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INTRODUCERE

Cautarea unei noi modalitati de diagnosticare a cancerului de prostata
reprezintd o preocupare majora pentru multi urologi si pe buna dreptate. Incidenta
cancerului de prostatd este tot mai crescutd atat la nivel Mondial, cat si la nivel
national. Screeningul se bazeaza in prezent pe un test de sange care cauta antigenul
specific prostatic (PSA). In primul rand se incearcd dezvoltarea de noi biomarkeri
moleculari la nivel tisular, singe sau urina, pentru un screening mai bun cu mai putine
rezultate false pozitive ar trebui sa reduca numarul de pacienti care sunt supusi
biopsiilor inutile.

Evaluarea profilului transcriptomic alterat (gene codificatoare si non
codificatoare), poate conduce la dezvoltarea de noi biomarker cu aplicabilitate clinica.
Cu toate acestea, au fost raportate date contradictorii pentru anumiti transcriptori si a
existat o lipsa de consistenta si reproductibilitate, a datelor prezentate pana in prezent.

Studiile asupra implicarii miRNA precum si interconexiunea cu genele tintite de
acestea, in aceastd patologie pot contribui la identificarea de noi mecanisme
moleculare si markeri prognostici, precum si la dezvoltarea de noi strategii terapeutice
personalizate pentru pacientii cu cancer de prostata. Cu toate acestea, este important
sd subliniem ca cercetarea privind implicatiile miRNA-urile in cancerul de prostata
este in curs de investigare si existd inca multe aspecte care trebuie intelese in
profunzime.

STADIUL ACTUAL AL CUNOASTERII

Cancerul de prostata exista sub doua forme: forma clinic oculta (decelata doar la
examenul histopatologic), care poate fi identificata in aproximativ 30% din barbatii cu
varsta peste 50 de ani si 60% pana la 70% dintre barbatii peste 80 de ani, si o forma
evidenta clinic, care afecteaza aproximativ 1 din 6 barbati in SUA. Relatia moleculara
exactd dintre forma latenta si forma clinic manifesta nu este pe deplin cunoscutg,
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progresia de la o forma la alta este un proces continuu biologic cu suprapunere de
evenimentele moleculare.

Evenimente genetice si epigenetice multiple caracterizeaza progresia tumorala
si definesc identitatea tumorilor.

Anumite gene supresoare de tumori, cum ar fi TP53 si PTEN, pot fi mutante in
cancerul de prostata. Aceste mutatii pot duce la pierderea functiei normale a acestor
gene, ceea ce poate favoriza cresterea celulard necontrolatd si dezvoltarea
tumorilor(18). Amplificarea genelor oncogene, cum ar fi MYC si ERG, este observata
intr-un procent semnificativ de cazuri de cancer de prostata. Aceasta duce la o
supraexpresie acestorgene oncogene, ceea ce poate contribui la proliferare necotrolata
a celulelor tumorale.

MiARN-urile sunt specii mici de ARN-uri necodificatoare care regleaza expresia

genelor, fiind implicate In multiple cdi de semnalizare a celulei, un miARN avand
adesea mai multe tinte, o gena fiind tintitd de mai multe gene. Prin reglarea find a
expresiei genelor, miARN-urile sunt jucatori importanti in modularea raspunsului unor
procese celulare importante, cum ar fi mecanismele de reparare a ADN-ului, moartea
celulard, mecansimele implicate in agresiunea tumorala si micromediul tumoral si pot
afecta raspunsul unei tumori la chimioterapie si radioterapie.

Modalitati actuale de diagnosticare includ: Antigenul specific prostatic (PSA),
Indicele de sanatate al prostatei PHI, Scorul 4K, PCA3 (Progensa), ConfirmMDXx, Scorul
de prostata genomic OncotypeDx (GPS - scorul de prostata genomic), Testul ProMark,
Testul Decipher, Testul Prolaris.

CONTRIBUTIA PERSONALA

Studiu 1.

Modificarea nivelului de expresie a microARN-urilor -aplicabilitatea in
managementul cancerului de prostata si utilizarea acestora ca potentiali
biomarkeri sau tinte terapeutice

Introducere: In ultimul timp acesti transcripti au fost studiati ca si biomarkeri de
prognostic sau sunt considerate ca si tinte terapeutice in diferite tipuri de cancer,
inclusiv adenocarcinomul de prostata (AP), dar mecanismul acestora este in prezent
insuficient elucidat. In plus, se poate observa un numar redus de studii care si prezinte
nivelul de expresie a miARN-urilor in cancerul de prostata.

