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CUVINTE CHEIE: cancer pancreatic, pancreatitd cronica, citokine, molecule
de adeziune, inflamatie

INTRODUCERE

Ipoteza transformarii inflamatiei cronice in cancer, o conceptie ce dateaza inca din
a doua jumatate a secolului XIX (Virchow 1863) si se bazeaza pe date epidemiologice,
clinice si histologice, este sustinuta in prezent de noi date experimentale prin care s-a
demonstrat cd dezvoltarea cancerului poate fi un proces realizat de celulele
inflamatoare, precum si de o diversitate de mediatori care includ citokine, chemokine
si enzime care formeazd impreund un micromediu inflamator.

In mod clasic, se considera ci reactia inflamatorie peritumorald reprezinti un
raspuns imun al gazdei, similar cu cel fatd de o agresiune microbiana, raspuns care,
daci este suficient de puternic poate conduce la eradicarea unei tumori incipiente. In
ultimul deceniu au apdrut insd numeroase lucrari experimentale care demonstreaza
rolul dual al acestei reactii, importanta celulelor inflamatorii (leucocitelor, in special al
macrofagelor, celulelor dendritice, mastocitelor, neutrofilelor si/sau limfocitelor) din
infiltratul inflamator, al citokinelor si chemokinelor, in facilitarea dezvoltarii
cancerelor, in promovarea cresterii tumorilor, a invazivitdtii si metastazarii. Datele
clinice demonstreazd de asemenea cd inflamatia are un efect dual, pe de-o parte
promoveaza cresterea neoplaziilor, inhibitia ei reducand chiar riscul la cancer, dar pe
de altd parte si cd inducerea unui raspuns antitumoral se bazeazd pe o reactie
inflamatorie puternicd activatd prin administrarea terapeutica de citokine si alti agenti
proinflamatori.

Scopul lucrarii de fata a fost testarea reflectdrii in sangele circulant a
inflamatiei periferice peritumorale in cancerele pancreatice, domeniu prea putin
investigat pana in prezent. Alegerea acestei teme a fost motivata atat de particularitatile
evolutive ale bolii — agresivitate crescuta, rezistentd terapeutica si incidenta crescanda
a numadrului de cazuri — cét si de posibila relatie a procesului inflamator cu oncogeneza
si progresia tumorald, fenomene din ce in ce mai bine argumentate in ultimii ani. in
plus, ea permite compararea cu o afectiune inflamatorie clasica, respectiv pancreatita
acuta si cronica.

In partea generali a tezei sunt prezentate datele epidemiologice privind
adenocarcinomul pancreatic, unul din cele mai letale cancere ale tractului
gastrointestinal, reprezentand a cincea cauza de deces oncologic in lumea occidentala,
cu o ratd de supravietuire la 5 ani de doar 4%. Studii retrospective au evidentiat o
crestere globald a ratei mortalitatii prin cancer pancreatic, reflectand, de fapt, o crestere
a incidentei tumorilor pancreatice. Aceasta tendinta de crestere a incidentei, alaturi de
prognosticul infaust, sustin necesitatea aprofundérii mecanismelor care stau nu numai
la baza carcinogenezei pancreatice, ci i a evolutiei acesteia, in scopul gasirii unor
terapii eficiente.

Sunt trecuti in revistd factorii genetici implicati in generarea cancerului
pancreatic: oncogenele (mutatiile K-RAS, genele BRAF, PIK3CA, AKT2, RAL A si RAL
B, Hedgehog, Notch etc.) si mutatiile antioncogenelelor (p16INK4A/CDKN2A, MTAP,
p53, DPC4, MKK4 etc), precum si leziunile precanceroase (neoplaziile intraepiteliale,
mucinoase chistice si intraductale papilare mucinoase).

Cea mai ampla prezentare din partea generala este dedicata rolului inflamatiilor
cronice in geneza cancerelor n general, si a celui pancreatic in special. Studiile recente
au evidentiat o crestere a incidentei cancerului pancreatic in randul pacientilor cu
pancreatitd cronica, fatd de populatia generald. Rata standardizatd a incidentei, in
diferite studii, are valori intre 3,8 si 18,5, iar cresterea riscului relativ poate ajunge
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pana la de 16 ori fatd de persoanele farda pancreatitd cronica. Inflamatia cronica,
indiferent de etiologie, genereaza distructie tisulard, turn-over celular crescut,
remodelare tisulard si angiogenezi. In acest context pot si apard metaplazii, creste
riscul mutatiilor genice si al transformarii neoplazice. Initierea unui carcinom pe fond
inflamator este rezultatul interactiunilor complexe dintre actorii reactiei inflamatorii
benigne, dar care, prin stimulare cronica, ajung sd se angajeze intr-un proces neoplazic.
Ne referim la celulele epiteliale normale ale organismului, fibroblasti stromali, celule
inflamatorii, celule endoteliale, componente ale matricei extracelulare si activatori
moleculari ai cailor de semnalizare — factori de crestere, citokine si molecule de
adeziune.

