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Cuvinte cheie:

raspuns imun, molecule de adeziune celular3, metaloproteinaze matriceale,
fibrogeneza hepatica indusa viral

Introducere

Hepatitele cronice de etiologie virala sunt o reald problema de sanatate publica
in intreaga lume. Morbiditatea si mortalitatea secundare afectdrii cronice hepatice
cresc exponential odata cu instalarea fibrozei avansate. Sub aspect molecular,
fibrogeneza hepatica este un proces profund dinamic, iar modificarile continue de la
nivelul matricei extracelulare devin ireversibile pe masura trecerii timpului.

Ultimul deceniu a Inregistrat un interes crescut in ce priveste studiul
moleculelor cu rol predictiv asupra progresiei si severitatii fibrozei hepatice. In ciuda
imbunatatirii nivelului de cunoastere al interactiunilor dintre sistemul imun si
hepatocitele infectate viral, tiparul molecular al raspunsului imun in afectarea hepatica
de etiologie virald reprezinta o piesd importanta a unui puzzle ce incd nu a fost
rezolvat.

Lucrarea de fatd porneste de la cercetari privind comportamenul imunologic al
organismului in boala cronica de ficat, prin analizarea unor molecule de adeziune
celulara si metaloproteinaze matriceale, In diferite stadii de severitate ale infectiei cu
virusurile hepatitice B si C. Totodatd, ne-am propus conturarea semnaturii genetice a
tesutului tumoral hepatocelular, din perspectiva nivelului de exprimare a unor gene
implicate in hepatocarcinogeneza.

Ipoteza de lucru/obiective

Nediagnosticate si netratate, infectiile hepatice de etiologie virala evolueaza
catre ciroza si/sau hepatocarcinom. Progresia bolii de ficat comporta un risc
semnificativ de morbiditate si mortalitate. Diagnosticul si aprecierea severitatii
fibrozei sunt elemente importante pentru conduita terapeutica eficienta a pacientilor
cu infectii cronice hepatice de etiologie virald. Punctia biopsie hepatica este
consideratd “standardul de aur” in stadializarea fibrozei hepatice si, implicit, in
confirmarea diagnosticului de ciroza. Biopsia hepatica este Insa o metoda invaziva si
imperfectd, care oferd o perspectiva limitata asupra tesutului hepatic si care poate
conduce citre complicatii severe. In acest context, este perfect justificatd incercarea de
identificare a unor noi factori de apreciere a severitatii fibrozei hepatice.

Scopul studiului este de a contura profilul imunologic al afectarii hepatice din
cursul infectiilor cu virusurile cu tropism hepatic B si C si vizeaza identificarea unor



factori care sa reflecte procesul de fibrogeneza hepatica si progresia acestuia. Un alt
deziderat al lucrarii de fatda este acela de a realiza o mai buna intelegere a
interactiunilor complexe dintre hepatocitele infectate viral si mediatorii raspunsului
imun.

Elucidarea mecanismelor care conduc la remodelarea matricei extracelulare
hepatice si a factorilor cu rol reglator implicati In acest proces pot constitui premisele
elaborarii de noi strategii terapeutice tintite in afectiunile cu substrat fibrogen induse
de infectiile cu virusuri cu tropism hepatic.

Studiul 1. Nivelul de exprimare al VCAM-1 in
infectiile cronice hepatice B si C

Ipoteza de lucru

VCAM-1 a atras initial atentia prin rolul sau de receptor al aderarii leucocitare la
endoteliul vascular, ca urmare a interactiunilor cu integrinele. Astfel, exprimarea
VCAM-1 este sinonimd cu amorsarea mecanismelor celulare de aparare din cursul
proceselor inflamatorii. Ultimii ani aduc un interes sporit in directia investigarii rolului
VCAM-1 1n tumorigeneza si metastazare.

Conform datelor disponibile actual in literatura de specialitate, nivelul de
exprimare celulara a VCAM-1 se coreleaza cu eliberarea izoformei solubile (sVCAM),
care poate fi detectata si cuantificata In sangele periferic. Aceasta indeplineste rol de
mediator molecular de tip citokinic atunci cand se leaga de receptorii sdi sub forma
solubila. S-a constatat ca aceste forme solubile exprima un nivel plasmatic semnificativ
crescut In bolile inflamatorii ale ficatului, comparativ cu subiectii sanatosi.

Incd nu s-a stabilit in ce masurd nivelul MAC poate fi raportat la gradul de
afectare hepatici. In acelasi timp, literatura oferi insuficiente date referitoare la
dinamica diferitelor clase de molecule de adeziune celulara in functie de gradul si
severitatea afectarii hepatice induse viral.

Pornind de la ipoteza implicarii VCAM-1 in inflamatie si cancerizare, ne
propunem investigarea relevantei acestei molecule in procesele patologice din cursul
infectiilor cronice cu virusurile cu tropism hepatic B si C.

Material si metoda

Studiul de fata a inclus 176 de pacienti cunoscuti cu infectie cronica virala B si C:
88 de pacienti cu infectie VHB si 88 de pacienti cu infectie VHC, care s-au adresat
Institutului Regional de Gatroenterologie si Hepatologie Profesor Doctor Octavian
Fodor, Cluj-Napoca, in perioada ianuarie 2014-octombrie 2015. La acestia, am evaluat,
cu ajutorul metodei ELISA, nivelul de exprimare serica al VCAM-1. Rezultatele obtinute
au fost raportate la valorile obtinute ca urmare a utilizarii aceleiasi tehnici la 88 de
indivizi fara infectie virala B sau C, care au constituit lotul martor.