The Cancer Genome Atlas (TCGA) reprezintad o sursa cu acces liber pentru date
obtinute in urma cercetarilor efectuate la nivel mondial in domeniul cancerului si
cuprinde analize comprehensive ale anumitor tipuri de tumori selectate cu scopul de a
dezvolta si imbunititii cunostintele noastre legate de patologiile neoplazice. In aceasti
baza de date sunt disponibile si informatii despre cancerul de prostata evaluat din mai
multe aspecte, inclusiv la nivel transcriptomic; acestea ofera oportunitati remarcabile
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pentru analize bioinformatice complexe, care pot contribui la Intelegerea
mecanismelor alterate in diferite patologii.

Material si metoda: Subiecti umani si date clinice- cohorta de pacienti din TCGA.

Extractia ARN si controlul calitatii.
Evaluarea profilului miARN folosind tehnologia de microarray.
Analiza bioinformatica a datelor pentru evaluarea profilului miARN.
Corelarea datelor clinice cu nivelul de expresie a genelor si miARN-urilor in
cohorta de pacienti din TCGA.
Evaluarea miARN folosind tehnica de qRT-PCR.

Rezultate: Evaluarea profilului miARN folosind tehnica de microarray in cohorta
noastra de pacienti. Pentru comparatia 7T versus TN (matched paired) pentru un set
de 10 probe pereche au fost considerate statistic semnificative acele miARN pentru care
valoarea p<0.05 iar valoarea fold change (FC)+1.5 (Figura 1A). Au fost identificate 60
de miARN diferit exprimate intre TT versus TN (matched paired), dintre care 16 de
supraexprimate si 44 subexprimate (Figura 1B), conform tabelului 5. Reprezentarea
Scatter plot si Vulcano plot este prezentatd in figura 1C, respectiv 1E pentru cohorta de
10 pacienti.

Evaluarea profilului miARN in cohorta de pacienti din TCGA.

Analiza datelor obtinute In AP identificarea unei semnaturi de miARN comune.

Evaluarea profilului miARN considerand scorul Gleason in AP si datele din
TCGA.

Validarea datelor microarray la nivel de tesut folosind tehnica de qRT-PCR.

Validarea datelor microarray la nivel de plasma folosind tehnica de qRT-PCR.

Discutii: In studiul de fati, am folosit microarray, o tehnologie de noui generatie
pentru a evalua profilul miARN. Studii recente au demonstrat legatura dintre alterarea
profilului miARN si elemente functionale importante implicate in cancerul de prostat3,
lucru sustinut si de un studiu recent de microarray realizat pe un lot de cancer de
prostata si un set de 7 probe de hiperplazie benigna de prostata.

Limitarea studiului nostru este legatd de un numar mic de cazuri, dar acest
inconvenient a fost minimizat prin suprapunerea semnaturii miARN cu a celei din
TCGA si validarea unui set de miARN-uri din semnatura comuna pe o cohorta noud de
pacienti la nivel de tesut precum si la nivel de plasma. Corelarea cu statusul genei
TP53, precum si cu scorul Gleason, in cazul datelor din TCGA oferda o baza pentru
investigatii detaliate suplimentare.

miR-182-5p, miR-183-5p si miR-96-5p au fost identificati ca membrii ai
clusterului oncogenic miR-183-96-182. In cancerul de prostati, miR-183-5p poate fi un
biomarker de diagnostic specificc PTEN este o gena supresoare tumorala
binecunoscuta fiind reglata de miR-183-5p si miR-96-5p.
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Concluzii: Utilizarea instrumentelor de lucru bioinformatice permit analiza
comprehensiva a datelor din sfera ,OMICS” atat din bazele de date internationale cu
acces liber sau pe baza de credentiale, cum este TCGA cat si a datelor generate prin
acelasi tip de analizi genomici, transcriptomici, proteomici, metabiolomica. In era
medicinei personalizate, analiza variata a acestor date permite stabilirea punctelor ,
fierbinti” la nivelul evolutiei unei tumori maligne, implicit al tumorilor maligne de
prostata. Analiza bioinformatici a permis obtinerea unei semndturi moleculare
specifice. Acest studiu a permis identificarea unui set de miARN-uri specifice pentru
discriminarea TT vesus TN.

