zdklad¢ zmény hmotnosti, vyvoje glykemii a v€ku pacienta v dobé
diagnézy (END-PAC). (Sharma A. et al., 2018) Ukazuje se, Ze zejména anamnéza poklesu
hmotnosti v dob¢ diagnézy DM je pro pacienty s T3cDM typicka (59 % vs 30 % u T2DM).
(Hart PA. et al., 2011)

Recentni prace ukazuje na mozny piinos biomarkeri — kombinace adiponektinu a
interleukinu-1 dokazala statisticky vyznamné odlisit pacienty s T3cDM a T2DM (plocha pod
kifivkou (area under the curve - AUC) 0,91; 95 % interval spolehlivosti (confidence interval-

CI: 0,84-0,99). (Oldfield L. et al., 2021)

5.6. Pankreatické stelatni buiiky, PDAC, T2DM a chronicka pankreatitida

Samotné buitky PDAC tvofi jen malou ¢ast hmoty maligniho tumoru. Cca 90 %
tumoru tvoii pankreatické stroma — extracelularni matrix, neovaskularizace, imunitni buiiky a
fada dalSich bunék — zejména s nadorem asociované fibroblasty (cancer associated fibroblasts
CAF). Vzhledem k nepoméru malignich buné€k a zbytku stroma Ize ptedpokladat, Ze nadoroveé
stroma se bude aktivné podilet na vyvoji nadoru, a Ze interakce mezi organismem,
pankreatickym stroma a nddorovymi buiikami je potencidlnim prostorem pro diagnostiku a

terapii PDAC. (Obrazek 2)
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Obrazek 2: Stroma PDAC

Vetsinu hmoty tumoru tvori v pripadé PDAC extracelularni matrix. Dale jsou pritomné s
nadorem asociované fibroblasty, zejména PSC, makrofagy, lymfocyty a cévy. (vytvoreno ve

volné verzi programu BioRender.com)

Zkratky: PDAC: karcinom pankreatu, PSC: pankreatické stelatni bunky

CAF je souhrnny pojem pro skupinu bun¢k rizného ptivodu, které jsou si vSak podobné svou
morfologii, lokalizaci a expresi specifickych markert (vimentin, desti¢kovy riistovy faktor —
platelet derived growth factor (PDGFa)). Zaroveii ale nenesou genomové mutace, kterymi
jsou charakteristické nadorové buiiky. Tato absence typickych mutaci odliSuje CAF i od

nadorovych bunék, u kterych probehla tzv. epitelidlni-mesenchymalni transformace a svym
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fenotypem se tak fibroblastiim ptiblizuji. Zdrojem CAF mohou byt epitelialni buiky,
endotelové buiiky, hvézdicovité buitkky pankreatu (PSC) a rezidentni fibroblasty pankreatu.
(Sperb N. et al., 2020, Sahai E. et al., 2020) CAF zajistuji tvorbu extracelularni matrix a fady
cytokinl. Nejvyznamnéj$im zdrojem CAF jsou v piipad¢ karcinomu pankreatu pankreatické
stelatni bunky, na jejichZ funkci a vyznam v patofyziologii PDAC se zaméfime v dalSich

kapitolach. (Neuzillet C. et al., 2019)

Endotelové bunky patii k méné zastoupenym bunéénym populacim nadorového
stroma. Navzdory silnému angiogennimu pisobeni fady cytokinii, produkovanych PSC
neumoziuje vyrazna hustota pankreatického stroma efektivni angiogenezi. Vaskularizace
PDAC je tedy mensi nezli u jinych solidnich nddord, coz se vyznamné uplatituje zejména

v chemorezistenci PDAC. (Longo V. et al., 2016)

Bunky imunitniho systému se vyznamné podileji na rozvoji PDAC. PDAC je
charakterizovéan snizenim poctu cytotoxickych T-lymfocyti, které by za fyziologickych
okolnosti nadorové bunky likvidovaly. Pisobeni T lymfocytl je rovnéz potlacovano

pusobenim myeloidnich supresorovych bunék a makrofagt. (Li KY. et al., 2020)

Extracelularni matrix (ECM) tvofi nebunécnou slozku masy PDAC. ECM ma zésadni
patofyziologickou ulohu v rozvoji PDAC. Stejné jako v za fyziologickych podminek ve
zdravych orgéanech je klicovym prvkem mezibunééné komunikace, nebot” svou strukturou a
napojenim na bunécné receptory vytvaii prostorovou komunikacni sit’. Nadto svou strukturou

zajiStuje stabilitu tumordzni masy. (Weniger M. et al., 2018)

Nejvice zastoupenou slozkou ECM je kolagen. V ptipad€ PDAC je typické vyrazné
zastoupeni kolagenu I, jehoZ koncentrace je rovnéZ negativné korelovana s délkou pieziti.
(Whatcott CJ. et al., 2015) Pritomnost kolagenu pravdépodobné usnadiiuje migraci malignich
bunék. Nadorové prostiedi je vzhledem k defektni vaskularizaci relativné chudé na Ziviny.

V tomto terénu slouzi kolagen pravdépodobné jako zdroj energie nadorovym bunkam.
(Olivares O. et al., 2017) Kolagen je diilezitou komunikac¢ni slozkou ECM. Hraje roli signalni
molekuly, ptipadné ligandu integrinovych receptorti bunék PDAC. (Ohlund D. et al., 2013)
Vyssi denzita pankreatického stromatu zptisobend depozici ECM je rovnéz neptiznivym

faktorem negativné ovliviiujicim pieZiti pacientd s PDAC. (Laklai H. et al., 2016)

Nabizi se otazka, jak v terénu prakticky neproniknutelné masy ECM, ktera obklopuje
maligni buiiky PDAC, mtiZze dochézet tak rychle k Sifeni malignich bunék a k jejich
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metastazovani. Klicem k dil¢i odpovédi na tuto otazku je oboustranny vztah mezi ECM a
butkami PDAC. V ptipadé ECM se jedna o regulaci rovnovahy mezi metaloproteindzami,
které dokazi rozkladat vSechny slozky ECM, a tkanovymi inhibitory metaloproteinaz (tissue

inhibitors of metalloproteinases -TIMPs). (Bonnans C. et al., 2014)

Na vyznam proteoglykant a glykoproteini by bylo mozné usuzovat jiz z faktu, ze
zatim nejuzivangj$i marker PDAC — CA19-9 je strukturalné glykoproteinem. Obecné se jedna
o proteiny, které podstoupily sekundarni glykosylaci. Ta vSak byva v nddorovém prostiedi
Casto aberantni. (Pan S. et al., 2016) Pro PDAC je typické zastoupené galektinu 1 a
fibronektinu, glykoproteint, které se podileji na chemorezistenci, invazivité a proliferaci

PDAC. (Miyamoto H. et al., 2004)

Nejvyznamnéj$im producentem ECM u PDAC jsou tzv hvézdicovité nebo téz stelatni
buiiky pankreatu (pancreatic stellate cells — PSC). Tyto bunky byly popsany roku 1876
Kupfterem, ktery je pozoroval v jaternich perisinusoidéalnich prostorech. Povazoval vSak tyto
buiiky za fagocyty. (von Kupffer, 1876) V dalSich desetiletich byla zjiSténa jejich schopnost
ukladat vitamin A. Ve druhé poloving 20.stoleti autoti Wake, Suzuki a Ito charakterizovali
v fadé praci morfologii téchto bun€k a dal§im vyzkumem byla odhalena jejich kli¢ova role v
patogenezi jaterni fibrozy. Nazev ,,jaterni hvézdicovité bunky*, zalozeny na charakteristickém

tvaru téchto elementi, se ustalil v 90.letech 20. stoleti.

Ptekvapive nebyla podobna pozornost vénovana pankreatickym steldtnim bunkam, které byly
popsany az roku 1982(!) — tedy vice nez 100 let po Kupfferové€ inicidlnim objevu. (Watari N.
et al., 1982) V roce 1998 byla vyvinuta metoda izolace PSC, kterd umoznila jejich dalsi
studium. Za fyziologickych podminek tvoti PSC zhruba 7 % pankreatické tkang, kde se
nachdazeji jak v exokrinni, tak v endokrinni ¢asti pankreatu. Jejich ontogeneticky ptivod je

nejasny, prepoklada se, Ze jsou mesenchymalniho ptivodu. (Asahina K. et al., 2009)

PSC obklopuji malé pankreatické vyvody a cévy, kde jsou typicky pfitomné na bazolateralni
stran€ acinarnich bunék. Na zéklad€ ptitomnosti specifickych proteint (vimentin, desmin,
neuralni ristovy faktor, synemin a nestin) je 1ze identifikovat imunohistochemickymi

metodami. (Apte MV. et al., 1998)

Jsou-li vystaveny UV zafeni o vinové délce 328nm, jsou PSC charakteristické svou

fluorescenci. Tento jev je zpisobem akumulaci vitaminu A ve vakuolach PSC.
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Funkce PSC se méni v zavislosti na jejich lokalizaci a aktivaci. PSC nachazime v pankreatu

v aktivni nebo neaktivni form¢. Neaktivni PSC obsahuji mnozstvi vitaminu A ve vakuoléch,
exprimuji desmin, gliovy fibrilarni kysely protein (glial fibrillary acidic protein - GFAP),
ktery je pro PSC specificky, a dale nestin a vimentin. Proliferacni a migracni schopnost téchto
bun¢k je vyrazné omezena. Tyto bunky se nachéazeji v blizkosti bazolateralniho polu
acinarnich bunék nebo v blizkosti cév a diky tvorb&é malého mnozstvi metaloproteindz a jejich
inhibitord se podileji na udrzovani homeostazy extracelularni matrix. (Apte MV. et al., 1998,

Ding Y. et al., 2008)

Po aktivaci se fenotyp PSC dramaticky méni. Svym charakterem se podobaji
myofibroblastlim, exprimuji rozlicné proteiny — napt desmin, a-hladkosvalovy aktin (a-
smooth muscle actin - SMA (¢imzZ se odliSuji od pravych fibroblastl), kolagen I a III, rizné
metaloproteinazy a jejich inhibitory, déle fibronektin a kadherin 11. (Masamune A. et al.,
2002) Rovnéz ztraci vakuoly s vitaminem A. Aktivované PSC maji vietenovity tvar a
ziskavaji fadu schopnosti, jejichz hlavnim ucelem je reparace poskozené pankreatické tkang.
Toho dosahuji vyraznou produkci extracelularni matrix, kterou nahrazuji zni¢ené buiky
pankreatu. Za fyziologickych okolnosti je tento proces omezen na misto poskozeni. Za
patologickych stavil, jakym je tfeba chronicka pankreatitida nebo PDAC neni tento proces
dostate¢n¢ limitovan a nevyhnutelné vyustuje ve fibrozu pankreatické tkané a ztraté funkci
pankreatického parenchymu. Tento proces je navic udrZzovan autoaktivaci pankreatickych
buné¢k fadou cytokintl, které samy produkuji. Zda se, Ze aktivace PSC je jednou z kli¢ovych
udalosti, které vedou k tvorbé specifického mikroprostiedi a k progresi jak chronické
pankreatitidy, tak zeyména PDAC. Je to tedy rovnéz prave specifické prostiedi nddorového
stroma, které se vyznamné podili na rychlém $ifeni metastazovani a chemorezistenci PDAC.

(Hrabak P. et al., 2021)

Mechanism1, které vedou k (auto)aktivaci PSC je cela fada. Neni ndhodou, ze valnou vétSinu
cytokind, o kterych soudime, Ze aktivuji PSC, produkuji prave tyto buniky. Tento fakt jen
potvrzuje kliCovou tlohu téchto bunék v regulaci extraceluldrni matrix. (Jin G. et al., 2020)
Mezi tyto cytokiny patii predevsim transforming growth factor 1 (TGFB1), ktery pomoci
kaskady MAPK/ERK/JNK vede k transformaci neaktivnich PSC v jejich aktivovanou formu.
(Xu XF. et al., 2018, Fitzner B. et al., 2004). Ne&kteti autoti uvadéji, ze prave tento cytokin je
diilezitym patofyziologickym prvkem, ktery se podili na excesivni fibroze u pacienti

s chronickou pankreatitidou. (Sarper M,. et al., 2016) Pozoruhodny je pak vztah mezi ATRA a
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TGFB1. ATRA brani tvorbé komplexit mezi TGFB1a jeho vazajicim proteinem (TGFp1-

binding protein) a tedy jeho uvoliiovani z bunék.

Dalsimi cytokiny podilejicimi se na aktivaci PSC jsou z desti¢ek odvozeny ristovy faktor
(platelet-derived growth factor — PDGF) ¢i Yes-asociovany protein (Y AP). Tento protein je
zminovan v souvislosti s fadou nddorovych onemocnéni, kde hraje roli v regulaci proliferace
a apoptozy. YAP interaguje se signalni drahou SMAD, ktera mé& vyznamnou roli v aktivaci

PSC. (Lin H. et al., 2021)

PDGF je v pankreatické tkani vytvaren zejména makrofagy a za patologickych okolnosti i
nadorovymi bunkami PDAC. Jeho zdrojem jsou ovSem i krevni desticky, které se v ptipadé
poskozeni tkané€ — k jakému dochazi naptiklad u akutni pankreatitidy, akumuluji v zanétlivé
postizenych okrscich pankreatu, kde pomoci PDGF stimuluji tvorbu ECM praveé
prostfednictvim aktivace PSC. Produkce PDGF je nicméné rovnéz zvysena u chronické

pankreatitidy. (Luttenberger T. et al., 2000, Ebert MP. et al., 1998, Gress, T. et al., 1994)

Hypoxie je dal§im faktorem, ktery stimuluje aktivaci PSC. Tento faktor je vyznamny zejména
proto, ze k hypoxii dochézi casto praveé vlivem excesivni produkce ECM. PSC jsou
aktivovany mimo jiné i hypoxii indukovanym faktorem-1 (hypoxia inducible factor -1), ktery
je zvySené exprimovan za hypoxickych podminek, které se vyskytuji naptiklad prave

v nadorovém stroma. (Ide T. et al., 2006)

PSC mohou pravdépodobné byt stimulovany i mechanicky. Asaumi et al. prokazali, ze jsou-li
vystaveny zvySenému vnéjSimu tlaku, produkuji PSC vice ECM. Autofi tak cilené simulovali
prostiedi zvySeného tlaku v terénu edému doprovézejiciho zanétlivé afekce pankreatické

tkan¢€. (Asaumi H. et al., 2007, Apte MV. et al., 2000)

Vzhledem ke znamému vztahu alkoholu a chronické i1 akutni pankreatitidy neni pfekvapenim,
ze lze nalézt vztah mezi ethanolem a PSC. Alkohol aktivuje PSC n€kolika riznymi zpisoby.
Stézejnim mechanismem je pravdépodobné vliv acetaldehydu (PSC obsahuji
alkoholdehydrogenazu) a nepifimy vliv alkoholu prostfednictvim oxidativniho stresu, ktery
vzniké v prostfedi alkoholem indukované pankreatitidy. Ethanol a acetaldehyd spoustéji
MAPK-kindzovou drahu, ktera se na aktivaci PSC podili. Dal§im nepfimym mechanismem
aktivace PSC je pravdépodobné jejich aktivace prostiednictvim toll-like receptort. Tyto

receptory reaguji na lipopolysacharidy a endotoxiny, které se dostavaji do organismu pfii
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zvysené propustnosti intestinalni bariéry obvyklé u abtizu alkoholu. (Vonlaufen A. et al.,

2007, McCarroll JA. et al., 2003)

Regulace bun&énych dé&ji pomoci Ca?* je univerzalnim mechanismem sdilenym napii¢ celym
organismem. Na rozdil od acinarnich bun¢k, u PSC nedochézi v reakci na acetylcholin nebo
cholecystokinin ke vzestupu intracelularni koncentrace Ca?*. Reaguji naopak na bradykinin
(PSC exprimuji receptor pro bradykinin typ 2), jehoz hladiny se zvySuji naptiklad pfi
(alkoholem indukované) akutni pankreatitid¢. (Gryschenko O. et al., 2016)

5.6.1. Pankreatické stelatni buniky a diabetes mellitus 2. typu

PSC exprimuji receptory pro glukdézu GluT 1-3 a reaguji tedy na zvySené hladiny krevni
glukézy svou aktivaci a proliferaci. (Kiss K. et al., 2015)

T2DM je s metabolismem PSC tzce svazan vzajemnymi vztahy. Pfedné, aktivace PSC, ke
které dochazi v prostfedi T2DM prostiednictvim mj. i renin-angiotensin-aldosteronovym
systémem vedoucim k syntéze TGFp, vede k fibroze pankreatickych ostrivki. Tento stav je
akcentovan v situaci, kdy v prostiedi ostrivki pankreatu jsou PSC pacientii s T2DM

vystavovany vysokym hladindm glukézy a inzulinu. (Yang J. et al., 2020)

Chronicka hyperglykemie vede k diferenciaci v myofibroblasty pfipominajici fenotyp pomoci
signalni drahy svazané s p38 MAP-kinazou. Pravdépodobné zvySend spotieba kysliku vysoce
aktivnimi B-bunikami pankreatickych ostrivkl zapficinuje relativni hypoxii PSC, ktera vyse
popsanymi mechanismy rovnéz ptispiva k jejich zvySené aktivité. Zajimavy je fakt, Ze 1
hypovitaminéza A vede k aktivaci PSC. Tento proces lze zmirnit suplementaci toho vitaminu.

(Kiss K. et al., 2015, Zhou Y. et al., 2020)

5.6.2. Pankreatické stelatni bunky a karcinom pankreatu

PSC tvoii za fyziologickych podminek jen cca 5 % pankreatické tkané, ale tvofi cca 50 %
stroma PDAC, které samo o sob¢ tvoti az 90 % hmoty tohoto zhoubného nadoru. (Farran B. et
al., 2019) PDAC je typicky masivni desmoplastickou reakci, které se ziiCastni celd fada
raznych bunék, mimo jiné i PSC. Vyzkum poslednich let, ktery se stale vice zaméfuje na

interakci mezi pankreatickym stroma, organismem a nadorovymi butikami, odhaluje dileZitou
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roli PSC v patogenezi PDAC. Pochopeni téchto vztahi miize vést k odhaleni potencialné

ucinné terapie tohoto onemocnéni.

Zkoumanim vztahu mezi PCS a PDAC jak ,,in vivo* tak ,,in vitro* bylo zjisténo, Ze
aktivované PSC ovliviiuji fadu procest, naptiklad angioneogenezi, produkci extraceluldrni
matrix, rast a invazi PDAC stejné tak jako jeho chemorezistenci. Vztah PDAC a PSC je
oboustranny. PCS usnadnuji migraci buné¢k PDAC i jejich diferenciaci, naopak nadorové

bunky ovliviiuji aktivaci PSC, jejich migraci 1 proliferaci a produkci ECM. (Obrazek 3)
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Obrazek 3: Vztahy mezi PSC a buiikami PDAC

PSC prostrednictvim rady cytokinii stimuluji proliferaci a sireni bunek PDAC. PSC spolu s
burikami PDAC stimuluji angioneogenezi. Bunky PDAC naopak aktivuji PSC, stimuluji jejich

proliferaci. (vytvoreno ve volné verzi programu BioRender.com)

Zkratky : ECM: extracelularni matrix, VEGF : vaskuldarni endotelialni ristovy factor, FGF:
fibroblastovy ristovy factor, CSF': kolonie stimulujici factor, PDGF': destickovy riistovy
factor, TGF: tranformujici rustovy faktor, MMP: matrixova metaloproteinaza, IL —

interleukin, miRNA — mikro ribonukleova kyselina

Aktivace PCS v nddorovém stroma je stimulovana napf. interleukiny IL-1, IL-6, kolonie
stimulujicim faktorem I (CFS-I), destickovym ristovym faktorem (PDGF — platelet derived
growth factor), TGFB1, fibroblastovym rastovym faktorem (FGF). (Carter EP. et al., 2021)
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Posledné jmenovany faktor, pfitomny v fad¢ jinych tkani, je soucasti signalnich drah vedouci
k proliferaci a diferenciaci bun¢k, FGF 1 a 2 jsou v prostfedi PDAC pfitomny ve vyssich
koncentracich nez ve zdravém pankreatu. FGF 1 a 2 pravdépodobné ovliviiuje i diferenciaci
PDAC. FGF produkovany PSC indukuje tvorbu TGFB1 bunkami PDAC, coz vede zpétné ke
stimulaci PSC. (Kang X. et al., 2019) TGFp1 je rovnéz faktorem, ktery u PDAC vede

k snizeni hladin L1-adhezni molekuly (L1CAM) coz vede k agresivnéjSimu fenotypu PDAC.
Tento proces je ale popisovan jen u pokrocilého PDAC. Ptekvapivé v ¢asnych stadiich PDAC
by TGFB1 mohl mit na PDAC inhibi¢ni t¢inek. (El-Hariry I. et al., 2001, Cave DD. et al
2020)

DalsSim faktorem interakce mezi PCS a PDAC je miRNA. PSC produkuji exosomalni
miRNA, ktera je zachycovana buikami PDAC a jeji zvySena pfitomnost v nadorovych
buiitkach ptispiva napt prostiednictvim cesty MiR-4459/KIAA0513 k jejich vySené migraci a
proliferaci. (Ma Q. et al., 2020, Shao F. et al., 2020) Vzijemny vztah PSC a PDAC
demonstruje i fakt, ze spole¢na kultivace PSC a bun¢k PDAC vede ke zméné fenotypu PSC,
sniZzeni odpovédi PDAC k terapii gemcitabinem a zvySeni migrace téchto bun¢k. (Kikuta K. et

al., 2010, Liu Z. et al., 2018)

Dulezitym meznikem v patogenezi PDAC je tzv. epitelidlni-mezenchymadlni
transformace, proces, pii némz dochazi k pfeméné polarizované epitelialni buniky v buiiku
s fenotypem pfipominajici buitky mesenchymalniho ptivodu. Tyto butiky pak nabyvaji
zvysen¢ schopnosti migrovat, riist a odolavat apoptotickym signaliim. (Kalluri R. et al., 2010)
Tento proces rovnéz svym pusobenim ovliviiuji PSC, zejména jsou-li kultury PSC a PDAC
vystaveny hyperglykemickému prostredi — tedy prostfedi podobné tomu, které ,,in vivo*
pozorujeme u pacientli s T2DM. Rovnéz IL-6 produkovany PSC cestou Stat3/mrf2 drahy
stimuluje EMT u PDAC. (Karnevi E. et al., 2016, Wu YS. et al., 2017, Seifert AM. et al.,
2020)

Mimobunécna matrix tvotena z velké ¢asti PSC je esencialnim faktorem umoznujici prezivani
buitkam PDAC. Hraje vyznamnou roli v metabolismu téchto nddorovych bun¢k — naptiklad
kolagen produkovany aktivovanymi PSC jakozto hlavni komponenta ECM, slouzi jako
metabolicky substrat nadorovym buiikdm. (Olivares O. et al., 2017) Jak jiz bylo uvedeno
vyse, hypoxie zptsobuje aktivaci PSC. Aktivované PSC produkuji riistovy faktor pojiva
(connective tissue growth factor) a matrixové metaloproteinazy (MMP), mezi nimiz MMP-3 a
MMP-10 usnadnuji invazi bunék PDAC. (Liu D. et al., 2020) Excesivni tvorba ECM
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prohlubuje hypoxii naddorového stroma, coz opét zvysSuje aktivaci PSC. PSC prostiednictvin
miRNA miR4465 a miR-616-3p zvySuji invazivitu a proliferaci PDAC, ptipadné tvorbou
periostinu zvySuji resistenci PDAC k hypoxii. (Cao W. et al., 2021, Liu L. et al., 2015)

Vaskularizace tumoru je zasadni pro zajisténi pfisunu nutrientd do nadorové tkan¢, a tedy i
pro dalsi rist a Sifeni nddorového procesu. K zajisténi neovaskularizace vyuzivaji nadorové
bunky fadu mechanismu. Jednim z nich je produkce vaskularniho endotelialniho rstového
faktoru (VEGF). Stejn¢ tak maji PSC schopnost produkovat fadu latek stimulujicich
angiogenezi — napi. FGF, periostin ¢i PDGF. V ,,in vitro* studii byla prokdzéana schopnost
PSC zvySovat novotvorbu cév endotelovymi buitkami pomoci HGF/c-MET drahy. (Kuninty
PR. et al., 2016, Patel MB. et al., 2014)

Zajimava je i role PSC u pankreatické bolesti pacientii s PDAC. Signalni sonic-hedgehog
protein produkovany buikami PDAC aktivuje u PSC drahu vedouci k sekreci fady
neurotropnich latek, které se podileji na rozvoji typické pankreatické bolesti. (Han L. et al.,

2016)

PSC jsou schopné intra/extravazace do/z cév a migrovat spolu s PDAC do vzdalenych organt,
kde vytvareji mikroklima, které usnadiiuje dalsi rist téchto metastaz. (Suetsugu A. et al.,
2015) PSC se pravdépodobné podileji na chemorezistenci PDAC. Ochranu buné¢k pted
chemoterapeutiky zajist'uje jiz samotna produkce ECM stelatnimi bunkami, kterd brani
pronikani 1é¢iva k malignim bunikdm. Krom toho produkuji PSC latky, které pfimo zvySuji
chemorezistenci bunék PDAC. Ptikladem je deoxycytidin — pyrimidinovy deoxynukleosid
produkovany PSC, ktery snizuje efekt nukleosidového analoga gemcitabinu. (Dalin S et al.,

2019)

5.6.3. Pankreatické stelatni bunky a chronické pankreatitida

ChP je chronické onemocnéni charakterizované ndhradou funkéniho parenchymu pankreatu
vazivovou tkani. Rovnéz je rizikovym faktorem rozvoje PDAC. (Kirkegard J. et al., 2017)
Pretrvavajici a excesivni aktivace PSC nésledkem opakovanych pankreatitid ¢i jinych
patologii je klicovym prvkem této remodelace. Aktivace PSC provazi zanétlivé afekce
pankreatu véetné¢ ChP. Rovnéz alkohol se vySe zminénymi mechanismy podili na jejich

aktivaci. (Jin G. et al., 2020, McCarroll JA. et al., 2003)
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Koufeni je dalsi z faktort podilejici se na rozvoji ChP. Cigaretovy koui obsahuje mimo fady
toxickych latek i nitrosamid methylnitrosamino-1-(3-pyridyl) -1-butanon (NNK), na ktery
reaguji PSC pomoci acetylcholinovych receptorti. Cigaretovy kout rovnéz stimuluje T-
lymfocyty, coz vede ke zvySeni koncentraci interleukinu IL-22 ktery je aktivatorem PSC.

(Lee AT. etal., 2015, Xue J. et al., 2016)

Vyznamnym hracem na poli ChP jsou M2 makrofagy (na rozdil od akutni pankreatitidy, kde
zéasadni roli hraji M1 makrofagy). (Hu F. et al., 2020) Tyto makrofagy produkuji fadu
cytokint, které maji schopnost aktivovat PSC (TGF B1, PDGF...). PSC jsou zaroven
producenty interleukinu IL-4, ktery dale stimuluje jak PSC, tak makrofagy. Nehled¢ na to, ze
IL-4 je zaroven potentnim rastovym faktorem piisobici na buiiky PDAC. (Liu Z. et al., 2018,
Prokopchuk O. et al., 2005)

TGFp1 aktivuje NK-xB drahu PSC, coz vede ke zvySené tvorbé tkanovych inhibitort
metaloproteinaz (TIMP) témito buiikami. Vychyleni rovnovdhy mezi MMP a TIMP vede

k pfevaze fibrogeneze. Touto drahou je rovnéz i spousténa produkce cytokinu MCP-1, ktery
ptitahuje makrofagy do zasazenych oblasti. Timto mechanismem je tak uzaviran bludny kruh
fibrogeneze u pacientii s chronickou pankreatitidou. (Lee H et al., 2008, Shek FW. et al.,
2002)

5.7. Zanét a systémova imunitni odpovéd’ u pacientu s karcinomem pankreatu
Yy

Ptitomnost zanétlivé odpovédi je spolecnym znakem pacientd s chronickou pankreatitidou,
PDAC a do jisté miry i T2DM. (Donath M. et al., 2011, Robinson SM. et al.2019) V ptipadée
chronické pankreatitidy a T2DM je chronicky zanét faktorem, ktery pfispiva ke zvySenému
riziku PDAC u téchto onemocnéni. U T2DM se na rozvoji zanétlivé odpovédi podili
chronicka hyperglykemie a oxidativni stres, ktery vede k produkci volnych radikala. To vede

mimo jiné k sekreci fady prozanétlivych cytokinii. (Oguntibeju OO., 2019)

Chronické pankreatitida je rovnéZ charakterizovana systémovymi zanétlivymi zménami,
vyjadfené mimo jiné zvySenou koncentraci sérovych hladin TNF-a, IL-6, TGF-B, IL-1p,
MMP-9, IFN-y a IL-8, doprovazené zvySenou aktivitou Th1l a Th17 lymfocytt. Aktivita
téchto bun¢k byla prokézana u fady zanétlivych stavii. Zarovei jsou snizené hladiny inzulinu

a leptinu. (Komar HM. et al., 2017, Rasch S. et al., 2016, Noack M. et al., 2014)
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5.7.1. Znamky systémového zadnctu u karcinomu pankreatu

Vztah mezi imunitni/zanétlivou odpovédi a nadorovym bujenim miize zjednodusené nabyvat

nasledujicich podob:
a/ imunitni systém dokaze odhalit a eliminovat nddorové buiiky,

b/ sily imunitniho systému a nddorového bujeni jsou vyrovnané, imunitni systém tak brani

prudkému rlstu ¢i rozsevu nadoru, ale nedokaze zabranit ,,.kontrolovanému rtstu®,

¢/ nadorové bujeni se dostdva mimo kontrolu imunitniho systému a dochézi k rychlému Sifeni

nadorového procesu.

Mechanismus vztahu mezi imunitnim systémem a zhoubnym nadorem je komplexni a z velké
¢asti zavisly na cytokinech produkovanych jak imunitnim systémem, nddorovymi bunkami,
tak naptiklad bunikami nadorového stroma. Dusledek chronického systémového zanétlivého
stavu mize pak byt zejména u PDAC kachexie. Cirkulujici cytokiny (interleukiny IL-6 a

[I-1B ¢i TNFa) mohou zapfic€init paraneoplastické projevy jako je zvySena teplota. TNFa je
zaroven hlavnim proteinem zodpovédnym za naddorovou kachexii. (Petruzzelli M. et al., 2016)
Ukazuje se rovnéz, ze dynamika hodnot systémového zanétu v reakci na chemoterapii je

prognostickym faktorem délky pteziti pacienti s PDAC. (Aziz MH. et al., 2019)

5.8. Metabolické disledky diabetu mellitu 2. typu, karcinomu pankreatu a

chronické pankreatitidy

V piipad¢é metabolickych zmén u PDAC pfinesli pozoruhodnou informaci autoti Sah, Sharma
et al. v praci publikované roku 2019 v Gastroenterology. Zde autofi na souboru 219 pacientli
s PDAC a 657 zdravych kontrolach demonstruji metabolické zmény, ke kterym dochézi pied
samotnou diagnézou PDAC. Sledovanim tady parametri jako glukézy, sérovych lipida, TAG;
cholesterolu; hmotnosti, podkozniho tuku, zastoupeni télesné a visceralni tukové tkan¢ a
svaloviny identifikovali autofi tfi faze metabolickych zmén predchéazejici dg. PDAC. V prvni
fazi, nastavajici cca tii roky pted diagn6zou PDAC se objevuje hyperglykémie. V dalsi fazi,
cca 1,5 roku pted diagnézou PDAC, klesa koncentrace sérovych lipidii a hmotnost. Ve tieti
fazi klesa mnozstvi svaloviny, tukové tkané 1 cirkulujicich lipidd, trva vzestup glykémie. (Sah
SM. et al., 2019)
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Naproti tomu, T2DM je dobie charakterizovan dyslipidemii s vys$§imi hodnotami LDL a TAG
a poklesem HDL. (Ronald M. et al., 2004) Spole¢na pro PDAC i T2DM je hyperglykemie,
ktera je ovSem u T2DM disledkem insulinové resistence. T2DM je zaroven soucasti
metabolického syndromu charakterizovaného mj. obezitou, kdy u téchto pacientl jsou

hodnoty glykemie korelovany s télesnou hmotnosti. (Vazquez E. et al., 2022)

Chronicka pankreatitida je onemocnéni, které je charakterizovano poruchou exokrinni a/nebo
endokrinni funkce. To ve svém disledku vede jednak k rozvoji diabetu (T3cDM) (az u 80%
pacienti s ChP) tak malabsorbci vedouci ke ztrat€ hmotnost a deficitu v tucich rozpustnych
vitaminl (A, D, E, K). (Malka D. et al., 2000, Hrabéak P. et al., 2023) Nejb&ézné&jsi klinickou
manifestaci tohoto deficitu je kostni choroba, ktera je izce svdzana s poruchou metabolismu
vitaminu D a kalcia. (Duggan SN. et al., 2014) Na druhou stranu, pfitomnost metabolického
syndromu muze sama o sobé byt rizikovym faktorem rozvoje chronické pankreatitidy.
(Bojkova M. et al., 2020) Specificky je pak vztah vitaminu A a jeho metaboliti v patogenezi
ChP a PDAC. (Hrabak P. et al., 2021)

5.9. Vitamin A a all-trans retinova kyselina v patogenezi karcinomu pankreatu a

chronické pankreatitidy

Vitamin A (retinol) a jeho derivaty nazvané téZ retinoidy ziskdvame z potravy zejména ve
formé prekurzorl (provitamin) — karotenoidil. Karotenoidy spolu s dal§imi hydrofobnimi
molekulami (naptiklad zlu¢ové soli, cholesterol) tvoii micely. V této formé jsou vstiebavany
v tenkém stfeveé a nasledné metabolizovany na retinol. Ten je z velké ¢asti, poté co je
esterifikovan mastnymi kyselinami s dlouhym fetézcem, ve formé& chylomikront uvolnén do
ob¢hu. Mensi ¢ast neesterifikovaného retinolu je transportovana do jater, kde je skladovan

v jaternich stelatnich buiikach ve formé retinyl-esterti.
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Obrazek 4: a/ All trans retinova kyselina — chemicka struktura, b/ retinol - chemicka

struktura, vytvoreno ve freeware programu MolView (https://molview.org/ )

Retinol je vitamin rozpustny v tucich, tedy jej 1ze krevnim ob&hem transportovat pouze ve
vazbé na specifické vazebné proteiny (napf. retinol vazajici protein 4 — RBP4) nebo

v chylomikronech. Absorbovany nebo internalizovany retinol mize byt bud’to skladovany
v jaternich stelatnich buiikach ¢i v PSC, nebo déle metabolizovan a pomoci specifické
aldehyd-dehydrogenazy oxidovan na all-trans retinovou kyselinu (all-trans retinoic acid —
ATRA) (Obrazek 4). V jaternich stelatnich bunikach je skladovano zhruba 80 % télesného
retinolu. (Blaner WS. et al., 2019, von Lintig J. et al., 2020)

Retinol mé v lidském organismu fadu zésadnich funkci. Dobie je popséana jeho role ve
fyziologii vidéni, embryonalniho vyvoje, bunécné diferenciace, proliferace a regulace

transkripce. (Balmer JE. et al., 2002)

Mechanismus transkripce ovliviiuje hlavni aktivni metabolit retinolu — ATRA — cestou
specifickych receptort — retinoic acid receptor (RAR) a retinoic X receptor (RXR). Touto
cestou ovliviiuje expresi cca 500 gend, které hraji roli v diferenciaci tkani, bunééném cyklu,

apoptoze nebo ristu burky.
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Existuje fada praci, které ukazuji na vztah mezi ATRA, retinolem a nékterymi patologiemi
pankreatu. Svym vlivem na embryonalni vyvoj organismu a bunécnou diferenciaci se retinol
podili uz na samotném vyvoji pankreatu. (Brun PJ. et al., 2016, Bleul T. et al., 2015,
Chronopoulos A. et al., 2016)

Retinoidy maji vliv na funkci pankreatickych ostrivkil zejména prostiednictvim RXR a RAR.
(Brun PJ. et al., 2016) Jsou esencialni pro zajisténi jejich homeostazy, brani jejich apoptdze a

podileji se na fyziologické sekreci inzulinu z B bunék pankreatu.