Rezultate

Doua sute saizeci si patru de subiecti cu varste cuprinse Intre 19 si 90 ani, 88 cu
VHB, 88 cu VHC si 88 martori au fost inclusi In studiu. Valorile VCAM-1 au variat intre
0,007 si 3,201 cu mediana egala cu 0,561 si Q1=0,3858, respectiv Q3=0,7855.

Valorile VCAM-1 s-au dovedit semnificativ statistic mai mari la subiectii cu VHB
comparativ cu grupul martor (testul Mann-Whitney: statistica Z=7,40, p<0,0001). De
asemenea, valorile VCAM-1 au fost semnificativ statistic mai mari la grupul cu VHC
comparativ cu grupul martor (testul Mann-Whitney: statistica Z=7,34, p<0,0001).

Conform datelor obtinute, VCAM-1 este supraexprimat la subiectii infectati VHB
si VHC, comparativ cu indivizii sanatosi, ceea ce pledeaza pentru o potentiala implicare
a acestei molecule de adeziune celularad in injuria hepatica indusa viral si confirma
datele disponibile actual.

Studiul nostru aduce argumente in favoarea supraexprimarii serice a VCAM-1 in
stadiile incipiente ale afectarii hepatice de etiologie virald, comparativ cu stadiile cu
fibroza avansata. Astfel, valorile VCAM-1 s-au dovedit semnificativ mai mici la subiectii
cu ciroza in comparatie cu subiectii fara ciroza in grupul subiectilor infectati cu VHB, in
timp ce pacientii cu hepatita cronica virala C asociaza un nivel inalt al exprimarii serice
a VCAM-1. Valori semnificative mai mici la un prag de semnificatie de 5% au fost de
asemenea documentate la subiectii cu HCC comparativ cu pacientii fara HCC la grupul
cu infectie cronica cu VHB. Astfel, VCAM-1 ar putea fi implicat in procesul inflamator
din cursul injuriei hepatice induse de virusul hepatitic B.

Variabilitatea exprimarii VCAM-1 in raport cu severitatea afectarii hepatice nu a
fost identificatd insa in randul pacientilor cu infectie cronicid VHC, ceea ce ridica
problema unor interactiuni diferite intre molecula de adeziune intercelulara-1 si
mecanismele patologice induse viral, B sau C.

Studiul 2. Metaloproteinazele matriceale in infectiile
cronice hepatice B si C

Ipoteza de lucru

In infectiile VHB si VHC, paradigma fibrogenezei hepatice are drept coordonate
injuria indusa viral si raspunsul de reparare a tesutului lezat. La nivelul ficatului
fibrotic si cirotic sunt alterate distributia, cantitatea si proportiile dintre proteinele si
constituentii matricei extracelulare. Toate acestea conduc la anomalii ale fenotipului
hepatocitar, semnalizare celulara defectuoasa, precum si la reorganizari arhitecturale
parenchimatoase si vasculare ce dobandesc in timp un caracter ireversibil.

Pornind de la functiile metaloproteinazelor matriceale, molecule indispensabile
proceselor de reparare, remodelare si restructurare a arhitecturii tisulare si de la
ipoteza implicarii lor in cancerizare si metastazare, ne-am propus investigarea
relevantei acestora in raspunsul functional anormal al matricei extracelulare hepatice
din cursul injuriei induse viral. Astfel, am evaluat, in serul pacientilor cu diferite stadii



de afectare hepatica de etiologie virala B, B+D si C, nivelul de exprimare al
urmatoarelor MMP: -1, -2, -3,-7, -8, -9,-10, -12 si -13.

Material si metoda

in studiul de fatid am inclus un numir de 76 de pacienti consecutivi, cunoscuti cu
infectie cronica virald B sau C si care s-au adresat Institutului de Gastroenterologie si
Hepatologie, Cluj-Napoca, in perioada noiembrie 2014 - august 2015. Am evaluat si
raportat la severitatea afectarii hepatice si in functie de virusul contractat, nivelul seric
al metaloproteinazelor matriceale, prin intermediul testului imunologic multiplex.

Rezultate

Saptezeci si sase pacienti, 46 cu hepatita cronica B si 30 cu hepatita cronica C, au
fost inclusi in studiu. Pacientii inclusi in studiu au avut varsta cuprinsa intre 27 si 81
ani, cu o medie de 56.79+11.38 ani. 64.47% din pacientii inclusi in studiu au prezentat
hepatita (IC95% [52.65-74.98]). 35.53% din pacientii inclusi In studiu au prezentat
ciroza (IC95% [25.02-47.35]). 10.53% din pacientii inclusi in studiu au prezentat
hepatocarcinom (IC95% [3.97-19.72]).

La pacientii inclusi in studiu, am comparat nivelul de exprimare al
metaloproteinazelor matriceale analizate, in raport cu stadiul afectdrii hepatice. Datele
obtinute ne-au permis identificarea unui nivel statistic semnificativ mai Tnalt al
exprimarii serice al MMP-8 si al MMP-9 in randul pacientilor cu hepatita cronica fata
de cei cu hepatocarcinom sau cirozi hepatica. In acelasi timp, MMP-7 s-a dovedit a fi
statistic semnificativ mai exprimata la pacientii cu stadii avansate ale fibrozei hepatice
induse viral.