Procesul invers, de inducere a inflamatiei la nivel tumoral, se constata in toate
tumorile pancreatice cu determinism genetic. Tumora initiatd prin mutatii la nivel
ADN 1isi va crea un micromediu favorabil prin productia proprie de chemokine.
Chemokinele tumorale vor atrage celule ale sistemului imun, manipulandu-le ulterior
in sensul unor comportamente pro-tumorale (ilustrativ in acest sens este cazul
macrofagelor asociate tumorilor, TAM). De asemenea, celulele maligne pot modifica
profilul moleculelor de adeziune si comportamentul celulelor locale (de exemplu celula
stelatd pancreaticd), In scopul remodelarii matricei extracelulare pentru favorizarea
migrarii polimorfonuclearelor, a macrofagelor, celulelor dendritice, mastocitelor si a
limfocitelor T. In partea generald sunt prezentate pe larg rolurile celulelor inflamatorii
asociate tumorilor (TAM, neutrofile, mastocite, limfocite T), al moleculelor de
adeziune celulard (familiile: caderinelor, integrinelor, selectinelor, moleculelor mucin-
like si superfamilia imunoglobulinelor), al reglatorilor moleculari: citokine (TNF-a,
IL-6), chemokine (IL-8/CXCLS, MIP3-o/CCL20), precum si implicarea acestora in
oncogeneza, apoptoza, angiogeneza, evaziune imuna, invazie locald si metastazare.

In lucrare am ales testarea unor citokine si chemokine proinflamatorii, TNF-a,
IL-6, 1L-8, MIP3-a, cu impact major atat in patogeneza unor afectiuni inflamatorii
acute si cronice sau boli autoimune, cét si in bolile neoplazice. Deoarece cercetérile din
ultimii ani au demonstrat importanta cresterii nivelului seric al unor molecule de
adeziune celulara (CAM) solubile: sICAM-1, sVCAM-1 in identificarea reactiilor
inflamatorii, am analizat comparativ atat aceste molecule cat si sE-caderina, stiut fiind
faptul ca aceasta din urma scade semnificativ de pe membranele celulelor maligne.

Deoarece atat tumorile pancreatice cat si pancreatitele se acompaniaza
frecvent de alterarea unor teste biochimice, am vrut si vedem daca existd sau nu
corelatii Intre parametri imuni testati si cei biochimici, aspect incd neintdlnit in
literatura de specialitate.

MATERIAL SI METODE

Au fost testati 95 de subiecti impartiti in trei loturi: 37 cu neoplazii pancreatice,
38 cu pancreatita si 20 de martori sandtosi. Toate testdrile s-au facut in duplicat pe
serul provenit din sangele recoltat dimineata a jeun.

Testarile imunologice au cuprins: antigenul CA 19-9, ca marker al malignitatilor
pancreatice, moleculele de adeziune celulara solubile: sE-caderina, SICAM-1, sVCAM-1,
citokinele proinflamatoare TNF-q, IL-6, chemokinele proinflamatoare IL-8 si MIP-3a,
precum si proteina C reactiva (CRP).

Pentru a evidentia diferentele dintre cele trei loturi investigate au fost
investigati initial parametri standard: sex, varstd, viteza de sedimentare a hematiilor
(VSH) la o ora si la 2 ore, hematocrit (Htc), numarul de hematii (H), de leucocite (L) si
trombocite (T), concomitent cu unele teste biochimice standard: amilazele serice si
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urinare, valorile serice ale transaminazelor ASAT si ALAT, gamaglutamil
transpeptidaza (GGT), glicemia, ureea, creatinina, colesterolul, trigliceridele, bilirubina
totald si cea directd. Toate rezultatele au fost prelucrate statistic si s-a calculat: media,
eroarea mediei (EM), deviatia standard (SD), semnificatia statistica a diferentelor prin
testul t Student, coeficientii de corelatie (r) Pearson si Spearman si dreptele de regresie.

REZULTATE $I DISCUTIA LOR

Studierea comparativd a unor parametri imuni, biochimici si hematologici la
cele trei loturi de subiecti a condus la obtinerea unor rezultate deosebit de interesante.
e La testarea formelor serice ale celor trei molecule de adeziune celulara (CAM)
am constatat o crestere semnificativd, comparativ cu martorii, a formelor solubile ale
E-caderinei, ICAM-1 si VCAM-1. (Tabelul I).

Tabelul I. Valorile medii, in ng/ml, + eroarea statistica a mediei (EM) si deviatia
standard (SD) ale CAM la cele trei loturi de subiecti.

Molecula | sE-caderina | sICAM-1 | sVCAM-1
Martori 20 subiecti
MediatEM 2,94+1,223 10,75£1,536 34,80+6,493
SD 5,470 6,869 29,038
Limite 0,10-17,3 1,50-30,50 5,21-96,14
Pancreatite 38 pacienti
MediatEM 26,62+4,065** 27,0742,895%* 418,08+35,322%**
SD 25,061 17,844 217,739
Limite 0,58-86,24 2,36-82,30 0,36-751,38
Tumori pancreatice 37 pacienti
MediatEM 16,10+£2,991**§ 38,7444,025%* 583,03+35,836**§§
SD 18,196 24,484 217,982
Limite 0,10-90,80 4,42-115,41 116,70-946,80

Diferenta fatd de martori: semnificatia p<0,05; *. Diferenta semnificativa p<0,01**
Diferenta fatda de pancreatita, semnificatia p<0,05 §; semnificatia p<0,01§§

e La testarea E-caderinei serice valorile medii calculate la pacientii cu
tumori pancreatice au fost semnificativ mai mari decat cele ale martorilor (p<0,0002),
fapt in concordantd cu cercetdrile imuno-histochimice care au demonstrat scaderea
formei membranale a acestei molecule de adeziune celulara in cancere. In plus, am
constatat cd nivelele serice ale sE-caderinei la pacientii cu pancreatita au fost
semnificativ superioare nu numai comparativ cu martorii (p<0,0001), ci si cu pacientii
cancerosi (p<0,05) (Tabelul I). Nivelele ridicate ale sE-caderinei, nu numai in tumorile
pancreatice ci §i in pancreatite, pledeaza pentru detagarea acestei molecule de adeziune
in urma actiunii unor proteaze din micromediul inflamator (probabil datoritd
supraexprimarii metaloproteinazelor matriceale si/sau MMP-2 si MMP-9 tumorale) si
nu printr-o sinteza trunchiatd a E-caderinei din celulele tumorale, ca urmare a unui
splicing alternativ al mARN.