Neékteré prace ukazuji na mozny vliv retinolu na patogenezi PDAC. ATRA ma
prostiednictvim svych receptorti inhibi¢ni G¢inky na proliferaci bun€k, podporuje ale jejich
diferenciaci. Ztrata RAR-P vedla v experimentalnich modelech k dediferenciaci
pankreatickych buné¢k. Kaiser et al., prokazali ve své praci kompletni ztratu RAR B u jedné

tietiny PDAC. (Kaiser A. et al., 1997)

ATRA je rovnéz ligandem receptorii aktivovanych proliferatory peroxisomil (peroxisome
proliferator activated receptor (PPAR)). Signalni drahy svazané s témito nitrojadernymi
receptory ovliviiuji transkripci fady geni, jejichz produkty jsou mj. zodpovédné za ucinky
inzulinu. ATRA tak hraje roli v regulaci energetického metabolismu a citlivosti k inzulinu.

(Lee CH. et al., 2006, Soska V. 20006)

Rada studii zkoumala vztah retinolu a inzulinu podobného riistového faktoru a jeho
vazebného proteinu (IGF/IGFBP). Vyznam drahy IGF/IGFBP tkvi zejména v jeho vlivu na
kancerogenezi. Ukazuje se, Ze vyssi hladiny IGF-1 a IGFBP-3 jsou asociovany s horsi
progndzou karcinomu pankreatu. (Lin Y. et al., 2004) Metaanalyza z r 2017 nicméné
neprokazala, Ze by zvySené hladiny IGF zvySovaly (na rozdil od jinych malignit) riziko

PDAC. (Gong Y. et al., 2017)

Jedinymi bunikami pankreatu, ve kterych je ukladan retinol, jsou PSC. Diky pfitomnosti
vakuol s vitaminem A tak ziskdvaji svou typickou vlastnost — fluorescenci pti osvitu svétlem
o vlnové délce 325nm. V souhrnu Ize fici, Ze studie sledujici hladiny retinolu u pacientii

s T2DM, ChP i PDAC nepfinasi jednoznacnou informaci o hladinach tohoto vitaminu u
jednotlivych onemocnéni. Zaroven je nutné zasadit event. zmény v koncentracich retinolu a
ATRA do kontextu jejich efektu na patofyziologii vySe zminénych onemocnéni, kdy je

pravdépodobné, ze ptipadné zmény koncentraci obou latek nejsou jen odrazem téchto nemoci,
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ale pfimo se na patofyziologii téchto procest podileji. Mohou tedy byt markery

diagnostickymi i prognostickymi potazmo terapeutickymi cili.

5.10. Diagnostika a screening karcinomu pankreatu

Karcinom pankreatu je onemocnéni, které je i v 21. stoleti obtizné diagnostikovat v ¢asnych
stadiich. V soucasnosti neni k dispozici metoda, kterd by umoznila efektivni ploSny screening
tohoto onemocnéni. Pozdni diagnostika karcinomu pankreatu ma pravdépodobné nékolik

zakladnich pficin. Pokud bychom se zaméftili na malignity s pfiznivéjsi diagndzou, zjistime Ze

(velmi zjednoduseng), tkvi rozdil mezi PDAC a témito malignitami v nékolika bodech

a/ vyuziti relativné jednoduchych, standardizovanych, rutinnich a v neposledni fadé
levnych screeningovych metod, které¢ umoziiujici vysetieni Siroké populace (kolorektalni
karcinom, karcinom prsu),

b/ identifikace ptesné definovanych vysoce rizikovych skupin populace, u ktery jsou
provadéna kontrolni vySetieni (kolorektalni karcinom, karcinom plic)

¢/ moznost neinvazivni diagnostiky suspektnich prekanceroz (kolorektalni karcinom,
maligni melanom)

d/ u¢inna (obvykle systémova) terapie 1 pokrocilych forem onemocnéni

e/ relativné indolentni chovani nékterych malignit (napf. chronicka lymfocytarni

leukemie).

V ptipad€ PDAC se vSak potkdvame s onemocnénim, které je vétSinou sporadické, a tedy
identifikace rizikovych skupin ma jen maly populacni pfinos ve smyslu snizeni celkové
incidence. PDAC vznika obvykle u starSich pacientii, kdy mtze byt fada biochemickych
parametrd alterovana ptidruzenymi chorobami. Naopak u mladsich pacienti mohou
kompenzacni mechanismy jinak zdravého organismu pfechodné zakryvat dopady rozvoje
PDAC. A konecné, agresivni povaha PDAC vede k pomérné nizké ucinnosti systémové
onkologické terapie, kterd prakticky plni jen roli paliativni.

V soucasnosti chybi Siroce dostupny, levny a jednoduchy néstroj, ktery by umoznil zachyt
casnych stadii PDAC nebo jejich prekancerdznich stavii. Vzhledem k pomérné nedostatené
efektivni laboratorni diagnostice, ndro¢nému a ¢asto invazivnimu vysetfovacimu procesu

v ptipadé€ ,,pozitivniho* vysledku inicidlniho laboratorniho vySetfeni, a v neposledni fad¢
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s ohledem na dopady na psychicky stav vySetfovanych neni v soucasné dob& doporuc¢ovany

screening PDAC.

V nékterych zahrani¢nich zemich a aktualné i v CR je zavadén program surveillance PDAC u
presné definovanych rizikovych (relativni riziko PDAC >5 % ) skupin. Jedna se zejména o
pacienty s cystickymi tumory pankreatu, hereditarni chronickou pankreatitidou ¢i pacienty s
vysokou genetickou zatézi (napi. BRCA2, STK11, CDKN2A4 mutace ¢i vyrazna rodinna zatéz).
Sledovani je zalozeno na zobrazovacich metodach, doplnénych v jistych piipadech o parametr

CA19-9 (Vanek P. et al., 2023).

Ptinosny mutize byt i ptistup britského National Insitute for Health and Care Excellence, ktery
doporucuje zvazit provedeni ¢asného (do dvou tydnti) CT vySettfeni pacientiim stars§im 60 let
se ztratou hmotnosti, ktefi zaroven trpi nékterou z obtizi charakteru zvraceni, prijmu, bolesti
zad, nevolnosti, zacpy ¢i nové vzniklym diabetem. (National Collaborating Centre for Cancer

(UK), 2015)

Vyuziti zobrazovacich metod, jako prvni modality pro detekci PDAC je zde ovsem rovnéz
odrazem nedostatecné efektivity nebo dostupnosti neinvazivnich laboratornich vysetieni.

(Yang 2021, Halbrook ClJ. et al., 2023, O'Neill RS. et al., 2021, Pereira SP. et al., 2020)

Nalezeni vhodného cirkulujiciho biomarkeru karcinomu pankreatu by mélo dramaticky dopad
na prognozu pacientli s PDAC. V soucasnosti je cilem vyzkumu cela fada rutinnich 1 vice

specifickych ,,novych* biomarkerd.

5.10.1. Zobrazovaci metody u karcinomu pankreatu

5.10.1.1. Abdominélni ultrasonografie

Jen pomérné omezenou roli hraje v diagnostice PDAC abdominalni ultrasonografie, jejiz
senzitivita 75 % a specificita 90% zaostava za CT i MR. Nevyhodou vySetfeni je zejména
velmi nizk4 citlivost v zachyceni malych (<2cm) loZisek. USG obvykle zobrazi neptimé
znamky expanzivniho loZiska pankreatu — prestenostické dilatace choledochu a Wirsungova

vyvodu, ¢i zndmky obstrukéni chronické pankreatitidy.
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5.10.1.2. Vypocetni tomografie (CT)

Zlatym standardem diagnostiky PDAC je vypocetni tomografie (CT) s intravendzné podanou
jodovou kontrastni latkou. V pankreatické fazi (40-50s po podani kontrastu) se PDAC
obvykle zobrazuje jako hypodenzni neostie ohranic¢ené lozisko. Senzitivita CT v detekci
PDAC je 89 % a specificita 90 %. (Treadwell JR. et al., 2016) Nespornou vyhodou CT
vysetieni je to, Ze poskytuje informaci o vztahu tumoru k okolnim, zejména cévnim

strukturdm a byva tak obvykle klicovym vySetfenim pii ivahach o chirurgickém vykonu.

5.10.1.3. Magneticka rezonance/ magneticka rezonance-

cholangiopankreatikografie (MR/MRCP)

Vytéznost MR v diagnostice PDAC je srovnatelna s kontrastnim CT. Vyhodou MRCP je
detailni zobrazeni zZlu¢ového stromu (na rozdil od ERCP i proximaln¢ od pfipadné stenozy),
vys$si citlivost 1 CT izoechogennich 1€zi a, pfi aplikaci hepatospecifickych kontrastnich latek,

vy$si specificita a senzitivita v zachytu jaternich metastaz.
5.10.1.4. Endoskopicka ultrasonografie (EUS)

EUS hraje v diagnostice PDAC vyznamnou roli zejména u pacientii s podezifenim na PDAC,
u nichz na CT ¢i MR nebyla zachycena 1éze, nebot’ dobte zobrazuje i loziska mens$i nez 2cm.

Senzitivita tohoto vySetfeni je cca 87% a specificita 98%. (Kanno A. et al., 2018 )

Dalsi nespornou vyhodou EUS je moznost odbéru vzorku na histologickou nebo cytologickou

analyzu, v zavislosti na pouzité bioptické jehle. (Obrazek 5)

Obrazek 5: Tenkojehlova biopsie tumoru pankreatu pod endosonografickou kontrolou. Foto
autor
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5.10.2. Laboratorni parametry u karcinomu pankreatu

5.10.2.1. Rutinn¢ stanovované parametry

Karcinom pankreatu, stejn¢ jako jind onkologicka onemocnéni, ma vyznamny dopad
na fadu metabolickych procesi lidského organismu. Vznik a rozvoj PDAC je obvykle
doprovazen zménou celé fady biochemickych parametrii (mj. sedimentace erytrocytt, krevni
obraz, jaterni testy ¢i glykémie.), z nichz n€které mohou hrat roli v diagnostice ¢i stanoveni
progndzy tohoto onemocnéni. SpiSe nez jejich patologicky zménéné hodnoty, které jsou
PDAC nespecifické a mohou byt zménény vlivem jinych onemocnéni, mize hrat dulezitou

roli jejich dynamika.

Dle recentné publikované studie se ukazuje, ze jiz v prab&hu péti let pred diagnostikovanim
PDAC dochazi ke zméndm v nekterych zakladnich bézn¢ métenych parametrech (jaterni
testy, glykovany hemoglobin, pocet trombocyti i bilych krvinek a koncentrace hemoglobinu).
V kombinaci se zdkladnim biometrickym parametrem, body mass indexem (BMI), Ize
vypozorovat specifickou dynamiku téchto markerti u karcinomu pankreatu. Autofi
demonstrovali na sledovaném souboru bifazicky trend poklesu BMI a rovnéz dvoufazovy
vzestup glykovaného hemoglobinu. Pozorovany byl naopak postupny vzestup jaternich testi,

leukocytl a krevnich desticek. (Tan PS. et al., 2023)
5.10.2.1.1. Sérova amylaza a lipaza

Pankreatickd amylaza a lipadza jsou nezastupitelné markery zejména v diagnostice akutni
pankreatitidy, kde jejich zvySeni jejich aktivity nad > 3n4sobek horniho referen¢niho rozmezi

je jednim z diagnostickych kritérii tohoto onemocnéni. V ptipadé chronické pankreatitidy je

vvvvvv

Obecné lze fici, Ze zvyseni sérové aktivity pankreatické amylazy a lipAzy muze byt zpisobena
naruSenim struktury pankreatické tkdn¢ zanétem ¢i tumorem a prestupem téchto enzymi do
ob¢hu. Typickym ptikladem je pravé akutni pankreatitida. V ptipad¢ nadoru ¢i chronické
pankreatitidy vSak dochézi jednak k poSkozovani tkané, které vede k prestupu téchto enzymi
do krve, tak k destrukci zlazy, coz vede k poruse jeji funkce. Snizena produkce
pankreatickych enzymi v terénu chronické pankreatitidy ¢i karcinomu pankreatu se mize
projevit abnormalné nizkou sérovou aktivitou téchto pankreatickych enzymt. (Hansen SEJ. et

al., 2021)
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5.10.2.1.2. Jaterni testy

Cholestaza doprovazena zménami koncentraci sérovych hladin jaternich enzymi je Castou
soucasti klinického obrazu karcinomu pankreatu. Mezi bézné stanovované jaterni enzymy
patfi alaninaminotransferaza (ALT), aspartataminotransferaza (AST), y-glutamyltransferaza
(GGT) a alkalické fosfataza (ALP). Alkalické fosfatdzy jsou enzymy pfitomné v fad€ organd.
Jejich funkci je katalyzovat hydrolyzu esterti fosfatu za vzniku fosfatu anorganického. Jejich
abnormalni hodnoty byly popsany u fady malignich onemocnéni véetné karcinomu pankreatu.
Elevace ALP a GGT patii mezi negativni prognostické faktory metastazujiciho karcinomu
pankreatu u pacientti 1é¢enych chemoterapii. (Catalano M. et al., 2023) Vzhledem k mozné
falesné zvySenym hladinam CA19-9 u pacientt s cholestazou ¢i cholangitidou je kombinace
CA19-9/AST a CA19-9/GGT ptesné&jsim predoperacnim prognostickym markerem pieziti u
PDAC nezli samotny CA19-9, jsou-li hladiny bilirubinu vys$si nez 102,6 umol/l. (Huang X. et
al., 2021) O jaternich transaminazach tak lze v n€kterych situacich uvazovat jako o

dopliujicich markerech CA19-9.
5.10.2.1.3. Lipidy

Nékteré prace ukazuji vztah mezi dynamikou hladin cholesterolu a casnym karcinomem
pankreatu, resp. poukazuji na pokles hladin sérového cholesterolu ptedchazejici nékolik
meésict diagn6ze PDAC. (Chen WC. et al., 2019, Wang L. et al., 2022) Déle upozoriiuji na
asociaci mezi hypercholesterolémii a vys$§im rizikem rozvoje PDAC. (Wang J. et al., 2015)
Naopak vyssi hodnoty cholesterolu méfené po resekci PDAC jsou asociovany s lepsi
prognozou téchto pacientd. To je nejspise dano jejich lepSim nutriénim stavem. Nizké sérové
hladiny LDL navozen¢ statiny, vedly na zvifecich modelech k vyssi agresivit¢ PDAC

prostiednictvim aktivace TGFp signalizace. (Leslie K. et al., 2020)
5.10.2.2. Znamé a potencidlni markery karcinomu pankreatu

Snaha o nalezeni dostupné metody identifikace pacientd s vysokym rizikem rozvoje PDAC,
tedy s prekancer6znim stavem, piipadné pacienty v casném (a tedy resekabilnim) stadiu
PDAC, se stala klicovym tikolem fady védnich obort poslednich desetileti. Tento vyzkum
vyustil v identifikaci celé fady biomarkert, které svou heterogenitou vypovidaji o

komplexnosti problematiky PDAC.

Biomarkery lze ziskat bud’to z télnich tekutin — tzv. cirkulujici biomarkery, nebo pfimo

z tumorozni tkdné — tzv. tkanové biomarkery. Ziskani cirkulujicich biomarkert je levné a
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snadné a minimalné invazivni, naproti tomu tkanové biomarkery je nutno vysetiovat ve
vzorku ziskaného biopticky - v piipadé PDAC jde nejcastéji o EUS s biopsii tenkou jehlou
(fine needle biopsy - FNB), pfipadné aspiraci (fine needle as piration - FNA) tekutiny z

cystické 1éze pankreatu.

V této praci se zamé&iime na biomarkery identifikované v séru/plazmé — tedy cirkulujici
biomarkery. Mezi potencialni cirkulujici biomarkery patii cela fada glykoproteind,
glykolipid, proteint, adhezivnich molekul, ristovych faktort ¢i jejich receptori, cytokind

nebo cirkulujici miRNA.
5.10.2.2.1. CA19-9

V soucasnosti stale zistava suverénnim markerem karcinomu pankreatu CA19-9. A to i pfes
svou faleSnou negativitu u pacientti s deficitem fukosyltransferazy a faleSnou pozitivitu u
pacientil s cholangitidou, akutni ¢i chronickou pankreatitidou, jaterni cirhdzou ¢i obstrukénim
ikterem a nizkou senzitivitu v zachytu 1ézi mensich 3 cm. (Scara S. et al., 2015, Ballehaninna
UK. et al., 2012) Jeho vyznam je mimo jiné v tom, Ze s vykonnosti CA19-9 jsou porovnavany
ostatni potencialni biomarkery. Vzhledem k jeho nizké pozitivni prediktivni hodnot¢ neni

vSak CA19-9 vhodny k pouZiti coby screeningova metoda PDAC.

CA19-9 — karbohydrat antigen 19-9, ptipadné¢ sialyl Lewis A byl poprvé identifikovan v roce
1979 v buiikach kolorektalniho karcinomu. (Luo G. et al., 2021) (Koprowski H. et al., 1979)
Pro jeho syntézu je nutna ptitomnost Lewisova enzymu (fukosyltransferazy), ktery u casti
populace neni tvoren, a tedy tito pacienti (zhruba 5-10% populace) CA19-9 netvofti ani

v ptipadé, ze se u nich rozvine PDAC. (Guo M. et al., 2017)

U pacientl, u nichz je CA19-9 tvoten jeho hladiny koreluji s velikosti tumoru ¢i pfitomnosti
metastdz, s existenci moznosti kurativni resekce, a tedy i s progndézou. Kombinace stagingu
(na zaklad¢ zobrazovacich vysetfeni) a hladin CA19-9 hraje klic¢ovou roli v rozhodovani o
resekci PDAC. U pacientt, s vysokymi hodnotami CA19- 9 prokazateln¢ klesa resekabilita.
(Hartwig W. et al., 2013) Karcinom pankreatu se sérovou hladinou CA19-9 >500U/ml je dle
konsenzu Mezinarodni pankreatologické asociace povazovan za tzv. hrani¢né resekabilni 1

bez pritkazu metastaz. (Isaji S. et al., 2018)

Zaroven hraje CA19-9 dllezitou roli v predikci a monitoraci efektu neoadjuvantni
onkologické 1é¢by, v predikci pooperacniho pribéhu a v dlouhodobém sledovani pacientii po

kurativni resekci. Elevace CA19-9 u PDAC muze predchazet jeho detekci zobrazovacimi
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metodami az o 6 mésici. (Rieser CJ. et al., 2018) Monitorace CA19-9 je dale naptiklad
nedilnou soucasti surveillance pacient s intraduktalni papilalni mucinosni neopléazii (IPMN).

(Del Chiaro, 2018)
5.10.2.2.2. Karcinoembryonalni antigen (CEA)

CEA je fetalni glykoprotein s molekulovou hmotnosti 180-200 kDa. CEA byl roku 1965
izolovany z bunék kolorektalniho karcinomu. (Gold P. et al., 1965) Jeho hladiny byvaji
zvysené u celé fady tumord (mj. kolorektalni karcinom, karcinom prsu) véetné PDAC.

V ptipadé PDAC byva zvysen u 30-60 % pacient. (Meng Q. et al., 2017) Recentni
metaanalyza neprokazala vyssi efektivitu CEA proti CA19- 9. (Xing H. et al., 2018) Svou roli
tak mlze mit zejména u pacientll, kteti CA19- 9 netvoti. Kombinace markertt CA19-9, CEA,
CA125, a CA242 prokazala 9 % senzitivitu a 93% specificitu v detekci PDAC. (Gu YL. et al.,
2015)

5.10.2.2.3. CA125

Cirkulujici CA125 je produkt membranového mucinu MUC16. Je popsan jeho diagnosticky
potencial zejména u karcinomu ovaria. (Charkhchi P. et al., 2020) Na rozvoji PDAC se podili
n¢kolika mechanismy: mj. se ucastni signdlni drahy RAF1/MEK/ERK, zvySuje motilitu
nadorovych bun¢k a invazivitu tumorovych bunék. (Qi ZH. et al., 2018) Je lepsim markerem
mikrometastaz PDAC nezli CA19- 9. (Liu L. et al., 2015) Hladiny CA125 rovnéZ na rozdil od
CA19-9 nejsou ovlivnény hyperbilirubinémii. U pacientd s obstrukei zZlu€ovych cest je tedy

CA125 nejspise duveryhodnéjsim markerem PDAC. (Haglund C., 1986)
5.10.2.2.4. Osteopontin

Osteopontin, jehoz exprese je zvySena u PDAC, je soucasti extracelularni matrix
pankreatickych tumord, kde je tvofen mj. pankreatickymi stelatnimi buitkami. Jeho tloha
v patofyziologii fady malignit byla zevrubné popsana. (Moorman HR. et al., 2020)
Osteopontin v mikroprostiedi PDAC pravdépodobné usnadiiuje metastazovani nebo rist
tumoru. (Kolb A. et al., 2005) Osteopontin byl zkouman jako marker PDAC v terénu
chronické pankreatitidy. (Rychlikova J. et al., 2016)

5.10.2.2.5. Osteoprotegerin (OPQG)

OPG je syntetizovan aktivovanymi PSC. Je receptorem pro ligand TRAIL (TNF related
apoptosis inducing ligand). Vazbou s timto ligandem dochazi k jeho inhibici a tak zvyseni
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resistence nadorovych bun¢k k apoptotickym signalim. (Emery JG. et al., 1998, Wen Z. et al.,
2019, Brand R. et al., 2011)

5.10.2.2.6. REG proteiny (regenerating proteins)

REG proteiny bilkoviny jsou pfitomné v buiikéch acinii. Byly identifikovany u pacientt

s akutni pankreatitidou. V soucasné dob¢ do rodiny lidskych REG proteint fadime proteiny
REGI1A, REGIB, REG3A, REG3G a REG4. Za fyziologickych okolnosti hraji tyto proteiny
zasadni roli v regeneraci poSkozeného pankreatického parenchymu. Proteiny REG1 a REG3
byly popsany jako soucast tzv. proteinovych zatek, popisovanych u pacientd s chronickou
pankreatitidou. (Bluth M. et al., 2008) Proteiny REG 1,2 a 4 jsou exprimovany buiikami
PDAC. (Takehara A. et al., 2006)

Roli REG proteini v patogenezi PDAC podporuji prace, které prokazaly vyssi koncentrace
REG3A u PDAC a PanIN. (Li Q. et al., 2016) REG proteiny byly prokazany v moci a séru
pacientii s PDAC. (Radon TP. et al., 2015, Legoffic A. et al., 2009)

5.10.2.2.7. S100 proteiny

Rodina S100 proteinti ¢ita na 25 molekul. Nékteré z téchto molekul hraji vyznamnou roli

v patogenezi neoplazii. (Bresnick AR. et al., 2015) Ugastni se regulace hladin intracelularniho
kalcia, ovliviuji riist, proliferaci, diferenciaci a energeticky metabolismus bunék. S100
proteiny reaguji s celou fadou receptorli, mimo jiné s receptory pro kone¢né produkty
pokrocilé glykace (RAGE), toll-like receptory a s receptory asociovanymi s G proteiny.
Prostfednictvim téchto receptori ovliviiuji celou fadu intracelularnich procest, které v piipadé
PDAC vedou k jeho progresi. Nékteré S100 proteiny pak mohou slouZit jako potencialni
biomarker PDAC.

Protein S100A2 ma pravdépodobné tumor supresorové ptisobeni u nékterych typa karcinomu.
(Luo J. et al., 2011) Nicméné byla prokazéana jeho zvySena exprese u PDAC ve srovnani
s non-PDAC ¢i PanIN. (Ohuchida K. et al., 2007) Elevace S100A4 je markerem PDAC a

sveéd¢i zejména pro pritomnost metastaz a horsi prognézu. (Huang S. et al., 2016)

Exprese SI00A6 je limitovana prakticky jen na buitkky PDAC a stoupé s progresi velikosti
tumoru. Ke zvyseni exprese SI00A6 dochazi pravdépodobné jiz v casnych stadiich rozvoje
PDAC a tedy mize byt napomocen v detekci high-risk 1ézi nebo ¢asného PDAC. (Ohuchida
K. etal., 2007)
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S100P je protein, ktery je rovnéz zvySené exprimovan u PDAC nebo intraduktalni
pseudopapilarni mucinozni neoplazie (IPMN) a mira této exprese koreluje s progresi stupné
PanIN Iézi. (Nakata K. et al., 2010) Jeho potencidlni role v diagnostice PDAC byla prokazana
1 v kombinaci s endoskopickou ultrasonografii a s biopsii tenkou jehlou. (Aksoy-Altinboga A.

etal., 2018, Wu Y. et al., 2021)

Nekteré S100 proteiny jsou ligandy receptorti pro konecné produkty pokrocilé glykace
(RAGE). Tyto receptory jsou zvySen¢ exprimovany ve tkani PDAC a jejich aktivace

v kone¢ném disledku vede k proliferaci tumoru. Jedna se rovnéz o jeden z mechanismii, ktery
stoji za zvySenym rizikem rozvoje malignity u stavii charakterizovanych chronickou
hyperglykemii (T2DM), kdy dochazi k tvorbé AGEs (kone¢nych produktti pokrocilé glykace)
- tedy ligandi RAGE. (Abbruzzese JL. et al., 2018)

5.10.2.2.8. Matrix metaloproteinazy (MMP)

Potencial MMP coby biomarkert vyplyva z jejich ulohy ve formaci nddorového stroma.
MMP jsou endopeptidazy majici ve své struktufe obsazeny zinek. V zavislosti na cilovém
peptidu je Ize rozliSovat na kolagenazy, zelatinazy, matrilysiny apod. MMP se ucastni
zangtlivych reakei ¢i hojeni tkani. (Kuhlmann KF. et al., 2007) Jejich aberantni aktivita je
jednim z atributti jak ChP, tak PDAC. MMP byly rovnéZ zkoumany jako potencialni
cirkulujici biomarker PDAC, kdy byla fadou autoru zjisténa jejich zvySena exprese jak

v nadorové tkéni, tak vySsi koncentrace v krvi. (Slapak EJ. et al., 2020) V soucasnosti je
popsano pies 20 MMP. Cetné prace poukazuji na vliv MMP na kancerogenezi, proliferaci
nadorovych bunék a metastazovani. (Knapinska AM . et al., 2017, Huang K. et al., 2018,
Koikawa K. et al., 2018)

MMP se podili na procesu epitelidlni-mezenchymalni transformace (EMT) — klicovém
procesu iniciace kancerogeneze — tim, Ze svym proteolytickym plisobenim rozrusuji e-
kadherin v mezibuné&énych spojich. Pokles koncentraci e-kadherinu je negativnim
prognostickym faktorem PDAC. (Dardare J. et al., 2021) RovnéZz se MMP podili se na
patologické preméné acinarniho fenotypu na duktalni (tzv. acinar to ductal metaplasia).
(Fukuda A. et al., 2011) MMP-7 byla detekovana v nadorové i premaligni (PanIN 1-3), nikoli
vSak zdravé pankreatické tkani. (Crawford HC. et al., 2002, Van Doren SR. et al., 2022)

Jakkoli u nekterych MMP lze usuzovat, ze pfispivaji k rozvoji PDAC, data o jejich celkovém
vlivu na PDAC nejsou zcela konzistentni. (Slapak EJ. et al., 2020)
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5.10.2.2.9. Trefoil faktory (TTF)

TTF 1-3 jsou malé molekuly, které se za fyziologickych okolnosti podili na ochran¢ sliznic
traviciho traktu. Byl vSak popsan jejich podil na fad¢ malignit. (Perry JK. et al., 2008)
Vzhledem k velikosti a stabilité téchto molekul byly zvazovany jako potencidlni marker
PDAC. (Harsha HC. et al., 2009) Jejich vyznam byl v tomto sméru nékolika pracemi
potvrzen. (Jahan R. et al., 2019) Exprese TTF1 byla popsana v bunécnych liniich PDAC
stejné jako jeho role v patogenezi ChP. (Ebert EP. et al., 1999)

5.10.2.2.10.  Rastové faktory

Ristové faktory, jako napt. midkine ¢i IGF byly rovnéz zkoumany jako potencialni

onkomarkery vzhledem ke svému zdokumentovanému vlivu na kancerogenezi.