Pornind de la aceste informatii, am investigat relevanta celor trei
metaloproteinaze matriceale care au exprimat valori statistic semnificativ modificate
in raport cu severitatea afectarii hepatice, in raport cu virusul hepatitic contractat.

Nivelul MMP-7, care s-a dovedit anterior supraexprimat in stadiile avansate de
fibroza hepatica, nu a variat semnificativ in functie de tipul infectiei virale, B sau C.

In ce priveste nivelele serice ale MMP-8 si MMP-9, care s-au dovedit anterior
supraexprimate la pacientii cu hepatita cronica, acestea au fost statistic semnificativ
mai exprimate In grupul pacientilor cu hepatita cronica virald B fata de grupul
pacientilor cu hepatita cronica virala C.

In ce priveste nivelul seric al metaloproteinazelor studiate in functie de
prezenta sau absenta cirozei, MMP-7, -8 si -9 au adus urmatoarele rezultate: MMP-7
este statistic semnificativ mai exprimata in grupul pacientilor cu ciroza hepaticd, in
timp ce MMP-8 si MMP-9 sunt supraexprimate in randul pacientilor cu hepatita
cronici. Pe baza acestor date, am investigat variabilitatea exprimarii
metaloproteinazelor -7, -8 si -9 in functie de tipul infectiei virale. Astfel, nivelul seric al
niciuneia din metaloproteinazele anterior mentionate nu variaza semnificativ in raport
cu virusul hepatitic contractat, B sau C.

Am analizat, de asemenea, exprimarea serica a metaloproteinazelor -1, -2, -3, -7,
-8, -9, -10 si -12 in functie de prezenta sau absenta hepatocarcinomului. Din rezultatele



obtinute remarcam un nivel statistic semnificativ mai inalt al MMP-7, comparativ cu
indivizii cu hepatita cronica si ciroza hepatica B sau C.

5. Studiul 3. Studiu pilot de conturare a semnaturii
genetice a tesutului tumoral hepatocelular

Ipoteza de lucru

Carcinomul hepatocelular se incadreaza in lista celor mai comune tumori la
nivel mondial, fiind de cele mai multe ori o consecinta a infectiei cu virusul hepatitic B
si/sau virusul hepatitic C, dar si a expunerii la altor factori toxici, precum alcoolul, sau
ca urmare a unor boli metabolice.

Datorita pozitiei centrale a ficatului in ceea ce priveste reglarea raspunsurilor
sistemice si inflamatorii, progresul acestui tip de tumora este mediat de o serie de
interactiuni complexe a cdilor de semnalizare moleculare, cdi mediate de un numar de
modificari ale expresiei unor gene specifice, modificari ce se concretizeaza prin
malignizarea celulelor hepatice.

Pornind de la aceastd premisa, am evaluat, in cadrul unui studiu pilot, nivelul de
exprimare genica a unor molecule de adeziune celulard, metaloproteinaze matriceale,
precum si a unor citokine in tesutul neoplazic hepatic versus tesut sandtos, in
incercarea de a contura semnatura moleculara tisulara hepatocarcinogenica.

Material si metode

Prelucrarea probelor biologice a respectat protocoalele standardizate si
utilizate in mod curent la Centrul de Genomica Functionald, Biomedicina si Medicina
Translationald, Universitatea de Medicina si Farmacie “Iuliu Hatieganu”, Cluj-Napoca.
Toti pacientii inclusi in studiu si-au dat acordul in scris cu privire la prelevarea
probelor biologice. Astfel, ca urmare a semnarii consimtamantului informat, fiecarui
pacient inclus In studiu i-a fost atribuit un cod de identificare, In vederea respectarii
confidentialitatii.

Rezultate

In incercarea de a intelege mecanismele multilaterale implicate in aceasti
patologie, am evaluat nivelul de exprimare al unor gene cheie (MMP-1, MMP 7, MMP8,
MMP9, MMP10, MMP-14, MMP16, FAS, TRAF, FADD, TNF, VCAM, ICAM1), in vederea
dezvoltarii de noi strategii terapeutice.

O clasa de interes este reprezentata de enzimele proteolitice MMP, studiate ca
mediatori cheie in degradarea matricei extracelulare, context in care este promovat un
microclimat biologic favorabil pentru dezvoltarea si invazia celulelor tumorale.



O parte din studiile actuale referitoare la hepatocarcinom au identificat o
supraexprimare a transcriptilor MMP-9 fata de controalele netumorale, identificare
generalizata majoritatii probelor tumorale si regasita si In studiul nostru. Astfel,

In ceea ce priveste exprimarea genelor MMP-1, aceasta este mai pronuntati in
celulele canceroase timpurii, insa bine diferentiate, in vederea sintetizarii de proteine
capabile sa distruga tesutul fibros, ceea ce favorizeaza invazia si progresia tumorala.
Cantitatea de ARNm scade odatd cu avansarea patologiei. Acest transcript a fost
identificat si In studiul nostru, cu o supraexprimare de 3.50.

Din aceeasi clasa de transcripti face parte si MMP-14, regasit sub forma unei
supraexprimari semnificative, fapt confirmat si de studiile actuale in ceea ce priveste
analiza markerilor asociati carcinomului hepatocelular. Nivelul de exprimare al genei
in cauza este corelat cu o sansa de supravietuire scazutd, fiind asociat cu stadiile
avansate ale acestui tip de patologie tumorala.