e Cresterea semnificativa (p<0,0001) a formei solubile a ICAM-1/CD54 in
malignitdtile pancreatice, precum si in pancreatite, comparativ cu lotul martor, sunt un
argument in plus pentru actiunea crescutd a unor proteaze extracelulare, a scaderii
antiproteazelor si a transformdrii acestor zimogene in forme active ca urmare a
mediului inflamator.

e Valorile medii cele mai ridicate ale sVCAM-1/CD1106 au fost obtinute la
pacientii cu tumori pancreatice, semnificativ superioare celor din pancreatite (p<0,01)
si mai ales in comparatie cu martorii (p<0,01) (Tabelul I). Intrucat la ambele loturi cu
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afectiuni pancreatice valorile medii au acelasi ordin de marime (de peste 10 ori mai
mari decat la martori), datele obtinute pledeazd de asemenea pentru o eliberare a
sVCAM-1 de pe suprafata celulelor tot printr-o clivare proteolitica realizata de

enzimele micromediului inconjurétor.

Tabelul I1. Valorile medii = EM in pg/ml, SD si valorile limita ale citokinelor si
chemokinelor proinflamatoare: TNF-a, IL-6, IL-8 si MIP-3a

| TNF-a | IL-6 | IL-8 MIP-3 a

Martori 20 subiecti

MediatEM 30,29+2,869 3,493+0,633 3,296+0,602 29,95+3,942

SD 12,829 2,830 2,694 17,630

Limite 17,18-61,18 0,45-9,06 0,56-9,99 7,40-62,40
Pancreatite 38 pacienti

Media+tEM 429,49457,024** 20,186+2,476%* 7,765+2,036* 157,51+19,099**

SD 351,522 15,260 12,549 117,734

Limite 40,12-1203,6 0,00-59,64 0,02-60,62 4,28-501,30
Tumori pancreatice 37 pacienti

Media+tEM 270,54445,230%*§ 19,480+4,047** 99,571+54,073* 259,692+20,504**

SD 275,125 24,616 328,912 124,721

Limite 10,19-978,60 0,10-105,71 6,00-1997,80 31,30-490,82

Diferenta fatd de martori: semnificatia p<0,05 *. Diferenta semnificativa p<0,01**
Diferenta fatd de pancreatitd, semnificatia p<0,05 §; semnificatia p<0,01§§

La testarea citokinelor proinflamatoare am constatat urmatoarele aspecte:

e C(resterea semnificativa a sSTNF-a in pancreatite (p<0,01) in comparatie cu
tumorile pancreatice (p<0,05) si cu martorii sdnatosi (p<0,01) (Tabelul II). Datele
obtinute sunt in concordanta cu datele din literatura privind amplificarea productiei de
citokine proinflamatoare, TNF-a, IL-6 si IL-8, in pancreatite, mai ales in cele acute. De
asemenea, le confirmd pe cele recente ale altor autori care demonstreazd cresterea
nivelelor serice ale citokinelor proinflamatoare, TNF-a, IL-6, IL-2, leptina si CRP, in
special in stadiile avansate ale bolii canceroase.

e Nivele serice semnificativ superioare am obtinut i in cazul altei citokine
proinflamatoare, IL-6, atat In pancreatite (p<0,001), cit si in cancerele pancreatice
(p<0,001) comparativ cu martorii (Tabelul II).

Rezultatele obtinute in cazul chemokinelor sunt usor diferite:

— Cu toate ca nivelele medii serice ale IL-8/CXCL8 din pancreatita au fost mai
mult decat duble fatd de cele ale martorilor, diferentele au atins doar limita
semnificatiei statistice (p<0,05), la fel cu cele din tumorile pancreatice a caror dispersie
extrema a valorilor a facut ca semnificatia sd fie de asemenea la limitd (p<0,05)
(Tabelul II). In plus, diferenta dintre valorile medii din pancreatite si tumori desi pare
mare, totusi calculul statistic a demonstrat ca nu este semnificativa (p>0,05).

— Diferentele dintre valorile medii ale altei chemokine, mult mai putin
investigatd in cancere, MIP-30/CCL20 obtinute la pacientii cu pancreatite si neoplazii
pancreatice diferd inalt semnificativ de cele ale martorilor sandtosi (p<0,0001).
Prezenta unor nivele ridicate a chemokinelor in serul pacientilor investigati de noi
confirmd implicarea chemokinelor in patogeneza cancerelor in general si al cancerului
pancreatic in particular.

— Toate aceste rezultate demonstreaza prezenta unei reactii inflamatorii la
nivelul cancerelor pancreatice.

La pacientii cu pancreatitd am gasit un nivel mediu al markerului CA19-9 (cel
mai utilizat In cancerul pancretic) de 5,76+0,736U/ml, semnificativ inferior (p<0,001)
celui din cancerul pancreatic, 390,59+137,285 U/ml, ceea ce confirma valoarea lui in



diagnosticul diferential, chiar daca la unele cazuri de pancreatite valorile extreme se
suprapun celor minime din cancerele pancreatice.

Testarile corelatiilor intre parametri imuni testati, precum si ale acestora cu cei
biochimici ne-au furnizat rezultate neasteptate si deosebit de interesante, dintre care
unele nu au fost inca raportate in literatura.