Midkine (neurite promoting growth factor 2) se fadi mezi rustové faktory, které maji vliv na
rozvoj malignit gastrointestindlniho traktu. (Aridome K. et al., 1995) Zajimavy je jeho
potencialni vliv na chemorezistenci vii¢i gemcitabinu u PDAC, zprosttedkovany aktivaci

Notch signalizace prostfednictvim NK«B. (Rawnaq T. et al., 2014)

Dysregulace drah ristovych hormont a jejich receptort jsou jednim z klicovych faktort
ptispivajicich k onkogenezi. Pfikladem miize byt insulinu podobny ristovy faktor (IGF I-1I)
jeho vazebny protein (IGF-binding protein/IGFBP I-VI). Jejich fyziologie je rovnéz svazana

s gluk6zovym metabolismem, coZ z nichZ €ini zajimavy cil zkoumani v souvislosti

s patologiemi pankreatu. IGF maji prostfednictvim svych receptorti (IGF-R)

cestou IGF1/AKT antiapoptoticky a proliferacni ucinek, podileji se na regulaci funkce 3
bunék pankreatu. Jejich funkce v metabolismu jsou v nékterych ohledech uzce spjaty

s inzulinem (Gong Y. et al., 2017). IGF-1 je rovnéz produkovan tukovou tkani, a tedy zvySené
pii obezité, ktera je stejné jako T2DM soucasti metabolického syndromu. (Calle E. et al.,

2004)

Buniky PDAC exprimuji vysoké mnozstvi receptorti pro IGF (IGF-R). (Chi F. et al., 2013)
Jejich zvySena exprese koreluje z horsi prognézou pacientii s PDAC. (Du C. et al., 2020).
Rovnéz touto cestou dochdzi k autokrinni aktivaci PDAC bunék 1 pii absenci KRAS mutaci,
kterd je jinak nejbeznéjsi cestou aktivace drah vedouct k proliferaci PDAC. (Rajbhandari N. et
al., 2017) Insulin je rovnéz ligandem IGF-R, nabizi se tedy souvislost mezi stavy

charakteristické hyperinzulinémii (T2DM) a PDAC. IGFBP2 a IGF-1 byly zkoumény u
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pacientli s PDAC, ChP, PanIN lézemi i jako potencidlni markery PDAC. (Wtodarczyk B. et
al., 2021, Dahlem C. et al., 2019, Kendrick ZW. et al., 2014)

5.10.2.2.11.  Lipidomika

Pokrocila analyza spektra krevnich lipidt se ukazuje byt slibnou metodou detekce PDAC.
Nektera recentni data ukazuji na efektivitu analyzy sérového lipidomického profilu pomoci
hmotnostni spektrometrie v detekci nejen PDAC. (Wolrab D. et al., 2022, Naudin S. et al.,
2023) Tato metoda, odhalujici zmény ve slozeni sfingomyelinti, ceramidi a fosfatidylcholint,
dosahuje senzitivity 1 specificity vyssi nez 90 % a to 1 v €asnych stadiich PDAC. Charakter
lipidového profilu ma patrné souvislost i s fenotypem PDAC. Ve studii zaméfené na
metabolomicky profil PDAC popisuji autofi vyssi zastoupeni glycerofosfolipidi u méné
agresivnich a vys$si zastoupenti triacylglycerolii u agresivnéjsich fenotypti PDAC. (Kaoutari

AE. etal., 2021)
5.10.2.2.12.  Glykoproteomika

Glykoproteomika zkouma profil glykovanych proteint (ostatné CA19-9 je rovnéz
glykoprotein, a znamé prekancerdzy — mucinozni cystické neoplazie a [IPMN — jsou
charakteristické tvorbou glykoproteinti- mucinti) a odhaluje specifické patologické
glykoproteiny typické pro jednotlivé malignity. N&kteti autofi prezentuji na glykoproteinech
zalozené diagnostické panely karcinomu pankreatu. (Aronsson L. et al., 2018, Liu Y. et al.,

2018)

Patofyziologickym podkladem vyuziti glykoproteomiky k diagnostice neoplazii je pfitomnost
tzv. aberantni glykosylace. Glykosylace je jednou z posttranslacnich modifikaci struktury
proteinti. Odehrava se v Golgiho aparatu ¢i vakuolach endoplazmatického retikula a je
dualezita pro tvorbu specifickych konformaci proteinti nebo pro jejich dalsi funkci. Aberantni
glykosylace miZe spocivat v odli§né struktufe navazaného polysachardidu a/nebo v odliSném
poctu polysacharidli navazanych na konkrétni protein. Aberantni glykosylace proteinii neni
jen dobte zndmou vlastnosti fady nadort, ale tyto patologické glykoproteiny se mohou piimo

podilet na progresi maligniho tumoru. (Pan S, 2016)

K identifikaci Sirokého spektra glykoproteinti je vyuZzivana kapalinova chromatografie
spojena s hmotnostni spektrometrii. Lze rovnéZ vyuzivat techniky zalozené na pouziti lektini

— proteintl, které se vazi na volné konce polysacharidovych fetézcti. K identifikaci
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konkrétniho patologického glykoproteinu tak 1ze vyuzit napt. na lektinu zalozenou imunoese;j

(lectin-ELISA). (Ahn YH, 2015, Wang M. et al., 2019)
5.10.2.2.13.  mikro RNA (miRNA)

Tyto molekuly jsou nekddujici jednovldknové struktury, které slouzi k regulaci genové
exprese mRNA k niz jsou komplementéarni. Pfedpoklada se, Ze se mimo jiné ucastni regulace
bunécného cyklu, a tedy, ze maji potencialni vliv na kancerogenezi. Nadto nejsou tyto
molekuly vazéany jen intracelularné, ale mohou byt detekovany v plazmé, kde jsou obvykle
transportovany v exosomech nebo ve vazbé na rizné molekuly (napi. HDL). (Prinz C. et al.,
2022) Tato exosomalni miRNA ma rovnéz vliv na kancerogenezi, kdy napi. miRNA 301-a
dokaze ovlivnit polarizaci M2 makrofagt. (Wang X. et al., 2018) Profil miRNA je ovlivnén
jiz ¢asnymi stadii KRAS mutaci, tedy Casto jesté ve stadiu PanIN. (Humeau M et. al.2013)

MiRNA plazmaticky profil se ukazuje byt potencidln€ uzitecnym diagnostickym markerem
gastrointestinalnich malignit véetné PDAC. (Skrha P. et al., 2015, Le Large TY et al., 2015)
V poslednim desetileti byla identifikovana fada miRNA, které mohou slouzit jako
diagnosticky nebo prognosticky faktor PDAC. (Daoud AZ. et al., 2019) Panely obsahujici
mnozstvi riznych miRNA dosahuji impresivnich vysledki jak v detekci PDAC (90%, panel
25 miRNA), tak v jeho odliSeni od chronické pankreatitidy (93%, panel 23 miRNA).
(Bloomston M. et al., 2007, Yang J. et al., 2021)

5.10.2.2.14.  ,,Liquid biopsy* — ,tekuta biopsie*

Rozvoj pokrocilych analyticky metod umoznil zaméfit pozornost na tzv. tekuté biopsie (liquid
biopsies). Tato metoda vyuziva analyzy cirkulujicich nadorovych bunck, exosomalni RNA ¢i
cirkulujici nddorové DNA (ctDNA) v tekutych slozkach lidského organismu (krev, mo¢,
sliny, pankreatické §tavy, event. stolice). Vyhodou je non-invazivita a tedy bezpe¢nost a
snadna opakovatelnost vySetfeni. Nevyhodou je t.¢. chybéjici standardizace a nizka

senzitivita tohoto vySetfeni ve srovnani s biopsii nadorové tkang.

Cirkulujici DNA pochdzejici z nddorovych bunék se vétSinou do obéhu dostava pti nekrdézach
nebo apoptoze téchto bunck. Jiz samotna detekce cirkulujicich nadorovych bunék (75%
senzitivita a 96,4% specificita pro PDAC) u pacientii s PDAC je tak negativnim
prognostickym faktorem (Xie ZB. et al., 2016, Ankeny JS. et al., 2016). V této DNA lze
identifikovat specifické mutace jako napt. mutace genu KRAS, které jsou pro PDAC

charakteristické. Zejména v kombinaci s detekci dalSich mutaci dalSich gent
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(KRAS, TP53, CDKN2A, SMAD4), ptipadné jinymi biomarkery (CA19-9, CEA, hepatocytarni
rustovy faktor, osteopontin) dosahuji tyto tekuté biopsie vysoké senzitivity a specificity (64%

2 99.5% , resp. 80% a 100%). (Cohen JD. et al., 2017, Liu X. et al., 2019)

Patobiochemické zmény u pacientti s PDAC, T2DM a ChP jsou komplexni povahy,
spole¢nym znakem vSech tii onemocnéni je pfitomnost zdnétu, oxida¢niho stresu, alterace
glukozového metabolismu a naruseni metabolické homeostazy organismu. V piipadé ChP a
PDAC je dominantnim jevem provazejici tato onemocnéni tvorba extracelularni matrix
pankreatickymi steldtnimi buiikami. Interakce mezi PSC, extracelularni matrix, imunitnim
systémem, nddorovymi bunikami a tkani pankreatu jsou dilezitou a potencialné terapeuticky

ovlivnitelnou souc¢ast onemocnéni.

Rovnéz neni neobvyklé, Ze se diabetes ¢i ChP a PDAC objevuji u jednoho pacienta
spole¢né (typicky PDAC v terénu chronické pankreatitidy), T2DM a ChP jsou zaroven
rizikovymi faktory vzniku PDAC. Piistup k pacientlim s jednotlivymi chorobami se ale
zasadné 1i8i, stejné tak 1 jejich progndza. Vzhledem k infaustni prognéze pokrocilého
karcinomu pankreatu je kli¢ovym tkolem identifikovat mezi témito izce spojenymi
patologiemi pacienty s PDAC, a to idealné v ¢asné fazi onemocnéni. Identifikace biomarkeri
spojenych s PDAC je diilezitd mimo jiné i pro pochopeni patofyziologie tohoto onemocnéni,

coz muze piispét k rozvoji ucinnéjsi terapie PDAC.

49



6. Hypotéza a cile prace

6.1. Hypotéza

Je zjevné, Ze zkoumand onemocnéni (chronickd pankreatitida, karcinom pankreatu a diabetes
mellitus 2.typu) jsou onemocnéni s Sirokymi dopady na cely organismus. Domnivame se, ze
analyzou Sirokého spektra parametrti 1ze definovat specifické biomarkery nebo jejich panely,
které umozni ¢asnou diagnostiku karcinomu pankreatu i mezi rizikovymi skupinami pacientt.
Domnivame se také, Ze jednotlivé markery nebo jejich skupiny by mohly odrazet specifické
odlisnosti jednotlivych onemocnéni, a tak neptimo piispét k lepSimu pochopenti jejich

patofyziologie.

Za potencialni zdroj novych biomarkerti pak rovnéz povazujeme interakci mezi bunikami
nadorového stroma, zejména pankreatickymi stelatnimi buiikami, a butikami nadorovymi.
PSC jsou jediné buiiky pankreatu ukladajici retinol. Hlavni aktivni metabolit retinolu — ATRA
se podili na fad¢€ procesi, jejichz alterace mize vést k rozvoji PDAC. Dosud publikované
studii nabizeji nejednoznacné nebo i konfliktni idaje o hladinach vitaminu A ¢i ATRA u
patologii pankreatu. Vzhledem k vlivu pankreatickych stelatnich bunék, retinolu a ATRA na
fyziologii pankreatu se domnivame, Ze zmény v koncentracich ATRA a retinolu mohou
korespondovat s rozvojem patologickych stavli pankreatické tkang. Retinol i ATRA,
vzhledem ke svym komplexnim tlohdm v patogenezi sledovanych onemocnéni, mohou byt

zvazovany jako diagnostické biomarkery PDAC.

6.2.Cile prace

Studie I: Biomarkery u karcinomu pankreatu

Cilem prace bylo komplexni analyzou fady rutinnich parametrti véetn¢ zékladnich
antropometrickych tdaji a cilené vybranych sérovych markert urcit biomarker nebo jejich
panel, umoziujici odliSeni pacientl s PDAC od probandti s T2DM, chronickou pankreatitidou

¢1 zdravych kontrol.

Mimo méfeni rutinn€ stanovovanych parametrt jsme si dali za cil analyzu fady potencialnich
biomarkerti PDAC. Tyto parametry byly vybrany na zékladé diive provedenych studii,

pfipadné se ptimo se podileji na karcinogenezi (DJ-1, HSP27, IGF 1-2, IGFBP, MICI,
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MMP7, Reg3A, SI00A11, S100P, sSICAM1, TFF1, RAGE), hraji roli v nddorovém stroma
(metaloproteindzy, S100 proteiny) ¢i jsou jejich hodnoty zpravidla alterovany u pacientt

s T2DM a ChP

Konkrétni cile prace:

a/ analyzovat koncentrace potencialnich biomarkerti u pacientti s ChP, T2DM a PDAC a

zdravych kontrol

b/ stanovit biomarker nebo jejich panel, ktery by umoznil rozliSeni PDAC od ostatnich

zkoumanych skupin s vétsi efektivitou nezli CA19-9.

Studie II: Hladiny retinolu a ATRA u karcinomu pankreatu, chronické pankreatitidy a
T2DM

Cilem préace bylo stanovit sérové koncentrace ATRA a retinolu u pacienti s PDAC, ChP,

T2DM a u zdravych kontrol pomoci vysokotuc¢inné kapalinové chromatografie s UV detekci.

Konkrétni cile prace:

a/ stanovit a porovnat koncentrace retinolu a ATRA u pacientii s ChP, T2DM a PDAC a

zdravych kontrol
b/ ovéfit mozny potencidl retinolu a ATRA jako diagnostického biomarkeru PDAC

c/ popsat eventudlni korelace mezi ATRA, retinolem a dal$imi stanovovanymi

potenciondlnimi biomarkery
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7. Metodika

7.1. Soubory pacientii

7.1.1. Soubory pacientt Studie I: biomarkery u karcinomu pankreatu:

Do studie I byly zahrnuty osoby s karcinomem pankreatu, chronickou pankreatitidou,
diabetem 2. typu a odpovidajici zdravé kontroly. Celkem bylo zafazeno celkem 186 pacientt,
60 pacientt s T2DM, 47 pacientii s chronickou pankreatitidou, 28 pacientt s PDAC ve I-111
stadiu a 51 zdravych kontrol ( Tabulka 1)

Pacienti s histologickym vySetienim potvrzenym karcinomem pankreatu byli na zakladé
stagingu dle kritérii AJCC - American Joint Committee on Cancer classification — zatazeni do

skupin I-IV. Do prvni studie byli zatazovani jen pacienti s PDAC stadium I-I1I dle AJCC.

Pacienti s chronickou pankreatitidou byli diagnostikovani na zékladé M-ANNHEIM kritérii.
(Schneider A. et al., 2007) Pacienti s diabetem 2.typu typu byli diagnostikovani nejdéle 3
roky pted zafazenim do studie a byli sledovani na 3. interni klinice VFN. Diagn6za T2DM
byla stanovena v souladu s doporu¢enim Americké diabetické asociace. (ADA, 2010) Studie
probéhla v souladu s aktualni verzi Helsinské deklarace a byla schvalena Etickou komisi
Vseobecné fakultni nemocnice. Osoby tcastnici se této studie podepsaly informovany souhlas

se svym zafazenim.

Pocet Vék BMI (kg/m2) Pohlavi M/Z
probandii
Chronicka 47 55+12 23,94+4,22 32/15
pankreatitida
T2DM 60 62+8 35,3+£30,34 32/28
Zdravé kontroly 51 5449 25,8+4,28 21/30
PDAC 28 66+6 26,1£3,30 14/14

Tabulka 2: Zakladni charakteristika souboru studie I: Biomarkery u karcinomu pankreatu.
Vek a BMI jsou uvedeny jako prumer = SD (smérodatna odchylka)
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7.1.2.  Soubor pacientt Studie II: Hladiny retinolu a ATRA u karcinomu
pankreatu, chronické pankreatitidy a T2DM

Soubor pacientti této studie vychazel ze Studie 1. Byl vSak navic rozsiien i o pacienty ve IV.
stadiu PDAC. Studie probéhla v souladu s aktudlni verzi Helsinské deklarace a byla schvalena
Etickou komisi Vseobecné fakultni nemocnice. Osoby tcastnici se této studie podepsaly

informovany souhlas se svym zatazenim.

Do studie II tedy bylo zatfazeno celkem 220 pacientl. 59 pacientl s diabetem 2. typu, 37
pacientil s chronickou pankreatitidou, 64 pacientli s karcinomem pankreatu (5 v 1. Stadiu, 8.
ve 1L stadiu, 14 ve IIL. stadiu, 37 ve IV. stadiu) a 51 zdravych kontrol. Zadny z pacient( ani

z kontrol neuzival suplementaci vitaminu A.

pocet vék BMI (kg/m2) pohlavi m/z
PDAC vSechny 64 63 + 8,86 25+ 6,41 47/17
skupiny

PDAC st I+11 13 66 + 7,7 27+2,8 6/7
PDAC st 111 14 66 + 4,5 26+ 4 11/3
PDAC st IV 37 61+ 10 25+7,6 30/7

T2DM 59 63 +8,23 31+5,82 31/28

Chronicka 46 55+12,28 24 +£4,27 31/15

pankreatitida
Zdravé kontroly 51 54 + 8,68 26 +£6,2 31/20

Tabulka 3: Soubor pacientii Studie I11: Hladiny retinolu a ATRA u karcinomu
pankreatu, chronické pankreatitidy a T2DM

Vek a BMI jsou uvedeny jako prumer = SD (smérodatna odchylka)

Vzorky krve byly ziskany od probandii ve VSeobecni fakultni nemocnice v Praze odbérem
z vena basilica. Zékladni biochemické parametry byly stanovovany v ramci béznych vySetfeni
krve. Vzorky krve k analyze specidlnich parametrti byly k ziskani séra odebrany do zkumavek

bez ptidani antikoagulancii. K ziskani plazmy byly vzorky odebirany do zkumavek s EDTA.
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Vzorky byly centrifugovany pfti rychlosti 1450 ot./min (centrifuga EBA20, Hettich
Zentrifugen, Némecko) a pfed provedenim analyzy skladovany v hlubokomrazicim boxu pii -
80°C. Laboratorni méfeni vybranych markeri byla provedena v Ustavu lékaiské biochemie a
laboratorni diagnostiky VSeobecné fakultni nemocnice v Praze a 1. 1ékaiské fakulty

Univerzity Karlovy v Praze.

7.2. Laboratorni metody

7.2.1. Stanoveni koncentraci IGF-1, IGF-2, IGFBP-1. IGFBP-2, IGFBP-3

Sérové hladiny IGF-1, IGF-2, IGFBP-1. IGFBP-2, IGFBP-3 byly stanovovany pomoci kit
ELISA firmy Mediagnost, Némecko.

Princip pouzité metody

Principem kvantitativni sendvi¢ové enzymové imunoanalyzy (ELISA — enzyme linked
immunosorbent assay), je vazba mezi specifickou monoklonalni protildtkou navdzanou na
povrch jamek mikrotitraéni desticky a sledovanym antigenem (je li ve vzorku pfitomen). Ten
vytvaii s monoklonélni protilatkou komplex, na ktery je v dalSim kroku navazana
biotinylovana protilatka. Po promyti mikrotitrani desticky je do jamek ptidan streptavidin
konjugovany s kienovou peroxidazou. Ten se navaze na ptritomny komplex
protilatka/antigen/biotinylovana protilatka. Po dal§im promyti je pfidan substratovy roztok.
Enzymatickou reakci pak vznikd barevného produktu, jehoz mnozstvi odpovidd mnozstvi
antigenu. Reakce je ukoncena pfiddnim zastavovaciho roztoku. Poté fotometricky

stanovujeme absorbanci vysledného produktu, ktera odpovidd mnoZzstvi pfitomného antigenu.

Stanoveni koncentraci IGF 1

Reagencie

- Mikrotitraéni desti¢ky s navazanou mySi monoklondlni protilatkou proti IGF-1
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- Kalibrac¢ni roztok (rekombinantni lidska IGF-1 v definovanych koncentracich),
lyofilizovany

- Kontrolni roztok (lidské sérum)

- IGF-1 konjugat (obsahuje biotinylovanou protilatku proti lidskému IGF-I)

- HRP (horseradich peroxidase) konjugat (strepatividin konjugovany s kifenovou peroxidazou)

- Substratové ¢inidlo — stabilizovany tetramethylbenzidin

- Zastavovaci roztok (0,2 M kyselina sirova)

- Koncentrovany promyvaci pufr

- Redici roztok

Pracovni postup:

1. Se vS§emi reagenciemi pracujeme pii pokojové teplote
2. 50 ml koncentrovaného promyvaciho pufru nafedime s 950 ml destilované vody

3. Kontrolni roztok smichame s 500 pl fediciho pufru a ponechame 15 minut pii pokojové
teploté

4. Kalibra¢ni roztoky A- E vytvotime rozpuSténim lyofilizovaného standardu o definované
koncentraci (A: 2 ng/ml, B: 5 ng/ml, C: 15 ng/ml, D: 30 ng/ml, E: 50 ng/ml) v 500 pl
fediciho roztoku,

5. Napipetujeme 80 ul IGF-1 konjugatu do vSech jamek mikrotitra¢ni desticky

6. Pridame 20 pl kalibrac¢nich roztokl nafedénych v poméru 1:21 fedicim
roztokem, respektive 20 pl vzorki ¢i kontrol ve stejném fedéni 1:21

7. Inkubujeme 1 hod na tiepacce (350 otacek za minutu) pii pokojoveé teploté

8. 5x promyjeme promyvacim roztokem

9. Do vsech jamek ptiddme 100 ul HRP konjugatu

10. Inkubujeme 30 min pii pokojové teplote na tiepacce (350 otacek za minutu)

11. Desti¢ku 5x promyjeme promyvacim roztokem
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12. Do vSech jamek ptidame 100 pl substratového roztoku
13. Inkubujeme 15 minut ve tmé pii pokojové teploté
14. Do vsech jamek ptfidame zastavovaci roztok

15. Do 30 minut méfime absorbanci pii 450 nm s korekci na 590 nm (fotometr Tecan Infinite
M200, Tecan, Svycarsko)

Koncentrace vzorku odecitdme z kalibra¢ni kiivky.

Pro stanoveni koncentraci IGF-2, IGFBP-1. IGFBP-2, IGFBP-3 byla pouzita stejna metoda od

stejného vyrobce s analogickymi postupy.

7.2.2. Stanoveni koncentrace osteopontinu, TIMP-1, MCP-1, HSP-27, MMP-
9 aICAM-1

Koncentrace osteopontinu, TIMP-1, MCP-1, HSP-27, MMP-9 a ICAM-1 byly stanoveny
pomoci ELISA kith firmy eBioscience (nyni Invitrogen). Déle popisujeme metodu stanoveni

sérovych koncentraci osteopontinu:

Princip metody
Jamky mikrotitracni desticky jsou pokryté specifickou protilatkou proti lidskému
osteopontinu. Osteopontin obsaZeny ve standardnich roztocich ptipadné v analyzovanych
vzorcich se béhem inkubace navaze na protilatky v jamkéch. Po promyti jamek mikrotitra¢ni
destic¢ky (odstranéni dalsiho biologického materidlu) je do jamek ptidan roztok obsahujici
protilatky proti osteopontinu konjugované s biotinem. Tyto protilatky se béhem inkubace opét
navazi na ptritomny osteopontin. Po dal§im promyti (odstranéni ptebytecnych protilatek) je do
jamek pfidan streptavidin konjugovany s kfenovou peroxiddzou, ktery se navaze na komplex
osteopontinu s konjugatem biotinu a protilatky proti ostopontinu. Po dal§im promyti je pfidan
substratovy roztok. Enzymatickou reakci mezi substratem a kienovou peroxidazou vznika
barevny produkt. Reakce je ukon¢ena ptfidanim zastavovaciho roztoku. Fotometricky

stanovujeme absorbanci pii 450nm.
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Reagencie:

- Mikrotitra¢ni desticky pokryté specifickou protilatkou proti lidskému osteopontinu
- Biotin konjugat-roztok monoklonalni protilatky proti osteopontinu konjugované
s biotinem
- Redici roztok (assay buffer)
- HRP konjugat (streptavidin konjugovany s kienovou peroxidazou)
- Lyofilizovany standardni roztok osteopontinu S1-S7
- Koncentrovany promyvaci pufr
- Substratovy roztok (tetrametylbenzidin)

- Zastavovaci roztok (1M kyselina fosfore¢na)

Pracovni postup:

1. VSechny reagencie nechame pti pokojové teploté

2. 50 ml promyvaciho pufru nafedime destilovanou vodou do vysledného objemu 1000
ml

3. Biotin konjugat smichdme s fedicim roztokem v poméru 1:100

4. Streptavidin-konjugat smichame s fedicim roztokem v poméru 1:100

5. Lyofilizovany standardni roztok osteopontinu rozpustime ptidanim destilované vody k
dosaZeni koncentrace 60 ng/ml.

6. Jamky mikrotitra¢ni desticky opatrné promyjeme 2x promyvacim roztokem a poté
mikrotitracni desti¢ku polozime dnem vzhlru na savy material

7. Do vSech jamek mikrotitracni desti¢ky urcenych pro standard pipetujeme 100 pl
fediciho roztoku

8. 100 pl ptipraveného standardniho roztoku rozpipetujeme do dvou fad mikrotitracni
desticky tak, ze do prvni jamky pipetujeme 100 pl standardniho roztoku, z této jamky
odebereme 100 pl vzniklé smési standardu a fediciho roztoku a pipetujeme do dalsi
jamky. Postup opakujeme 5x k dosazeni gradientu koncentraci 30-0,47 ng/ml.

9. Do jamek ur¢enych pro zkoumany vzorek pipetujeme 80 pl fediciho roztoku a 20 pl
vzorku

10. Inkubujeme 15-20 minut pii pokojové teploté na tiepacce

11. Mikrotitra¢ni desticku promyjeme promyvacim roztokem
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12.
13.
14.
15.
16.
17.
18.

19.

Do vsech jamek ptiddme 100 pl biotin konjugéatu.

Inkubujeme hodinu na tfepacce pii pokojové teploté

6x promyjeme desti¢ku a pfiddme 100 pl HRP roztok do vSech jamek

Opakujeme bod 14 a poté bod 15

Do vsech jamek ptidame 100 pl substratového roztoku

Inkubujeme 30 minut za pokojové teploty bez ptistupu svétla

Dosahne-li standard s nejvyssi koncentraci osteopontinu tmaveé modré barvy ptfidame
zastavovaci roztok (100 pl)

Ihned odecitame absorbanci barevného produktu ve vinové délce 450 nm (referencni

vlnova délka 620 nm, fotometr Tecan Infinite M200, Tecan, Svycarsko).

Princip a postup stanoveni TIMP-1, MCP-1, HSP-27, MMP-9, Protein S100P a ICAM-1 kity

stejn¢ho vyrobce je analogicky ke stanoveni osteopontinu.

7.2.4. Stanoveni koncentraci HSP60 a HSP70

Koncentrace HSP60, HSP70 byly stanovovany metodou ELISA kity firmy StressMarq,

Kanada). Déle popisujeme stanoveni koncentraci HSP70.

Princip metody

Princip metody ELISA je v tomto pifipadé je analogicky k vySe popsanym metodam.

Reagencie

- Mikrotitra¢ni desticka s protilatkami proti HSP70

- Standardni roztok rekombinantniho HSP70

- Redici roztok

- Promyvaci roztok

- Biotin konjugét s protilatkami proti HSP70

- Streptavidin-HRP konjugéat

- Substratovy roztok

- Zastavovaci roztok
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13.
14.

Pracovni postup:

. Rekonstituujeme standardni roztok s 500 pul fediciho roztoku k dosazeni koncentrace

100 ng/ml

Ptipravime 7 zkumavek pro jednotlivé koncentrace standardni kiivky (50 ng/ml,
25ng/ml, 12,5ng/ml, 6,25ng/ml, 3,125ng/ml, 1,563ng/ml a 0 ng/ml)

Do kazdé zkumavky ptiddme 250 pul fediciho roztoku

Standardni roztok o koncentraci 100 ng/ml nafedime fedicim roztokem 1:1 . Poté 250
ul tohoto roztoku smichame s 250 pl fediciho roztoku. Postup opakujeme k dosazeni
koncentrace 1,563ng/ml.

Redici roztok pouZijeme jako nulovy standard.

Do mikrotitracni desti¢ky napipetujeme na zvolena mista standardni roztoky a vzorky.
Inkubujeme pti 37 °C 2 hodiny

4x promyjeme promyvacim roztokem

Do jamek pridame 100 pl biotin-konjugatu a opakujeme bod 7 a poté bod 8

. Do kazdé jamky ptidame 100 ul HRP roztoku
. Inkubujeme 30 min pfi pokojové teploté a opakujeme bod 8

. Do kazdé jamky ptidadme 100 pl substratového roztoku. Inkubujeme pti pokojové

teploté ve tm¢ za vzniku barevného produktu220
Reakeci zastavime po 30 minutach ptidanim zastavovaciho roztoku
Absorbanci vzniklého barevného produktu métime pti 450 nm (fotometr Tecan

Infinite M200, Tecan, Svycarsko).

Analyza koncentraci HSP60 je analogicka k vySe uvedenému postupu.

7.2.5. Stanoveni koncentrace MMP-7

Pro stanoveni koncentraci proteinu MMP-7 jsme pouzili metodu ELISA firmy R&D Systems,
USA.

Princip metody

Princip metody ELISA je v tomto ptfipadé je analogicky k vySe popsanym metodam.
Povrch jamek mikrotitracni desticky je potaZen monoklondlni protilatku proti lidské MMP7.
Po ptidani standardu a vzorki se MMP7 navéZe na tuto imobilizovanou protilatku. Po

promyti desti¢ky je do jamek mikrotitracni desti¢ky pfidana polyklonalni protilatka proti
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MMP7 s navazanym enzymem, ktery po pfidani enzymového substratu dava za vzniknout

barevnému produktu, ktery je stanovovan fotometricky.

Reagencie:

- Mikrotitracni desticka s navazanou monoklonalni protilatkou proti MMP7

- Polyklonalni protilatka proti MMP7 konjugovana s kienovou peroxidazou (HRP

konjugat)

- Standardni roztok

- Redici roztok

- Promyvaci roztok

- Kalibra¢ni fedici roztok (zviteci sérum)

- Substratovy roztok A+B

- Zastavovaci roztok

A S A

Postup:
Se vSemi reagencii pracujeme pii pokojové teplote.
Koncentrat fediciho roztoku rozpustime v 480 ml destilované vody za vzniku 500
ml roztoku.
Substratovy roztok ziskdme smichanim sloZky A (peroxid vodiku) a B
(tetrametylbenzidin). Vznikly roztok uchovavame ve tmé.
Radu standardnich roztokti ziskAme rozpusténim lyofilizovaného standardu
v destilované vodé k ziskani koncentrace 100 ng/ml. Do sedmi zkumavek piiddme
vzdy 200 pl fediciho kalibra¢niho roztoku. Poté do prvni zkumavky piidame 40 pg
standardu , ze vzniklé smési odebereme 40 pg a napipetujeme do dalsi zkumavky —
takto postupné ziskdme fadu standardii o koncentracich 10 ng/ml, 5 ng/ml, 2,5
ng/ml, 1,25 ng/ml, 0,625ng/ml, 0,313 ng/ml a 0,156 ng/ml.
Redici kalibraéni roztok slouZi jako nulovy standard
Do jamek mikrotitra¢ni desticky napipetujeme 100 ul fediciho roztoku
Do jamek napipetujeme 50 pl standardu/vzorku
Inkubujeme 2 hodiny pfi pokojové teploté€ na tfepacce pii 500 otdckach /min

Promyjeme promyvacim roztokem a osuSime na savém podkladu

. Ptidame 200 pl MMP7 konjugatu do kazdé jamky, inkubujme 2 hodiny na

tiepacce
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11. Opakujeme bod 9.

12. Do kazdé jamky pfidame 200 pl substratu a inkubujeme (bez pouZziti tfepacky a ve
tm¢) za pokojové teploty 30 minut

13. Do kazd¢ jamky ptiddme 50 pl zastavovaciho roztoku — barva roztoku v jamkach
se zméni z modré na Zlutou

14. Béhem 30 minut fotometricky stanovujeme absorbanci pii 450 nm s korekci na

570 nm (fotometr Tecan Infinite M200, Tecan, Svycarsko)

7.2.6. Stanoveni koncentrace CEACAM-1, DJ-1 a ALCAM

Koncentrace DJ-1, ALCAM, CEACAM-1 jsme méfili pomoci metody ELISA kity
Abnova,Taiwan. Stanovovani probihalo dle postupt udavanych témito vyrobci. Princip i

postup metody je analogicky k predeslym postuptim.

Stanoveni koncentraci CEACAM-1

Princip metody
Princip metody ELISA je v tomto pfipad€ obdobny jako u IGF-1

Reagencie
- Mikrotitra¢ni desticka s navazanou protilatkou proti lidskému CEACAM-1
- Promyvaci pufr (roztok)
- Standardni roztok
- Redici roztok (koncentrat)
- Roztok biotinylované protilatky proti CEACAMI1
- Substratové ¢inidlo A (HRP-streptavidin konjugat)
- Substratové Cinidlo B (tetrametylbenzidin)

- Zastavovaci roztok ( 0,2 M kyselina sirova)

Postup

1. Se vSemi reagencii pracujeme pii pokojové teploté (18-25°C).
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A S

11.
12.

13.

400 pl fediciho roztoku smichame se standardnim roztokem k dosazeni
koncentrace 50 ng/ml

Napipetujeme 150 pl tohoto roztoku do zkumavky se 350 pl fediciho roztoku.
Takto ziskame roztok o koncentraci 15000 pg/ml.

Ptipravime si zkumavky se 400 pul fediciho roztoku

Do prvni zkumavky ptidame 200 pl roztoku vniklého v bod¢ tfi. Takto vznikly
roztok pipetujeme do dalsi zkumavky. Takto pokracujeme k dosazeni fady
standardnich koncentraci 15000 pg/ml, 5000 pg/ml, 1667 pg/ml, 555,6 pg/ml,
185,2 pg/ml, 61,73 pg/ml a 20,58 pg/ml. Redici roztok slouzi jako nulovy standard
Do kazdé jamky pipetujeme 100 pl standardu/vzorku

Inkubujeme 2,5 hodiny za pokojové teploty na tiepacce

Promyjeme promyvacim roztokem a osuSime na savé podloZce

Do jamek ptiddme 100 pl biotinylované protilatky a inkubujeme 1 hodinu na

tiepacee pii pokojové teploté

. Pfiddme 100 pl substratové ¢inidlo A (HRP-streptavidin), inkubujeme 45minut na

ttepacce pii pokojové teploté

Promyjeme promyvacim roztokem a osuSime na savé podloZce

Ptidame 100 pl substratového ¢inidla B, inkubujeme 30 minut na tiepacce pti
pokojové teploté a ve tmé

Ptidame 50 pl zastavovaciho roztoku a ihned odec¢itdme absorbanci fotometrem pii

450 nm (fotometr Tecan Infinite M200, Tecan, Svycarsko).

Princip stanoveni hladin DJ-1, ALCAM kity stejného vyrobce je analogicky k vyse

uvedenému.

7.2.7. Dalsi laboratorni parametry

Parametry adiponektin, SRAGE, MIC-1, Reg 1a, midkine, leptin, OPG, TFF1,

S100A6, REG3A, S100A11 a PANDER byly stanovovany metodou ELISA v laboratofich

Biovendor (Biovendor Laboratorni medicina, s.r.o., Ceska republika).