Daca supraexprimarea indicilor prezentati mai sus poate fi relationata direct cu
hepatocarcinomul, atunci cind se aminteste de transcriptul MMP-7, acesta nu
reprezintd un marker de mare interes in aceasta patologie, fiind studiat in special in
cazurile de carcinom gastrointestinal. Cu toate acestea s-a observat o supraexprimare
a acestei gene, eveniment relatat si de alte studii in cauzd, insa fara posibilitatea
folosirii singulare a acestui transcript ca si indice al cancerului hepatic.

De asemenea, nici in cazul transcriptului MMP-8 nu s-a putut gasi o corelare
directd cu patologia studiata, eventualele cresteri ale exprimarii genice datorandu-se
unor evenimente comune majoritatii tipurilor de malignitati, nefiind posibila asocierea
directa si specifica cu hepatocarcinomul.

La polul opus se afla transcriptul MMP-10, a carui supraexprimare contribuie la
dezvoltarea de cancer hepatic, participd in angiogeneza tumorald, crestere si
diseminare. Acest tip de marker tumoral este relativ nou, rolul lui in patologiile
maligne hepatice fiind Inca incomplet cunoscut, insa studiile recente realizate pe
mamifere de laborator arata o implicare activa a acestui transcript In dezvoltarea
cancerului hepatic, supraexprimare regasita si in studiul nostru.

In ceea ce priveste interesul asupra transcriptului MMP-16 in cadrul cercetarii
cancerului hepatic, putem spune ca acesta este amintit Intr-un numar relativ mic de
articole de specialitate, fara o atribuire importantd din punct de vedere al
diagnosticului si al unui eventual tratament.

Spre deosebire de majoritatea transcriptilor din clasa MMP ce exercita un efect
pozitiv In ceea ce priveste proliferarea tumorala in cadrul carcinomului hepatocelular,
genele FAS (Fas Cell Surface Death Receptor) codifica receptori capabili de activare de
cai apoptotice In urma cuplarii cu ligandul corespunzator, numiti si receptori ai mortii,
sau membri ai super-familiei de receptori TNF (NCBI Gene). Cu toate acestea, exista
studii care arata o supraexprimare a transcriptului FAS in probele de cancer hepatic, la
fel ca si In cazul studiului nostru, fapt ce ar pleda pentru o eventuala alterare a cdii de
inducere a apoptozei prin supraexprimarea simultanad a unor proteine anti-apoptotice
sau prin achizitionarea de mutatii in secventa corespunzatoare genei FAS.

De asemenea, exista posibilitatea subexprimarii proteice a genei FAS, in ciuda
nivelului ridicat de transcripti. Asociat carcinomului hepatic s-a observat un nivel



ridicat de FAS, nivel ce scade semnificativ dupa indepartarea chirurgicala a
formatiunilor maligne, observatii ce sugereaza un posibil parametru clinic pentru
cancerul hepatic.

Tot In apoptoza intervin si proteinele codificate de FADD (Fas-Associated
protein with Death Domain), avand rolul unor molecule tip adaptor ce interactioneaza
cu numerosi receptori aflati pe suprafata celulelor si contribuind astfel la declansarea
unor cascade apoptotice. Astfel, o pierdere a gradului de expresie a genelor in cauza
exercita un efect pozitiv asupra carcinogenezei in ceea ce priveste tumorile hepatice,
iar o supraexprimare a acestora, caz regasit si in studiul nostru, semnaleaza eventuala
prezentd de celule apoptotice 1n acest tip de carcinom. Cu toate acestea, o exprimare
pozitiva in probele tumorale fatd de cele normale nu se asociaza strict cu moartea
celulara datorita abilitatii de contracarare a unor proteine anti-apoptotice sau a lipsei
exprimarii acestor gene sub forma de proteine active.

TNF-a (Tumor Necrosis Factor-alpha) codifica un tip de citokine proinflamatorii
implicate in reglarea unui spectru larg de procese biologice printre care se numara
proliferarea celulard, diferentierea, dar si apoptoza (GeneCards). In cazul
hepatocarcinomului, produsul acestei gene detine o potentiala activitate antitumoral3,
fapt demonstrat de un studiu in vivo concentrat pe administrarea de TNF-a via
transfer genic.

Ultimele cercetdri au evidentiat rolul duplicitar al produsului acestei gene, ce
actioneaza ca factor anti-tumoral, dar si ca promotor al patologiilor maligne. S-a
observat cd dozele mari de TNF-a exercita un efect negativ asupra tumorilor hepatice,
insi cu efecte adverse semnificative. In acelasi timp, inhibarea productiei TNF-alpha
coincide cu o scadere a incidentei acestui tip de carcinom.

Studiul nostru a inregistrat o crestere de 2.99 ori fata de tesutul normal in ceea
ce priveste gradul de exprimare a TNF-a, valoare ce nu poate fi privita singular, tocmai
datorita polimorfismului acestui parametru in ceea ce priveste potentiala sa activitate
terapeutica.

Un marker important asociat cancerului hepatic este reprezentat de gena ICAM-
1 (Intercellular Adhesion Molecule-1) si nivelul ei de expresie, aceasta fiind direct
implicata In procesul de metastazare. Astfel, studiile recente investigheaza posibila
corelare Intre nivelul de exprimare al acestei gene si stadiul carcinomului hepatic,
observandu-se o crestere semnificativa a nivelului de transcripti odata cu avansarea
patologiei spre metastazare, ceea ce plaseaza acest parametru in lista potentialilor
biomarkeri ce reflecta gradul de avansare a bolii, dar si drept potentiald tinta
terapeutica.

in studiul nostru s-a investigat gradul de expresie al transcriptilor ICAM-1,
observandu-se de asemenea o crestere semnificativa in tesutul tumoral fata de control,
fapt ce confirma concluziile studiilor anterioare.