1. In cazul moleculelor de adeziune celulard am obtinut, surprinzator, in tumorile
pancreatice, corelatii negative statistic semnificative (p<0,01) ale sE-caderinei cu
nivelul chemokinei MIP-3a (r=0,391; p=0,008) si cu VSH (r=0,463; p=0,007)
fenomen inca nesemnalat in literatura, precum si lipsa corelatiilor cu TNFa, citokina
care prin inducerea producerii de metaloproteinaze matriceale (MMP) ar putea favoriza
detasarea de pe celula canceroasa a moleculei de adeziune E-caderina.

2. La pacientii cu pancreatitd am constatat existenta unei corelatii negative inalt
semnificative (p<0,01) surprinzitoare cu nivelul colesterolului seric (r=0,462;
p=0,007) (fig.1). Deoarece in bibliografia consultatd nu am gésit date, nici clinice si
nici experimentale, in acest domeniu, este greu de explicat interrelatia dintre acesti doi
parametri, de ce scaderea colesterolului seric se asociaza cu cresterea sE-caderinei, cu
atdt mai mult cu cat ea nu mai apare la testarile facute la pacientii cu tumori
pancreatice. Mecanismul prin care se produc interrelatiile respective ale sE-caderinei
deschid perspectivele unor investigatii ulterioare.
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3. Spre deosebire de loturile pacientilor cu afectiuni pancreatice, martorii au
prezentat interrelatii pozitive ale sE-caderinei cu IL-6 (r=0,422; p<0,05). in schimb, la
cei cu tumori au fost negative cu MIP-3a (r=0,416; p<0,05).

4. Molecula sICAM-1 s-a corelat inalt semnificativ cu MIP-3a la martori
(r=0,636; p<0,001), corelatie pe care nu am mai gasit-o la pacientii cu afectiuni
pancreatice.

5. Datele obtinute au demonstrat existenta unor corelatii inalt semnificative ale
TNF-a cu numarul de leucocite din sange (r=0,453; p=0,005), cu ASAT (=0,463;
p=0,004), ALAT (r=0,387, p=0,018) si fosfataza alcalinda (r=0,399; p=0,029) in
tumorile pancreatice, iar in pancreatite cu bilirubina totala (r=0,532; p=0,001) si directa
(r=0,523; p=0,012). La martori insd sunt prezente corelatii semnificative numai cu IL-6
(r=0,402; p=0,04), alta citokind proinflamatoare, ceea ce este In concordantd cu datele
experimentale.

6. In cazul IL-6, daci la martori am constatat existenta interrelatiilor
semnificative directe cu sE-caderina (r=0,422; p=0,032) si negative cu IL-8 (r=0,568;
p=0,005), in tumorile pancreatice am evidentiat, pe langa aceeasi corelatie negativa cu
IL-8 (r= —0,307, p<0,04), una pozitivda cu CA19-9 (1=0,310; p<0,04), similar cu cea
constatata si in pancreatite (r=0,439; p<0,08).

7. Daca interrelatia dintre IL-6 si proteina C reactiva (CRP) era de asteptat dat
fiind faptul ca IL-6 induce sinteza hepatica a CRP, faptul ca am gasit o corelatie inversa
in pancreatite este cu totul contrar asteptarilor (=—0,439; p<0,008). In splus, la acesti
bolnavi am obtinut corelatii statistic semnificative de tip invers cu GGT (r=0,559;
p=0,001) si cu fosftaza alcalinda (r=0,358; p=0,041), spre deosebire de tumorile
pancreatice unde nu am gasit corelatii statistic semnificative cu niciunul din parametri
biochimici investigati. Semnificatia comportamentului diferit al IL-6 din ser in cele
doua afectiuni merita investigatii ulterioare.

8. In cancerele pancreatice si la martori singura corelatie statistic semnificativa a
chemokinei IL-8/CXCLS8 a fost una negativa cu IL-6 ((=0,307; p<0,04, respectiv
=0,568; p=0,005), spre deosebire de pacientii cu pancreatitd unde corelatiile sunt cu
ambele citokine proinflamatoare: IL-6 (r=0,390; p<0,008) si TNF-a (r=0,353; p<0,02).

9. Prelucrarea statistica a evidentiat la martorii sandtosi prezenta unor corelatii
pozitive ale MIP-3a cu sICAM-1(r=0,636; p<0,001) si negative cu sE-caderina
(r=—0,416; p=0,034), spre deosebire de pacientii cu tumori pancreatice unde este
prezentd doar corelatia cu sE-caderina dar pozitiva (r=0,391; p<0,008) si de cei cu
pancreatita unde exista cea cu sSICAM-1 (r=0,282; p<0,05).

10. Cu totul neasteptate si nesemnalate in literatura au fost rezultatele
prelucrérilor statistice ale corelatiilor cu testarile biochimice. In cazul pancreatitelor,
am gasit corelatii semnificative ale IL-8 cu fosfataza alcalind (r=0,394; p=0,023) si
cresterea proportionald a MIP-3a cu colesterolul (r=0,437; p=0,011) (Fig.2) si cu ureea
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serica (r=0,393; p=0,016). La pacientii cu tumori pancreatice nu mai apare o
interdependenta intre IL-8 si fosfataza alcalina, iar MIP-3a se coreleaza semnificativ cu
VSH (r=0,463; p=0,02) si inalt semnificativ dar negativ cu creatinina (r—=0,494,
p=0,002). (Fig.3).

CONCLUZII

* Analiza formelor solubile ale moleculelor de adeziune: sE-caderina, SICAM-1
si sSVCAM-1 demonstreaza cresterea semnificativd a acestora in serul pacientilor cu
tumori pancreatice, comparativ cu martorii sanatosi.