Parametry, které byly souc¢asti béznych vysetieni, byly stanoveny automatickymi

analyzatory v Centréalni biochemické laboratoti ULBLD 1. LF UK a VFN. Zakladni

biochemické parametry byly zméfeny analyzatorem Modular Roche (Roche Diagnostics
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GmBH, Mannheim, Némecko). Koncentrace CEA, CA19-9 byly stanovovany pomoci
chemiluminescence automatickym analyzatorem Architekt, Abbott, USA. Parametry CA 72-
4, insulin, C-peptid byly méfeny pomoci chemiluminescence analyzatorem Modular, Roche,
Némecko; AFP bylo stanoveno pomoci chemiluminescence na analyzatoru Centaur, Siemens,

Némecko;

7.2.8. Stanoveni sérovych hladin ATRA a retinolu

Ke stanoveni hladin ATRA a retinolu byla vyuzita vysokoucinna kapalinova chromatografie
(high-performance liquid chromatography — HPLC) s UV detekci.

HPLC je nejrozsitenéjsi fyzikalné-chemické technika, kterda je vyuzivana k identifikaci a
kvantifikaci bioanalytl. Principem této metody je rozdilnd distribuce latek mezi dvé
nemisitelné faze, nepohyblivou (staciondrni) zakotvenou na nosi¢i (kolon¢) a pohyblivou
(mobilni), kterou ptedstavuje kapalina. Vzorek je unaSen mobilni fazi za pomoci vysokotlakého
cerpadla do kolony, kde dochazi k separaci slozek vzorku, které jsou néasledn¢ undseny do
detektoru. Vysledkem je chromatograficky zdznam, ktery je interpretovan pomoci piislusSného

softwaru.

Kalibrace ATRA byla provedena metodou vnitiniho standardu (ISTD) pomoci ptidavku
standardniho roztoku kyseliny retinové na 5 koncentracnich hladinach od 0,78 — 25 ng/ml.
Vysledna koncentrace ATRA v lidském séru v ng/ml byla vypocitana z ptislusné kalibracni
kiivky. Vyslednd koncentrace vitaminu A v séru v mg/l byla vypoctena ze znamé koncentrace

kalibratoru (Clincal Serum Calibrator od firmy Recipe) a ploch ptislusnych piku.

Standardni roztok byl pfipraven rozpusténim 1 mg ATRA v 1 ml dimethyl-sulfoxidu (DMSO).
Tento roztok byl déale fedén metanolem na vyslednou koncentraci 1000 ng/ml. Jako vnitini
standard byl pouzit 1 mg acitretinu (kyselina (9-(4-methoxy-2,3,6-trimethylphenyl)- 3,7-
dimethylnona-2,4,6,8-tetraenoova), ktery byl rozpustén v 1 ml DMSO a nafedény metanolem

na vyslednou koncentraci 1000 ng/ml. Tyto roztoky byly kviili stabilité skladovany pii -20°C.

Vzorek séra 450 ul s 50 pl ISTD byl deproteinovan 500 pl acetonitrilu. Po promichani a
nasledném stoCeni byla k supernatantu pfidana smeési 1,5 ml hexan:ethylacetat (1:1). Extrakt

byl zakoncentrovan dusikem a rozpustén v 50 pl methanolu.
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Pti méteni ATRA a retinolu byl pouzit pfistroj Hewlett Packard 1100 (Waldbronn Germany).
K HPLC analyze bylo pouzito 35 pl vzorku, které bylo isokraticky separovano na koloné¢
Agilent Eclipse XDB-C18/5 um 4.6*150 mm (Agilent, Santa Clara, USA) pti 37°C. Jako
mobilni faze byla pouZzita smés 83% metanolu a 17% 0,2% kyseliny octové, jeji pritok byl
Iml/min. Diodovy detektor DAD byl nastaven na vinovou délku 355 nm. K analyze ziskané¢ho
chromatogramu byl pouzit software HP Chemstation version A.07.01(682) (Agilent). Vysledny

chromatograficky zaznam je zobrazen nize. (Obr. 3)

:f2

Obrazek 3: Chromatograficka kiivka
1: vnitrni standard acitretin
2: vitamin A

3: ATRA

7.3. Statistické zpracovani

7.3.1. Statistickd analyza Studie I — Biomarkery u karcinomu pankreatu

Vzhledem k Sirokému spektru a mnozstvi sledovanych parametrd, jejichZ statisticka analyza
vyzadovala pokrocilé statistické metody, a vzhledem k faktu, Ze ziskané rozlozeni
neumoznovalo vZdy vytvofit statisticky korektni model za uZiti klasickych parametrickych 1

non-parametrickych metod, byla k analyze ziskanych dat pouzita metoda strojového uceni.

Ke zhodnoceni koncentraci jednotlivych analyti byly pouzity standardni popisné statistické
metody (pramér, smerodatna odchylka, median). K porovnani koncentraci jednotlivych analytt
mezi skupinami byla pouzita jednocestna analyza rozptylu (ANOVA), nasledovana Tukeyho
testem. Za statisticky vyznamné rozdily byly povazovany ty s p <0,05.
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Ke zékladnimu zhodnoceni souboru byla pouzita krokovd metoda linearni regrese, do niz byly

zatazeny biomarkery s p hodnotou p <0,05.

Vzhledem ktomu, ze charakter souboru nesplnoval vSechny podminky normality, a
multikolinearity, pouzili jsme k detailnéj$i analyze souboru metodu ,,ndhodného lesa* (Random
forrest - RF). Tato metoda je kombinovanou uéici metodou uzivanou pro klasifikaci a regresi.
Patfi mezi zékladni metody strojového uceni se supervizi. Algoritmus RF pro klasifikaci a
regresi vytvaii mnozstvi jednotlivych rozhodovacich ,,stromi®. Vysledkem rozhodovacich
stromil jsou jednotlivé parametry. Cilem této metody je vytvorit model, ktery dokaze odlisit
cilové skupiny na zaklad¢ jejich odlisSnych vlastnosti. V nasem piipadé¢ rozumime cilovymi
skupinami zkoumané skupiny (ChP, T2DM, zdravé kontroly a PDAC), a vlastnostmi
analyzované biomarkery. K vytvofeni tohoto modelu je vyuzita ¢ast dat coby tréninkovy
dataset. Na zbyvajicich probandech je model testovan. V nasem ptipadé byla kazda skupina
(T2DM, ChP, PDAC a zdravé kontroly) ndhodné rozdélena na dvé ¢asti v poméru 80%:20%.
K minimalizaci rizika korelaci, které by v tomto pfipadé mohly komplikovat interpretaci
vysledki (umélym nadhodnocenim nékterych parametrlt), byly tyto korelace eliminovéany

vyuZzitim dendrogramu vytvofeném pomoci shlukové analyzy Wardovou metodou na zaklade

stanoveni Spearmanova koeficientu korelace.

K zajisténi vyrovnanosti vSech skupin, které se navzajem liSily poctem probandi, bylo
nastaveni RF upraveno-pomérna vaha kazdé proménné byla nastavena nepiimo imérné

jejimu zastoupeni v jednotlivych skupinach.

V piipadé logistické regrese byla vyuzita metoda tzv. ,,downsamplingu®, kdy model vybira

z vétsi skupiny n-hodnot, kdy # je velikost mensi skupiny.

K ziskani modelu byla vyuzita v pfipad€ RF 1 LR vétsi ¢ast dat analyzovanych skupin,
Vykonnost modelu byla testovana na mensi podskupiné a hodnocena stanovenim senzitivity,
specificity, piesnosti, Uplnosti a AUC. Navzajem byly porovnavany skupiny takto : PDAC vs
T2DM, PDAC vs. ChP, PDAC vs zdravé kontroly, PDAC vs T2DM + ChP + zdravé kontroly.

Vsechny modely a analyzy byly provedeny v programovacim jazyku Python , pomoci volné

dostupného (freeware) softwaru Spyder ( licencovan MIT , https://www.spyder-ide.org/).
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7.3.2. Statistické zpracovani Studie II -: Hladiny retinolu a ATRA u karcinomu
pankreatu, chronické pankreatitidy a T2DM

K zékladnimu zpracovani ziskanych dat jsme pouzili Kruskal-Wallistv test. Ke stanoveni
vyznamnosti rozdili koncentraci ATRA a retinolu mezi jednotlivymi skupinami byl pouzit

Mann-Whitneyuv test. Za hladinu statistické vyznamnosti jsme povazovali p<0,05.

Vzhledem k omezenému poctu probandii v ¢asnych stadiich PDAC jsem se rozhodli sloucit
pacienty ve stadiu I a II do jedné skupiny. Vychdzeli jsem z piedpokladu , Ze obé skupiny
sdili podobné klinické charakteristiky, zejména resekabilitu ( nepfitomnost metastaz ¢i
postizeni arteria mesenterica superior ¢i truncus coeliacus). K zhodnoceni korelaci mezi
biomarkery analyzovanymi ve studii I, retinolem a ATRA jsme stanovili Spearmantiv
koeficient (rs). U ¢asti probandii byly hodnoty ATRA natolik nizké, Ze je nebylo mozno
kvantifikovat. Abychom mohli tyto probandy zatadit, pouzili jsme metodu ,,robust regression
on order” (ROS). Jedn4 se o semiparametrickou metodu zaloZenou na modelu linearni
regrese, kterd pomoci vypoctu logaritmicko-normalniho rozdéleni zaloZzeném na analyze
dostupnych kvantifikovanych dat umoziuje ptivodné nekvantifikovatelna data tak, aby

nedoslo ke zkresleni.

Hladiny ATRA a retinolu byly korelovany s CA19-9, zakladnimi nutricnimi parametry a
parametry zanctu. Statistickd analyza byla provedena v open-source programu Jupyter
software Jupyter Notebook: License. Open-source tool, version 5.1. Copyright (c) 2017) a
programu Spyder (licence MIT, freeware, https://www.spyder-ide.org/ ) za pouZiti

programovaciho jazyka Python.
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8.

Vysledky

8.1. Vysledky Studie I: biomarkery u karcinomu pankreatu

Namétené koncentrace jednotlivych parametri uvadime v tabulce 4. Na zakladé

zjisténych rozdili mezi jednotlivymi skupinami byly pomoci dvou statistickych metod

(logistické regrese a metody strojového uceni ,,ndhodny les*) definovany panely, pomoci

kterych l1ze odlisit PDAC od ostatnich skupin.

PDAC, T2DM CHP ZDRAVE P
STADIUM KONTROLY | HODNOTY
I-I11 (ANOV A,
TUKEYHO
TEST)
praimeér£SD | prumér+SD | primér+SD | primér+SD
AAT (g/1) | 2£0,5 1,5+0,3 1,7+0,4 1,4+0,2 ***, 555, 88E,
%%%
ADIPONEKTIN | 23602,5+14 | 18033,8+75 | 21072,3+£121 | 17303,1+£778
(ng/ml) | 223,1 09,3 93,2 3 e
ALBUMIN (g/l) | 40,1+4,2 45,1+3,7 45,144,6 45422 585, 888,
%% %
ALCAM (pg/ml) | 214,6+65,8 | 199,6+86,5 | 196,276 171,7+62,2
ALP (ukat/l) | 2,5+3,6 1+0,3 1,8+2 1£0,2 *8RE, %%%
ALT (ukat/l) | 0,9+0,8 0,6+0,3 0,6+0,5 0,5+0,2 R, %%%
AMS-P (ukat/l) | 1,1£3 0,4+0,2 0,7+0,8 0,4+0,2
APO-B (g/l) | 1+0,2 14£0,3 1+0,3 1,240,3 o
AST (ukat/l) | 0,8+0,7 0,5+0,2 0,5+0,3 0,4+0,1 5 88R,
%%%
CA19-9 (kU/) | 1108,64297 | 14,2+10,4 | 22,8+57,8 9.4+6,1 955, 8&E,
9,4 %%%
CA72-4 (kU | 6,7+14,9 22422 2,142.8 1,9+1,9 95, &8, %%
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CEA (ug/l)

CEACAM (NG/ML)
CHOL (mmol/l)
C-PEPTID (nmol/l)
CRP (mg/ml)

DJ-1 (ng/ml)

FERITIN (ug/l)

GGT (ukat/l)
HBAIC (mmol/mol)

FRUKTOSAMIN
(umol/l)

GLYKEMIE (mmol/l)
HDL-CHOL (mmol/l)

HSP27 (pg/ml)

HSP60 (mg/ml)

HSP70 (ng/ml)
IGF-1 (ng/ml)

IGF-2 (ng/ml)

IGFBP-1 (ng/ml)

IGFBP-2 (ng/ml)

IGFBP-3 (ng/ml)

INZULIN (U/ml)

3,3£3,6

89,3+£95,3
4,8+1,1
0,8+0,5
22,2+44.5
52,3+85,1

358,7£371,
1

4,4+10,5
45,5+11,6

247,1+44,6

6,8+2.4
1,2+0,4

2485,6+140
0,4

4963,7+138
3,1

32,84+33,2
124,6+51,1

535,8+183,
6

11,848,1
597+295.9
2427,3+£552
,8

9,2+7,5

1,7£1,2

47,2448,1
4,7+1,1
1,1+0,4
4,3+5,2
18,1+11,1

211,44229,
9

0,7+0,7
49,5+£29.3

261,4+59,2

7,5+2,3
1,3+0,3

1499,4+834
4

4226,7+142
6,6

19,3+30.4
162,4+56,7

743,1£236,
5

5,5+4,6

299,6+198,
9

2622+686,3

14,4+8,5
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2+1,5

75,6+75,8
4,8+1,2
0,7+0,3
9,4+19,5
38,4+35,6

207,6+197,5

2,6+8,6
42,6+12,9

245+37,9

6,1£2.,8
1,4+0,6
1712,6+634,5
4639241440,
1

27,6+25,8
170,2482.5

646,6+200,7

12,9+11,9

575,6£272,2

2483,8+587,5

8,68

1+0,6

46,9+11,9
5,7+1,1
0,8+0,2
3+4
38,2+39.9

124,5+119,6

0,5+0,3
34,8%5,5

229,8+17

4,9+0,6
1,5+0,4

1838,3+£1059,
5

5157+1749,1

24,7+26,6
184,7+46,1

744,7+£127,6

6,7+6,6

330,7+143

2695,8+411,3

8,7£3,8

>, 5, 8&E,
%%%

**, &&, %%

*kk 0008

®kk
, &

KX R&&, %%%

** &

*Hk 010004

* & %

* %

*%

*Hk 010004

*k op

S, B&&, %

XSS, &, %%%

R R&&, %%%

KX & &&, %

*EE R &&, %%%

*kk
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LEPTIN (ng/ml)

MCP-1 (pg/ml)

MIC-1 (pg/ml)

MIDKINE (ng/ml)

MMP-7 (ng/ml)

MMP-9 (ng/ml)
OPG (pmol/l)
PANDER (ng/ml)
PCT (ug/l)

PREALBUMIN (g/1)

REGIA (ng/ml)

REG3A4 (U/ml)

S100A11 (ng/ml)
S100A6 (ng/ml)

S100P-PLAZMA
(ng/ml)

S100P-SERUM
(ng/ml)

SAA (mg/ml)

SATURACE
TRANSFERRINU
(%)

SLCAM-1 (ng/ml)

SRAGE (pg/ml)

12,3£11,3

897,6+785,
2

3715,9+233
6,1

0+0

2,3+1,1

202+179,7
8+3
9,3+20,8
0,2+0,1
0,2+0,1
264,1£203,
3

685,4+£555,
8

7,2+6,1
99,2+105,9

13,6+17,8

17+13,4

28,8+58,2

24+12,3

577+209,9

550,5+£213

19,4+14,3

690,3+£537,
7

3351,84+202
2,2

0+0,1

1,5+0,7

197+180,5
6,412
10,5+22,7
0,2+0,1
0,3+0,1
171,8+107,
4

31542874

5+6,6
46+25,1

5,549

8,9+4,3

10,7+26,2

26,3+10,7

405,2+104

530+175,1

69

6,4+8,3

786,4+595,1

2789+1953,2

0,4£2,3

1,5+1

197,7+173
7,245
4,6+15,3
0,2+0,1

0,3+0,1

175,6+116,9

469,9+513,8

3,7£2,1
75,7+34,6

4,3+3,6

14,2+6,7

26,4+62,6

32.4+11,7

510,5+£202,7

614,8+£234,4

13,5+12,4

812,9+823,4

1257+733,7

0+0,1

0,9+0,5

140,7+124,9
4,8+1,5
5,5+15,1
0,2+0,1

0,3+0,1

89,8+42.8

173,9+£90,9

3,6+2,5
68,9+37,9

4,5+4

11,9+6,8

5,5+3,2

26,6+12,1

377,1£75,9

543+221.4

*E* 000000

¥, 555, &&8,
%%%

LR 7C7CS

*’&

*HE SSS, B&E,

%%

*ESS K&& %%%

rrx &&&, %%%

**, 83, %%

kX QR&

S8, &&E,

%%%
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*
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TAG (mmol/l)
TFF1 (ng/ml)

TIMP-1 (ng/ml)

CB (g/l)

TRANSFERRIN (g/1)

VITAMIN B12
(pmol/l)

1,4+0,7
3,63

655,94290

66+7,8

2,4+0,4

472,9+218,
2

1,8+1
3,5+3,9

619,1+£748,
6

70,8+5,1

2,9+0,6

409,4+161,
5

1,4+1,1
343

556,7+£252,2

71,4+6,1

2,7£0,5

456,2+274,3

1,441
1,41

458,1+126,6

71,1+4,8

2,9+0,5

410,1+114,1

*kk 0008

¥, 555, &8,
%%%

xRk &&&, %%%

Tabulka 4: Koncentrace méienych parametrii u jednotlivych sledovanych

skupin.

p -hodnoty ANOVA testu a Tukeyho testu:
*:p <0.05 ANOVA; **p < 0.01 ANOVA; ***p < 0.001 ANOVA
$:p <0.05 PDAC vs ChP; $8 p < 0.01 PDAC vs ChP; 888 p < 0.001 PDAC
vs ChP
&: p <0.05 PDAC vs T2DM; && p < 0.01 PDAC vs T2DM; &&& p < 0.001
PDAC vs T2DM
%: p < 0.05 PDAC vs zdravé kontroly; %% p < 0.01 PDAC vs zdravé
kontroly; %%% p < 0.001 PDAC vs zdravé kontroly

Zkratky: PDAC - karcinom pankreatu, T2DM — diabetes mellitu 2. typu, ChP

— chronicka pankreatitida, RF — random forest; LR - logistickad regrese; AAT

— alfa-1-antitrypsin; ALCAM -aktivovanad adhezni molekula leukocytii;, ALP :

alkalicka fosfataza; ALT: alaninaminotransferdza;, AMS-P — pankreaticka

amyldza; ApoB — apolipoprotein B; AST aspartataminotransferdza;, CA19-9 —
karbohydrat antigen 19-9; CA72-4 — karbohydrat antigen 72-4; CB- celkova
bilkovina; CEA - karcinoembryonalni antigen; CEACAM

- carcinoembryonic antigen-related adhesion molecules; CRP C-reaktivni

protein; DJ-1 (ng/ml) protein deglyklaza DJ-1; GGT - y-glutamyltransferadza;

HbAlc: glykovany hemoglobin, HDL-chol: lipoprotein o vysoké hustoté; HSP

- protein teplotniho Soku; Chol — cholesterol; IGF — insulin bodobny riistovy
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faktor; IGFBP - IGF vazebny proejn; INS — inzulin; MCP-1- monocyte
chemoattractant protein -1; MIC-1 — inhibicni cytokine makrofagii, MMP-—
matrixova metaloproteindza ; OPG - osteoprotegerin; PCT — prokalcitonin;
Prealb — prealbumin, Reg - regenerating protein; SAA — sérovy amyloid A;
SICAM — solubilni mezibunécna adhezni molekula; sSRAGE — solubilni
receptor konecnych produktit pokrocilé glykace; TAG — triacylglycerol; TFF1
— trefoil factor 1; TIMP-1 (ng/ml) tkarnovy inhibitor metaloproteinaz 1.
PANDER — z pankreatu odvozeny factor (PANcreatic DERived factor)

Vysledky logistické regresni (LR) analyzy

Panel ,,prealbumin, IGFBP-2, DJ-1, MIC-1, Ca72-4* ziskany LR analyzou byl ziskan
analyzou skupiny 70 pacientd, testovan na souboru 18 pacientii. Tento panel odlisil pacienty

s PDAC od T2DM se senzitivitou 0,64 a specificitou 0,81; AUC 0,8.

Panel ,,IGF-1, SI00A11, Regla‘ ziskany analyzou 60 pacientii byl testovan na 15 pacientech.
Tento panel odlisil PDAC od ChP se senzitivitou 0,86 a specificitou 0,38; AUC 0,76.

Panel ,,IGF-2, S100A11, Reg3A* odlisil pacienty s PDAC od zdravych kontrol se senzitivitou
0,86 a specificitou 0,76; AUC 0,95. Testovan byl na 16 probandech, ziskan byl analyzou 63

pacientd.

Panel ,,albumin, AAT, S100P-sérum, CRP, CA19-9, TFF1, MMP-7* odlisil PDAC od
ostatnich skupin (ChP, T2DM, zdravé kontroly) se senzitivitou 0,71 a specificitou 0,9; AUC
0,89. Ziskan byl analyzou 138 subjektli a testovan na 38 probandech.

Vsechny uvedené panely a jejich parametry spliuji kritérium p<0,05.

Vysledky metody ,,ndhodny les* (random forest)

Touto metodou jsme stanovili panely biomarkera, které zlepSuji efektivitu markeru CA19-9
v identifikaci PDAC. Biomarkery v jednotlivych panelech jsou fazeny postupné dle vyznamu

pro jednotlivé predikce.

Panel ,,CA19-9, AAT, IGFBP2, albumin, ALP, Reg3a, HSP27* ziskany analyzou 70

probandt (testovan na 18 subjektech) detekoval PDAC mezi T2DM lépe nezli CA19- 9 se
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senzitivitou 0,89 (vs 0,71), specificitou 0,89 (vs 0,83), AUC 0,92 (vs 0,82). Nejvyssi

predikéni hodnotu mél v tomto panelu marker CA19-9.

Panel ,,SI00A11, CA72-4, AAT, CA19-9, CB, MMP-7, S100P-s, Reg3a“ ziskany na souboru
60 pacientll a testovany na 15 probandech odlisil PDAC od ChP 1épe nezli CA19-9 se
senzitivitou 0,80 (vs 0,57), specificitou 0,70 (vs 0,94), AUC 0,90 (vs 0,75). V tomto panelu

m¢l nejvyssi prediktivni ulohu marker CA19-9.

Panel ,,MMP-7, Reg3a, sSICAM1, OPG, CB, feritin* ziskany analyzou markera 63 jedinct a
testovany na 16 probandech dokazal PDAC odlisit od zdravych jedincti 1épe nez CA19-9 se
senzitivitou 1,0 vs 0,71, specificitou 0,85 vs 0,84 a AUC 0,89 vs 0,78. V tomto panelu mél

nejvetsi piinos marker MMP-7.

Panel ,,CA19-9, S100P-plasma, AAT, albumin, adiponektin, IGF-1, MMP7, SI00A11*
ziskany analyzou 148 probandi a testovany na 38 pacientech odlisil PDAC lépe od ostatnich
skupin nezli samotny CA19-9 se senzitivitou 0,86 ve 0,71, specificitou 0,87 vs 0,89 a AUC
0,91 vs 0,80). Zde byl nevyznamnéjs$im markerem CA19-9.

Vzhledem k tomu, Ze CA19-9 je dobfe znamy marker PDAC. Rozhodli jsme se provést dalsi
analyzu bez CA19-9, abychom ovéfili, zda i po jeho vyfazeni ze sledovanych parametrt 1ze
vytvofit srovnatelné efektivni panel biomarkerti. Pocet biomarkerti v kazdém panelu jsme
omezili na osm — tak aby jejich pocet nepievazil pocet markert v panelech definovanych
analyzou vSech biomarkerii véetné CA19-9. NaSim zamérem bylo vytvofit takovy panel,
jehoz efektivita by pred¢ila vykonnost CA19-9. Efektivita takto definovanych panelt tak byla

porovnavana s vykonosti CA19-9.
Za téchto podminek jsme doséahli nasledujicich vysledki:

Panel ,,HSP27, prealbumin, INS, IGF-2, SAA, DJ-1, CB, CEA* neprokazal ve srovnani
s CA19-9 vyssi tcinnost v odliSeni PDAC od pacientli s T2DM pii senzitivité 0,67 vs 0,71 ,
specificité 0,83 ve 0,93 a AUC 0,75 vs 0,82

Panel ,,SAA, leptin, CB, prealbumin, HSP60, DJ-1, TAG* doséahl horsi efektivity ve srovnani
s CA19-9 v identifikaci pacientd s PDAC mezi pacienty s chronickou pankreatitidou

(senzitivita 0,50 vs 0,57, specificita 0,56 vs 0,94, AUC 0,53 vs 0,75)
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Panel ,,CEA, HbAlc, AST, HDL-chol, prealbumin, SAA, IGF-2, CB* je efektivnéjsi nezli

CA19-9 v odliseni PDAC mezi zdravymi kontrolami pfi senzitivité 0,83 vs 0,71, specificité

0,90 vs 0,84 a AUC 0,87 vs 0,78.

Panel ,,SAA, prealbumin, HSP27, CB, adiponektin, CEA, IGF-2, AMS-P* je srovnatelny s
CA 19-9 v odliseni PDAC od ostatnich skupin (senzitivita 0,67 vs 0,71 , specificita 0,91 vs

0,89, AUC 0,79 vs 0,89). Logisticky regresni model by pii vylouceni CA19-9 nebyl

statisticky korektni, a proto jsme tuto analyzu neprovadéli. Vysledky pro jednotlivé panely

shrnuje tabulka (Tabulka 5).

AUC SPECIFICITA SENZITIVITA
RF bez RF bez RF bez

RF LR CA19-9 N0 RF LR CA19-9 N RF LR CA19-9 INDD
PDAC VS 0.92 0.80 0.82 0.75 | 0.89 0.81 0.93 0.83 | 0.89 0.64 0.71 0,67
T2DM
PDAC VS 0.90 0.76 0.75 0.53 | 0.70 0.38 0.94 0.56 | 0.80 0.86 0.57 0.50
CHP
PDAC VS 0.89 0.95 0.78 0.87 | 0.85 0.76 0.84 0.90 | 1.00 0.86 0.71 0.83
KONTROLY
PDAC VS 0.91 0.89 0.80 0.79 | 0.87 0.90 0.89 091 | 0.86 0.71 0.71 0.67
DM,CH,KON
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Tabulka 5. Efektivita paneli ziskanych logistickou regresi i metodou random forest v

odliseni PDAC od ostatnich skupin ve srovndani s CA19-9
Nejvyssi hodnoty jsou vyznaceny tucné
Srovnavané panely:

RF — random forest:

PDAC vs T2DM: CA19-9, AAT, IGFBP2, albumin, ALP, Reg3A4, HSP27
PDAC vs ChP: S100A11, CA72-4, AAT, CA19-9, CB, MMP-7, S100P-s, Reg3Aa
PDAC vs kontroly: MMP-7, Reg3A, sSICAMI, OPG, CB, feritin

PDAC vs T2DM, ChP, kontroly: CA19-9, SI00P, AAT, albumin, adiponektin, IGF-1, MMP-7,
S100A411

LR — logisticka regrese:

PDAC vs T2DM: prealbumin, IGFBP-2, DJ-1, MIC-1, CA72-4

PDAC vs ChP: IGF-1, S100411, Reglalfa

PDAC vs kontroly: IGF-2, S100411, Reg3A4

PDAC vs T2DM, ChP, kontroly: albumin, AAT, S100P, CRP, CA19-9, TFFI a MMP-7

RF s vyloucenim CA19-9
PDAC vs T2DM: HSP27, prealbumin, inzulin, IGF-2, SAA, DJ-1, CB, CEA

PDAC vs ChP: SAA, Leptin, CB, Prealbumin, HSP60, DJ-1, TAG
PDAC vs kontroly: CEA, HbAlc, AST, HDL-chol, Prealbumin, SAA, IGF-2, CB

PDAC vs T2DM, ChP, kontroly: SAA, prealbumin, HSP27, CB, adiponektin, CEA, IGF-2,
AMS-P

Zkratky:

AAT — alfa-1-antitrypsin; ALP : alkalicka fosfataza;, AMS-P — pankreaticka amyldaza; AST :
aspartataminotransferdaza;, AUC — plocha pod kifivkou, CA19-9 — karbohydrat antigen 19-9;
CA72-4 — karbohydrat antigen 72-4; CB: celkova bilkovina, CEA: karcinoembryonalni
antigen;, ChP — chronicka pankreatitida. HDL-chol — lipoprotein o vysoké hustoté; DJ-1
protein deglyklaza DJ-1;HbAIc — glykovany hemoglobin, HSP —protein teplotniho Soku, IGF
— inzulinu podobny ristovy faktor; IGFBP - protein vazajici IGF; INS- inzulin, KON-
kontroly LR — logisticka regrese.. MIC-1 — makrofagy inhibujici cytokin -4; MMP—

74



matrixova metaloproteinaza; OPG - osteoprotegerin;, PDAC — karcinom pankreatu Reg -
regeneracni protein, RF — random forest; SAA — sérovy amyloid A; sSICAM — soluble
Intercellular Adhesion Molecule; TAG — triacylglycerol; TFF1 — trefoil factor 1; TIMP:
tkanovy inhibitor metaloproteindaz, T2DM — diabetes mellitus 2. typu.

ROC kiivky pro jednotlivé panely jsou prezentovany v obrazku 6.

10 1 10 1
08 08 1 .
& 06 = 061 |
B =
a/ B 5
5 b/5 04
& 04 g
CA19-9
] CA199 021
02 = RF-panels CA19-9 —  RF-panels CA19-9
RF-panel bez CA19-9 RE:ainok ez CAL:S
0.0 panel definovany LR 0.0 panel definovany LR
00 02 04 06 08 10 0.0 0.2 0.4 06 08 10
Specificita Specificita
10 1 101 —/”/
08 1 \ 3 0.8 1
s 061 = 061
c/ & d/ z
N =
5 041 5 04 1
1] w
CA19-9 CA19-9
0z ~— RF-panelsCA19-9 0.2 = RF-panels CA19-9
RF-panel bez CA19-9 RF-panel bez CA19-9
00 4 panel definovany LR 0.0 1 panel definovany LR
0.0 0.2 04 0.6 08 10 0.0 0.2 04 0.6 08 10
Specificita Specificita

Obrazek 6: ROC kiivky pro jednotlivé panely a CA19-9 u jednotlivych skupin

a/ PDAC vs ChP

RF: S§100411, CA72-4, AAT, CA19-9, CB, MMP-7, S100P-s, Reg3A
LR: IGF-1, SI00A11, Reglalfa
RF s vyloucenim CA19-9: SAA, Leptin, CB, Prealbumin, HSP60, DJ-1, TAG

b/ PDAC vs T2DM

RF: CA19-9, AAT, IGFBP2, albumin, ALP, Reg34, HSP27
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LR: prealbumin, IGFBP-2, DJ-1, MIC-1, CA72-4
RF s vyloucenim CA19-9: HSP27, prealbumin, INS, IGF-2, SAA, DJ-1, CB, CEA

¢/ PDAC vs kontroly

RF: MMP-7, Reg3A4, sSICAMI, OPG, CB, feritin
LR: IGF-2, S100A11, Reg34
RF s vyloucenim CA19-9: CEA, Glyk.HbAIc, AST, HDL-chol, Prealb, SAA, IGF-2, CB

d/ PDAC vs T2DM, ChP, kontroly

RF: CA19-9, S100P-plasma, AAT, albumin, adiponektin, IGF-1, MMP7, S100A411

LR: albumin. AAT, S100P, CRP, CA19-9, TFF1, MMP-7
RF bez CA19-9: SAA, prealbumin, HSP27, CB, adiponektin, CEA, IGF-2, AMS-P

Zkratky:

AAT — alfa-1-antitrypsin; ALP : alkalicka fosfataza; AMS-P — pankreaticka amylaza; AST :
aspartataminotransferdaza;, AUC — plocha pod kiivkou, CA19-9 — karbohydrat antigen 19-9;
CA72-4 — karbohydrat antigen 72-4; CB: celkova bilkovina, CEA: karcinoembryonalni
antigen;, ChP — chronicka pankreatitida. HDL-chol — lipoprotein o vysoké hustoté; DJ-1
protein deglyklaza DJ-1; HbAIc — glykovany hemoglobin; HSP —protein teplotniho Soku, IGF
— inzulinu podobny ristovy faktor; IGFBP - protein vazajici IGF; INS- inzulin, LR —
logisticka regrese.. MIC-1 — makrofagy inhibujici cytokin -4, MMP—matrixova
metaloproteindza;, OPG - osteoprotegerin; PDAC — karcinom pankreatu Reg - regeneracni
protein; RF —random forest; SAA — sérovy amyloid A; sICAM — solubilni mezibunécna
adhezni molekula 1; TAG — triacylglycerol; TFF1 — trefoil factor 1; TIMP: tkanovy inhibitor
metaloproteinaz, T2DM — diabetes mellitus 2. typu.

8.2. Vysledky Studie II: Hladiny retinolu a ATRA u karcinomu pankreatu,
chronické pankreatitidy a T2DM

Zjisténé koncentrace retinolu se pohybovaly v rozmezi 0,11 -1,6 mg/l. Koncentrace ATRA

nabyvaly hodnot mezi 0,37 -3,15 pg/l.
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Hladiny retinolu byly vyznamné nizsi (vyjadieno jako pramér + smérodatna odchylka) u
PDAC: (0,44+0,18mg/1) ve srovnani s T2DM (0,65+0,19 mg/1, p<0,001), ChP
(0,60+£0,18mg/1, p< 0,001) and zdravymi kontrolami (0,61+0,15mg/1, p<0,001).