Rezultatele obtinute sugereaza ca miARN-urile studiate joacd un rol in
patogeneza AP si ca unele dintre ele ar putea avea valoare prognostica.

Studiu 2
Analiza interactiuniilor miARN-mARN in cancerul de prostata.

Introducere: Acest studiu exploreaza semndtura miARN comund, cu un nivel de
expresie alterata in cancerul de prostata, pentru studierea si identificarea principalelor
gene tintite, si integrarea acestora in mecansime moleculare folosind diferite
programe bioinformatice.

Materiale si metode: Analiza bionformatica a miARN-urilor cu un nivel de expresie
alterat in AP. Lista de miARN-uri cu un nivel de expresie alterat pentru cele doua
cohorte de pacienti au fost folosite pentru analiza bioinformatica folosind programul
Ingenuity pathway analyses (IPA).

Rezultate: miARN-urile ca molecule cheie implicate In mecanisme moleculare majore
ale cancerului de prostata. Au fost identificate principalele functii celulare pe baza
semnaturii de miARN alterate pe cele doua cohorte de pacienti cu AP realizate folosind
IPA (p<0,05), fiind sumarizate in tabelul 8. Principala retea identificata ca fiind alterata
a fost cea implicata In “dezvoltare celulard”. O alta analiza folosind acelasi program in
Tabelul 9, unde sunt prezentate principalele patologii si functii moleculare, prezentate
casi N1-N10.

Folosind semnaturile miARN comune, a fost generatd o retea de interactiune
miARN-ARNm, prezenté in Figura 9, dezvaluind TP53 ca element de bazd pentru
aceasta retea. In plus, In cazul acestei retele de reglementare, s-a observat o
supraexprimarea urmatorarelor gene: CCND1, MET, BCL2, CREB1, NOTCH1, APP,
TGFBR2, RB1, PKD2, BNIP2, PURA, HBP1, OSBPL2, ACHYL1, MECOM si o
supraexprimare in cazul: E2F3, TP53, SNHG3, PNPT1, E2F1, CCNA2.

Discutii: Analiza integrativa a datelor de profil miARN cu IPA ofera informatii fiabile
pentru a investiga mecanismele moleculare. IPA construieste modelarea retelelor care
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se bazeaza pe metode statistice si imbunatateste retelele de corelatie simple prin
cuantificarea nu numai a corelatiilor dintre perechile individuale de gene, ci si a
masurii In care aceste gene impart aceiasi vecini si relationeaza cu miARN-urile.
Reletele moleculare generate de noi subliniaza Inca odata faptul ca biologia cancerului
este complexd, si miARN-urile au un rol important in reglarea acestor procese
biologice.

Concluzii:Acest studiu a investigat miARN-urile ca potentiali candidati in cancerul de
prostata, precum si interactiunile ARNm-miARN subadiacente folosind programul IPA,
oferind potentiale tinte terapeutice pentru cancerul de prostata. Va fi de mare interes
sa se determine daca aceastd semnatura se va dovedi utila si va castiga tractiune in
studii ulterioare.

Semnatura de miARN-uri obtinuta prin suprapunerea datelor obtinute pentru
cele doua cohorte de pacienti independente a fost pentru descoperirea biomarkerilor,
ceea ce a permis identificarea principalelor gene interconectate mecanisme
importantae cu calea de semnalizare TP53. Dintre aceste gene, TP53, BIRC5, EGFR si
AGO2 au fost corelate cu supravietuirea globala in cancerul de prostata.

Studiu 3
Implicatiile caii de semnalizare Hippo in cancerul de prostata

Introducere: TP53 este o genda “hub” critica in cancerul de prostata, nivelurile de
expresie si statusul mutational sunt corelate cu recurenta cancerului de prostata. TP53
este o gena cheie care regleaza proliferarea si diferentierea celulelor, frecvent mutata
in mai multe tipuri de cancer, inclusiv cancerul de prostata. TP53 este direct
interconectata cu calea de semnalizarea Hippo pe mai multe niveluri de semnalizare
moleculara Calea de semnalizare Hippo regleaza diverse procese biologice, inclusiv
proliferarea celulara, supravietuirea, diferentierea, determinarea soartei celulare,
dimensiunea organelor si homeostazia tesuturilor.