* Faptul cd am constatat cresteri similare si la pacientii cu pancreatite, pledeaza
pentru generarea lor prin mecanisme proteolitice, probabil extracelulare (proteaze ale
matricei sau provenite din celulele infiltratului inflamator), nu printr-o sintezd a
formelor trunchiate ale moleculelor datorate unui splicing alternativ al mARN.

* Nivelele ridicate ale citokinelor proinflamatoare — TNF-a si IL-6 — in sangele
periferic atat al pacientilor cu tumori cat si al celor cu pancreatita sunt un argument in
plus in favoarea unei reactii inflamatorii puternice in cancerul pancreatic.

* La originea concentratiilor deosebit de mari ale chemokinelor IL-8/CXCLS si
MIP-30/CCL20 la pacientii cu neoplazii maligne ale pancreasului, superioare celor din
pancreatite, par sa fie nu numai cele produse de celulele infiltratului inflamator ci si de
catre insasi celulele tumorale.

e Antigenul CA19-9 s-a dovedit a fi un marker util mai ales la cazurile de cancere
in stadii avansate.

e Studierea interrelatiilor dintre parametri imuni cercetati a furnizat unele
rezultate interesante, corelatiile obtinute in cancerele pancreatice fiind adesea diferite
de cele din pancreatite si uneori mai apropiate de cele constatate la martori.

* Rezultate cu totul neasteptate, incd nementionate in literaturd am obtinut prin
analiza corelatiilor dintre parametri imuni investigafi si cei biochimici si/sau
hematologici. De exemplu, in cancerele pancreatice, existenta unor corelatii Tnalt
semnificative ale: IL-8 cu fosfataza alcalind; MIP-3a cu VSH, corelatiile negative
dintre sE-caderind si VSH, MIP-3a si creatinina; corelatiille TNF-a cu numarul de
leucocite din sange, cu ASAT, ALAT si fosfataza alcalina.

« In pancreatite de asemenea sunt surprinzitoare corelatiile: sE-caderinei cu
colesterolul seric, ale IL-8 cu fosfataza alcalind si ale TNF-a cu bilirubina totala si
directa.

Constatarea acestor interdependente 1Intre anumiti parametri imuni §i
biochimici, interdependenta nesemnalata inca in literatura, deschide noi perspective de
investigatii in viitor.
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INTRODUCTION

The hypothesis of chronic inflammation evolving into cancer, dating from the
second half of the XIX-th century (Virchow 1863) and relying upon epidemiological,
clinical and histological data, is nowadays sustained by new experimental data, which
demonstrate that the development of cancers can be a process generated by
inflammatory cells, as well as by a diversity of mediators including cytokines,
chemokines and enzymes, all of which form together a inflammatory
microenvironment.

Classically, it was considered that the peritumoral inflammatory reaction
represented a response mounted by the host organism, similar to that against of a
microbial aggression, response which, if strong enough, could eradicate an incipient
tumour. During the past decade, there has been a considerable number of experimental
studies which demonstrated the dual role of this reaction, the importance of the
inflammatory cells (leukocytes, especially macrophages, dendritic cells, mast cells,
neutrophils and/or lymphocytes) in the inflammatory infiltrates, of cytokines and
chemokines, in promoting cancer development: tumour growth, invasiveness and
metastases. Clinical data also demonstrate that inflammation has a dual effect, on one
hand favouring neoplasic growth (inhibiting the inflammatory reaction reduces cancer
risk), but on the other hand, a strong inflammatory reaction activated by the
therapeutical administration of cytokines and other proinflammatory agents, will
induce an anti-tumour response.

The purpose of the present paper was to test the seric reflection of the
peritumoral inflammation in pancreatic cancers, a less investigated domain by now.
The choice of this theme was motivated not only by the peculiarities of this disease —
increased aggressiveness, resistance to current therapies, and rising population
incidence — but also by the possible relationship between the inflammatory process
with oncogenesis and tumour progression, phenomena with a better argumentation
during the past years. Besides, chronic and acute pancreatitis represent a comparative
model for this study.

In the general part of the thesis, we are being presented the epidemiological
data concerning the pancreatic adenocarcinoma, one of the most lethal gastrointestinal
tract cancers, representing the fifth death cause between other cancers in western
countries, with a 5 year survival rate of only 4%. Retrospective studies have revealed a
global increase of the pancreatic cancer mortality rate, actually reflecting the increase
of pancreas tumours incidence. This increasing incidence trend, together with the
unfavourable prognosis of the disease, sustain the need to a better understanding of the
mechanisms underlying pancreatic carcinogenesis, with the aim of discovering
efficient therapies.

We have reviewed the genetic factors involved in the aetiology of pancreatic
cancer: oncogenes (K-RAS mutations, the genes BRAF, PIK3CA, AKT2, RAL A and
RAL B, Hedgehog, Notch etc.) and anti-oncogenes mutations (p16INK4A/CDKN2A,
MTAP, p53, DPC4, MKK4 etc), as well as pre-neoplasic lesions (intraepithelial
neoplasia, mucinous cystic neoplasm and intraductal papillary mucinous neoplasm).