Rozdily mezi jednotlivymi ,,nekarcinomovymi‘ skupinami nebyly statisticky vyznamné,
nicméné byl zde patrny trend postupného poklesu hladin retinolu od nejvyssich koncentraci u

zdravych kontrol, ndsledovanych T2DM , ChP a kon¢e PDAC (Obrazek 6+7).
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Obrazek 7: Koncentrace retinolu v séru u pacientit s PDAC ,ChP, T2DM a zdravych

kontrol

Hladiny vyznamnosti dle vysledkit Mann-Whitney testu jsou zndazornény barevné,
Zluta: p< 0,01

Zelena p< 0,001

Modrad p< 0,0001

Zkratky : PDAC : karcinom pankreatu, ChP: chronickd pankreatitida, T2DM: diabetes
mellitus 2. typu
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Obrazek 7: Koncentrace ATRA v séru u pacientii s PDAC, ChP, T2DM a zdravych kontrol

Hladiny vyznamnosti dle vysledkit Mann-Whitney testu jsou znazornény barevneé,

Zlutd: p< 0,01
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Zelena p< 0,001

Cernd p< 0,05

Zkratky: ATRA: all trans retinova kyselina, PDAC : karcinom pankreatu, ChP: chronickad
pankreatitida, T2DM: diabetes mellitus 2. typu

Koncentrace all-trans-retinové kyseliny byly u PDAC signifikantné sniZzeny ve srovnani

s T2DM (1,14£0,49ug/1 vs 1,37+0,56ug/1, p<0,001) a zdravymi kontrolami ( (1,14+0,49ug/1
vs 1,43+£0,55ug/1, p<0,001). Rozdily mezi PDAC a ChP nebyly statisticky vyznamné.

Dale jsme analyzovali hladiny retinol a ATRA napfi¢ jednotlivymi stadii PDAC.

Hladiny obou latek u pacientl ve 111, a IV, stadiu PDAC byly statisticky vyznamné nizsi nezli
u zdravych kontrol, T2DM i ChP.

Stadium IIT PDAC (ATRA: 1,08+0,47 pg/l; retinol: 0,42+0,19 mg/l) a IV PDAC (ATRA:
1,0740,45 pg/l, , retinol: 0,40+0,15 mg/l) vs zdravé kontroly (ATRA: 1,43+0,55 pg/l, retinol:
0,61+0,15 mg/l) a T2DM (ATRA: 1,37+0,56 ug/l, retinol: 0,65+0,19 mg/1).

Rozdil mezi PDAC v I. a II. stadiu a mezi non-PDAC skupinami neby] statisticky vyznamny.

Daéle byly prokazany korelace mezi retinolem a prealbuminem ((PDAC rs: 0,75, p<0,001;
CHP: 0,69, p<0,001; T2DM: 0,60, p<0,001 a zdravé kontroly rs : 0,83, p<0,001).

U pacientli s T2DM byla prokézana negativni korelace mezi IGFBP -2 a ATRA (rs: -0,63,
p<0,001).

Statisticky vyznamné korelace vSak nebyly prokazany ani mezi CA 19-9 , lipidy, celkovou
bilkovinou CRP ¢i albuminem. Vysledky potvrzuji zatim nezastupitelnou ulohu CA19-9
mezi biomarkery karcinomu pankreatu. Zaroven se vSak podafilo nalézt fadu parametrti, které
efektivitu CA 19-9 zvySuji. Rovnéz se ndm podatilo definovat panely biomarkert, které se co

do efektivity CA 19-9 vyrovnaji nebo jej 1 predci.

Hladiny ATRA a retinolu se u pacienti s PDAC signifikantné 1i$i od zdravych kontrol 1
diabetikii druhého typu. Naopak, rozdil mezi pacienty s chronickou pankreatitidou a PDAC
nebyl vyznamny. V €asnych stadiich PDAC nejsou hladiny ATRA ani retinolu statisticky

vyznamn¢ odlisné od ostatnich skupin.
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9. Diskuse:

Karcinom pankreatu je onemocnéni s velmi Spatnou prognozou, zejména, je-li
diagnostikovano v pokrocilych stadiich. Jedinou kurativni terapii je v soucasnosti chirurgické
odstranéni nadoru s dostate¢nym lemem zdravé tkané, které je vSak mozna jen u cca 20 %
pacienti s PDAC. Patogeneze PDAC je v principu podobnd jinym malignitdm — tj. jde rovnéz
o postupnou kumulaci somatickych mutaci, jejichz obrazem jsou morfologicky definované
premaligni a posléze maligni 1éze. Na rozdil od napiiklad kolorektalniho karcinomu zde vSak
chybi moznost tyto prekancerozni 1éze v klinické praxi detekovat. Déle nelze pominout
pomérné rychly ptechod od ¢asnych stadii PDAC do stadii pokrocilych, ktery se pohybuje
pravdépodobné kolem 12 mésicti, a absenci vhodného biomarkeru, ktery by dokazal s jistotou

odhalit bud’to premaligni high-risk 1éze nebo ¢asny PDAC. (Yu J. et al., 2015)

Cilem nasi prvni prace bylo identifikovat analyzou fady biochemickych parametrti u zdravych
jedinct a pacientll s PDAC, T2DM ¢&i ChP takové ukazatele, které by zlepsily efektivitu
nejuzivanéj$iho biomarkeru — CA19-9 — v diagnostice PDAC nebo tento marker ptipadné

zcela nahradily.

Ziskané vysledky jsou, co se ty¢e vyznamu CA19-9 v diagnostice PDAC, v souladu s obecné
znamymi fakty. Zaroven se ukazuje, Ze ptidani dalSich biomarkert k CA19-9 je moZnou
cestou zvySeni efektivity tohoto markeru zejména v odlisSeni PDAC od zdravych jedinct.
Naproti tomu, aby byla zachovana dostate¢na efektivita diagnostickych panelil i po vyfazeni

CA19- 9, bylo mnohdy nutné navysit pocet stanovovanych markeri.

Ukézalo se rovnéz, Ze strojové uceni bylo v nasem piipadé, kdy jsme sledovali vét§i mnozstvi
parametrii, vyhodnéjsi statistickou metodou nez klasické regresni metody. Nicméné pii
dostatecném navyseni poctu probandi Ize predpokladat, ze by efektivita regresnich metod

byla srovnatelna

V naSem souboru se dale ukazalo jako vyhodnéjsi stanovit pro odliSeni PDAC od kazdé

z ostatnich zkoumanych skupin (zdravé kontroly, ChP, T2DM) specificky panel biomarkert.
To miiZe byt zplisobeno tim, ze n¢které patologické procesy probihajici u pacientti

v rizikovych skupinach (ChP a T2DM), jsou pfitomné i u pacienti s PDAC. Naopak,
mechanismy vedouci k rozvoji PDAC se u jednotlivych rizikovych skupin a zdravych jedinci
mohou li§it. V piipad€ chronické pankreatitidy se PDAC rozviji v terénu chronického zanétu.

Zanétliva odpoveéd’ na riizné vnitini 1 vn&j$i noxy vede k excesivni a protrahované expozici
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pankreatické tkan¢ prozanétlivym cytokiniim. To nasledn¢ vede k poskozeni tkanég,
oxidativnimu stresu, aktivaci PSC, reaktivni proliferaci pankreatickych bunék a EMT.

(Kandikattu HK. et al., 2020)

T2DM je naproti tomu onemocnéni charakteristické pfitomnosti insulinové resistence
s doprovodnou hyperinzulinémii, chronickou hyperglykemii, zvySenou tvorbou ristovych
faktort, pfitomnosti prozanétlivého ladéni organismu. Tyto faktory spolecné piispivaji rozvoji

PDAC. (Rahn S. et al., 2018, Salvatore T. et al., 2015)

Jednotlivé skupiny pacienti se tedy fenotypové 1isi (v naSem souboru je naptiklad patrny
rozdil v primérném BMI u pacienti s T2DM a ChP), coz se muze odrazet i v rozdilnych
koncentracich jednotlivych zkoumanych parametrii. NevyteSenou otazkou ovSem je, zdali
rozdilna skladba diagnostickych panelt pro jednotlivé skupiny néjakym zptisobem reflektuje

ptipadné odlisné patofyziologické pozadi PDAC, ptipadné jeho samotny fenotyp.

V prvni studii byla v diagnostickych panelech identifikovana skupina biomarkert, jejichz
skladba je velmi heterogenni. Zhruba lze (pii védomi mozného ptekryvu jednotlivych skupin)
tyto markery rozd¢lit na latky, které se pfimo podileji na rozvoji maligniho procesu (DJ-1,
HSP27, IGF 1-2, IGFBP, MIC1, MMP7, Reg3A, S100A11, S100P, sSICAM1, TFF1),
biomarkery nutri¢né¢/metabolického stavu organismu (feritin, albumin, prealbumin, celkova
bilkovina) a markery odréazejici ptitomnost zanétlive aktivity (CRP, adiponektin, AAT, OPG,
SAA). Efektivitu CA19-9 se podatilo v nékterych ptipadech zvysit pomoci rutinné
stanovovanych parametrii (celkova bilkovina, albumin, prealbumin, HDL, AST, ALT,
triacylglycerol). Tyto parametry mohou z¢asti odraZet malnutri¢ni stav a pfitomnost

zanétlivych zmén u PDAC ¢i ChP.

S rozvojem a dostupnosti vypocetni techniky je vyuZiti rutinnich markert v diagnostice
PDAC nebo stratifikaci rizika u sledovanych skupin jednou z cest, jak ekonomicky
dostupnym zptsobem identifikovat jedince vhodné k dal§imu vySetfovani. (Ferri MJ. et al.,
2016, Khan S. et al., 2021) Elevace marker( zanétd je povazovana za negativni prognosticky

faktor PDAC, zejména je-li doprovazena sarkopénii ¢i kachexii. (Dell'Aquila E. et al., 2020)

Vysledky inicidlni studie poukazuji na vyznamnou roli pankreatického stroma. U fady
biomarkert obsazenych v definovanych panelech —- MMP-7, TTF- 1, ICAM-1, OPG, IGF1-2,
IGFBP2 byla v minulosti prokazéna souvislost s metabolismem pankreatickych stelatnich

bunék i PDAC, pficemz ICAM-1 v nasi studii byl, na rozdil od studie Gruppa et al., prokazan
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jako potencialni biomarker PDAC. (Grupp K. et al., 2018) Ackoli je dysbalance mezi
matrixovymi metaloproteinazami a jejich inhibitory (TIMP) jednou z charakteristik PDAC,

paradoxné jsme neprokazali vyznam TIMP coby biomarkert karcinomu pankreatu.

REG proteiny jsou tzce svazany s pankreatem jiz svou historii — objeveny byly roku 1979

v pankreatické $tave a kalcifikacich — odtud i ptivodni ndzem ,,pancreatic stone protein®.
(Caro AD. et al., 1979) Vyznam REG proteinti v patogenezi PDAC byl popsan, nicméné
jejich role coby biomarkeru neni zcela jednoznacna. (Wang L. et al., 2022) V této praci vsak
REG3A prokézal svou roli v odliSeni PDAC od ostatnich skupin (ChP, T2DM, zdravé
kontroly).

Midkine je ristovy faktor, jehoz role v patogenezi PDAC je dobfe znama, ale jehoz
prognosticky ¢i diagnosticky vyznam u PDAC nebyl dosud prokézan. (Grupp K. et al., 2018)
Midkine byl v nasi praci, pokud je ndm znadmo, poprvé testovan jako diagnosticky marker

PDAC. Jeho schopnost podilet se na diagnostice PDAC jsme vSak rovnéZ neprokazali.

Zda se, ze vyznamnou ulohu v odliSeni PDAC od T2DM a ChP — dvou rizikovych skupin
PDAC mohou hrat S100 proteiny (S100p a SI00A11) obsazené v panelech ziskané jak
regresnim modelem, tak pomoci metody strojového uceni. Tyto proteiny se ucastni regulace
transkripce, diferenciace a proliferace bunék PDAC. Protein S100p je svazan se signdlnimi

drdhami RAGE, kter¢ jsou v tkani PDAC vysoce exprimovany.

Zjisténé biomarkery rovnéz sdileji fadu spole¢nych signalnich drah, které ovliviuji. Naptiklad
DJ-1, S100A11, HSP-27, IGFBP-2, MIC 1 a IGF shodn¢ ovlivituji PI3K/AKT /mTOR drahu,

coz z ni €ini zajimavy potencidlni terapeuticky cil. (Stanciu S. et al., 2022)

Otazkou jisté zlistava, zdali nékteré ze zjiSténych markeri neodrazeji spise rizikové prostiredi
vzniku PDAC nezli disledek jeho piitomnosti. Udaje jednotlivych autorii se viak pro riizné
parametry pomérn¢ vyrazng lisi. Naptiklad vysoké hodnoty adiponektinu byly v rozsahlé
metaanalyze z r 2015 hodnoceny jako protektivni faktor rozvoje PDAC. (Maisonneuve P. et
al., 2015) Naproti tomu, nékteti autofi davaji adiponektin do souvislosti s jeho schopnosti

aktivace drahy AMPK/Sirtl/PGC-1a a tedy progresi PDAC.

Nase vysledky ukazuji, Ze hladiny adiponektinu byly u zdravych kontrol viibec nejnizsi ze
vSech porovnavanych skupin. Koresponduji tak spiSe s recentnimi zjisténimi, kdy jsou
zvySené hladiny adiponektinu jednim z faktord, které odliSuji T3cDM od T2DM. (Oldfield L.

et al., 2022)
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Spojujicim ¢lankem mezi buiitkami PDAC a nddorovym stroma jsou pankreatické stelatni
buiiky. Tyto buiiky se zaroven ti¢astni zanétlivych procest v pankreatické tkdni a svym

pusobenim facilituji onkogenezi. Jejich aktivace je uzce svazdna s metabolismem retinolu.

Hladiny tohoto vitaminu, stejn¢ jako jeho aktivniho metabolitu byly (s vyjimkou ATRA u
ChP vs PDAC) u pacient s PDAC statisticky vyznamné nizs§i nezli v ostatnich skupinach.
Vzhledem k niz§imu poctu pacientii zachycenych v casném stadiu PDAC miize byt

interpretace téchto zjisténi obtizna, nicmén¢ Ize fici, ze je PDAC charakterizovan nizkymi

cwwvr

u nemestastatickych stadiich PDAC.

Jednoznacny je v nasi praci pokles koncentraci retinolu i ATRA u generalizovaného PDAC
(IV stadium), coz z téchto latek ¢ini potencialni biomarker pokrocilého / neresekabilniho

onemocnéni.

Nizké hladiny ATRA a retinolu vzhledem ke svému piisobeni na bunéény metabolismus
nejsou nejspise jen odrazem alterovaného nutri¢niho stavu pacientd s ChP a PDAC, ale dale

se podileji na progresi téchto onemocnéni.
Mechanismy téchto u€inkil Ize struéné nastinit jako:

a/ ATRA fizené signalni drahy jsou aktivovany v pifipad€ poSkozeni pankreatické
tkan¢. To vede reaktivné k fadé¢ procest, z nichz jednim je tzv. acinarni-duktalni metaplazie.
Proces, pii kterém dochazi k pfeméné acinarnich bun€k smérem k méné diferencovanym
formam s fenotypem bliz§im duktalnimu. Tento proces byva v soucasnosti zmifiovan pii
zkoumani pankreatitidy jako rizikového faktoru PDAC. (Becker AE. et al., 2014) Tento
proces muze byt spoustén za ptitomnosti KRAS¢12D mutace (Shi G. et al., 2012) a
prostiednictvim drah, které jsou ovliviiovany mj. pravé ATRA a v prostfedi PDAC jsou

alterovany. (Colvin EK. et al., 2011, Marstrand-Daucé et al., 2023)

b/ PSC, dileziti aktéti v dialogu mezi nadorovym stroma a buitkami PDAC jsou jediné
bunky pankreatu, ve kterych je skladovan retinol. Po své aktivaci — doprovazené ztratou
vakuol s retinolem — produkuji slozky extracelularni matrix, které jsou podstatnou (jak
funkéné, tak morfologicky) souc¢asti PDAC. Aktivaci PSC inhibuje ATRA. (Chronopoulos A.
et al., 2016, Froeling FE. et al., 2011)
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ATRA se prostfednictvim svych signalnich drah podili na stabilizaci PSC a jejich udrzovani v
klidovém stavu. PorusSeni této signalizace vede k naruseni acindrni struktury pankreatické
tkan¢. (Carmona R. et al., 2019) ATRA rovnéz svym nepiimym inhibi¢nim vlivem na aktivitu
CAF prosttednictvim IL-6 snizuje schopnost nadorovych bun¢k migrovat. (Guan J. et al.,

2014)

¢/ V nasi praci jsme prokazali negativni korelaci mezi ATRA a IGFBP2 u pacient
s T2DM. Vztah mezi IGF/IGFBP-2 a ATRA byl prokazan fadou autort. (Fu Z. et al., 2001,
Ferraz IS. et al., 2022, Mutgan AC. et al., 2018)

Regulace IGF zprostfedkovanych signalnich drah miize byt jednim z faktorti, kterym ATRA

ovliviiyje riist nadorovych bunck

Zmény v koncentraci retinolu — dilezitého mikronutrientu — l1ze ov§em u malnutri¢nich
pacientil se zavaznou malignitou ofekéavat. V nasi préci klesaly hodnoty retinolu u
pokrocilych stadii PDAC. Nadto, hladiny prealbuminu, korelujici s koncentraci retinolu
mohou svédcit o malnutrici téchto pacientti. Prealbumin, zndm téz jako transthyretin, slouzi
jako transportni protein pro retinol, se kterym za ucasti retinol vazajiciho proteinu vytvari
komplexy. Nizké hodnoty prealbuminu tedy mohou vést k nizkym sérovym hladindm

retinolu.

Na druhou stranu jsme neprokazali korelaci jinych dilezitych markert malnutrice (BMI,
albumin, celkova bilkovina) s retinolem ¢i ATRA. V tvahu je nutno vzit i fakt, Ze jen cca
33% cirkulujiciho retinolu odraZzi pfijem jeho prekurzora v potravé. Je to dano tim, ze vétSina
retinolu v organismu je skladovana v jatrech a uvoliiovana dle potieb organismu. (Li Y. et al.,
2014) Ani snizeny pfijem vitaminu A nema zjevné vliv na celkové riziko PDAC, jak

prokazala metaanalyza 18 studii z r 2016. (Huang X. et al., 2016)

.....

malnutrice. Sérové koncentrace ATRA a retinolu tak jsou potencialnimi biomarkery
pokrocilosti PDAC. Horsi prognéza PDAC pii nizkych hladindch retinoidl v pankreatické
tkani jiz byla dokumentovéna. (Bleul T. et al., 2015) Vyssi exprese RAR receptori, jejichz
ligandem je ATRA, vede k redukci maligniho fenotypu bun¢k PDAC. (Huang X. et al., 2016)

Uspésné vyuziti ATRA jako terapeutické modality v 16¢b& nékterych zhoubnych onemocnéni
(napt. promyelocytarni leukemie) a jeji tésny vztah k PSC a PDAC z ni ¢ini zajimavy bod

z4jmu vyzkumu terapie PDAC. (Lo-Coco F. et al., 2013)
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Jistym limitem zde mlze byt znana nestabilita a hydrofobni charakter ATRA. Tyto
vlastnosti znesnadniuji jeji transport do cilové tkané. Tento problém se v nékterych in-vitro
studiich datilo pfekonat transportem ATRA v nano-¢ésticich. (Wang K. et al., 2019, Kakwere
H. et al., 2020)

Vysledky faze I studie STARPAC ukazuje ze podani ATRA s gemcitabin-nab-paclitaxelem je
bezpecné a dobie tolerované. Samotny efekt terapie probiha hodnocenim ve fazi IIb této

randomizované studie. (Kocher HM. et al., 2020)

Retinol, ATRA a chronick4 pankreatitida

Mechanismus zmirnéni rozvoje ChP prostiednictvim ATRA modulované Wnt/B-Cateninové
signalni drahy byl popsan na mysSich modelech. (Xiao W. et al., 2015) Stejn¢ tak je znam jeji
efekt na pribéh akutni pankreatitidy. (Tsai CY. et al., 2023)

Studie, zabyvajici se hladinami retinoidd u ChP nam ovS§em davaji mnohdy protichlidné
informace. Dugganova studie z roku 2014 prokazala u pacienti s ChP vy$§i miru
nefyziologickych hladin vitaminu A. Nicmén¢ piekvapivé v obou smérech — tedy deficienci i
nadbytek tohoto vitaminu ve srovnani s kontrolami (19,4 % vs 14,5 %). (Duggan SN. et al.,
2014) Tento nadbytek dle autort ale nebyl zplisoben suplementaci. Autofi popisuji korelaci

BMI a hladin retinolu, ale tato nebyla jinymi autory (ani v nasi praci) popsana.

V dostupnych pracich se prevalence deficitu retinolu u ChP pohybuje v rozmezi 3-15,9 %.
(Sikkens EC. et al., 2013, Martinez-Moneo E. et al., 2016) U naSeho souboru pacientil jsme
deficit retinolu (¢ <0,15mg/1) prokazali u 2,08 % pacientt.

Nizké hladiny retinolu u ChP mohou mit nékolik pficin. Pfedné, u pacient, u nichz je ChP
zpusobena alkoholem, miize byt negativné ovlivnéno vstiebavani zivin, véetn¢ karotenoidu,
z traviciho traktu. Deficit retinolu mtize byt téz zptsoben sniZzenou schopnosti vsttebavat
vitaminy rozpustné v tucich pfi rozvinuté exokrinni insuficienci. Chronick4 bolest

doprovazejici ChP mliZe vést k naruSeni/sniZeni ptijmu potravy a tedy malnutrici.

Navzdory vyse zminénému se hladiny retinolu ¢1 ATRA v naSem souboru vyznamné nelisily
od T2DM ¢i zdravych kontrol. Domnivame se tedy, Ze snizené hladiny retinolu u pacienti
s ChP by mohly byt jistym ,,varovnym znamenim* vedoucim k bliz§imu vySetfovani pficiny

tohoto poklesu, nebot’ je nelze vysvétlit pouhou pritomnosti ChP.
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Retinol a ATRA u T2DM

Podobné¢ jako u ChP i u T2DM jsou vysledky studii hodnoticich hladiny retinoidii nejednotné
potazmo protichtidné. (Krempf. et al., 1991, Taneera J. et al., 2021)

Nase znalosti mechanismu skladovani a zejména uvoliiovani retinolu pankreatickymi
hvézdicovitymi buiikami jsou stdle omezené. Stejné tak nejsou jednoznacné zavéry studii
zabyvajicich se koncentracemi retinoidli u riznych onemocnéni. Nase prace tedy alespon
castecné prispiva do skladanky patofyziologie metabolismu retinoidti u T3DM, PDAC a ChP.
Zdali popsané snizeni hladin ATRA a retinolu u PDAC a ChP — chorob charakteristickych
aktivaci stelatnich bun¢k a tvorbou ECM — odréazi zvysenou aktivitu PSC mtze byt
pfedmétem dal§iho vyzkumu. RovnéZz Ize ptepokladat, ze snizené hladiny ATRA v
pokrocilych stadiich PDAC nejsou jen odrazem nutri¢niho stavu pacientl, nebot’ nekoreluji s
nékterymi dal§imi zndmymi markery malnutrice (BMI, celkova bilkovina). Za fyziologickych
okolnosti jsou hladiny retinolu a ATRA udrzovany uvoliiovanim jaternich zasob a
pankreatické stelatni buniky pravdépodobné hraji v této regulaci jen miniméalni tlohu.
Mechanismus, ktery stoji za poklesem sérového retinolu a ATRA je rovnéz potencialnim
cilem dal$iho vyzkumu. Otazkou také ziistava, zdali jsou nizké koncentrace ATRA a retinolu
u PDAC doprovodnym fenoménem nebo se podili i na dal$i progresi tohoto onemocnéni.
Navzdory praci Hana et al., popisujici zmény hladin ATRA a retinolu jako doprovodnou
znamku rozvoje T2DM, i navzdory tomu, Ze ATRA 1 retinol jsou pravdépodobné dulezitymi
faktory podilejicimi se na vyvoji a spravné funkci pankreatickych ostriivki, jsme na naSem
souboru neprokézali u T2DM statisticky vyznamné zmény hladin obou latek ve srovnani se

zdravymi kontrolami. (Han Y. et al., 2021)
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10. Zavér

Analyzou Sirokého spektra parametrii jsme prokazali statisticky vyznamné rozdily mezi
PDAC, T2DM, chronickou pankreatitidou a zdravymi kontrolami. Téchto odliSnosti jsme
vyuzili k definovani diagnostickych panelit PDAC a zhodnoceni vyznamu ATRA a retinolu
pro diagnostiku PDAC.

Studie I: Biomarkery u karcinomu pankreatu

a/ v ramci Studie I — ,,Biomarkery u karcinomu pankreatu* jsme mezi skupinami probandii
s PDAC, chronickou pankreatitidou, T2DM a zdravymi kontrolami prokazali signifikantni (p
<0,05) rozdily v koncentracich celé fady parametra: AAT, adiponektin, albumin, ALP, ALT,
AST , CA19-9, CA72-4, CEA, CEACAM, cholesterol, C-peptid, CRP, DJ-1, feritin, GGT,
glykémie, HDL cholesterol, HSP27, IGF-1, IGF-2, IGFBP-1, IGFBP-2, inzulin, MIC-1,
MMP-7, osteoprotegerin, prokalcitonin, prealbumin, REG1A, REG3A, S100A11, SI00A6,
S100P, ICAM-1, triacylglycerol, TFF1, celkova bilkovina a transferin.

b/ Na zékladé téchto rozdil jsme vytvorili fadu paneld, které zlepSily efektivitu CA19-9

v diagnostice nemetastazujiciho karcinomu pankreatu nebo jej zcela nahradily.

Panel ,,CA19-9, AAT, IGFBP2, albumin, ALP, Reg3a, HSP27 odlisi PDAC od pacientil

s T2DM. Panel ,,S100A11, CA72-4, AAT, CA19-9, CB, MMP-7, S100P-s, Reg3a*
identifikuje PDAC mezi pacienty s chronickou pankreatitidou. Panel ,, MMP-7, Reg3a,
sICAM1, OPG, CB, feritin“ odlisi karcinom pankreatu od zdravych kontrol a panel ,,CA19-9,
S100P-plasma, AAT, albumin, adiponektin, IGF-1, MMP7, ST00A11* odlisi PDAC od
ostatnich skupin. VSechny uvedené panely biomarkerti dosahuji vyssi efektivity neZli solitarni

CAI19-9.

Definovali jsme také n€které panely, které, ackoli jejich soucasti nebyl CA19-9, dosahovaly
srovnatelné nebo vyssi efektivity v identifikaci PDAC mezi probandy s ChP, T2DM ¢i
zdravymi kontrolami. Panel ,,CEA, HbAlc, AST, HDL-chol, prealbumin, SAA, IGF-2, CB*
je efektivngjsi nezli CA19-9 v odliSeni PDAC od zdravych kontrol a panel ,,SAA, prealbumin,
HSP27, CB, adiponektin, CEA, IGF-2, AMS-P* je srovnatelny s CA19-9 v odliSeni PDAC od

ostatnich skupin.
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Midkine byl jako potencidlni diagnosticky marker PDAC hodnocen dle dostupné
literatury poprvé, nicméné jeho schopnost coby biomarkeru PDAC jsme neprokazali. Reg3A
a DJ-1 a ICAM-1 jsme v nasi praci poprv¢ identifikovali jako potencialni cirkulujici markery
PDAC. Tyto vysledky bude ale vhodné ovéfit na Gzeji definovanych a zejména rozsahlejsich

souborech pacientii.

Studie II: Hladiny retinolu a ATRA u karcinomu pankreatu, chronické pankreatitidy a
T2DM

a/ Prokazali jsme signifikantni pokles hladin retinolu a ATRA u pacientt s karcinomem
pankreatu. Zaroven popisujeme tendenci k poklesu koncentraci ATRA i retinolu u patologii
pankreatické tkan¢ (jakkoli v pripadé T2DM a ChP se nejedna o statisticky signifikantni
pokles.

b/ Vysledky nasi prace nepotvrzuji ATRA ani retinol jako diagnostické markery ¢asného
karcinomu pankreatu, nebot’ jej nedokazi odlisit od pacientti s ChP, T2DM ani od zdravych

kontrol.

¢/ Analyzou korelaci mezi ATRA, retinolem a ostatnimi méfenymi parametry jsme
prokézali korelaci mezi retinolem a prealbuminem - jeho transportnim proteinem. Déle jsme
prokézali u pacienti s T2DM negativni korelaci mezi IGFBP2 a ATRA, coz naznacuje mozny
vztah mezi IGF- zprostfedkovanymi signalnimi drahami a metabolismem ATRA u tohoto

onemocnéni.

Vysledky nasi prace tak svédci o vlivu interakce nadorového stroma s nddorovymi
buitkami na rozvoj PDAC a potvrzuji tuto interakci jako potencialni diagnosticky 1

terapeuticky cil.
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To identify non-invasive biomarkers of non-metastatic pancreatic cancer (PC), the blood from 186 patients (PC
n=28; DM-diabetes mellitus n=60; ChP-chronic pancreatitis n=47; healthy controls n=51) was analyzed for 58 candi-
date biomarkers. Their effectiveness to identify PC was compared with CA19-9. Panel defined by Random-forest (RF)
analysis (CA19-9, AAT, IGFBP2, albumin, ALP, Reg3 A, HSP27) outperforms CA19-9 in discrimination of PC from DM
(AUC 0.92 vs. 0.82). Panel (S100A11, CA72-4, AAT, CA19-9, CB, MMP-7, S100P-s, Reg3A) is better in discrimina-
tion PC from ChP than CA19-9 (AUC 0.90 vs. 0.75). Panel (MMP-7, Reg3A, sICAM1, OPG, CB, ferritin) is better in
discrimination PC from healthy controls than CA19-9 (AUC 0.89 vs. 0.78). Panel (CA19-9, S100P-pl, AAT, albumin,
adiponectin, IGF-1, MMP7, 5100A11) identifies PC among other groups better than CA19-9 (AUC 0.91 vs. 0.80). Panel
defined by logistic regression analysis (prealbumin, IGFBP-2, DJ-1, MIC-1, CA72-4) discriminates PC from DM worse
than CA19-9 (AUC 0.80 vs. 0.82). Panel (IGF-1, S100A 11, Reglalfa) outperforms CA19-9 in discrimination PC from
ChP (AUC 0.76 vs. 0.75). Panel (IGF-2, S100A11, Reg3A) outperforms CA19-9 in discrimination PC from healthy
controls (AUC 0.95 vs. 0.78). Panel (albumin, AAT, §100P-serum, CRP, CA19-9, TFF1, MMP-7) outperforms CA19-9
in identification PC among other groups (AUC 0.89 vs. 0.8). The combination of biomarkers identifies PC better than
CA19-9 in most cases. S100A11, Reg3A, DJ-1 were to our knowledge identified for the first time as possible serum

biomarkers of PC.

Key words: serum biomarker; pancreatic cancer; non-invasive diagnosis; panel of biomarkers; $100 proteins family

Pancreatic cancer (PC) belongs to the most severe diseases
of the gastrointestinal tract. It's the 8" most common cause of
death from malignancy [1]. Its incidence is growing in devel-
oped countries. The only curable method of PC is surgery,
but just a minority of patients are diagnosed in the early stage
of the disease. Identification of biomarkers, which could
detect patients in the early stage of PC could be the key factor
of successful treatment.

Many previous studies failed while looking for the solitary
biomarker of early PC [2]. As the gold standard CA19-9 is
still widely used, despite its false negativity in fucosyltrans-
verase-deficient individuals, false positivity in several situa-
tions (e.g., acute, or chronic pancreatitis, cholangitis, liver

cirrhosis, and obstructive jaundice), and low sensitivity for
detecting small (<3 em) pancreatic tumors [3].

The purpose of this study was to identify a set of markers
that can help us to differentiate patients with pancreatic
cancer from the other groups (DM-type 2 diabetes mellitus,
ChP-chronic pancreatitis, healthy controls). In this study, 58
markers were studied (Table 1). We studied not only ,,new
biomarkers’, which were chosen as candidate markers based
on relevant articles and results of published studies but also
markers routinely measured in clinical praxis. We presume,
that mechanism of carcinogenesis in PC is different in each
risk group (DM, ChP) and thus represented by different
biomarkers. Panels of biomarkers identified in this study
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were compared with ‘the gold standard’ CA19-9 — a widely
used but nonspecific biomarker.

Patients and methods

Study design. In this study, 4 groups were compared:
patients with PC with the rest of probands and PC with
other groups (newly/<3years/diagnosed DM, ChP healthy
controls) separately.

Patients with histologically confirmed ductal adenocarci-
noma were included in the study after staging (inclusion crite-
rium - stage I-1II of American Joint Committee on Cancer
classification (AJCC)). In the DM group, patients treated in
the 3 Department of Medicine of the General University
Hospital in Prague with newly (<3 years) diagnosed type 2
diabetes mellitus were included. For the chronic pancreatitis
group, patients were included in the study according to the
Mannheim criteria [4].

186 patients were in total included in the study. 60
patients with DM, 47 patients with ChP, 28 with PC in stage
1-3 according to AJCC (non-metastatic), and 51 healthy
controls. The basic characteristics of experimental groups are
summarized in Table 2.