In lista genelor din studiul actual se regiseste si gena TRAF (TNF Receptor
Associated Factor), membru al unei familii de proteine implicate in reglarea
inflamatiei, rdspunsului antiviral si apoptozd®s. Studiul de fata investigheaza gradul de
exprimare al membrului 4 al acestei familii, TRAF-4.



Am documentat astfel o crestere a exprimarii genice in tesuturile tumorale fata
de cele control, insa fara posibilitatea asocierii singulare a acestui parametru cu
malignitatile hepatice, datoritd incidentei crescute a acestui transcript In randul a
numeroase carcinoame de origini diferite, fiind mai intens studiat in cazul cancerului
de san.

Studiul nostru a identificat doudsprezece astfel de gene, a caror exprimare este
semnificativa din punct de vedere statistic, unele din ele fiind asociate in mod direct cu
patologia in cauza, ceea ce subliniaza posibilitatea utilizarii lor drept markeri de
diagnostic si rolul acestora de potentiale tinte terapeutice.

Concluzii generale

VCAM-1 exprima valori semnificativ statistic mai mari la indivizii infectati cu
virus hepatitic B si C, comparativ cu indivizii neinfectati.

Nivelul de exprimare al VCAM-1 variaza in raport cu stadiul afectarii hepatice de
etiologie virala B. Acesta este supraexprimat in stadiile incipiente ale infectiei virale B
si descreste pe masura ce fibroza progreseaza.

Variabilitatea exprimarii VCAM-1 nu a fost documentata la pacientii cu infectie
cronica VHC, indiferent de stadiul afectarii hepatice.

Metaloproteinaza matriceald-7 se coreleaza cu stadiul afectdrii hepatice induse
viral B sau C. MMP-7 este supraexprimat la pacientii cu hepatocarcinom, comparativ
cu stadiile de ciroza hepatica si hepatita cronica si mai putin exprimat in ciroza fata de
hepatita cronica. Toate aceste argumente pledeaza pentru un potential rol al MMP-7 in
progresia fibrogenezei induse viral, precum si in cancerizare.

MMP-8 si -9 sunt supraexprimate in hepatitele cronice, comparativ cu stadiul
cirozei hepatice, ceea ce se aliniaza ipotezei conform careia, in etapele incipiente ale
fibrogenezei hepatice induse viral, metaloproteinazele sunt reactionate si contribuie la
evolutia afectiunii.

Genele care codifica metaloproteinazele-9, 11, -14 si -16 sunt supraexprimate in
tesutul tumoral hepatocelular. Identificarea profilului de expresie genica ofera o lista
de potentiali markeri moleculari ce pot fi folositi pentru un diagnostic timpuriu al
carcinomului hepatocelular, precum si ca potentiale tinte moleculare terapeutice.

In cazul hepatocarcinomului sunt implicate mai multe cdi metabolice si este
modificat nivelul de expresie pentru mai multe gene. Devine evident faptul ca un
singur medicament nu va putea tinti un numar mare de molecule. Mai mult decat atat,
fiecare pacient raspunde diferit la aceeasi terapie, ceea ce poate fi explicat prin nivelul
diferit de exprimare a genelor, ca urmare a heterogenitatii tumorale intense. Tinand
cont de argumentele de mai sus, dezvoltarea unor terapii individualizate este unul din
dezideratele imunologiei moderne.
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Introduction

Worldwide, chronic hepatitis of viral aetiology are a real public health problem.
Morbidity and secondary mortality to chronic hepatic impairment increase
exponentially with the installation of advanced fibrosis. In molecular terms, hepatic
fibrogenesis is a profoundly dynamic process and continuous changes in the
extracellular matrix become irreversible as time goes on.

The last decade has seen an increased interest in the study of molecules
predictive of progression and severity of liver fibrosis. Despite improvements in the
knowledge of the interactions between the immune system and virally infected
hepatocytes, the molecular pattern of the immune response to liver impairment of
viral aetiology is an important piece of the puzzle still not been resolved.

This paper is based on research on the immunological behaviour of the
organism in chronic liver disease and analyses cell adhesion molecules and matrix
metalloproteinases in different stages of severity of infection with hepatitis B and C.
Also, we attempt to outline the genetic signature of hepatocellular tumor tissue, in
terms of the level of expression of genes involved in hepatocarcinogenesis.

The working hypothesis / objectives

Undiagnosed and untreated, hepatic infections of viral aetiology progress to
liver cirrhosis aetiology and / or HCC. Liver disease progression involves a significant
risk of morbidity and mortality. Diagnosis and assessment of severity of fibrosis are
important elements for effective therapeutic conduct of patients with chronic liver
infections of viral aetiology. Liver biopsy is considered the "gold standard" in the
staging of liver fibrosis and, thus, in confirming the diagnosis of cirrhosis. However,
liver biopsy is an invasive and imperfect method, which offers a limited perspective on
liver tissue and can lead to severe complications. In this context, it is justifiable to
attempt to identify new factors for assessing the severity of liver fibrosis.

The aim is to outline the immunological profile of liver damage in infections
with hepatitis viruses B and C and attempts to identify factors that reflect hepatic
fibrogenesis and its progression. Another goal of this paper is to achieve a better



understanding of the complex interactions between virus-infected hepatocytes and
immune response mediators.