The most elaborated presentation in the first part of the thesis is dedicated to
the role of chronic inflammation in the development of cancers in general, and of
pancreatic cancer, in particular. Recent studies have revealed an increase in the
incidence of pancreatic cancer within patients diagnosed with chronic pancreatitis,
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compared to the general population. The standardized incidence ratio, in different
studies, varies between 3,8 and 18,5, and the associated relative risk can reach the
value of 16 (compared to persons without chronic pancreatitis). Regardless of
aetiology, chronic inflammation generates tissue destruction, increased cellular
turnover, tissue remodelling and angiogenesis. In this context, the risk of genetic
mutations is higher, with generation of metaplasia and neoplasia. The initiation of a
carcinoma on an inflammatory background is the result of the complex interaction
between the protagonists of the benign inflammatory reaction, which can, as a result of
chronic stimulation, initiate a neoplasic process. We refer to normal epithelial cells,
stromal fibroblasts, inflammatory cells, endothelial cells, components of the
extracellular matrix and molecular activators of the signalling pathways — growth
factors, cytokines and adhesion molecules.

The reversed process, of inducing inflammation in the tumour, can be
demonstrated in all pancreatic tumours with genetic aetiology. The tumour, initiated by
DNA mutations, will create itself a favourable milieu, through its own production of
chemokines. Tumour-produced chemokines will attract immune cells, manipulating
them in the direction of pro-tumour behaviour (an illustrative example is that of tumour
associated macrophages, TAM). Also, malignant cells can alter the profile of adhesion
molecules, as well as the behaviour of local cells (for instance, the pancreatic stellate
cell), with the aim of remodelling the extracellular matrix in favour of leukocyte
migration (neutrophils, macrophages, dendritic cells, mast cells, T cells). The “general
part” also presents the roles of tumour-associated inflammatory cells (TAM,
neutrophils, mast cells, T cells), of cell adhesion molecules (the families: cadherins,
integrins, selectins, mucin-like molecules and the immunoglobulin super family), of
molecular regulators: cytokines (TNF-a, IL-6), chemokines (IL-8/CXCL8, MIP3-
a/CCL20), as well as their involvement in oncogenesis, apoptosis, angiogenesis,
immune evasion, local invasion and metastasation.

In our paper, we chose to test a couple of inflammatory cytokines and
chemokines, TNF-qa, IL-6, IL-8, MIP3-a, with major impact in the pathogenesis of
acute or chronic inflammatory diseases, autoimmune disorders and malignancies.
Because recent researches have proved the importance of increased seric levels of
soluble cell adhesion molecules (CAM): sICAM-1, sVCAM-1 in the identification of
inflammatory reactions, we also analyzed these molecule, and sE-cadherin, given the
fact that its expression diminishes significantly on the membranes of malignant cells.

Because both pancreatic tumours and pancreatitis are frequently accompanied
by the alteration of certain biochemical tests, we wanted to see if there are any
correlations between the tested immune and biochemical parameters, an aspect yet
unstudied in literature.

MATHERIAL AND METHODS

We tested 95 subjects, divided in three groups: 37 with pancreatic neoplasias,
38 with pancreatitis and 20 healthy controls. All analyses were performed in duplicate
on serum from blood samples prelevated a jeun.

The immunology tests involved: CA 19-9 antigen, as a marker for pancreatic
malignancies, soluble cell adhesion molecules: sE-cadherin, sICAM-1, sVCAM-I,
proinflammatory cytokines TNF-a, IL-6, proinflammatory chemokines IL-8 and MIP-3a,
and C reactive protein (CRP).

In order to reveal the differences between the three study groups, we
investigated standard parameters such as: sex, age, erythrocyte sedimentation rate
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(ESR) measured at 1 and 2 hours respectively, hematocrit (Htc), erythrocyte count
(He), leukocyte count (L) and platelets (Plt), concomitantly with standard biochemical
tests: serum and urine amylase, hepatic enzymes AST and ALT, gammaglutamyl
transpeptidase (GGT), glycaemia, blood urea, serum chreatinine, cholesterol,
triglycerides, total and direct bilirubin. All results were subjected to statistical analysis,
with the determination of the: mean value, standard error of the mean (EM), standard
deviation (SD), statistical significance of the differences by using the t Student test,
correlation coefficients (r) Pearson and Spearman, and the regression equations.

RESULTS AND DISCUSSION

The comparative study of immunological, biochemical and haematological
parameters in the three groups conducted to quite interesting results.
e When testing the seric forms of the three cell adhesion molecules (CAM), we
found a significant increase, compared to the control group, of the soluble forms of E-
cadherin, ICAM-1 and VCAM-1. (Table I).

Table 1. Mean values in ng/ml + standard error of the mean (EM) and standard
deviation (SD) of CAM in the three groups of subjects.

Molecule | sE-cadherin | sSICAM-1 | sVCAM-1
Controls 20 subjects
Mean £ EM 2,94+1,223 10,75+1,536 34,80+6,493
SD 5,470 6,869 29,038
Limits 0,10-17,3 1,50-30,50 5,21-96,14
Pancreatitis 38 patients
Mean £ EM 26,624+4,065** 27,0742,895%* 418,08+35,322%*
SD 25,061 17,844 217,739
Limits 0,58-86,24 2,36-82,30 0,36-751,38
Pancreatic tumours 37 patients
Mean £ EM 16,10£2,991**§ 38,74+4,025%* 583,03435,836**§§
SD 18,196 24,484 217,982
Limits 0,10-90,80 4,42-115,41 116,70-946,80

Difference to controls: significance p<0,05; *. Significant difference p<0,01**
Difference to pancreatitis, significance p<0,05 §; significance p<0,01§§

e When testing sE-cadherin, the mean values in the patients with pancreatic
tumours were significantly higher than those of controls (p<0,0002), a concordant
finding with immune-hystochemical researches which demonstrated the reduction of
the membrane form of this cell adhesion molecule in cancers. Additionally, we
discovered that seric levels of sE-cadherin in patients with pancreatitis were
significantly superior not only if compared with controls, (p<0,0001), but also with the
cancer patients (p<0,05) (Table I). The raised sE-cadherin levels, not only in pancreatic
tumours but also in chronic pancreatitis, pleaded for the detachment of this molecule
secondary to the action of proteases in the inflammatory microenvironment ( probably
due to the over expression of matrix metalloproteinases and/or tumour MMP-2 and
MMP-9) and not just by a truncated synthesis of sE-cadherin from the malignant cells,
following an alternative mRNA splicing.