The study was approved by the local Institutional Ethical
Committee (No.: 336/11 S-1V) and was conducted in accor-
dance with the Declaration of Helsinki. All subjects have
given informed consent with participation in the study.

Laboratory analysis. Blood samples were obtained in
the General University Hospital in Prague. Blood from each
individual was collected through puncture of the cubital
vein into tubes containing ethylene diamine tetraacetic acid
(EDTA) as an anticoagulant (to obtain plasma) and into
tubes without an anticoagulant agent (for obtaining serum).

Samples were centrifuged for 10 min at 1450xg and serum
and plasma aliquots were stored according to the study
protocol at —80 °C until analysis was performed.

Laboratory analysis was performed by using the following
methods (serum analysis, if not written otherwise):

CEA, CA19-9: chemiluminescence assay (CLIA), Archi-
tekt, Abbott, USA; CA72-4, insulin, C-peptide: electroche-
miluminescence assay (ECLIA), Modular, Roche, Germany;
AFP: CLIA, Centaur, Siemens, Germany; AAT: nephelom-
etry, Immage, Beckman Coulter, USA; Protein S100P (serum
and plasma): ELISA (enzyme linked immunosorbent assay),
MBL International, USA; MMP 7: ELISA, R&D Systems,
USA; DJ-1, ALCAM, CEACAM-1: ELISA, Abnova, Taiwan;
IGF-1, IGF-2, IGFBP-1. IGFBP-2, IGFBP-3: ELISA Mediag-
nost, Germany; Osteopontin, TIMP-1, MCP-1, HSP-27,
sSICAM-1, MMP-9 (plasma): ELISA, eBioscience, USA;
HSP60 (plasma), HSP70: ELISA, StressMarg, Canada; Adipo-
nectin, sSRAGE, MIC-1, Regla, Midkine, Leptin, OPG, TFF1,
S100A6, REG3A, S100A11, PANDER: ELISA, Biovendor
Laboratorni medicina, s.r.o., Czech Republic.

Routine biochemical parameters were analyzed by
standard methods by automatic analyzers.

Statistical analysis. Standard descriptive statistics
measures were used for concentrations of all studied param-
eters (mean, standard deviation, min, max, median). To
compare biomarker levels in all groups, ANOVA analysis,
followed by Tukey’s test was performed (p-values obtained
for these analyses are summarized in Table 1).

The logistic regression model has been built as a basic
model for analysis, the biomarkers were included in the
model by using forward and backward stepwise regression
analysis, where p-value (p<0.05) from ANOVA analysis was
the inclusion criteria.

Table 1. Concentrations of analyzed biomarkers in the studied group (for each subgroup separately) and p - values for ANOVA and post-hoc test

(Tukey’s test).
Pancreatic cancer Diabetes Mellitus Chronic pancreatitis Healthy controls p-values for
group Broup proup ANOVA +Tukey’s test
mean+SD med mean+SD med mean+SD med mean+SD med id

AAT 2+0.5 20 1.5£0.3 1.5 1.7£04 1.7 1402 1.4
(g/) o, 888, Bk, %%%
Adiponectin  23602.5+£14223.1 211950 18033.8£7509.3 18630.0 21072.3£121932 188400  17303.1+7783 16440.0
(ng/ml) * %
Albumin 40.1+4.2 40.6 45.1+£3.7 45.3 45.1+4.6 457 45+2.2 454
(g 888, &8, %%%
ALCAM 214.6£65.8 2005 199.6£86.5 186.0 196.2+£76 187.0 171.74622 166.0
(pg/ml)
ALP 25+3.6 16 1203 0.9 1.82 12 120.2 1.0
(ukat/1) o egele %%l
ALT 0.9+0.8 05 0.6+0.3 04 0.6£0.5 0.5 0.5+0.2 0.4
(ukat/1) o &8, %%%
AMS-P 1.1+3 04 0.4£0.2 04 0.7£08 0.4 0.4+02 0.4
(ukat/1)
ApoB 1+0.2 10 1+0.3 0.9 1+03 1.0 1.2+0.3 1.2
(g -
AST 0.8+0.7 0.5 0.5+0.2 0.4 0.5+£0.3 0.5 0.4+0.1 0.4
(ukat/1) S 88l %%
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Table 1. Continued ...

Pancreatic cancer Diabetes Mellitus Chronic pancreatitis Healthy controls pevaliicfor
group group group
ANOVA +Tukey's test

mean+SD med mean+SD med meantSD med mean+SD med
CA19-9 1108.6+2979.4 215.2 14.2+104 124 22.8+57.8 10.5 9.446.1 8.4
(KU % 508 8Bl %%%
CAT72-4 6.7£14.9 2.1 22422 14 2.1+28 13 1.9+1.9 13
(KU/M) 488, &&, %%
CEA 3.343.6 24 1L.7x12 15 2415 T 1£0.6 0.7
(ugh) G ek, %%
CEACAM 89.3195.3 61.1 47.2+48.1 38.8 75.6+75.8 51.4 46.9+11.9 44.6
(ng/ml) *, &, %%
Chol 4.8£1.1 4.8 4.7x1.1 44 4.8+1.2 4.7 5.7x]L 5:7:
(mmol/1) oo 0604
Cpeptid 0.8£0.5 0.7 1104 1.0 0.740.3 0.6 0.820.2 0.8
(nmol/l) et &
CRP 22.2+44.5 5.3 4.3+£5.2 27 9.4+19.5 1.5 3+4 1.7
(mg/ml) o 8eBele, %%
DJ-1 52.3+85.1 314 18.1£11.1 150 38.4£35.6 305 38.2439.9 24.7
(ng/ml) -, &
Ferritin 358.7£371.1 266.7 211.442299 1176 207.6x197.5 138.0 124.54119.6 85.6
(ug/l) L %%%
GGT 4.4£10.5 Lo 0.7£0.7 0.5 2.6£8.6 0.6 0.520.3 04
(ukat/l) * & %
Glyk.HbAlc 45.5+11.6 45.0 49.5£293 50.0 42.6x12.9 395 34.8+5.5 35.0
(mmol/mol) 4
Glyk prot 247.1+44.6 2375 261.4+59.2 2470 245+37.9 238.0 229.8+17 230.0
(umol/1) o
Glykemie 6.822.4 6.3 7.5£23 6.8 6.1£2.8 5.0 4.9£0.6 4.9
(mmol/T) 06000
HDL-chol 1.240.4 1.3 1.3x03 12 1L.4+0.6 13 15404 16
(mmol/1) Gy
HSP27 2485.6+1400.4  2106.1 1499.4+8344 12802 1712.6+634.5 1687.7 1838.3+1059.5 1443.2
(pg/ml) e, 88, 88l %
HSP60 4963.7£1383.1  5017.5 4226.7£14266 39855 4639.2£1440.1 4 432.0 5157£1749.1  5053.0
plasma
(mg/ml) *
HSP70 32.8433.2 21.9 19.3£304 146 27.6£25.8 228 24.7426.6 18.6
(ng/md)
IGF-1 124.6+51.1 122.5 162.4+56.7 153.1 170.2+82.5 154.8 184.7+46.1 181.5
(ng/ml) ek 88 &, %%%
IGF-2 535.8£183.6 563.0 743.1%236.5 7013 646.6£200.7 649.2 744.7£127.6 721.2
(ng/ml) o K&, %%%
IGFEP-1 11.848.1 8.5 5.5446 4.1 12.9+11.9 10.9 6.7£6.6 4.8
(ng/ml) o 8B, %
IGFEP-2 597+2959 553.0 299.6£198.9 255.7 575.6+272.2 511.4 3307143 3153
(ng/ml) o0 S8, %%%
IGFBP-3 2427.3+552.8 2370.6 2622+686.3 26453 2483.8+587.5 24834 2695.8+411.3 27233
(ng/ml)
INS 9.247.5 7.9 14.4+85 124 8.6+8 6.4 8.7+3.8 7.7
(U/ml) wex g
Leptin (ng/ 12.311.3 9.6 19.4£143 l6.2 6.4+8.3 3.7 13.5£12.4 94
ml) W
MCP-1 §97.6+785.2 7034 690.3+537.7 543.8 786.4+595.1 565.8 §12.9+823.4 580.7
(pg/ml)
MIC-1 3715.9+2336.1  2896.5 3351.8£20222 206460 2789+1953.2 2149.0 1257+733.7  1099.0
(pg/ml) o 06060
Midkine 00 0.0 0£0.1 0.0 0.442.3 0.0 0z0.1 0.0
(ng/mi)
MMP-7 2.3+1.1 2.0 1.5+0.7 14 1.5+1 1.4 0.940.5 0.9
(ng/ml) e §58, 88k, %%%
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Table 1. Continued ...

Pancreatic cancer Diabetes Mellitus Chronic pancreatitis

group sroup roup Healthy controls p-values for
ANOVA+Tukey’s test
mean+SD med mean+SD med mean+SD med mean+SD med
MMP-9 202+179.7 137.6 197+180.5 156.6 197.7+173 158.5 140.7£124.9 110.8
(ng/ml)
OPG 8+3 7.2 6.4+2 6.2 7.245 6.2 4.8+1.5 4.5
(pmol/l) = 00%%
PANDER 9.3+20.8 L5 10.5+£22.7 04 4.6+15.3 0.1 5.5%15.1 0.1
(ng/ml)
PCT 0.240.1 0.2 0.210.1 03 0.2£0.1 0.2 0.2+0.1 0.2
(ughh) e
Prealb 0.240.1 0.2 0.3+0.1 03 0.3£0.1 0.3 0.340.1 0.3
(g/) 598, &&&, %%
ReglA 264.1+203.3 213.1 171.8+107.4 134.1 175.6+116.9 133.8 §9.8+42.8 80.3
(ng/ml) ok 58 ReRee %%
REG3A 685.4+555.8 505.5 31542874 2210 469.9+513.8 299.0 173.9£90.9 147.0
(Ufml e &&&, %%%
SI00ALL 7.246.1 4.6 5+6.6 33 3.7+2.1 31 3.6+2.5 3.0
(ng/ml) ** 8% %%
S100A6 99.2+105.9 58.8 46+25.1 400 75.7+34.6 68.9 68.9+37.9 60.9
(ng/ml) e BBk
S100P- 13.6+17.8 4.4 5.5+4.9 37 43+3.6 2.9 4.5+4 20
plasma
(ng/ml) e §88, 8lelk, %%
S100P- 17£13.4 14.2 8.9+4.3 87 14216.7 13.4 11.946.8 10.6
serum
(ng/ml) ok 888, %
SAA 28.8£58.2 8.2 10.7£26.2 49 264£62.6 38 5.5+3.2 4.6
(mg/ml) s
Saturation 24+12.3 22.4 26.3x10.7 245 324+£11.7 345 26.6+12.1 23.5
of
transferrin
(%)
sICAM-1 577+209.9 531.3 405.2£104 3834 510.5+202.7 493.7 377.1£75.9 3753
(ng/ml) o el Yl
sRAGE 550.5£213 490.0 530£175.1 517.0 614.8£234.4 589.0 543+221.4 543.0
(pg/ml)
TAG 1.40.7 1.3 1.8£1 15 14x1.1 1.2 14x1 1.2
(mmol/1)
TFF1 3.6+3 2.3 3.5+3.9 21 3+3 1.8 14+1 1.2
(ng/ml) %%
TIMP-1 655.9+290 529.6 619.1+748.6 478.6 556.7+252.2 546.6 458.1+126.6 417.7
(ng/ml)
TP 66+7.8 67.7 70.8+5.1 70.5 714+6.1 713 71.1+4.8 70.6
(g) w888 BBeBe %%0%
Transferrin 2.4+0.4 23 2.9+0.6 28 2.7+0.5 2.7 2.940.5 2.8
(g/) o Bedele, %%%
Vitamin B12 47295382 422.0 409 47183 389.0 45625743 416.0 410,514 393.0
(pmol/l)

Notes: *p<0.05 ANOVA; **p<0.01 ANOVA; ***p<0.001 ANOVA; §p<0.05 PC vs. ChP; $$p<0.01 PC vs. ChP; §$$p<0.001 PC vs. ChP

&p<0.05 PC vs. DM; &&p<0.01 PC vs. DM; &&&p<0.001 PC vs. DM; %p<0.05 PC vs. healthy controls; %%p<0.01 PC vs. healthy controls; %%%p<0.001
PC vs. healthy controls; Abbreviations: PC-pancreatic cancer; DM-T2 diabetes mellitus; ChP-Chronic pancreatitis; RF-random forest analysis; LR-logistic
regression; AAT — alpha-1-antitrypsin; ALCAM-activated leukocyte cell adhesion molecule; ALP-alkaline phosphatase; ALT-alanine aminotransferase;
AMS-P-pancreatic amylase; ApoB-apolipoprotein B; AST-aspartate aminotransferase; CA19-9-carbohydrate antigen 19-9; CA72-4-carbohydrate antigen
72-4; TP-total protein; CEA-carcinoembryonic antigen; CEACAM-carcinoembryonic antigen-related adhesion molecules; CRP-C-reactive protein; DJ-
1-(ng/ml) protein deglycase DJ-1; GGT-Gama glutamyl transferase; Glyk.HbA 1c-glycated hemoglobin A 1¢; Glyc.prot.-glycated protein (fructosamine);
HDL-chol: high density lipoprotein; HSP-heat shock protein; Chol-chelesterol; IGF-insulin like growth factor; IGFBP-insulin like growth factor bind-
ing protein; INS-insulin; MCP-1-monocyte chemoattractant protein -1; MIC-1-macrophage inhibitory cytokine -4; MMP-matrix metalloproteinase ;
OPG-osteoprotegerin; PCT-procalcitonin; Prealb-prealbumin; Reg-regenerating protein; SAA-serum amyloid A; sICAM-soluble Intercellular Adhesion
Molecule; sSRAGE-soluble receptor for advanced glycation end-products; TAG-triacylglyceral; TFF1-trefoil factor 1; TIMP-1-(ng/ml) tissue inhibitor of
metalloproteinases 1; PANDER-serum pancreatic derived factor
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For deeper analysis statistical method ‘random forest” has
been used because not all requirements and assumptions
have been met in terms of normality, multicollinearity, etc.

Random forest (RF) is an ensemble learning method
for classification and regression belonging to supervised
machine learning algorithms. RF consists of many individual
decision trees that operate as an ensemble. Each individual
tree in the RF spits out a class prediction and the class with
the most votes (modus) becomes the model’s prediction.

The goal of this method is to create a model that predicts
the value of a target variable by learning simple decision rules
inferred from the data features.

By target variable is meant one of four groups of patients
(DM; PC; ChP; Healthy controls) and by features are meant
biomarkers present in the dataset.

Decision rules are inferred from the data in the training
dataset that is created as a subset from the original dataset.
Then, the validity of these rules is tested on a testing dataset,
which consists of the remaining data in the original dataset.
Technically, in our work, each analyzed group of patients
(PC vs. DM; PC vs. ChP; PC vs. Healthy controls; PC vs.
DM+ChP+Healthy controls) was divided into two subsets
in the ratio 80% : 20%. To minimize the risk of correlation
among parameters, which can complicate interpretability
of RF results (mainly features importance is biased) - the
number of features was reduced by using a dendrogram
created by Hierarchical Ward-linkage clustering based on
the Spearman correlation. Because of the difference in the
number of patients included in each subgroup, and the possi-
bility that the dataset could not be well balanced, we ran RF
modeling with the appropriate settings - weights of each
class were automatically adjusted to be inversely propor-
tional to the class frequencies in the input data. In the case
of LR analysis, we balanced the dataset by using the down-
sampling method. This method takes random n-values from
a bigger dataset, where n is the size of a smaller dataset.

Models obtained by both LR and RF were based on
analysis of a larger subgroup (training dataset).

The precision of the predictions tested on a smaller subset
of each group was evaluated by metrics like specificity, sensi-
tivity, recall, accuracy, and AUC. Results obtained by the
logistic regression and by random forest were compared and
evaluated.

All models and analysis were performed in the Python
programming language using Spyder software (licensed
under MIT, freeware, https://www.spyder-ide.org/).

Results

Results for logistic regression analysis. A panel of
markers (prealbumin, IGFBP-2, DJ-1, MIC-1, Ca72-4)
obtained by LR analysis of a group of 70 patients was tested
on a set of 18 patients. This panel shows good efliciency in
discriminating patients with PC from DM (sensitivity 0.64,
specificity 0.81, AUC 0.80) but seems to be less effective

Table 2. Basic characteristics of experimental groups.
Number of BMI

Age

probands mean/SD  mean/SD SecMIE
Chronic pancreatitis 47 35/12 23.9/422  32/15
Type 2 DM 60 62/8 35.3/3034 32/28
Healthy controls 51 54/9 25.8/428  21/30
Pancreatic cancer 28 66/6 26,1/330 14/14

group
Abbreviations: DM-diabetes mellitus, SD-standard deviation, BMI-body
mass index, M-male, F-female

when compared with random forest model based only on
CA19-9 (sensitivity: 0.64 vs. 0.71, specificity: 0.81 vs. 0.93,
AUC 0.80 vs. 0.82).

A panel of markers (IGF-1, S100A11, Reglalfa) obtained
by LR analysis of 60 patients was tested on a set of 15 patients
to evaluate its effectiveness in discriminating CP from ChP.
This panel has a similar AUC (0.76 vs. 0.75), better sensi-
tivity (0.86 vs. 0.57), and worse specificity (0.38 vs. 0.94)
when compared with the random forest model based only
on CA19-9.

A panel of markers (IGF-2, S100A 11, Reg3A) obtained by
LR analysis of 63 patients was tested on a set of 16 individuals.
‘This model is more effective than CA19-9-based random
forest model — (sensitivity: 0.86 vs. 0.71, specificity: 0.76 vs.
0.84, AUC 0.95 vs. 0.78) in discriminating PC from Healthy
controls.

A panel of markers (albumin, AAT, S100P-serum, CRP,
CA19-9, TFF1, and MMP-7) used for discriminating PC
from other groups (ChP, DM, Healthy controls) was obtained
by LR analysis of 148 patients and tested on 38 individuals.
The panel has similar sensitivity and specificity, and a better
AUC than RF model based only on CA19-9 (sensitivity: 0.71
vs. 0.71; specificity 0.9 vs. 0.89; AUC 0.89 vs. 0.8).

All mentioned logistic regression models and their param-
eters meet the criteria of p<0.05. Unfortunately, we were not
able to build a statistically correct logistic regression model
only with CA19-9 and after exclusion of CA19-9 as well,
therefore for creating a panel based only on CA19-9 and for
creating a comparative panel of biomarkers without CA19-9
only results for RF analysis are presented.

Result for RF analysis. By using RF analysis, sets of
markers that outperform solitary CA19-9 in identifying PC
among other groups were identified. All panels are sorted
according to the importance of used markers.

A panel (CA19-9, AAT, IGFBP2, albumin, ALP, Reg3A,
HSP27) obtained by analysis of 70 patients was tested on a set
of 18 individuals and is better in discrimination PC from the
DM group than CA19-9 (sensitivity 0.89 vs. 0.71; specificity
0.89 vs. 0.83; AUC 0.92 vs. 0.82). CA19-9 has the highest
predictive value.

A panel (S100A11, CA72-4, AAT, CA19-9, CB, MMP-7,
S100P-s, Reg3A) obtained by RF analysis of a set of 60 patients,
was tested on 15 individuals and is better in discrimination
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PC from the ChP group than CA19-9 (sensitivity 0.80 vs.
0.57; specificity 0.70 vs. 0.94; AUC 0.90 vs. 0.75). CA19-9 has
the highest predictive role in this panel.

A panel (MMP-7, Reg3A, SICAMI1, OPG, TP ferritin)
obtained by analysis of a set consisting of 63 individuals, was
tested on 16 patients and is better in discrimination PC from
healthy controls than CA19-9 (sensitivity 1.0 vs. 0.71; speci-
ficity 0.85 vs. 0.84; AUC 0.89 vs. 0.78). Biomarker MMP-7
was evaluated as the most valuable biomarker for prediction.

A panel (CA19-9, S100P-plasma, AAT, albumin, adipo-
nectin, IGF-1, MMP7, S100A1l1) obtained by analysis
of a set of 148 individuals, was tested on 38 patients and
is better in discrimination PC from all the other groups
(DM+ChP+Healthy controls) than CA19-9 (sensitivity 0.86
vs. 0.71; specificity 0.87 vs. 0.89; AUC 0.91 vs. 0.80), whereas
CA19-9 is the most important predictor.

As CA19-9 is a routinely used marker of PC, separate
RF analysis of biomarkers after exclusion of CA19-9
was performed to evaluate the effectiveness of potential
biomarkers. By RF analysis multiple panels of biomarkers
were defined. For this case, we limited the number of markers
used in each panel to 8, in order not to exceed the maximum
number of biomarkers selected by RF in the analysis of all
markers.

A panel (HSP27, prealbumin, INS, IGF-2, SAA, DJ-1,
TP, CEA) does not outperform CA19-9 in detection of PC
among DM patients (sensitivity 0.67 vs. 0.71; specificity 0.83
vs. 0.93; AUC 0.75 vs. 0.82).

A panel (SAA, Leptin, TP, prealbumin, HSP60, DJ-1,
TAG) performs worse than CA19-9 in identifying patients
with PC among patients with ChP (sensitivity 0.50 vs. 0.57;
specificity 0.56 vs. 0.94; AUC 0.53 vs. 0.75).

A panel (CEA, Glyk. HbA 1¢, AST, HDL-chol, prealbumin,
SAA, IGF-2, TP) outperforms CA19-9 in identifying patients
with PC among healthy individuals (sensitivity 0.83 vs. 0.71;
specificity 0.90 vs. 0.84; AUC 0.87 vs. 0.78).

A panel (SAA, prealbumin, HSP27, TR adiponectin, CEA,
IGF-2, AMS-P) has similar effectiveness as CA19-9 in identi-
fying PC among all studied groups (sensitivity 0.67 vs. 0.71;
specificity 0.91 vs. 0.89; AUC 0.79 vs. 0.89).

The logistic regression analysis of biomarkers without
CA19-9 does not fulfill the criteria for a statistically correct
model.

Obtained results are summarized in Table 3. Figure 1
presents ROC curves for all the above-mentioned panels.

Summary of results. The results confirm that CA19-9 has
a strong predictive role for the presence of PC but adding
other markers to the model improved its efficiency in most

Table 3. Discrimination of pancreatic cancer from other diagnoses using the specific groups of biomarkers.

AUC Specificity Sensitivity
RF LR CAl19-9 RF LR CAl19-9 i RF LR CA199
wio CAI9-9 w/o CA19-9 w/o CA19-9
PCvs. DM 092 080 0.82 0.75 0.89 0.81 0.93 0.83 089 0.64 0.71 0,67
PCvs. CHP 090 076 075 0.53 0.70 038 094 0.56 080 086 057 0.50
PC vs, Healthy controls 089 095 078 0.87 0.85 076  0.84 0.90 100 086 071 0.83
PC vs. DM, CHP, Healthy controls 091 0.8  0.80 0.79 0.87 0.90  0.89 091 086 071 0.71 0.67

Compared models:

RF - random forest method:

PCvs. DM: CA19-9, AAT, IGFBP2, albumin, ALP, Reg3A, HSP27

PC s, ChP: S100A11, CA72-4, AAT, CA19-9, TE MMP-7, S100P-5, Reg3Aa
PC vs. Healthy controls: MMP-7, Reg3A, sICAM1, OPG, TE ferritin

PC vs. DM, ChE healthy controls: CA19-9, S100P-plasma, AAT, albumin, adiponectin, IGF-1, MMP7, S100A11

LR - logistic regression method:

PC vs. DM: prealbumin, IGFBP-2, D]-1, MIC-1, CA72-4
PC vs. CHP: IGF-1, §100A11, Reglalfa

PC vs. healthy controls: IGF-2, S100A11, Reg3A

PC vs. DM, CHP, healthy controls: albumin, AAT, S100P, CRE CA19-9, TFF1 a MMP-7

RF without CA19-9 - random forest method after exclusion of CA19-9
PC vs. DM: HSP27, prealbumin, INS, IGF-2, SAA, DJ-1, TP, CEA
PCvs. CHP: SAA, Leptin, TE Prealbumin, HSP60, DJ-1, TAG

PC vs. healthy controls: CEA, Glyk.HbAle, AST, HDL-chol, Prealb, SAA, IGF-2, TP
PC vs. DM, CHP, healthy controls: SAA, prealbumin, HSP27, TE Adiponectin, CEA, IGF-2, AMS-P

Abbreviations: RF-random forest; LR-logistic regression analysis; PC-pancreatic cancer group; DM-Type 2 diabetes mellitus group; ChP-chronic pancre-
atitis group; AUC-area under the curve; AAT-alpha-1-antitrypsin; ALP-alkaline phosphatase; AMS-P-pancreatic amylase; AST-aspartate transaminase;
CA19-9-carbohydrate antigen 19-9; CA72-4-carbohydrate antigen 72-4; CEA-carcinoembryonic antigen; HDL-chol-high density lipoprotein; DJ-1-protein
deglycase D]-1; Glyk HbA lc-glycated hemoglobin; HSP-heat shock protein, IGF-insulin like growth factor; IGFBP-insulin like growth factor binding
protein; INS-insulin; MIC-1-macrophage inhibitory cytokine -4; MMP-matrix metalloproteinase; OP G-osteoprotegerin; Reg- regenerating protein; SA A-
serum amyloid A; sICAM-soluble Intercellular Adhesion Molecule; TAG-triacylglycerol; TFF1-trefoil factor 1; TIMP-tissue inhibitor of metalloproteinases;

TP-total protein
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SID0AII, CA72-4, AAT, CA19-9, TE MMP-7, S100P-s, Reg34; LR: IGF-1, S100A11, Reglalpha, RF without CA19-9: SAA, Leptin, TP, Prealbumin,
HSPG60, DJ-1, TAG; PC vs. DM: RF: CA19-9, AAT, IGFBP2, albumin, ALP, Reg3A, HSP27; LR: prealbumin, IGFBP-2, DJ-1, MIC-1, CA72-4; RF without
CAI9-9: HSP27, prealbumin, INS, IGF-2, SAA, DJ-1, TP, CEA; PC vs. Healthy controls: RF: MMP-7, Reg3A, sSICAM1, OPG, TP ferritin; LR: IGF-2,
SI100A11, Reg3A; RF without CA19-9: CEA, Glyk.HbA I, AST, HDL-chol, Prealb, SAA, IGF-2, TP; PCvs. DM, ChP, Healthy controls: RF: CA19-9, S100P-
plasma, AAT, albumin, adiponectin, IGF-1, MMP7, S100A11; LR: albumin. AAT, S100P, CRP, CA19-9, TFFI, MMP-7; RF without CA19-9: SAA, preal-
bumin, HSP27, TP, adiponectin, CEA, IGF-2, AMS-P; Abbreviations: RF-random forest; LR-logistic regression analysis; PC-pancreatic cancer group;
DM-Type 2 diabetes mellitus group; ChP-chronic pancreatitis group; AUC-area under the curve; AAT-alpha-1-antitrypsin; ALP-alkaline phosphatase;
AMS-P-pancreatic amylase; AST-aspartate transaminase; CA19-9-carbohydrate antigen 19-9; CA72-4-carbohydrate antigen 72-4; CEA-carcinoem-
bryonic antigen; Glyk.HbA Ic-glycated hemoglobin Alc; HDL-chol-high density lipoprotein; TP-total protein; DJ-1 (ng/ml)-protein deglycase DJ-1;
HSP-heat shock protein; IGF-insulin like growth factor; IGFBP-insulin like growth factor binding protein; INS-insulin; MIC-I-macrophage inhibitory
cytokine-4; MMP-matrix metalloproteinase; OPG-osteoprotegerin; Reg-regenerating protein; SAA-serum amyloid A; sICAM-soluble Intercellular

Adhesion Molecule; TAG-triacylglycerol; TFF1-trefoil factor 1; TIMP-tissue inhibitor of metalloproteinases

cases, especially in detecting patients with PC among the
healthy population. On the contrary, after the exclusion of
CA19-9 from the analyzed biomarkers, it was in some cases
necessary to increase the number of biomarkers used in the
panels to maintain sufficient effectiveness. Logistic regression
analysis seems to have worse outcomes than random forest
analysis. The results obtained by logistic regression could be
improved by extension of the set of probands, while logistic
regression usually performs better under this condition.

Discussion

Pancreatic cancer is a disease with an extremely poor
prognosis especially when diagnosed in the advanced stages.
The period of progression from the early to the advanced
stage seems to be rapid [5]. Patients after appropriate surgical
therapy in the early stage of the disease have better outcomes.
A reliable non-invasive biomarker that can be used for

identifying early pancreatic cancer in common and/or risk
populations still does not exist.

The purpose of this study was to identify biomarkers that
could improve the detection of early pancreatic cancer. In the
current study, we measured levels of 58 biomarkers in healthy
individuals and patients with PC, DM2, and ChP. Besides a
standard statistical method, machine learning analysis was
used to identify possible markers of early PC. To increase
the performance of selected biomarkers, several panels were
defined. Their effectiveness was compared to CA19-9.

Our results show that it is advantageous to use different
panels of biomarkers for each risk group (e.g., DM, ChP).
This suggests that processes leading to PC development can
presumably differ among different patient groups. In ChP it
is supposed that inflammatory response to various extrinsic
or intrinsic factors leads to an excessive and prolonged
exposition of pancreatic tissue to chemokines and cytokines.
This results in pancreatic cells destruction, proliferation,
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and epithelial-mesenchymal transition (EMT) [6]. In DM2,
insulin resistance, increased production of growth factors,
mild chronic systemic inflammation, and prolonged hyper-
glycemia contribute to developing PC [7, 8]. These differ-
ences in tumor development and differences in patients
phenotypes (represented by e.g., significantly higher BMI in
DM vs. ChP probands in this study as depicted in Table 2)
are presumably reflected in different panels of suitable
biomarkers identified in this work. Whether the identified
biomarkers directly reflect different pathways of tumorigen-
esis in each group or not is to be elucidated.

A broad spectrum of measured biomarkers can be divided
into several groups: biomarkers that directly contribute to
carcinogenesis (DJ-1, HSP27, IGF 1-2, IGFBP, MIC1, MMP7,
Reg3A, S100A11, S100P, sSICAM]1, TFF1), biomarkers which
correspond mainly with nutritional status of the individual
(e.g., ferritin, albumin, prealbumin, TP), or reflect the
presence of systemic inflammation (e.g., CRP, adiponectin,
AAT, OPG, SAA).

Interestingly, some routinely measured parameters
increased the effectiveness of PC diagnosing (TP, albumin,
prealbumin, HDL, AST, ALT, TAG). Differences in nutri-
tional parameters (albumin, prealbumin) presumably
correspond with impaired nutritional status and systemic
inflammatory changes in PC patients. Similar findings were
presented by Ferri et al. [9]. Albumin and ferritin were identi-
fied as markers of worse prognosis in PC [10].

In recent years many studies proved a key role of pancre-
atic stellate cells (PSCs) in PC. Disruption of MMPs and
TIMPs (tissue inhibitors of metalloproteinases) homeostasis
due to PSCs activation is a key factor of excessive extracel-
lular matrix production in PC tissue. In this work, we have
confirmed that MMP-7, a member of the matrix metallopro-
teinase family, can improve diagnostic accuracy in discrimi-
nating PC from healthy controls or ChP. Several studies
examined MMP-7 as a potential diagnostic or prognostic
marker of PC [11]. We did not confirm that levels of TIMP
play a role in the identification of PC.

Growth and proliferation of PSCs are stimulated besides
other molecules by TTF1 (Trefoil factor 1). Expression of
TTF1 was observed in most PC cell lines and its role in the
development of ChP was well described [12]. As a candidate
biomarker of PC, TTF1 was assessed in several studies [13,
14]. In our work, it was confirmed as a potential biomarker
of PC.

ICAM-1, also produced by activated PSCs and pancreatic
acinar cells expressing KRAS mutation, serves as an impor-
tant signaling molecule for TAM (tumor-associated macro-
phage) [15, 16]. ICAM-1 has been assessed as a potential
marker in several studies, but its ability to detect the early PC
has not been proven vet [17]. In our work sICAM helped to
distinguish between PC and healthy controls.

PSCs are also involved in the regulation of the IGF/
IGF-binding proteins (IGFBP) ratio. The increase of IGF
or decrease of IGFBP leads to higher levels of free IGE IGF

stimulates the growth and invasion of PC cells. IGFBP I-V],
which have a strong affinity to IGE, are highly expressed in
the PC cell membrane and contribute to the regulation of
angiogenesis, growth, and invasion of tumor cells. A higher
level of IGFBP-2 was confirmed in serum of patients with
both PC and ChP [18, 19] as well as in its precursor lesions
(Pan-IN) [20]. IGF/IGFBP-2 axis plays a role in PSCs prolif-
eration and migration [21]. In our work IGFBP-2, IGF-1, and
2 were identified as potential markers of early PC.

Osteoprotegerin  (OPG) is a receptor of TRAIL
(TNEF-related-apoptosis-inducing-ligand).  Inhibition of
TRAIL by binding to OPG leads to resistance of tumor cells
to apoptotic signals [22]. OPG is also synthesized by activated
PSCs [23]. Our study proved the ability of OPG (as well as
Brand et al. [24]) to contribute to the discrimination of PC
from healthy controls.

Intracellular $100 proteins take part in the regulation of
transcription, protein phosphorylation, proliferation, and
differentiation of cells. The relationship between the group
of §100 proteins and pancreatic cancer was recently reviewed
by Wu et al. [25].