Elucidating the mechanisms that lead to the remodelling of liver extracellular
matrix and regulatory factors involved in this process can be the prerequisites of
developing new therapeutic strategies targeted to conditions of fibrinogen substrate
induced by infections with hepatitis viruses.

Study 1. The level of expression of VCAM 1 in
hepatitis B and C chronic infections

The working hypothesis

VCAM 1 initially attracted attention with its role as a receiver of leukocyte
adhesion to vascular endothelium, as a result of interactions with integrins. Thus, the
expression of VCAM-1 is synonymous to priming cellular defence mechanisms during
inflammatory processes. Recent years brought an increased interest towards
investigating the role of VCAM-1 in tumorigenesis and metastasis.

According to data currently available in scholarly literature, the level of cellular
expression of VCAM-1 is correlated with the release of soluble isoform (sVCAM), which
can be detected and quantified in peripheral blood. This fulfils the role of cytokinic
type molecular mediator when it binds to its receptors in soluble form. It has been
found that these soluble forms express significantly increased plasma levels in
inflammatory liver diseases, compared with healthy subjects .

The extent to which the level of MAC may be related to the degree of hepatic
impairment is not yet determined. At the same time, scholarly literature offers
insufficient data on the dynamics of different classes of cell adhesion molecules
depending on the degree and severity of viral-induced liver damage .

Based on the assumption that VCAM-1 is involved in inflammation and
cancerization, we intend to investigate the relevance of this molecule in pathological
processes during chronic infections with hepatitis B and C viruses.

Material and method

This study included 176 patients with known chronic viral B and C infection: 88
patients with HBV infection and 88 patients with HCV infection who were sent to the
sProfessor Doctor Octavian Fodor, Regional Institute of Gastroenterology and
Hepatology in Cluj-Napoca from January 2014 to October 2015. For these patients, we
assessed the level of expression of VCAM-1 using the ELISA test. The results were
compared to those obtained as a result of using the same technique in 88 individuals
without viral B or C infection, which constituted the control group.

Results

We included in the study two hundred and sixty-four subjects aged between 19
and 90 years, 88 with HBV infection, 88 with HCV infection, and 88 witnesses. VCAM-1



values ranged from 0.007 to 3.201 with a median equal to 0.561 and Q1 = 0.3858 and
Q3 =0.7855, respectively.

VCAM-1 values were statistically significantly higher in subjects with HBV
compared to the control group (Mann-Whitney test: statistic Z = 7.40, p <0.0001). In
addition, VCAM-1 values were statistically significantly higher in the group with HCV
as compared to the control group (Mann-Whitney test: statistic Z = 7.34, p <0.0001).

According to data, VCAM-1 is over-expressed in HBV and HCV infected subjects
compared with healthy individuals, which calls for a potential involvement of this cell
adhesion molecule in viral-induced liver injury and confirms the currently available
data.

Our study argues in favour of VCAM-1 serum overexpression in the early stages
of liver disease of viral aetiology compared with advanced fibrosis stages. Thus, VCAM-
1 values were significantly lower in subjects with cirrhosis compared to subjects
without cirrhosis in the group of individuals infected with HBV, while patients with
chronic hepatitis C presented a high levels of expression of serum VCAM-1 .
Significantly lower values at a materiality threshold of 5% have also been documented
in subjects with HCC compared with patients without HCC in the chronic HBV infection
group. Thus, VCAM-1 may be involved in the inflammatory process in the liver injury
induced by hepatitis B.

VCAM-1 expression variability in relation to liver disease severity has not been
identified among patients with chronic HCV infection, raising the problem of different
interactions between intercellular adhesion molecule-1 and B or C viral-induced
pathological mechanism..

Study no. 2. Matrix metalloproteinases in chronic
hepatitis B and C infections

The working hypothesis

In HBV and HCV infections, the liver fibrogenesis paradigm has the viral induced
injury and the repair of damaged tissue response as coordinates. Fibrotic and cirrhotic
livers have altered distribution, quantity and proportions of proteins and extracellular
matrix constituents. All these lead to abnormalities of the hepatocyte phenotype, faulty
cell signalling, as well as vascular and parenchymal architectural reorganization that
become irreversible.

Based on the functions of matrix metalloproteinases, molecules that are
essential for processes of repairing, remodelling and restructuring tissue architecture
and on the assumption that they are involved in cancerization and metastasis, we set
out to investigate their relevance in the functionally abnormal reply of the liver
extracellular matrix during viral induced injury. Thus, we evaluated the level of
expression of MMP -1, -2, -3, -7, -8, -9, -10, -12 and -13 in the serum of patients with
different stages of liver injury of viral aetiology (B, B + D, and C).



Material and method

In this study we included a total of 76 consecutive patients with known chronic
viral B or C infection who were sent to the Regional Institute of Gastroenterology and
Hepatology in Cluj-Napoca, between November 2014 and August 2015. We used the
multiplex immunoassay to evaluate and report the serum levels of matrix
metalloproteinases to the severity of liver injury and depending on the contracted
virus.

Results

We included seventy-six patients, 46 with chronic hepatitis B and 30 with
chronic hepatitis C in the study. Patients were aged between 27 and 81 years, with a
mean of 56.79 + 11.38 years. 64.47% of patients had hepatitis (CI95% [52.65-74.98]).
35.53% of patients had cirrhosis (CI95% [25.02-47.35]). 10.53% of patients had
hepatocellular carcinoma (CI95% [3.97-19.72]).