e The significant increase (p<0,0001) of the soluble form of a ICAM-1/CD54
in pancreatic malignancies, but also in pancreatitis, compared to the control group, are
an extra argument for the augmented action of extracellular proteases, for the
diminished action of anti-proteases and for the transformation of these zymogens in
active forms, under the influence of the inflammatory environment.
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e The highest mean values of sVCAM-1/CD1106 were obtained in patients
with pancreatic tumours, significantly superior to those found in pancreatitis (p<<0,01)
and especially compared to controls (p<0,01) (Table I). Because in both groups with
pancreas diseases the mean values were over 10 times higher than in controls, this data
also pleads for a sSVCAM-1 release form the cell surface by a proteolytical cleavage
realized by enzymes of the surrounding microenvironment.

Table II. Mean values + EM in pg/ml, SD and limit values for proinflammatory
cytokines and chemokines: TNF-a, IL-6, IL-8 and MIP-3a

| TNF-o | IL-6 | IL-8 MIP-3 a

Controls 20 subjects

Mean + EM 30,29+2,869 3,493+0,633 3,296+0,602 29,95+3,942

SD 12,829 2,830 2,694 17,630

Limits 17,18-61,18 0,45-9,06 0,56-9,99 7,40-62,40
Pancreatitis 38 patients

Mean =+ EM 429,49+57,024** 20,186+2,476%* 7,765+2,036* 157,51+£19,099**

SD 351,522 15,260 12,549 117,734

Limits 40,12-1203,6 0,00-59,64 0,02-60,62 4,28-501,30
Pancreatic tumours 37 patients

Mean + EM 270,54+45,230%*§ 19,480+4,047** | 99,571+£54,073* | 259,692+20,504**

SD 275,125 24,616 328,912 124,721

Limits 10,19-978,60 0,10-105,71 6,00-1997,80 31,30-490,82

Difference to controls: significance p<0,05 *. Significant difference p<0,01**
Difference to pancreatitis, significance p<0,05 §; significance p<0,01§§

When testing proinflammatory cytokines, we found the following aspects:

e Significant increase of sTNF-a in pancreatitis (p<0,01) compared to
pancreatic tumours (p<0,05) and to healthy controls (p<0,01) (Table II). The data
obtained are concordant with published results about the amplification of
proinflammatory cytokine production: TNF-a, IL-6 and IL-8, in pancreatitis, especially
in acute pancreatitis. Our results are also confirming those of recent researches which
demonstrated the increase of proinflammatory cytokines serum levels: TNF-a, IL-6,
IL-2, leptin and CRP, especially in advanced cancer stages.

e Significantly superior seric levels were obtained in the case of another
proinflammatory cytokine, IL-6, both in pancreatitis (p<0,001) and in pancreatic
cancers (p<0,001), compared to controls (Table II).

The results obtained for chemokines were slightly different:

— Although the mean seric levels of IL-8/CXCLS8 in pancreatitis were more
than double compared to the healthy subjects, the differences barely reached the limit
of statistical significance (p<0,05), as did those in tumours, because of the extreme
value dispersion (p<0,05) (Table II). Besides, although the difference between the
mean values in pancreatitis and tumours appears high, the statistical calculus
demonstrated that it is not significant (p>0,05).

— The differences between the mean values of another chemokine, much less
investigated in cancers, MIP-30/CCL20, the results obtained in patients with
pancreatitis and neoplasias differ highly significant from those of healthy controls
(p<0,0001). The presence of raised chemokines levels in the serum of the investigate
patients by us, confirms their implication in cancer pathogenesis in general, and
pancreatic cancer in particular.

— All these results demonstrate the presence of a inflammatory reaction in
pancreatic cancers.

In pancreatitis patients, we found a mean value for CA19-9 (the most used
marker in pancreatic cancer) of 5,76+0,736U/ml, significantly inferior (p<0,001) to
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that from pancreatic cancer, 390,59+137,285 U/ml, which confirms its value in
differential diagnosis, even if in some pancreatitis cases the extreme values resemble
the minimal values in pancreatic cancers.

The analysis of the correlations between the tested immunological parameters,
as well as of the correlations between the former and biochemical parameters, has
brought up unexpected and extremely interesting results, a part of which has yet not
been reported before.

11. In the case of cell adhesion molecules we obtained, surprisingly, for
pancreatic tumours, negative correlations with statistical significance (p<0,01) for sE-
cadherin with MIP-3a (r=0,391; p=0,008) and with ESR (r=0,463; p=0,007),
phenomenon not reported before, as well as a lack of correlation with sTNF-q, a
cytokine which, by inducing the production of matrix metalloproteinases (MMP) could
favour the detachment of E-cadherin from the malignant cell membrane.

12. In patients with pancreatitis, we found the presence of a surprising,
highly significant negative correlation (p<<0,01) with the level of seric cholesterol (r=—
0,462; p=0,007) (fig.1). Because the consulted bibliography did not offer data, clinical
or experimental, in this field, it is difficult to explain the interrelation between these
two parameters, why the decrease of serum cholesterol associates with the increase of
sE-cadherin, especially as it is not revealed by the testing of the pancreatic tumours
patients. The mechanisms by which these interrelations are achieved open the
perspective of future investigations.
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13. Unlike the groups of the patients with pancreatic diseases, the healthy

subjects presented positive correlations of sE-cadherin with IL-6 (r=0,422; p<0,05). On
the contrary, the relations of sE-cadherin with MIP-3a were negative in pancreatic
tumours (r=0,416; p<0,05).