Some of 5100 proteins are ligands for RAGE (receptor for
advanced glycation products). Activation of RAGE, which
is highly expressed in PC tissue, induces chronic inflam-
mation, activates KRAS, and increases tumor progression.
This is similar to the situation of chronic hyperglycemia in
DM2, where concentrations of advanced glycation products
(AGEs), other ligands of RAGE, are increased [26].

In our work, we show that S100P, a ligand of RAGE, has
a role as a potential circulating biomarker of the early PC.
$100A11 produced by PC cells stimulates through RAGE the
growth of stromal fibroblasts. Higher levels of SI00A11 seem
to be associated with increased mobility of PC cells [27]. In
our study, S100A11 helps to discriminate PC from healthy
controls and ChP significantly better than solitary CA19-9.

Higher levels of regenerating islet-derived protein 3A
(Reg3A) were reported in PC and Pan-IN [28]. In our study,
the panels of biomarkers containing Reg3A have shown to
be more effective in distinguishing PC among other groups
(ChE DM, healthy controls) than solitary CA19-9. It is to
our best knowledge for the first time, when the effectivity of
plasmatic levels of Reg3A as a biomarker of non-metastatic
PC was evaluated.

Midkine (neurite promoting growth factor 2) belongs
to growth factors taking part in angiogenesis, fibrogenesis,
cell migration, and proliferation in the PC environment [29,
30]. Grupp et al. did not prove that midkine levels have a
relationship either to metastasizing or prognosis of PC [17].
In our work, which is to our best knowledge the first one to
assess midkine as a possible diagnostic biomarker of PC, we
confirmed the above-mentioned observation.

In conclusion, our finding supports existing evidence of
the crucial role of PSCs/PC crosstalk in PC development
and progression while some of the identified biomarkers are
directly linked to PSCs activity.
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Signaling pathways involved in PC development and
progression are an interesting therapeutic target. Thus, it is
crucial to describe key signaling cascades in PC. Biomarkers
identified in this study are involved in several signaling
cascades. DJ-1, S100A11, HSP-27, IGFBP-2, and MIC-1 are
involved in the PI3K/AKT cascade [31-35]. IGFBP 2, IGF1,
and IGF-2 are involved in the IGF-related pathways. OPG
plays a role in the TRAIL/TRAIL-receptor cascade [36].
These findings suggest an important role of these pathways
in the early stages of PC.

This work confirmed CA19-9 as the most reliable marker
in the detection of PC with known limitations (low sensi-
tivity and specificity — 0.71 and 0.89 in our work). None of
the analyzed markers outperformed CA19-9 in diagnostic
performance and excluding CA19-9 from analysis led to a
significant decrease in the effectiveness of diagnostic panels in
most cases. On the other hand, combinations of the markers
improved the effectiveness of CA19-9 and in some cases,
panels without CA19-9 were even more effective than CA19-9
alone or in combination. The significant decrease of effectivity
of panels of biomarkers after exclusion of CA19-9 confirms
the rationale of using CA19-9 as a routine marker of PC.

The main advantage of our study is a broad panel of
assessed biomarkers. Midkine was to our knowledge,
assessed for the first time as a possible biomarker but we did
not prove its ability to detect the early PC. Reg3A and DJ-1
were to our knowledge identified for the first time, as poten-
tial blood biomarkers of the early PC. Another advantage is
the use of machine learning methods for analysis. Results of
our study should be confirmed on larger and more precisely
defined patient cohorts.
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Levels of retinol and retinoic acid in pancreatic cancer, type-2 diabetes and
chronic pancreatitis

Pavel Hrabak', Miroslava Zelenkova?, Tomas Krechler', Jan Soupal®, Michal Vocka*, Tomas Hanus®, Lubos Petruzelka®,
Stepan Svacina’®, Ales Zak', Tomas ZimaZ, Marta Kalousova?

Aims. Retinoids participate in multiple key processes in the human body e.g, vision, cell differentiation and embryonic
development. There is growing evidence of the relationship between retinol, its active metabolite- all-trans retinoic acid
(ATRA) - and several pancreatic disorders. Although low levels of ATRA in pancreatic ductal adenocarcinoma (PDAC)
tissue have been reported, data on serum levels of ATRA in PDAC is still limited.

The aim of our work was to determine serum concentrations of retinol and ATRA in patients with PDAC, type-2 diabetes
mellitus (T2DM), chronic pancreatitis (CHP) and healthy controls.

Methods. High performance liquid chromatography with UV detection (HPLC) was used to measure serum levels of
retinol and ATRA in 246 patients with different stages of PDAC, T2DM, CHP and healthy controls.

Results. We found a significant decrease in the retinol concentration in PDAC (0.44*%'* mg/L) compared to T2DM
(0.65*"°*mg/L, P<0.001), CHP (0.60*°*® mg/L, P< 0.001) and healthy controls (0.61*-%'* mg/L, P<0.001), significant de-
crease of ATRA levels in PDAC(1.14*** ug/L) compared to T2DM (1.37+°*ug/L, P<0.001) and healthy controls(1.43+-0%
ug/L, P<0.001). Differences between early stages (I+l) of PDAC and non-carcinoma groups were not significant. We
describe correlations between retinol, prealbumin and transferrin, and correlation of ATRA and IGFBP-2.
Conclusion. Significant decrease in retinol and ATRA levels in PDAC compared to T2DM, healthy individuals and/or
CHP supports existing evidence of the role of retinoids in PDAC. However, neither ATRA nor retinol are suitable for
detection of early PDAC. Correlation of ATRA levels and IGFBP-2 provides new information about a possible IGF and
retinol relationship.

Key words: all-trans-retinoic-acid, chronic pancreatitis, pancreatic ductal adenocarcinoma, type-2 diabetes mellitus,
vitamin A
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INTRODUCTION and internalized retinol may be either stored as retinyl
esters in e.g., HSCs or PSCs or further metabolized by
Retinol and its derivatives (also known as retinoids)  specific aldehyde dehydrogenase to all trans retinoic acid
are obtained from the diet directly or as provitamin - ca-  (ATRA) (ref.'?).
rotenoids. Carotenoids form micelles with other hydro- Retinol has several important roles in the human
phobic molecules (e.g., bile salts, cholesterol...) and after  organism. Well-known is its importance in vision, cell
absorption in the small intestine they are converted to  differentiation, cell proliferation and in the regulation
retinol. Most of the retinol is transported by chylomicrons  of transcription. The last is involved primarily through
after esterification with long chain fatty acids. A minor  its active metabolite ATRA via interaction with specific
percentage of unesterified retinol is transported directly to  retinoic acid receptors’.
the liver in the blood. Up to 80% of whole-body retinol is Through the interaction with its receptors (retinoic
stored in the form of retinyl-esters in hepatic stellate cells.  acid receptors - RAR, retinoic X receptors - RXR) ATRA
Retinol is a fat-soluble vitamin; thus, it can only be  has impact on the expression of various (up to 500) genes
transported via the bloodstream in lipid droplets or bound  involved in tissue differentiation, cell maturation, apopto-
to specific transporting proteins (e.g., retinol binding pro-  sis and/or cell proliferation.
tein 4 (RBP4) in complex with prealbumin). Absorbed There is growing evidence for a relationship between
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retinol, ATRA and certain pancreas-related pathologies.
Published data suggest the importance of retinoids for
beta-islet maintenance and function®. Retinol contrib-
utes to the embryonic development of pancreatic tissue
and to pancreatic cell differentiation. Some authors have
described the relationship of retinol and its derivatives
to pancreatic cancerogenesis and reduced blood levels
of retinol in PDAC or lower levels of ATRA and/or its
receptors in PDAC tissue have been reported®®. It also
appears that ATRA as a ligand of the peroxisome pro-
liferator - activated receptor (PPAR) gamma, plays a
role in regulating energy balance and increases insulin
sensitivity’. ATRA signalling appears to be essential for
maintaining beta-islet cell homeostasis®’. Several stud-
ies have described the relationship between retinol and
the insulin-like growth factor/IGF-binding protein (1GF/
IGFBP) axis as a possible link to the relationship between
retinol and cancerogenesis'’.

Another important link to pancreatic pathologies is
the relationship between retinol, ATRA and pancreatic
stellate cells (PSCs). PSCs are the only retinol storing
cells in the pancreas. Retinol storing ability and typical
fluorescence at 325 nm due to retinol containing drop-
lets are the “signature” feature of these cells. which are
thought to be key players in certain pancreatic pathologies
e.g., PDAC, CHP and DM2).

These facts make retinol and its main metabolite
ATRA (together with their signalling and metabolic path-
ways) promising diagnostic and therapeutic targets. The
goal of this study was to measure serum concentrations of
retinol and ATRA in patients with T2DM, CHP, distinct
stages of PDAC, compared to healthy controls.

MATERIALS AND METHODS

Subjects

220 patients (M/F-124/96) in total were included in
the study. Of these there were 59 patients with T2DM, 46
with CHP fulfilling the M-ANNHEIM criteria'' 64 with
PDAC (5 were stage I, 8 in stage II, 14 stage III, 37 stage
IV according to AJCC (ref.'?)) and 51 matched healthy
controls. Blood samples obtained from patients enrolled
to our previous study” were analysed. Patients with stage
IV PDAC were added to the set of probands. All were di-
agnosed at the General University Hospital in Prague. The

DM2 patients were diagnosed more than 3 years prior to
entering the study. None of the participants had taken
retinol or beta-carotene supplementation.

Basic characteristics of the groups are summarised
in Table 1. Laboratory data are presented in Table 2.
The study was approved by the local Institutional Ethics
Committee (1814/15 S-IV, 24.9.2015) and was conducted
in accordance with the latest Declaration of Helsinki. All
subjects had given informed consent to participation in
the study.

Laboratory analysis

Blood samples were collected at the General University
Hospital in Prague. All samples were obtained through
puncture of the cubital vein into anticoagulant-agent-free
tubes (for obtaining serum). They were then centrifuged
for 10 min at 1450 x g and serum aliquots were stored at
—80°C until analysis was performed.

The laboratory analysis of retinol and ATRA in serum
was performed by high performance liquid chromatogra-
phy with UV detection (HP 1100 Series HPLC system,
Agilent, Waldbronn, Germany) and acitretin as an inter-
nal standard. For obtaining the results, the samples were
deproteinated with acetonitrile and extracted by ethyl ac-
etate/hexane mixture. After evaporation and dissolution
in methanol, ATRA was detected together with retinol
after separation on a C18 column. For ATRA, the lower
limit of quantification was 0.7 ug/L, for retinol 0.06 mg/L.
A description of the method was published in detail in
Zelenkova et al.®.

Measurement of CA19-9, nutritional and inflammato-
ry parameters characterizing the studied groups and used
for correlations with ATRA and retinol was described
previously'.

Statistical analysis

The Kruskal Wallis and Mann-Whitney tests were used
to test the differences in ATRA/retinol concentrations in
the groups. Differences were considered significant when
P<0.05.

Because of the small number of probands in early
stages of PDAC, we combined PDAC stages [ and Il into
one group as they share similar characteristics, mainly
resectability (i.e., no distant metastases or involvement
of the superior mesenteric artery and coeliac axis). We
used Spearman’s rank correlation (r) to evaluate the re-

Table 1. Basic characteristic of the studied groups.

n Age (mean'-5P) BMI (kg/m?, mean'5%) Sex M/F

PDAC all 64 63586 25 +ea 54/23
PDAC st I+11 13 66477 2.4 6/7

PDAC st 111 14 66142 264+ 11/3
PDAC st IV 37 [ 25t 30/7
DM2 59 p3 s k) 31/28
ChP 46 5541228 24440 31715
Healthy controls 51 541568 264182 21/30

BMI, body mass index; PDAC, pancreatic ductal adenocarcinoma; DM2, type 2 diabetes mellitus; ChP, chronic pancreatitis; SD standard deviation.
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lationship between ATRA, retinol and other variables.
To estimate the left-censored (below quantification limit)
values of ATRA and retinol, we used the method “Robust
regression on order statistics” (ROS) (ref."”).

ROS is semi-parametric method based on a simple
linear regression model using ordered detected values and
distributional quantiles to estimate the concentration of
the censored values. ROS is a regression procedure that
uses the estimate parameters of a linear regression model
of uncensored observed values vs their log normal quan-
tile to impute the censored data.

ATRA and retinol levels were correlated with serum
levels of CA19-9 and basic nutritional and inflammatory
parameters. Statistical analysis was performed in the
Python programming language using Spyder software
(licensed under MIT, freeware, https://www.spyder-ide.
org/) and Jupyter notebook (Jupyter Notebook: License.
Open-source tool, version 5.1. Copyright (¢) 2017).

RESULTS

The detected concentration levels of retinol and
ATRA are presented in Fig. 1. Levels of retinol ranged
between 0.11-1.16 mg/L. Levels of ATRA ranged between
0.37-3.15 ug/L. The concentrations of retinol and ATRA
were significantly different among the groups (P<0.001
and P<0.01 respectively for Kruskal Wallis test).

Retinol concentration was significantly lower (mean
+/- standard deviation) in PDAC (0.44"°"¥ mg/L) com-
pared to T2DM (0.657 mg/L, P<0.001), CHP (0.60"
0% mg/L, P< 0.001) and healthy controls (0.6175 mg/L,
P<0.001). The levels of retinol decreased stepwise with
the highest levels observed in healthy controls and lowest
in the PDAC group. (Healthy controls -+ DM2 — CHP —
PDAC). However, differences between individual “non-
PDAC” groups were not statistically significant.

Concentrations of ATRA were significantly lower in
PDAC (1.147°* ug/L) compared to T2DM (1.3770%¢ug/(L,
P<0.001) and healthy controls (1.437%% ug/L, P<0.001).
Interestingly, differences between ATRA levels in PDAC
and CHP were not significant. After splitting the PDAC
group to subgroups according to staging it was clear that
both ATRA and retinol levels were significantly lower
in stage 11l (ATRA: 1.08 ¥, retinol: 0.427%"") and IV
(ATRA: 10774 retinol: 0.407"%) of PDAC compared
to healthy controls (ATRA: 1.437% retinol: 0.6175)
and DM2 (ATRA: 1.37""% retinol: 0.657%), There was
no significant difference between the stage I+II subgroup
and non-PDAC groups.

In each group, retinol and prealbumin levels correlated
(PDAC r: 0.75, P<0.001; CHP: 0.69, P<0.001; T2DM:
0.60, P<0.001 and healthy controls r:0.83, P<0.001). In
T2DM, ATRA levels negatively correlated to IGFBP-2
(r:=0.63, P<0.001). In CHP, retinol levels positively cor-
related with transferrin (r:0.60, P<0.01). We found no
significant correlations between CRP, CA 19-9, serum
lipids, total protein or albumin and retinol and/or ATRA.
For significant correlations see Table 2.

The results show a significant decrease of retinol and
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Table 2. Laboratory characteristics of the studied groups.

T2DM*

KW Signif. correlation (rs)
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med mean”?  med med
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307
-
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wkk

10.5
45.7

22808

14.270%
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0.3

4522

453 45,148
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1.1

40.2+4%
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PDAC (rs: 0.75, P<0.001)

wkek

03104 0.3 03404 03 0304

0.175

017804

T2DM (rs: 0.6, P<0.001)

healthy controls (rs: 0.83, P<0.001)

ChP (rs: 0.69, P<0.001)

70.5 71404 713 TLIHE 706 e
27483 27 2.9:183

70,85

67.2

67152

TP (g/L)

CHP (rs: 0.60 P<0.01)

ik

28
57

2.8
4.4
L5
1.2
2.7

29406

23

23670

TRANSF. (g/L)
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4.7

1.2 NS

1.4

112
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]
-t

5.04+1200

CHOL (mmol/L)
TAG (mmol/L)

v
=

1467108

HDL-CHOL (mmol/L) 1.22-9%

wieke

1.6

l_Sn‘{IQ
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1.7

4342
72260  299.61%%

12.15

30,2243+

CRP (mg/mL)

T2DM (rs: -0.63, P<0.001)

33071 3153

511.4

255.7

756754345

IGFBP-2 (ng/mL)

Significant correlations of analytes with ATRA and retinol are included. PDAC, pancreatic ductal adenocarcinoma; ATRA, all4rans retinoic acid; T2DM, type 2 diabetes mellitus; ChP, chronic pancreatitis; IGFBP,

insulin-like growth factor binding protein; KW, Kruskal Wallis, NS, non-significant; Chol, cholesterol; Prealb., prealbumin; TAG, triacylglycerol; TP, total protein; Transf., transferrin.

Kruskal-Wallis test, “these groups are the same as in ( 13).

P<0.001, **: 0.001<< 0.01 for
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Fig. 1.A-D. Comparison of mean ATRA and retinol concentrations in studied groups.
A. ATRA levels in studied groups. B. ATRA levels in studied groups and PAC according to stages. C. retinol levels in studied
groups. D. retinol levels in studied groups and PAC according to stages.

Results for Mann-Whitney test. Level of significance marked with asterisk: "P<0.05; “P<0.01; ""P<0.001; """ P<0.0001, ns: non-

significant.

ATRA (ug/L) mean *"*°/median: PDAC: 1.1404%] L.O5(PDAC I+II: 1.33+/0% [ 1.25; PDACIIL: 1.08"%4/ 1.06; PDAC IV: 10744
{ 0.93); DIA 1.37 958 [ 1.37; ChP 1.28 **% J 1.28; Controls: 1.434%% [1.43.

Retinol (mg/L) mean *5°/median: PDAC: 0.447°"%/ 1.05 (PDAC I+IL: 0.57%%?/ 0.55; PDAC III: 0.42°" [ 0.37, PDAC IV: 0.40
2151 0.40); DIA: 0.657°% [ 0.65; ChP: 0.607"* | 0.59; Controls: 0.617"/ 0.61.

PAC, pancreatic ductal adenocarcinoma; ATRA, alltrans retinoic acid; DIA, type 2 diabetes mellitus; ChP, chronic pancreatitis;

CON, healthy controls.

ATRA levels in PDAC compared to T2DM, healthy indi-
viduals and/or CHP as well as correlation of retinol with
prealbumin and transferrin and a correlation of ATRA
and IGFBP-2.

DISCUSSION

Retinol and ATRA in PDAC

The levels of retinol and ATRA (except for ATRA in
PDAC vs CHP) in PDAC were significantly lower com-
pared to other groups. Although the interpretation of reti-
nol and ATRA levels in early stages of PDAC is difficult
due to the small sample number, it is clear that PDAC is
characterised by lower levels of retinol and ATRA. Lower
levels of retinol (but not ATRA) are present even in non-
metastatic stages of PDAC, which are often asymptomatic
or present with mild symptoms. The low concentrations
of retinol and ATRA in PDAC are even more evident in
stage IV of the disease. Patients in stage | and II have
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comparable retinol levels to the rest of the probands. This
suggests that ATRA and retinol are related to advanced
PDAC or disease progression but fail to be useful markers
of early (stage I+11) PDAC.

The question remains whether the low levels of reti-
nol and ATRA in advanced stages of PDAC just reflect
the overall poor nutritional status of these patients and
metabolic changes driven by malignancy or whether they
contribute to development and progression of the disease.
The last point is discussed in some publications and possi-
ble mechanisms of retinoid influence on the development
and progression of PDAC can be proposed:

a) One of the key points in PDAC development is
acinar-to-ductal metaplasia (ADM). This is the process
where acinar cells after injury (caused e.g., by an acute
pancreatitis event) dedifferentiate to progenitor cells with
expression of ductal markers'. This process is tightly con-
nected to activation of K-RAS oncogene and inflamma-
tory signalling. ATRA is a known actor in differentiating
pancreatic acinar and ductal cells and ATRA signalling is
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activated during pancreatic injury. This suggests a possible
important role of ATRA in ADM (ref.'™").

b) Pancreatic stellate cells (PSCs) - the retinol stor-
ing mesenchymal-like cells - have been described as an
important part of the PDAC stroma interplay. During
activation, PSCs release retinol and their phenotype rap-
idly changes from a quiescent to a myofibroblast-like form.
While activated, PSCs produce excessive amounts of ex-
tracellular matrix, which is an important compound of
PDAC stroma. This process of transition can be reversed
by ATRA (ref.**). Stability and quiescence of PSCs are
key factors for maintaining the homeostasis of pancreatic
tissue. Damage to ATRA signalling leads to impairment
of the organisation of pancreatic acinar architecture”.
PDAC-stroma interplay is essential for the migration
of malignant cells. This could be indirectly hindered by
ATRA via IL-6 downregulation of cancer-associated fibro-
blasts (CAF) (ref. ).

¢) regulating certain signalling pathways. In our study
we found inverse correlation between ATRA and IGFBP-2
in T2DM patients. This relationship confirms the fact,
that IGF/IGFBP axis could be influenced by ATRA
(ref.?%). The relationship between K-RAS mutation, IGF
mediated growth and ATRA is a possible factor influenc-
ing PDAC development.

Changes in concentration of retinol - an important
micronutrient could be expected in malnourished patients
with severe malignancy. Additionally, strong correlation
between retinol and prealbumin concentrations suggests
the impact of nutritional status on retinol levels. In the
case of PDAC, retinol and prealbumin levels seem to
reflect the stage of the disease. The simple mechanistic
explanation for the decrease in retinol and its correlation
with prealbumin levels is that prealbumin, also known
as transthyretin, binds retinol in complex with retinol
binding protein (RBP) and lower levels of prealbumin in
PDAC necessarily lead to reduced levels of serum retinol.
Surprisingly, other strong markers of nutritional status
such as BMI, albumin or total protein did not correlate
with retinol/ ATRA levels. It is also known, that only about
33% of blood retinol levels are dependent on actual intake
of retinol precursors. In healthy individuals, sufficient lev-
els of retinol and its metabolites are regulated by release
of retinol from the main storage organ - the liver’®. This
aside, metanalysis of eighteen studies failed to find any
correlation between retinol intake and PDAC risk”.

These facts show that other factors other than malnu-
trition possibly contribute to decrease of retinol in PDAC
and make retinol and ATRA potential sensitive biomark-
ers of advanced PDAC.

Further research should be focused on the relationship
between serum retinoid levels and prognosis of patients
with PDAC as it has been reported that reduced levels of
retinoids in PDAC tissue are associated with poor progno-
sis’ and increased pancreatic cancer risk””. In contrast,
upregulation of RAR receptors leads to a reduction in
malignant phenotype of PDAC cells”.

These facts and the reported influence of ATRA - the
active metabolite of retinol on several malignancies (e.g.,
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acute promyelocytic leukaemia) make ATRA, a promising
therapeutic modality in PDAC (ref*?). Although the use
of ATRA is limited by its hydrophobicity and instabil-
ity, studies conducted with ATRA in nanoparticles show
promising results in in-vitro studies™ .

Results from phase IIb of a clinical trial with ATRA
in PDAC show that the decrease in plasma retinol lev-
els during the treatment with ATRA + gemcitabine-nab-
paclitaxel is associated with a poor CA19-9 response to
the treatment™.

Retinol and ATRA in CHP

The influence of ATRA on the pathogenesis of CHP
has been reported®. Nevertheless, published studies on
retinoid levels in CHP offer contradictory findings of reti-
nol levels in CHP. Duggan et al. (2014) described a higher
prevalence of retinol deficiency in CHP than in matched
controls, but interestingly there were more CHP patients
with excess of retinol than deficiency (19.4% vs 14.5%)
and this result, according to the authors, could not be
explained by excessive supplementation®. The authors fur
ther describe a relationship between BMI and retinol lev-
els, but this observation was not confirmed in our study.

Sikkens et al. (2014) reported just 3% prevalence of
retinol deficiency in CHP (ref.*). Finally, a metanalysis
of Martinez-Moneo (2016) reports 15.9% prevalence of
retinol deficiency in CHP (ref.**). In our work, the preva-
lence of retinol deficiency (levels below 0.15 mg/L) was
2.08%. Retinol also exhibits an anti-inflammatory effect
in pharmacologically induced acute pancreatitis®.

Lower levels of retinol in CHP may be due to several
mechanisms. The most common aetiology of CHP is ex-
cessive use of alcohol which is associated with impaired
intake of nutrients including retinol or carotenoids. In
chronic pancreatitis, the exocrine portion of the gland
is damaged, and this leads to decreased secretion of en-
zymes important for fat and fat-soluble vitamins (A, D, E,
K) absorption. Besides that, chronic pain associated with
food intake in CHP can lead to reduced food intake and
malnutrition. Despite these facts, we found no significant
reduction of serum retinol or ATRA in CHP compared
to T2DM or controls. Thus, lower retinol levels in CHP
could be one of the possible ‘red flags’ leading to more
detailed examination to exclude PDAC in such patients.

Retinol and ATRA in T2DM

In T2DM, the results of published studies are contro-
versial, with both increased and decreased levels of retinol
reported**’. In a study on Korean population, the levels
of retinoic acid and retinol appear to be a valid marker
of T2DM development in patients with impaired fasting
glucose and the fact, that sufficient levels of retinol and
ATRA are likely essential for maintaining glucose homeo-
stasis mainly by involving the insulin secretion and beta
cell maintenance, we found no significant difference be-
tween retinol and ATRA levels in T2DM group compared
to healthy controls or CHP (ref.**").
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CONCLUSION

Our knowledge of the storage and release of retinol via
PSCs as well as its role in certain pancreatic pathologies,
is still limited. Thus, our data provide fresh insight into
retinoids in PDAC, T2DM and CHP. Whether the low
levels of ATRA and retinol in PDAC and CHP patients re-
flect increased activity of PSCs, as both PDAC and CHP
are characterised by excessive production of ECM by
these cells, needs to be proven by further research. In this
study we demonstrate that advanced, but not early, stages
of PDAC are accompanied by significant decrease in reti-
nol and ATRA levels compared to other non-carcinoma
groups. Thus, serum ATRA and retinol unfortunately do
not seem to be useful for detection of early PDAC either
in normal populations or in patients with increased risk
of PDAC development. The correlation between retinol
and prealbumin levels with no significant correlation to
total protein, BMI or albumin suggests that retinol levels
reflect more the metabolic than nutritional status of the
patient. A question worthy of further research is whether
the lower plasma levels of retinol and ATRA are results
of PDAC or an independent risk factor.
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Summary

Pluripotent pancreatic steflate cells (PSCs) receive growing
interest in past dacades. Two types of PSCs are recognized —
vitamin A accumulating quiescent PSCs and activated PSCs- the
miain producents of extracellular matrix in pancreatic tissue. PSCs
plays important role in pathogenesis of pancreatic fibrosis in
pancreatic cancer and chronic pancreatitis. PSCs are intensively
shudied as potential therapeutical target becawse of their
important role in developing desmoplastic stroma in pancreatic
cancer. There also exists evidence that PSC are involved in other
pathalogies like type-2 diabetes mellitus. This artide brings brief
characteristics of PSCs and recent advances in research of these
cells.
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Introduction

Stellate cells in humans were for the first time
described by the great German pathologist von Kupffer in
1876. Kupffer described black stained “Stemzellen” m
hiz letter to a famous German anatomist Wilhelm

Waldeyer as the star-shaped cells localized m
perisinuscidal spaces in the liver tissue revealed by gold
chloride method. At that time, von Kupffer (1876) (who
formerly descmbed residenmt nmcrophages in hwver
(recently known as Kupffer cells) was uncertain about the
tole of hepatic stellate cells and comsidered them to be
liver macrophapes. After several decades Ito et al (1952)
proved vitamin A storing ability of these penisimisoidally
localised cells and later Wake et al. (1999) described
differences between Ito's stellate cells and Kupffer cells
mn the liver. These findings were followed by increased
mterest in hepatic stellate cell's (HSC's) functions and
further characterisation of these cells. Nowadays it 1s
clarified that HSC have a crucial role eg., i hiver
Tegeneration, tissue repair, production of extracellular
matrix and immunomodulation.

Surprisingly, not the same attention was aimed
at pancreatic stellate stells (P5Cs). Unlike other
pancreatic cells e.g. pancreatic 1slet cells, acinar or ductal
cells, existence of PSCs was unrecognized umtil 1982
(106 years after Kupffer's discovery of HSC), when
Watan ef al (1982) found vitanun A accummlating cells
in pancreatic tissue. In 1998 PSCs were successfully
isolated from rat and human pancreas, which enabled
firrther research of PSCs physiclogy in vitro. Apte et al.
(1998) developed a technique for isolation of PSC based
on lower density of PSCs caused by high amount of hpid
vacuoles. It is supposed that it is possible to use density
gradient based centrifugation of pancreatic cells
suspension to isolate PSC. Since that time PSC received
growing interest of researchers focused on pancreas and
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their research enabled deeper insight mto PSCs role in
pancreatic (patho)physiology. In this bnef rewiew, we
would like to introduce recent knowledge about the
relationship between PSCs and distinct pancreatic
pathologies.

Biology of PSC

Origin of PSCs

Pancreafic stellate cells compnse about 7 % of
pancreatic cells and are found both i exocrine and
exocrme parts of the pancreatic tissue. The origm of
PSC: remains unclear. Despite the expression of
newrcendocrine  tissue  specific markers, PS3Cs are
supposed to be of mesenchymal origin as demonstrated
by Asahina et al. (2009).

Existing evidence suggests that PSCs originate
from mesenchymal cells, bone marrow cells (Sparmann
et al. 2010) and certain type (CCR™) of monecytes (Ino
et al. 2014).

Characteristics of PSCs

P5Cs surround small pancreatic ducts and blood
vessels and are mostly present in the basolateral part of
pancreatic acinar cells. They can be identified by using
mmumohistochemical amalysis because PSCs presenmt
some specific markers such as vimentin, desmin, glial
fibrillary acidic protein (GFAP). neural growth factor
(NGF), neural cell adhesion molecule (NCAM), synemin
and nestin (Apte ef al. 1998).

Presence of various intracellnlar filaments shows
a broad spectrum of possible functions of PSCs (Uyama
et al. 2006, Omary et al. 2004).

PSCs typically exhibit blue-green fluorescence
based on vitamin-A accumulation m intracellular lipad
vacuoles when exposed to 328nm UV light (Watan et al.
1999).

Features of PSC varies depending om their
location and state. Recent systematic work of Zha ef al.
(2014) revealed that PSC are present in pancreatic islets
as well These cells are characterized by lower
concentration of vit. A containing droplets and are rapidly
activated Im comparison to parenchymal PSC. After
activation, islet-localized- PSCs produce lower amount of
activation specific protein SMA-alfa compared to PSC m
pancreatic parenchyma. After activation, islet PSCs
exhibit lower proliferative and migrative potential
Recently. several works were published, where the
authors propose islet PSCs as possible stem cells of beta

cells of Langerhans’s islets (Zhou ot al. 2019, Zha ef al
2014).

PSCs and vitamin A

The abality of PSCs to store retionoids seems to
be mmportant for pancreatic tissue homeostasis as
retinoids are vital for differentiantion of pancreatic duct
cells and regulating cells death in pancreatic fissue.
(Tulachan et al 2003)

The presence of vitamin A molecules — retinoids
contaimng hpid droplets seems to be the main
characteristic of quiescent PSC. The PSCs are the only
vitamin-A storing cells in pancreatic tissue, but play just
a munor role in retneid stonng system of the human
organism, as quitescent hepatic stellate cells contain
50-80 % of total body vitamin A (Blaner ef al. 2009)
PRetionoids, especially ATEA (all trans-retinoie acid) are
involved in regulation of gene trascription, where ATRA
controls expression of humdreds of genes (Balmer ef al
2002). Mechanism of their accumulation in quitescent
phase and loss during activation of PSCs remains unclear,
but 1t seems that retinoids stored m lipid nich droplets are
important for mamtaining quiescent phase of PSCs eg.
by their possible interaction with peroxisome proliferator-
activated receptor beta'delta (FPARF/G) (Bemmy et al
2009).

Bleul et al. reported markedly reduced levels of
all-frans-retinoic acid and all-trans-retmel mm PDAC
tissue obtamed from human and mouse pancreata. This
suggests, together with work of Colvin, the importance of
retinoid signalling in PDAC pathophysiclogy (Bleul st al.
2013, Colvin et al. 2011).

The relationship of vitamin A and pancreas was
recently reviewed m detail by Zhou et al (2021).

Phenotypes of PSCs: Activated vs. guiescent
PSCs

Quisscent PSCs

There exist basically two phenotypes of PSC
based on the presence of various feamwes (Table 1).
Relatively httle 15 known about qmescent PSCs (gPSCs).
In healthy pancreas. qPSCs contain abundant vitamin A
contaiming lipid droplets, characteristically express
desmin, plial fibrillary acidic protein (GFAP) - which is
specific for pancreatic stellate cells (Ding et al. 2008),
nestin and vimentin. These gmescent PSC are “resting”
cells. Their ability to proliferate, migrate or produce
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Table 1. Main differences between quiescent and activated PSCs

Quiescent PSCs Activated PSCs
Rich in vitamin A droplets Loss of vitamin A containing droplets
Alpha SMA negativity Alpha SMA positivity
Low ability to proliferate and migrate High migration and proliferation activity

Balanced ECM turmover (low MMP, higher TIMPs)

High ECM production (high MMP, low TIMPs)

Abbreviations: PSCs — pancreatic steflate cells; SMA — smooth musde acting ECM — extracellular matrix; MMP — malrix
metalloproteinases, TIMP — tissue inhibitor of metalloproteinases, Modified from: Wu Y et al. (2021) and Jin G &¢ 2l (2020).

extracellular matrix is rather limited compared to
activated PSC.

gPSCs create a network adjacent to capillary and
ductal structures of pancreas, but are present in pancreatic
islets as well (Zha et al. 2014). In quiescent state PSCs
produce limited amount of MMP and TIMPs to maintain
homeostasis of the extracellular matrix (Phillips er al
2003).