For patients included in the study we compared the level of expression of
matrix metalloproteinases in relation to the stage of liver disease. The data we
obtained allowed us to identify a statistically significantly higher level of expression of
serum MMP-8 and MMP-9 in patients with chronic hepatitis compared to those with
cirrhosis or hepatocarcinoma. At the same time, MMP-7 was statistically significantly
more expressed in patients with advanced stages of viral-induced liver fibrosis.

Based on this information, we investigated the relevance of the three matrix
metalloproteinases who expressed values statistically significantly changed in relation
to the severity of liver damage and type of contracted hepatitis virus.

The level of MMP-7, which had previously been overexpressed in advanced
stages of liver fibrosis, has not varied significantly depending on the type of viral
infection, B or C.

The serum levels of MMP-8 and MMP-9, which were previously shown as
overexpressed in patients with chronic hepatitis, were statistically significantly more
expressed in the group of patients with chronic hepatitis B compared to the group of
patients with chronic viral hepatitis C.

With regards to the serum level of metalloproteinases depending on the
presence or absence of cirrhosis, MMP-7, -8 and -9 generated the following results:
MMP-7 was statistically significantly more expressed in the group of patients with
liver cirrhosis, while MMP 8 and MMP-9 were overexpressed in patients with chronic
hepatitis.

Based on these data, we investigated the variability of expression of
metalloproteinases -7, -8 and -9 depending on the type of viral infection. Thus, the
serum levels of none of the aforementioned metalloproteinases varied significantly in
relation to the type of contracted hepatitis B or C. We also analyzed the seric
expression of metalloproteinases -1, -2, -3, -7, -8, -9, -10 and -12 based on the presence
or absence of HCC. Based on the results, we noted a statistically significantly higher
level of MMP-7, compared to individuals with B or C chronic hepatitis and liver
cirrhosis.



5. Study no. 3. Pilot study to outline the genetic
signature of hepatocellular tumor tissue

The working hypothesis

Hepatocellular carcinoma falls within the list of the most common tumors
worldwide, and is often a consequence of infection with hepatitis B and / or hepatitis
C, but also of exposure to other toxic factors such as alcohol, or is due to metabolic
diseases.

Because of the central role of the liver in the regulation of systemic
inflammatory responses, the progress of this kind of tumor is mediated by a series of
complex interactions of molecular signalling pathways that are mediated by a number
of changes in the expression of specific gene, modifications that turn into liver cell
malignancies.

Starting from this premise, we assessed in a pilot study the level of gene
expression of cell adhesion molecules, matrix metalloproteinases and certain
cytokines in neoplasic liver tissue versus healthy tissue, in an attempt to outline the
molecular signature of hepatocarcinogenic tissue.

Material and method

The processing of biological samples complied with standardized protocols
currently used at the Centre for Functional Genomics, Biomedical and Translational
Medicine of the "[uliu Hatieganu" University of Medicine and Pharmacy in Cluj-Napoca.
All patients included in the study gave their written consent for biological sampling.
Thus, following the signing of an informed consent, we assigned an identification code
to each patient included in the in order to respect confidentiality.

Results

In trying to understand the multilateral mechanisms involved in this pathology,
we evaluated the level of expression of certain key genes (MMP-1, MMP 7 MMPS,
MMP9, MMP10, MMP-14, MMP16, FAS, TRAF, FADD, TNF, VCAM , ICAM1) in order to
develop new therapeutic strategies.

The MMP proteolytic enzymes, a category of interest, are studied as key
mediators in extracellular matrix degradation, a context that promotes a biologically
favorable microclimate for tumor cell development and invasion.

Some current studies on HCC identified an overexpression of MMP-9 transcripts
compared to non-tumor controls, which was generalized for most tumor samples and
is also found in our study.

Regarding the MMP-1 gene expression, this is more pronounced in early, well-
differentiated cancer cells, in order to synthesize proteins that are capable of



destroying fibrous tissue, thus promoting invasion and tumor progression. The
amount of mRNA decreases as the pathology advances. This transcript has also been
identified in our study, with an overexpression of 3.50.

MMP4 is part of the same class of transcripts and is found in the form of
significant overexpression, as confirmed by current studies regarding the analysis of
markers associated with hepatocellular carcinoma. The level of expression of the gene
in question is linked to a lower chance of survival and is associated with advanced
stages of this type of tumor pathology.

The overexpression of indices listed above can be related directly to the
hepatocarcinoma, but the MMP-7 transcript is not a marker of great interest in this
pathology and it's mainly being studied in cases of gastrointestinal carcinoma.
However, an overexpression of this gene has been observed, an event also reported by
other studies in question, albeit without the possibility of using this singular transcript
as an index of liver cancer.

Also, the MMP-8 transcript couldn’t be directly correlated with the studied
pathology, as any possible increases in gene expression were due to events that are
common to most types of malignancies rendering the direct and specific association to
hepatocarcinoma impossible.

The MMP-10 transcript is at the opposite pole; its overexpression contributes to
the development of liver cancer and participates in tumor angiogenesis, growth and
dissemination. This type of tumor marker is relatively new, its role in malignant liver
pathologies is not yet fully known, but recent studies on laboratory mammals show an
active involvement of the transcript in the development of liver cancer, an
overexpression also found in our study.