14. The sICAM-1 molecule correlated highly significant with MIP-3a in
controls (r=0,636; p<0,001), correlation not found in patients with pancreatic diseases.

15. The data obtained demonstrated the existence of highly significant
correlations of sTNF-a with the leukocyte count (r=0,453; p=0,005), with AST
(r=0,463; p=0,004), ALT (r=0,387, p=0,018) and alkaline phosphatase (r=0,399;
p=0,029) in pancreatic tumours, while in pancreatitis with total bilirubin (r=0,532;
p=0,001) and direct bilirubin (r=0,523; p=0,012). In healthy controls, significant
correlations were found only with IL-6 (r=0,402; p=0,04), another proinflammatory
cytokine, which is concordant with experimental data.

16. If in the case of IL-6, we found positive significant interrelations with
sE-cadherin (r=0,422; p=0,032) and negative with IL-8 (r=—0,568; p=0,005), in
pancreatic tumours our results revealed, next to the same negative correlation with IL-8
(r=-0,307, p<0,04), a positive correlation with CA19-9 (=0,310; p<0,04), similar with
that found in pancreatitis (r=0,439; p<0,08).

17. If the interrelation between IL-6 and C reactive protein (CRP) was
expected, due to the fact that IL-6 induces the hepatic synthesis of CRP, the inverse
correlation found in pancreatitis is totally against our expectations (r=0,439;
p<0,008). More than that, in these patients we obtained significant inverse correlations
with GGT (r=0,559; p=0,001) and alkaline phosphatase (r=0,358; p=0,041), unlike
pancreatic tumours, where we found no statistically significant correlations with none
of the investigated biochemical parameters. The meaning of the different behaviour of
serum IL-6 in the two diseases deserves further investigation.

18. In pancreatic cancers and in healthy controls the only statistically
significant correlation of the chemokine IL-8/CXCL8 was a negative one with IL-6
(r=0,307; p<0,04), and with TNF-a respectively

(r=0,568; p=0,005), unlike pancreatitis patients, in which IL-8 correlated directly with
both proinflammatory cytokines: IL-6 (r=0,390; p<0,008) si TNF-a (r=0,353; p<0,02).

19. The statistical analysis revealed, in healthy controls, the presence of
some positive correlations of MIP-3a with sSICAM-1(r=0,636; p<0,001) and negative
correlations with sE-cadherin

(r=—0,416; p=0,034), unlike cancer patients, where only a correlation with E-cadherin
exists, is time a positive one (r=0,391; p<0,008) and pancreatitis patients, where a only
a correlation with sSICAM-1 (r=0,282; p<0,05) can be noted.

20. Totally unexpected and not presented in literature were the results of the
statistical analysis of the relations between immunological and biochemical tests. In the
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case of pancreatitis, we found significant correlations of IL-8 with alkaline phosphatase
(r=0,394; p=0,023) and a proportional rise of MIP-3a with cholesterol (r=0,437;
p=0,011) (fig.2) and with blood urea (r=0,393; p=0,016). In patients with pancreatic
tumours there is no interrelation between IL-8 and alkaline phosphatase, and MIP-3a
correlates significantly with ESR (r=0,463; p=0,02) and highly significant, but
negatively, with serum creatinine (r=—0,494, p=0,002). (Fig.3).

CONCLUSIONS

* The analysis of the soluble forms of cell adhesion molecules: sE-cadherin,
sICAM-1 and sVCAM-1 demonstrates their significant increase in the serum of
patients with pancreatic cancer, compared to healthy controls.

*  The fact that we found similar increases in patients with pancreatitis pleads for
their production by proteolytical mechanisms, probably of extracellular nature (matrix
proteases or from the inflammatory infiltrate), and not by truncated molecular
synthesis due to an alternative mRNA splicing.

*  The high levels of proinflammatory cytokines — TNF-a and IL-6 — in peripheral
blood of the patients with tumours and with pancreatitis as well are another argument
in favour of a strong inflammatory reaction in pancreatic cancer.

* At the origin of the extremely high concentrations of chemokines IL-8/CXCL8
and MIP-30/CCL20 in patients with malignant neoplasias of the pancreas, higher than
those in pancreatitis, appears to be not only the secretion by cells of the inflammatory
infiltrate, but also by tumour cells.

e Antigen CA19-9 has proven to be a useful marker, especially in advanced stage
cancer.

e The study of the relationship between the tested immune parameters has lead to
some interesting results, the correlations obtained in pancreatic cancers being often
different from those in pancreatitis and sometimes even closer to those found in the
healthy subjects.

e Totally unexpected and not mentioned before results, were obtained by
analysing the correlations between the immune and biochemical and/or haematological
parameters. Such is the case of the highly significant correlations revealed in
pancreatic cancers: IL-8 with alkaline phosphatase; MIP-3a with ESR, negative
correlations between sE-cadherin and ESR, MIP-3a and creatinine; TNF-o with the
leukocyte count, with AST, ALT and phosphatase alkaline.

e Surprising correlations were also identified in pancreatitis: sE-cadherin with
serum cholesterol, IL-8 with alkaline phosphatase and TNF-a with total and direct
bilirubin.

The finding of such relationships between certain immune and biochemical
parameters, correlations not reported before in literature, opens new study perspectives
for the future.
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