Activated PSCs

After activation the appearence of PSCs changes
dramaticaly mto myefibrobalst like phenctype. Activated
PSCs express various proteins such desnum and a-SMA
(which differentiates them from fibroblasts), collagen I
and IIL warious metaloproteimasas and their inhibitors,
fibronectin, ICAM - 1 (Masanmune er al. 2002), cadherine
11 (Row et al. 2016) and lose vitamin A contamting lipad
droplets.
Activated spndle-shaped PSCs exhibit several
functions which are mvolved in pancreatic tissue repair.
This is dome maimly by production of ECM, which
replaces destroyed parenchymal cells. This process is
under normal circumstances limited to damaged area.
Under patological circumstances e.g. chronic pancreatitis
of pancreatic cancer this process continues and results m
pancreatic fibrosis with loss of endocrine and exocrine
pancreatic fimction. Activated PSCs alse produce
a vanety of cytokines, which further serve as an auto-
activators of PSC.

There exists evidence of the role of activated
PSCs in phagocytosis in inflammed areas of pancreas
(Shimizn et al. 2003).

Molecular mechanism of PSCs activation
Activation of PCSs seems to be one of the key

pomts of generating pathological microenvironment
leading to progression of such detenjorating conditions as

chronic pancreatitis and pancreatic cancer. This
microenvironment, characterized by excessive production
of fibrous extracellnlar matrix, 15 responsible for
chemoresistance of PDAC, promotes tumor growth and
metastasing. The activation can be provided by both
autocrine and paracrine mechanisms. There exist several
mechamsms of extacellular signallng involved
activation of PSCs, such as cytokmes, non-coding BNAs,
oxidative stress, hyperglycemia and ion chanmels
signalling (Jin et al 2020).

FES5Cs activation and cytokines

Most of the cytokines are produced by activated
PSCs as well, which fact ephasises the crueial role of
vicious circle of PSC: autoactivation while once
stimulated. This process is a possible mechanism of
fibrogenesis in certain pancreatic pathologies — mamly
chronic pancreatitis.

Transforming growth factor beta 1 (TGF-pl) 1s
a strong fibrosis inducing agent m pancreatic tissme. It
activates MAPK pathway (Xu ot al 2018), which leads to
change of PSCs phenotype by mereased mBENA
expression of extracellular signal-regulated kinases
(ERK) and C-Jun amino terminal kinase (JNK) (Fitzner
et al 2004). It has been proved that PSCs produce
TGE-1, which suggests. that this “auto-activation™ by
TGF-p1 followed by increased production of ECM by
PSCs 1z ope of the possible mechamsms of excessive
fibrosis in chromic pancreatiis. This production of
TGF-pl by PSC can be hampered by ATRA ATRA
prevent PCSs to mechanically release TGF-Bl wia
downregulation of orgamizing of inactive complex with
latent TGF-B binding protemn and thus liberatmg TGF-p1.
(Sarper et al. 2016). TGF-p1 induced hydrogen peroxide-
inducible clone-3 (Hic-3) deficiency inhibits activation of
PSCs m CP model as well as 1SMAD mterferes
with TGF-f signalling pathway, which emphasises the
role of TGF-B/SMAD pathway m PSCs activation
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(Lin et al 2021).

Recent findings emphasise the role of interplay
between various cytokines — mainly PDGF, TGF-B1 and
Yes-associated protem 1 (YAP). YAP modulates cell
proliferation and development as well as apoptosis m
various tissues. YAP is also involved in cancer cell
growth. Besides other pathways, YAP interacts with
SMAD pathway, and plays a role in sustaiming of
activated state of PSCs, partialy by interacting with
PDGF. (Hu ef al 2019)

The main source of PDGF in pancreatic tissue
are macrophages and cancer cells. While activated, PCSs
are another important source of PDGF. PDGF was shown
to be a potent mitogen and co-cultivation of PSC and
PDGF led to increased production of ECM by those cells.
(Luttenberger e al 2000) PDGF is alsc overexpressed in
chromic pancreatitis (Ebert er al. 1998).

Another source of PDGF and TGF-f1 m
pancreas could be platelets. In pamcreatitis event, as
demostrated by Gress ef al (1994), platelets
accunmlating in inflammed areas of pancreatic tissue are
source of PDGF, which further stimulates fibrogenesis by
activatating PSC (Luttenberger ef al. 2000).

PS5Cs activation and hypoxia

Hypoxia 15 another factor leading to PSCs
activation (Estaras ef al. 2020). Increased fibrogenesis by
PSCs is often accompanied by hypoxemic environment,
which results i mereased prohiferation of PSC. Hypoxia-
inducible factor-1 (which level rises in hypexic condition
e.g. in cancer stroma) influences the fibrogenesis by
PSCs vig upregulating hepatoma-denived growth factor
(HDGF) (Ide et al. 2006).

Besides imparment of pancreatic exocrine
function, hypoxia mediated activation of PCSs leads to
death of beta cells of pancreatic islets (Kim et al. 2020).

Inflammation of pancreatic tissue accompanied
by cedema of adjacent structures as well as obstruction of
pancreatic duct are conditions which increase pressure in
pancreatic parenchyma. A study of Asaum et al (2007)
showed that extemally applied pressure increase reactive
oxygen species (ROS) synthesis as well as synthesis of
ECM by PSCs. This finding supports routine praxis of
reducing of intraductal pressure in pancreatic parenchyma
by drainage, stone removal, or surgery.

PSCs activation and miRNA
ncRNA accounts for about 70 % of human
genetic information and as such is involved in mamy

biological processes. (Storz G 2002). ncRNA is usually
divided mto following groups: small mterfering BNA,
microFNA and long neRNA.

MicroRNAs (miFNA) are relatively small RNA
meolecules which have mmportant role m regulating many
cell functions - like differentiation, proliferation. or
carcinggenesis.

There have been described various changes of
miENA profile in conditions such as PDAC and chrome
pancreatitis (Chhatniya er al 2019, Xin ot al 2017).
miRNA can have both inhibitory and promoting function
on P5Cs.

PSCs's miRNA has different profile before and
after activation of P3Cs This study revealed that some of
more  expressed miRNAs inferact with signalling
pathways, cellular development and cell activation, e.g.
upregulated miR-31 (Masamume et al. 2014).

Histone deacetylase mhibitors reduce acetylation
in histones. which i followed by increased expression of
miR-15 and miR-16 which further leads to repression of
TGF-p1/SMAD pathway. This results in reduction of
fibrogenesis by PSCs and increased apoptesis of PSCs in
chronic pancreatitis (Ji et al. 2020).

Other structures mvolved m activation of PSCs
are exosomes — the camiers of miRNA Excsomal
miF-130a-3p participates on PSCs activation by affecting
the cellular peroxisome proliferator-activated receptor
gamma PPAR-y (Wang ef al. 2021).

MiENA 1s also moportant in PCSs and tumer
cells crosstalk: Recent study revealed that hypoxia-
induced activated PSCs are source of exesomes which via
phosphatase and tensin homolog (PTEN) activate protem
kinase B pathway im PDAC cells which increase
proliferation and invasion of these cells (Cao ar al. 2021).
The role of PSCs derved exosomes m PDAC cells
proliferation was observed in several studies (Masamune
et al. 2017).

Long ncRNA has length about 200 to
100,000 bp. These molecules involved in regulatmg of
gene expressions were studied m comnectiom with
pancreatic cancer (Zhou ef al. 2020), but little is known
about their role in pancreatic fibrosis. Wang et al shows
that certain IncRNAs eg. STX12 IncENA mvolves
throngh miR-130b and miR-148a target mRNAs
(SMAD3 and IL65T) and have promoting effect of PSCs
activation (Wang ef al. 2016). On the contrary expression
of miRNA 200a inhibits P35Cs  activation
(Xu et al. 2017).

MiENA let-7d through inhibiting expression of
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thrombospondin 1 reduces activation of P5Cs and
reduced miRNA let-7d 15 a potenfial serum biomarker of
PDAC (Suzuki ef al. 2017).

P5Cs activation and oxidative siress

Oxidative stress leading to production of ROS
(eg, mimc oxide) 1s associated with pancreatibis. There
exists a well described link between calcium mediated
activation of pancreatic enzymes and oxidative stress
which is ome of the mechamsms of acute pancreatitis
onset (Petersen at al. 2008).

There has been proved (m rat PSCs) activity of
nitric oxide synthase-2 (NOS2) following exposition of
PSCs to pathogen associated molecular pattern (PAME)
(Jakubowska ef al. 2016).

Coenzyme Q10 as potent antioxidant ameliorates
pancreatic  fibrosis and activation of PS5Cs via
PBE/AKT/mTOR. signalling pathway (Xue af al 2019).

Activation of PSCs and alcohol and smoking

Alcohol-induced chronic pancreatitis is a burden
for healthcare system in last decades and as a chromc
mflammatory condition bears an increased nisk of PDAC
development Alcohol activates PS5Cs by several
mechanisms mainly due to its metabolism to
acetaldehyde (PSCs exhibit alcoholdehydrogenase) and
generating oxidative stress by mducmg inflammatory
changes in pancreas. (Apte e al 2000) Endotoxin
hpopolysacchande has been recogmised as a trigger of
alecholic chronic pancreatitis. TGF betal -SMAD 23
pathway is the main axis of activation of PSCs
aleoholic chromie pancreatiis (Sun ef al 2018). There
were observed increased lewels of IL-6 in alcohol-
imduced-chronic pancreatitis (Pedersen et al. 2004). IL-6
promotes TGF -betal secretion by PSCs and wia ERK
pathway directly activates PSCs (Aoki af al 2006).

MAPK kinase pathway i3 activated during
exposure of P5Cs to ethanol and acetaldehyde (McCarroll
et al. 2003).

The relationship between PSC and aleohol
intake seems to be even more complex, since alcohol
mcreases gut permeability which can lead to release of
endotoxins and lipopolysacchandes which activates PCSs
probably wa Toll-like receptor 4 (TLR-4) and CD-14
(Vomlaufen at al 2007).

There seems to be links between envirommental
factors as alcohol and high caloric intake resulting in
obesity which have impact on PSCs metabolism and thus
imcreasing risk of pancreatic cancer. Obesity associated

type 1 diabetes mellitos is associated with increased
levels of hpopolysacchandes and TNF alpha (adipose
tissue denved) which have effect om PSCs activation
(Pandol et al. 2012).

Caleium signalling is a umiversal mechamsm of
regulatmg many biclogical processes. In pancreatic
tissue, ecalcium signaling  pathways contmbute to
regulation of secretion of pancreatic enzymes. Besides
acinar cells, Ca™ signalling is an important signalling
pathway in PSCs.

Unlike pancreatic acimar cells, PSCs do mnot
respond to acetylcholine or cholecystokimn stimmb by
Ca” increase in cystosole. On the contrary bradykinin
elicits Ca signals from PSCs (Gryschenko ef al 2016).

As a consequence of alcohol-induced pancreatic
mjury inflammatory mediators eg., kallikrein, are
released, which increases levels of bradykinin
Bradykinin is imvolved in Ca® signalling playing
an muportant role in activation of PSCs as PSCs express
bradykinin receptor type 2 (Apte et al. 2003).

Ion channels in general seem to be crucial in
PC3s metabolism regulation. One study revealed that
inhibition of KCa3.1 is followed by reduced migration
and chemotaxis of PSCs (Storck ef al. 2017).

Smoking is another important environmental
factor comtmbuting to PSC activation via micotimic
acetylcholine receptors (nAChRs), which are expressed
by PSCs (Lee ef al. 2015) and by upregulation of IL-22
(Li et al. 2020).

PSCs in pancreatic pathologies

F5C and DM?2

It 1s widely recognized, that DM2 is a nisk factor
of pancreatic camcer (De Souza ef al 2016). PS5Cs
respond to glucose levels as they express glucose
transporters GLUT 1-3 (Kiss et al. 2013).

DM 2 is a condition accompanied by chromic
hyperglycemia, which leads to activation and
proliferation of PSCs (Hong et al. 2007).

The relationship between PS5Cs and type 2
digbetes mellitus seems to be bilateral. Firstly, in
diabetes, hyperghycemia can induce PSCs activation via
renin-angiotensin - system (RAS) system. promoting
fibrosis in pancreatic islets (Ko ef al 2006).
Hyperglycemia stimmlates via RAS TGF beta synthesis
which iz ome of key mediators of PSCs activation.
Moreover, m pancreatic 1slets unhke m rest of pancreatic
tissue, PCSs are in case of DM 2 exposed to high levels
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of glucose and insulin. Combination of these two factors,
mitiahzmg throngh ERK1/2 phosphorylation activatiom
and proliferation of PSCs can cause islet specific fibrosis,
which was observed om mouse models. Especially
mvolvement of RAS system can be a promismg
therapentic target in DM 2 therapy (Yang et al. 2020).

Chronie hyperglycemia leads to differentiation
imto myofibroblast-like phencotype of PSCs via p38
pathway. In chromic hyperglycemic condition PSCs
produce more mBNA CXCL12, which can have
mfluence on PDAC cells proliferation (Kiss et al. 2015).
GLP-1 - an enzyme involved m glucose homeostasis
possibly involves activation of PSC (Yand Y eral. 2013).

Hypoxia can occur within pancreatic islets —
probably due to ligh oxygen consumption by imsulm
producing beta cells. (Sato et al 2011). Hypoxia im
pancreatic islets can activate P3Cs resultmg in islet
fibrosis and further damage of beta cells (Kim et al
2008).

Interestingly, vitamin A deficiency leads to
activation of PSCs and islet fibrosis which is followed by
dysfunction of pancreatic islet. This can be reversed by
vitanun A supplementation (Zhou ef al 2020). The
relationship between PSCs and DM2 iz summarized in
Fig. 1.

T,
DM type 2
5 A
ek
RS
d-slmtlnl':ﬂlhm Iigh insaline levels
high gheoe lrval
oytokines
(" oot )
resulting in
Inbet Hibrosis and
ypaxia wctivation of PECs

Fig. 1. Relationship bebwsaen DM2 and PSCs. DM2 is a condition
accompanied by environment rich in insulin and gluccse within
the pancreatic islets. High oxygen comsumption by irsudin
producing beta cells results in hypoda and oxidative stress. This,
in combination with activation of angiotensin 11 pathway, leads to
activation of PSCs, PSCs produce ECM and cytokines which
results both directly and indirectly due to islet fibrosis in beta
cells destruction. DM type 2 — Type 2 diabetes mellitus, PSCs —
pancreatic stellate cefls; RAAS — renin- angictensin- aldosterone
system; ECM — extracellular matrix. Modified from Kim ef af
{2008).

FSC and PDAC

Pancreatic stellate cells compnse about 5 % of
normal pancreas but they form abouwt 30 % of
desmoplastic stroma of PDAC, which comprise about
90 % of tumor mass (Famran ef al 2019). PDAC
characteristic by massive desmoplastic reaction, where
multiple cells, mcloding stellate cells, are mvolved.
Research in last few decades shows emerpmg role of
P5C: m modulation of PDAC microenvironment.
Understanding PDAC cells and PSCs crosstalk 1s
important for searching for therapeutical target of
pancreatic cancer.

Interactions between tumor cells and PSCs were
studied both in vivo and in vitro. Activated PSCs involve
many processes within tumor stroma e.g., angiogenesis,
ECM production, tumor growth, iovasion, and
proliferation as well as drug resistance. PSCs potentiate
migration, proliferation, amd differenbation of PDAC
cells, and vice versa PDAC cells promote activation of
PSC and therr migration and proliferation as well as
production of ECM.

PDAC cells influence production of ECM,
activation and proliferation of PSCs. Both PDAC cells
and PSCs produce cocktail of various cytokines, which
stimulate activity and proliferation of both cell lines.
Activation of PSCs 1s stimulated by cytokines hke IL-1,
IL-6. colony-stinmlating factor 1 (CSF1), platelet-derived
growth factor BE (PDGF-BBE), TGF-fl. fibroblast-
growth factor (FGF) (Carter ot al. 2021). FGF, located
several tissues, is part of sipmalling cascade regulating
cell proliferation and differentiation (Kang et al. 2019).
FGF-1 and -2 are present in PDAC in higher amount than
in healthy pancreas and their levels are possibly linked to
oxidative stress accompanymg PDAC microenvironment.
On the confrary, some studies show positive effect of
FGF 1 and 2 to cell adhesion and differentiation in PDAC
(El-Hariry ef al. 2001).

FGF released by PSCs stimulates production of
TGF-f1 by PDAC cells, which reversely stimmlates
further prohferation of PSCs. TGF-pl, secreted by PSCs
as well downregulates levels of L1 cell adhesion
molecule L1CAM which promotes aggressive stem-like
phenotype of PDAC cells (Cave et al. 2020).

Surprisingly, it seems, that the role of TGF-f1 is
rather conflicting as m early stages of FDAC TGF-beta
plays inhibitory role, but in advanced stages of PDAC it
is involved in epithelial- mesenchymal transformation of
PDAC cells (Momson et al 2013).

Besides TGF betal/SMAD axs, other pathways

142



2021

Pancrestic Stellate Cells - Rising Stars in Pancreatic Pathologies 003

are linked to regulation of PDAC cells invasion
eg., stromal cell-denved factor-1/CXCR4 ams or
c-Met/PISK/ALkt signalling pathway (Xu et al. 2020, Gao

A

.

Adtivated of PSCs |

angiotensin |l e,

IL-1, -6, C5F1, plansiet-derived
growsth factar BB (PDGF-BE), TGF
batal, {FGF1+2]. paricstin,

et al. 2010). Galectin-1 / NF-kB axis promotes PDAC
metastasmg (Exkan ef al. 2009). Interplay between PSCs
and PDAC cells is depicted in Fig. 2.

Fig. 2. Paragine signaling wa cytokines
produced by malignant cells leads to PCSs
factors, which increase ability of malignant
cells to proliferate and migrate, increase
metastatic  potential  and  resistance  to
chemotherapautics, Both malignant cells and
g activated PSCs produce factors which further
activabe PSCs. PDGF : platelet derived growth
factor, VEGF — wascular endobelial growth
factor, TGF — tumor growth factor; miRNA —
microRMA; ECM - extracellular matrix; CTGF —

|

PRGF I

TGF beta
Bali ealls.
g w ignani
Escsomal miRNA

L&

connective tissue growth factor; EMT —
epitelial-mesenchymal transformation; CSFL —
colony-stimulating factor 1; FGF — fibroblast
growth factor. Modified from: Carter et sl
(2021)
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MiENA pathways are also involved m PDAC
PSCs crosstalk. Exosomal miFNA 15 utihzed by PDAC
cells and contributes to migration and proliferation of
PDAC cells. Exosomal PSCs derived miBNA 21 is
mtemnalized by PDAC cells and high levels of this
mBENA result in increased PDAC cells migration and
EMT. (Ma et al 2020) MiR-4439/KIAADSI3 axis
mvolving pancreatic cancer growth and metastasing was
descnbed by Shao ef al (2020) Excscmes are also
mvolved in chemoresistance of PDAC treated by
gemcitabine (Richards et al 2017).

In vifro studies shows that co-cultivation of
P5Cs — and PDAC leads to transition of PDAC cells into
fibroblast-like phenotype, reduction of e-cadherm and
membrane associated beta catemin expression as well as
icrease of migration of co-cultured FDAC in comparison
with monocultured PDAC cells (Kikuta ef al 2010).
PDAC cells co-cultivated with activated PSCs seem to
have decreased apoptotic respomse to gemcitabine
treatment (Liu ot al 2018).

Epitelial-mesenchymal transformation (EMT),
aprocess of cellular changes resulting in transihon of

polansed epithehal cells to mesenchymal-like cellular
phenctype characterized by increased proliferative and
migration potential as well as mvasiveness and mereased
resistance to apoptosis (Kallm et al 2010) is
an important process i development of PDAC and is
also mfluenced by activated PSCs.

Enhanced changes of PDAC cells typical for
EMT transition were described in an in-vitro study where
they were co-cultivated with PSCs. Interestingly, these
changes were markedly more evident in the presence of
high glucose environment (Kammevi et al. 2016) which
emphasises the role of type-two diabetes as risk factor of
PDAC development. Wu et al. (2017) reported promoting
EMT of PDAC cells by IL-6 secreted by PSCs and
mvolving Stat3/Nrf2 pathway. Production of IL-§ by
PSCs 1s also induced by interaction with distinet immmme
cells. Gamma-delta T-cells promote secretion of IL-6 by
PSCs. IL-6 levels comrelate with tumor size and moreover
has arole in PanIN = PDAC transition (Seifert ef al
2020). Another cytokine- IL-13 — produced by
mastocytes mcreases proliferation of PSCs (Ma et al
2013).
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ECM produced by PSCs is essential for PDAC
cells survival and metabohsm For example, collagen
produced by activated PSCs as the main component of
ECM, zerves a: npufrient reservoir for camcer cells
{Olvares ef al. 2017) which 15 important even more as
collagen seems to have suppressive effect on
neovascularization in PDAC stroma (Berchtold et al
2014). PSCs play a role in PDAC metabolism also by
regulating branched- chain amino acid metabolism (Jiang
etal 2021).

Hypoxia usually accompanymg hypovascular
PDAC stroma activates PS5Cs, which produce
metalloproteinases. Among these, MMP-10 and MMP-3
seem to promote imvasive growth of PDAC (L ef al
2020). Under hypoxic condition PSCs secrete connective
tissue growth factor (CTGF) which enhances PDAC cells
mvasion. (Eguchi et al. 2013) Excessive production of
ECM further promotes hypoxic microenvironment which
is followed by further activation of PSCs. Hypoxic
condition leads to expression PSCs derved exosomal
miRNA (miR-4465 and miR-616-3p), which promotes
PDAC cells proliferation by influencing the PTEN/AKT
pathway (Cao et al. 2021).

Moreover, some product released by activated
P5Cs — e.g. periostin-increase resistance of PDAC cells
to hypoxia (Lin et al 2015). The overall effect of
peniostin on PDAC mmvasiveness 1s probably nmltiple and
perhaps concentration-dependent (Kanno et all 2008).

Angiogenesis 13 essential for umor nuirition and
growth. Cancer cells use several factors, like vascular
endothelial growth factor (VEGF), to induce angiogenesis
In tumor stroma to obtam adequate supply of oxygen and
mutrients (Yancopoulos ef al. 2000). It was well described
that PSC produce many proangiogenic molecules such as
basic fibroblast growth facter, periostin and PDGFE. As
potential  therapeutical target miFNA-199a-3p and
miENA-214-3p were descrbed as these miRNAs
regulate formation of capillary tubes induced by activated
PSCs. (Kuninty et al. 2016) In vitro study of Patel ef al
showed that PSCs enhance via HGF/c-MET pathway
formation of npeovessels by buman microvascular
endothelial cells (Patel et al 2014).

It 13 probably the excessive production of ECM,
which — despite strong proangiogenic potential of some
products of PSCs — leads to compression of neovessels
and hypoxia. It is also worth to mention the reactive
defensive regression of neovessels as part of host
response on fumer growth (Yancopoulos et al. 2000).

Interesting crosstalk between PSCs and PDAC

was described in vitro by Erkan ef al. (2009). Although
PSCs are under hypoxic comdition producents of
endothelial growth stimmlating VEGF, they stinmlate
PDAC cells to produce endostatin, which on the contrary
supresses angiogenesis. PSCs are also stimmlated by
PDAC cells to produce metalloproteinases, which cleave
endostatin (produced by PDAC) from 1ts precursor.

Perimeural invasion, ancther vicious feature of
PDAC is also influenced by PSCs. Nerve growth factor
(NGF) was proven to be mwvelved m PDAC growth,
perineural invasion and proliferation of PDAC cells.
NGF and its receptor TrkA B.C were found in PDAC
tissues (Miknyoczki er al. 1999).

PI3E/AKT pathway was activated by NGF/TrkA
which promoted invasion and proliferation n PDAC cells
in co-culture with PSCs (Tiang ef al. 2020).

Nan et al. showed that HGF/c-Met is essential
for permeural mvasion of PDAC — it imcreased
production of NGF and MMP - 9 (cellular marker of
EMT) and promoted invasion of PDAC m dorsal root
ganghia in in-vitro stady (Nan ef al. 2019).

Interesting is the role of PSCs and PDAC
cellular interaction in modulating pancreatic pain which
usually accompamies pancreatic cancer. Somic hedgehog
(sHH) secreted by PDAC cells triggers sHH pathway in
PSCs. P5Cs in reaction secrste several neurotropic
factors which are mvelved in generatng pam in
pancreatic tissue (Han et al. 2016).

PSCs are able to co-mugrate with PDAC cells to
distant organs where they can create microenvironment
suitable for further growth and spreadmg of metastatic
process. (Suetsugu ef al. 2015) PSCs exhibat the abality to
in‘extravasate cross the endothelial barrer and stimulate
angiogenesis in mouse models (u er al 2010).

PSCs seem to be parbally respomsible for
chemoresistance of PDAC. There exist several
mechamsms of protecting PDAC cells from effect of
chemotherapeutic agents. Massive production of ECM by
activated stellate  cells generates  hypoxic
microenvironment of PDAC further facihtating PDAC
growth and resulting in worse outcome of chemotherapy.
Besides that, PSCs are able to produce molecules which
directly promote chemoresistance of PDAC cells eg,
deoxycytidine — deoxymuclecside produced by PSCs
reduce effect of micleoside analogue gemeitabine (Dalin
et al 2019). PSCs also seems to be unaffected by certain
regimens of PDAC targeted therapy (Carbera et al. 2014).
PSCs / PDAC crosstalk 1s briefly summarnized m Fig. 3.
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Fig. 3. Crosstalk bebween malignant cells and PSCs, Factors produced by PSCs increase vis several signalling pathways proliferation of
malignant cells, perineural invasion, metastasing and chemoresistance. Both PSCs and malignant cells regulstes angioneogenesis.
Proliferation of malignant cells and hypoxia due to low blood supply increases activation of PSCs. Abbreviations: PDGE : platelet darived
growth factor, VEGF — vascular endotelial growth factor, TGF — tumour growth factor; miRNA — microRNA; ECM — extracellular matrixg
FGF — fibroblast growth factor; MGF — nerve growth factor; ERK extracellular signalregulated kinases; JAK- Jamus kinase;
PDA — pancreatic ductal adenocarcinoma. Modified from: Bynigeri ef af (2017)

P5Cs and chronic pancreatitis of pancreatic cancer (Kirkegard et al. 2017). Excessive
Chromic pancreatitis (CP) is a chronic disease  and persistent activation of PSCs as a result of repeated
charactenised by replacement of functional parenchyma — injury and'er autocrme signalization is the key pomt of
of pancreas by fibrous tissue which in advanced stages  remodelling pancreatic tissue m CP (Jin ot al. 2020).
results Im  exocrine and endocrime  pancreatic Activation of PSCs is a process accompanying
msufficiency. CP is a condition leading to increased risk  inflammatory reaction in pancreatic fissue and is
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responsible for production of fibrotic stroma typical for
PC. There exist several mechamism of PSCs activation m
CP. Alcohol — a common cause of CP in western
counimies- was proved to activate MAPK pathway m
PSCs. (McCarroll et al 2003) Upregunlated conmnective
tissue growth factor (CCN2) - exosomal miENA21 levels
formung positive feedback loop responsible for transiton
of PSCs mto myofibroblast-like phenotype was described
in mouse models of alcoholic chronic pancreatitis
(Charmier et al. 2014).

Smoking was proved as a potential activator of
PSCs as PSCs expnme nACH receptors and respond to
nicotine-derived nitrosamine ketone — content of cigarette
smoke. Cigarette smoke also stinmlate T-lymphocytes via
aryl-hydrocarbon receptor, which leads to inereased
levels of IL-22. This cytckine activates PSCs wvia
IL2IRAL (Lee ef al 2013, Xue e al 2016). The
damaged pancreatic acinar cells release varous cytokines
enhancing activation of PSCs, oxidative stress activates
P5Cs as well.

In CP, M2 macrophages (unlike in the acute
pancreatitis where M1 macrophages dominates (Hu et al
20207), play a pivotal role m the pathogemesis of
mflammation. The crosstalk between PSCs and
macrophages seems to be a crucial mechanism of
fibrogenesis in CP. L et al revealed 1n lus work — where
he studied interachion between co-cultrvated PSCs and
macrophages - that M2 macrophages produce various
cytokines, which have the ability to enhance activation of
PSCs eg.. TGF beta 1 and PDGFbeta (Liu ef al. 2018).
TGF beta 1 also increased procollagen I gene
transcription on PSCs and TGF beta signalling m
activated P5Cs induced a mechanism which mbhibits
protease-inhibitory function of RECK - membrane-
anchored MMP mhibitor (Lee ef al. 2008).

PSCs are source of IL-4 which in autocrine ways
further activates PSCs and macrophages. Besides that,
-4 works as a potent growth factor for PDAC cells
(Prokopchuk er al 2003). As mentioned previously.
activated PSCs produce metalloproteinases and themwr
inhibitors e.g. TIMP-1, TIMP-2, MMP-2, MT1-MMF,
which have direct impact on collagen turnover m ECM
(Shek of al. 2002).

NF-B, depending on the site of production, has
impact on the progression of CP associated fibrosis.
NE-«B pathway seems to be activated via TGF beta 1 in
PSCs. NF-«B pathway activation in PSCs leads to an
imbalance between MMP and TIMPs (mn favor of TIMPs)
resulting in fibrogenesis. This pathway also increase

secretion of MCP -1 with atracts macrophages to the
damaged region. This possibly contributes to the vicious
circle of persistent fibrogenesis in CP (Prokopchuk et al.
2003).

Conclusion and fiture directions

The progress of knowledge about tight
relationship between pathologies of pancreas and PSCs
and lack of efficient therapy of such debilitating diseases
like PDAC and CP necessanly lead to mereased interest
imto PSCs as potent therapeutic target Commonly used
therapy with nab-paclitaxel or FOLFIRINOX does not
offer satisfying effectivity. The crosstalk between PDAC
and PSCs reveals promising therapeutical targets. In
Tecent years some promising therapeutical strategies were
tested, mainly as combination with standard
chemotherapy. Targeting pathways inveolved in
PDAC/PSCs crosstalk offer promusing strategy of
influencing both cancer cells and the stromal component
of PDAC mass. The therapy can be focused on
reprogramming PSCs fo maintain ther guiescence,
targeting PDAC crosstalk or directly influence production
of ECM.

Several studies were focused on influencing
different PSCs-associated signalling pathways.

PSCs associated hepatocyte growth factor
pathway HGF/c-MET seems to be a promising target of
therapy as well as targeting FGF signalling by selective
tyrosine-kinase imhibitor (Pothula et al. 2017).

Pancreatic fibrosis, a typical feature of chromic
pancreatitis, can be ameliorated by coemzyme QI0,
apotent antoxidant, wia mmhibiten PRE/AET/mTOR
signalling pathway (Xue et al. 2019, Xue eral 2017).

IL-6 produced in FDAC stroma mainly by PSCs
15 essential for progression of PDAC (Zhang et al 2013).
Blockade of this cytokine in combination with blockade
of programmed death-1-ligand 1 (PD-L1) leads to
decreased fomor progression in murine model of
pancreatic cancer (Mace ef al. 2018). Similar effect was
achieved by the use of HSP-90 mhibitor (Zhang ef al
2021).

In in-vitro model, metformin reduces wiability
and activation of PSCs via angiotensin-Il receptor 1
(ATI¥TGF-beta  /STAT3  signalling  pathway.
Furthermore, metformm seems to reduce MMP-9 levels
which has beneficial effect on ECM (Incio ef al 2015).
Feducing of angiotensin signalling by losartan also
reduces the activaton of PSCs and combmation of
losartan with chemotherapy increased survival of mouse
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models of PDAC in comparison with chemotherapy alone
(Cauhan ef al 2013). Angiotensin I mduced by
hyperglycemia increases TGF beta levels, so using remin-
angiotensin blockers seems to have beneficial effect for
patients with DM 2 (Yang et al. 2020).

ATEA is a promising molecule in PDAC
mvolvement as it targets PSCs. It restores mechanical
quiescence of PSC via retinoic acid receptor beta (RLAR-
P) actomyosin (MLC-2) pathway. Downregulation of
MLC-2 contractility reduces mechanosensing-dependent
ECM remodelling which has an effect on cancer cells
mvasion (Chronepoulos ef al. 2016).

It was proved in in-vitre cultures of PSCs by
Jaster et al. (2003) that cultures treated by ATRA showed
lower proliferation rate and prodoced less collagen
McCarmroll af al (2003) extended these findings by
revealing that cultures of ATRA-treated rat PSCs
decreased expression of alpha smooth mmscle actin
(alpha-SMA) and fibronectin (typical for activated
stellate cells) and decreased activation of mmtogen
activated protein kinase (MAPK) sipnalling pathways.

Froeling er al (2011) proved that retincic acids
reduced motility and activaton of PSCs and led to
increased apoptosis of adjacent cancer cells.

Delivery of ATRA and heat shock protein 47
targeting siRNA by gold-coated nanoparticles which can
cross the bamer of ECM mnduced PSCs quiescence (Han
et al. 2018). Combmation of gemcitabine and ATRA m
m-vitro model shows better effect than gemertabme alone
(Carapuga et al 2016). Unlike most of other agents,
which were tested mamly in-vitro, ATRA as a stromal
targeting drug in combination with gemcitabine-nab-
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