Regarding interest in the MMP-16 transcript in liver cancer research, we can
note that it is mentioned in a relatively small number of articles, without significant
importance in terms of diagnosis and a possible treatment.

Unlike most of the transcripts from the MMP class, which exert a positive effect
in terms of tumor proliferation in hepatocellular carcinoma, FAS genes (FAS Cell
Surface Death Receptor) encode the receptors that are capable of activating apoptotic
pathways after coupling with the appropriate ligand, also called death receptors, or
members of the TNF receptor super-family (NCBI Gene).

However, there are studies showing an overexpression of the FAS transcript in
samples of liver cancer, which is our case as well, suggesting that it is possible to alter
the apoptotic pathway by the simultaneous overexpression of anti- apoptotic proteins
or by acquiring mutations in the sequence corresponding to the FAS gene.

There is also a possibility of proteic subexpression of the FAS gene, despite the
high level of transcripts. High levels of FAS were observed in association with liver
carcinoma, levels that reduced significantly after surgical removal of malignancies,
suggesting a possible clinical parameter for liver cancer.

Proteins encoded by FADD (Fas Associated Death Domain with protein) are also
involved in apoptosis as adapter molecules that interact with numerous receptors on
the cell surface and thereby contribute to triggering apoptotic cascades. Thus, a loss in
the degree of expression of these genes exerts a positive effect on carcinogenesis in



liver tumors, while their overexpression, also found in our study, indicates the possible
presence of apoptotic cells in this type of carcinoma. However, a positive expression in
tumor samples compared to normal ones is not strictly associated with cell death due
to the ability of counteracting some anti-apoptotic proteins or the lack of expression of
these genes in the form of active proteins.

TNF-a (Tumor Necrosis Factor Alpha) codes a type of pro-inflammatory
cytokines involved in the regulation of a wide range of biological processes including
cell proliferation, differentiation, and apoptosis (GeneCards). In HCC, the product of
this gene performs a potential anti-tumor activity, as demonstrated by an in vivo study
focused on the administration of TNF-« via gene transfer.

The latest research has revealed the duplicitous role of this gene’s product,
which acts as anti-tumor factor, but also as a promoter of malignancies. It has been
observed that high doses of TNF-a exert an adverse effect on liver tumors, but with
significant side effects. At the same time, inhibiting the production of TNF-alpha
coincides with a decrease in the incidence of this type of carcinoma.

Our study showed a 2.99 times increase of the degree of expression of TNF-a
compared to normal tissue, value that can not be seen as singular because of the
polymorphism of this parameter in terms of its potential therapeutic activity.

The ICAM-1 (Intercellular Adhesion Molecule-1) and its level of expression are
an important marker of liver cancer, and its level of expression is directly involved in
metastasis. Thus, recent studies investigate the possible correlation between the level
of expression of this gene and the stage of liver carcinoma, and a significant increase in
the level of transcripts is observed as pathology progresses to metastasis, placing this
parameter in the list of potential biomarkers that reflect the development of the
disease, but also making it a potential therapeutic target.

In our study, we have investigated the degree of expression of ICAM-1
transcripts and also observed a significant increase in tumor tissue compared to
controls, confirming the findings of previous studies.

The list of genes in the current study also includes the TRAF (TNF Receptor
Associated Factor), a member of a family of proteins involved in regulating
inflammation, antiviral response and apoptosis. The present study investigates the
degree of expression of the fourth member of this family, TRAF-4.

We thus documented an increased gene expression in tumor tissues compared
to control tissue, but without the possibility of involving singular of this parameter
with malignancies liver, due to the high incidence of this transcript among many
carcinomas of different origins, being widely studied in cancer breast.

Our study has identified twelve such genes whose expression is statistically
significant, some of which are directly associated with the pathology in question,
highlighting the possibility of using them use as diagnostic markers and their role as
potential therapeutic targets .



General conclusions

VCAM-1 expresses statistically significantly higher values in individuals infected
with hepatitis B and C compared with uninfected individuals.

The level of expression of VCAM-1 varies in relation to the stage liver disease of
B viral aetiology. This is overexpressed in the early stages of B viral infection and
decreases as fibrosis progresses.

The variability of the VCAM-1 expression has not been documented in patients
with chronic HCV infection, regardless of the stage of liver disease.

MMP-7 correlates with the stage of the B or C viral-induced liver disease. MMP-
7 is overexpressed in patients with HCC compared with liver cirrhosis and chronic
hepatitis and less expressed in cirrhosis compared with chronic hepatitis. All these
arguments plead for MMP-7’s potential role in the progression of viral-induced
fibrogenesis, as well as in cancerization.

MMP-8 and -9 are overexpressed in chronic hepatitis compared with liver
cirrhosis, following the assumption that, in the early stages of viral-induced liver
fibrogenesis, metalloproteinases are reacted and contribute to disease progression.

The genes that encode the metalloproteinases 9, 11, -14, and -16 are
overexpressed in hepatocellular tumor tissue. Identifying the gene expression profile
provides a list of possible molecular markers that may be used for early diagnosis of
hepatocellular carcinoma, as well as potential molecular therapeutic targets.

Multiple metabolic pathways are involved in HCC and the expression level
changes for several genes. It becomes obvious that a single drug cannot target such a
large number of molecules. Moreover, each patient responds differently to the same
therapy, which can be explained by the different levels of gene expression as a result of
extensive tumor heterogeneity. Considering the above arguments, the development of
individualized therapies is one of the desiderata of modern immunology.