Material si Metoda:Analiza bioinformaticd - Analiza datelor de TCGA folosind
interfata online UALCAN si GEPIA.

Analiza supravietuirii fara boala (DFS) a pacientilor

Modificdrile genetice a genelor selectate

Interactiunile mARN-miARN.

Validarea genelor si miARN folosind probe de tesut de cancer de prostata.

Rezultate: Evaluarea nivelului de expresie pentru TP53, TAZ si MALAT1. Evaluarea
nivelului de expresie si supravietuirea pentru TP53, TAZ si MALAT1 in cancerul de
prostata. Folosind programul online UALCAN, au fost analizate nivelul de expresie la
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nivel de mARN, TAZ si TP53 a fost observate ca fiind supraexprimate. in plus, un
IncRNA cheie cu rol pro-oncogen, MALAT1, interconectat cu aceste doua gene a fost
identificat ca supraexprimat in cancerul de prostata.

Validarea unor miARN-uri cheie interconectate cu genele analizate. Folosind
tehnica de qRT-PCR a fost realizata validarea unor miARN-uri cheie interconectate cu
genele analizate. Folosind programul online UALCAN, au fost descarcate datele legate
de nivelul de expresie pentru acesti transcripti au fost supraexprimati in cancerul de
prostati (Figura 14). In aceeasi cohorti de pacienti, am evaluat nivelul de expresie
pentru miR-15a, miR-25-5p, miR-34a-5p si miR-141-5p, dezvaluind un nivel crescut in
tesutul tumoral fata de tesutul adiacent normal. Aditional am investigat si nivelul de
expresie in plasma al aceleiasi cohorte de pacienti versus un lot sanatosi, confirmand
expresia crescuta si in plasma.

Discutii: Desi studiile anterioare au raportat progrese in elucidarea mecanismului
molecular potential in dezvoltarea cancerului de prostatd, cunostintele despre
semnalizarea retelei TP53, TAZ si MALAT1 raman nedescifrate impreuna cu valoarea
sa de prognostic si procesele biologice asociate In cancerul de prostata. Cele mai multe
dintre studii sunt legate de statusul mutational al acestei gene si nivelul de expresie
(113, 130). TAZ are o omologie structurald cu gene YAP de 46%, dar nu poate
compensa functiile moleculare ale acestor gene. Sa dovedit ca TAZ este supraexprimat
in cancerul de prostata si regleaza proliferarea, migrarea si apoptoza. Nivelul crescut
pentru aceastad gena s-a dovedit a fi observat si in cazul datelor de TCGA si confirmat
prin validarea qRT-PCR pe cohorta noastra de pacienti. TAZ este considerat marker de
diagnostic/prognostic.

Concluzii:Analiza detaliati a nivelului de expresie si a ratei de supravietuire pentru
TP53, TAZ si MALAT1, precum si a pricipalelor miARN-uri care tintesc aceste gene
(miR-15a, miR-25-5p miR-34a-5p si miR-141-3p).

Pe langa validarea datelor de expresie genica a fost realizata validarea miR-15a,
miR-25-5p miR-34a-5p si miR-141-3p la nivel de tesut si plasma. Validarea la nivel de
plasma a acestor transcriptori, deschide un nou domeniu de investigatie in viitorul
apropiat pentru dezvoltarea de noi biomarkeri non-invazivi.

Concluzii generale

Din lista de miARN-uri cu un nivel de expresie alterata, au fost validate la nivel
de plasmad miR-20b-5p, miR-96-5p, si miR-183-5p. Astfel, studiul de fata a demonstrat
in mod clar utilitatea miARN-urilor circulante in screeningul pacientilor cu cancer de
prostata. Acest lucru ne poate oferi posibilitatea de a stabili o metoda minim invaziva
pentru stratificarea pacientului cu cancer de prostata in functie de riscul de recidiva,
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monitorizarea clinica si raspunsul terapeutic pentru a optimiza tratamentul pacientilor
si pentru a Imbunatati raspunsul la terapie.

Semnatura de miARN-uri comung, pentru cele doua cohorte de pacienti a fost
analizata folosind programul IPA, ceea ce a permis identificarea unor mecanisme
relevante pentru cancerul de prostata. Prin interconectarea semnaturii comune de
miARN au fost identificate principalele gene tintite, mai mult, din aceasta lista de gene
au fost identificat un panel de gene (TP53, BIRC5, EGFR si AGO2) corelat cu
supravietuirea globala pentru cancerul de prostata.

in ultimul studiu a fost observati o interconexiune intre TP53, TAZ si MALAT1
prin intermediul miR-15a, miR-25-5p miR-34a-5p si miR-141-3p. TP53 poate fi
considerata ca o gena ,hub”, avand in vedere faptul cd aceasta gena coopereaza pe mai
multe niveluri cu diferite gene codificatoare si noncodificatoare.

Originalitatea si contributiile inovative ale tezei

Originalitatea si contributiile inovative ale aceste tezei de doctorat este
reprezentata de abordarea translationald pentru studierea cancerului de prostata,
evaluarea profilului miARN alterat in cancerul de prostatd, evaluarea implicatiilor
acestora in reglarea mecansimelor moleculare prin intermediul analizelor
bioinformatice, identificarea TP53 ca si gend hub, realizarea de validari la nivel de
miARN (tesut si biopsie lichida) si gene.

Primul studiu a permis identificarea unui panel de 12 mARN supraexprimate si
1 subexprimat. Datele au fost obtinute in cadrul studiului de microarray, urmat de
suprapunerea cu datele de TCGA. A fost realizata si o etapd de validare la nivel de tesut
(miR-20b-5p, miR-96-5p, miR-183-5p si miR-543-5p) si plasma (pentru miR-20b-5p,
miR-96-5p, si miR-183-5p). Acest lucru demonstreaza ca sunt candidati promitatori ca
biomarkeri neinvazivi in cancerul de prostata, dar sunt necesare studii viitoare pentru
a sublinia mecansimul lor molecular de interactiune. Datele noastre au demonstrat ca
miARN-urile cu un nivel de expresie modificata ar putea contribui semnificativ la
reglarea functiilor proceselor patologice care sustin proliferarea celulara.

Un al aspect inovativ este legat de mecansimul in care este implicata gena TP53
si MALAT1 si interconexiunea cu calea de semnalizare Hippo, prin intermediul unor
mARN-uri (miR-15a, miR-25-5p miR-34a-5p si miR-141-3p). Aceste date
demonstreazaa rolul complex, capacitatea de interconectare cu multiple mecanisme
moleculare si cdi compensatorii de activare, care permite realizarea de noi abordari
inovative care sa asigure blocarea mecanismelor care sustin progresia tumorala.
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INTRODUCTION

The search for a new way to diagnose prostate cancer is a major concern for
many urologists, and rightly so. The incidence of prostate cancer is increasing both
globally and nationally. Screening is currently based on a blood test that looks for
prostate-specific antigen (PSA). First of all, the development of new molecular
biomarkers at the tissue, blood or urine level is attempted, for better screening with
fewer false positives should reduce the number of patients who undergo unnecessary
biopsies.

The evaluation of the altered transcriptomic profile (coding and non-coding
genes), can lead to the development of new biomarkers with clinical applicability.
However, conflicting data have been reported for certain transcripts and there has
been a lack of consistency and reproducibility of the data presented to date.

Studies on the involvement of miRNAs, as well as the interconnection with the
genes targeted by them, in this pathology can contribute to the identification of new
molecular mechanisms and prognostic markers, as well as to the development of new
personalized therapeutic strategies for prostate cancer patients. However, it is
important to emphasize that research on the implications of miRNAs in prostate cancer
is under investigation and there are still many aspects that need to be understood in
depth.

CURRENT STATE OF KNOWLEDGE

Prostate cancer exists in two forms: the clinically occult form (detected only on
histopathological examination), which can be identified in about 30% of men over the
age of 50 and 60% to 70% of men over the age of 80, and a clinically apparent form
that affects about 1 in 6 men in the US. The exact molecular relationship between the
latent form and the clinically manifest form is not fully known, the progression from
one form to another is a continuous biological process with overlapping molecular
events.

Multiple genetic and epigenetic events characterize tumor progression and
define tumor identity.
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Certain tumor suppressor genes, such as TP53 and PTEN, can be mutated in
prostate cancer. These mutations can lead to the loss of normal function of these genes,
which can promote uncontrolled cell growth and tumor development. Amplification of
oncogene genes such as MYC and ERG is seen in a significant percentage of prostate
cancer cases. This leads to an overexpression of these oncogenic genes, which can
contribute to the uncontrolled proliferation of tumor cells.

MiRNAs are small species of non-coding RNAs that regulate gene expression,
being involved in multiple cell signaling pathways, one miRNA often having multiple
targets, one gene being targeted by multiple genes. By fine-tuning gene expression,
miRNAs are important players in modulating the response of important cellular
processes such as DNA repair mechanisms, cell death, mechanisms involved in tumor
aggression and the tumor microenvironment, and can affect a tumor's response to
chemotherapy and radiotherapy.

Current diagnostic modalities include: Prostate Specific Antigen (PSA), PHI
Prostate Health Index, 4K Score, PCA3 (Progensa), ConfirmMDx, OncotypeDx Genomic
Prostate Score (GPS - Genomic Prostate Score), ProMark Test, Decipher Test, The
Prolaris test.

PERSONAL CONTRIBUTION

Study 1.

Alteration of the expression level of microRNAs - applicability in prostate cancer
management and their use as potential biomarkers or therapeutic targets

Introduction: Lately these transcripts have been studied as prognostic
biomarkers or are considered as therapeutic targets in various types of cancer,
including prostate adenocarcinoma (PA), but their mechanism is currently
insufficiently elucidated. In addition, a limited number of studies can be observed to
present the expression level of miRNAs in prostate cancer.

The Cancer Genome Atlas (TCGA) is an open-access source for data from

worldwide cancer research and includes comprehensive analyzes of selected tumor
types to develop and improve our knowledge of neoplastic pathologies. Information on
prostate cancer assessed from several aspects, including at the transcriptomic level, is
also available in this database; they offer remarkable opportunities for complex
bioinformatic analyses, which can contribute to the understanding of altered
mechanisms in different pathologies.
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Material and method: Human subjects and clinical data - TCGA patient cohort.
RNA extraction and quality control.

Evaluation of miRNA profile using microarray technology.

Bioinformatics analysis of data for miRNA profile assessment.

Correlation of clinical data with the expression level of genes and miRNAs in the TCGA
patient cohort.

Evaluation of miRNA using the qRT-PCR technique.

Results: Evaluation of the miRNA profile using the microarray technique in our cohort
of patients. For the comparison of TT versus TN (matched paired) for a set of 10 paired
samples, those miRNAs for which the p value <0.05 and the fold change (FC) value 1.5
were considered statistically significant (Figure 1A). 60 differently expressed miRNAs
were identified between TT versus TN (matched paired), of which 16 were
overexpressed and 44 underexpressed (Figure 1B), according to table 5. The Scatter
plot and Vulcano plot representation is shown in figure 1C, respectively 1E for the
cohort of 10 patients.

Evaluation of miRNA profile in TCGA patient cohort.

Analysis of data obtained in AP identification of a common miRNA signature.
Evaluation of miRNA profile considering Gleason score in AP and data from TCGA.
Validation of microarray data at the tissue level using the qRT-PCR technique.
Validation of microarray data at the plasma level using the qRT-PCR technique.

Discutii: In the present study, we used microarray, a new generation technology to
assess the miRNA profile. Recent studies have demonstrated the link between miRNA
profile alteration and important functional elements involved in prostate cancer, which
is also supported by a recent microarray study performed on a batch of prostate
cancer and a set of 7 samples of benign prostatic hyperplasia.

The limitation of our study is related to the small number of cases, but this

inconvenience was minimized by overlapping the miRNA signature with that of TCGA
and validating a set of miRNAs from the common signature on a new cohort of patients
at the tissue level as well as at the plasma level. Correlation with TP53 gene status, as
well as Gleason score, in TCGA data provides a basis for further detailed investigation.
miR-182-5p, miR-183-5p, and miR-96-5p were identified as members of the miR-183-
96-182 oncogenic cluster. In prostate cancer, miR-183-5p may be a specific diagnostic
biomarker. PTEN is a well-known tumor suppressor gene being regulated by miR-183-
5p and miR-96-5p.
Conclusions: The use of bioinformatics work tools allow the comprehensive analysis
of data from the "OMICS" sphere both from international databases with free access or
based on credentials, such as TCGA, as well as data generated by the same type of
genomic, transcriptomic, proteomic analysis , metabiolomics. In the era of personalized
medicine, the varied analysis of these data allows the establishment of "hot" points in
the evolution of a malignant tumor, implicitly of malignant prostate tumors.
Bioinformatics analysis allowed obtaining a specific molecular signature. This study
allowed the identification of a set of specific miRNAs for TT versus TN discrimination.



Profilul biomolecular al cancerului de prostatd 15

The obtained results suggest that the studied miRNAs play a role in the pathogenesis of
AP and that some of them could have prognostic value.

Study 2
Analysis of miRNA-mRNA interactions in prostate cancer.

Introduction: This study explores the common miRNA signature, with an altered
expression level in prostate cancer, to study and identify the main target genes, and integrate
them into molecular mechanisms using different bioinformatics programs.

Materials and methods: Bioinformatic analysis of miRNAs with an altered
expression level in AP. The list of miRNAs with an altered expression level for the two
patient cohorts were used for bioinformatics analysis using the Ingenuity pathway analyzes
(IPA) program.

Results: miRNAs as key molecules involved in major molecular mechanisms of
prostate cancer. The main cellular functions were identified based on the altered miRNA
signature on the two cohorts of patients with AP performed using IPA. The main network
identified as altered was the one involved in "development cellular. Another analysis using
the same program in Table 9 shows the main pathologies and molecular functions, shown as
N1-N10.

Using the common miRNA signatures, a miRNA-mRNA interaction network was
generated, revealing TP53 as a core element for this network. In addition, in the case of this
regulatory network, an overexpression of the following genes was observed: CCND1, MET,
BCL2, CREB1, NOTCH1, APP, TGFBR2, RB1, PKD2, BNIP2, PURA, HBP1, OSBPL2,
ACHYL1, MECOM and an overexpression in case: E2F3, TP53, SNHG3, PNPT1, E2F1,
CCNA2.

Discussion: Integrative analysis of miRNA profile data with IPA provides reliable
information to investigate molecular mechanisms. IPA builds network modeling that is
based on statistical methods and improves simple correlation networks by quantifying not
only the correlations between individual gene pairs, but also the extent to which these genes
share the same neighbors and relate to miRNAs. The molecular links generated by us once
again underline the fact that cancer biology is complex, and miRNAs have an important role
in regulating these biological processes.

Conclusions: This study investigated miRNAs as potential candidates in prostate
cancer, as well as underlying mMRNA-miRNA interactions using the IPA program, providing
potential therapeutic targets for prostate cancer. It will be of great interest to determine
whether this signature will prove useful and gain traction in further studies.

The signature of miRNAs obtained by overlapping the data obtained for the two
independent patient cohorts was for the discovery of biomarkers, which allowed the
identification of the main genes interconnected by important mechanisms with the TP53
signaling pathway. Among these genes, TP53, BIRC5, EGFR and AGO2 were correlated
with overall survival in prostate cancer.
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Study 3
Implications of the Hippo signaling pathway in prostate cancer

Introduction: TP53 is a critical hub gene in prostate cancer, expression levels and
mutational status are correlated with prostate cancer recurrence. TP53 is a key gene that
regulates cell proliferation and differentiation, frequently mutated in several cancers,
including prostate cancer. TP53 is directly interconnected with the Hippo signaling pathway
at multiple molecular signaling levels The Hippo signaling pathway regulates various
biological processes, including cell proliferation, survival, differentiation, cell fate
determination, organ size, and tissue homeostasis.

Material and Method: Bioinformatics analysis - TCGA data analysis using UALCAN and
GEPIA online interface.

Analysis of disease-free survival (DFS) of patients

Genetic modifications of selected genes

mRNA-miRNA interactions.

Gene and miRNA validation using prostate cancer tissue samples.

Results: Expression level assessment for TP53, TAZ and MALAT1. Evaluation of expression
level and survival for TP53, TAZ and MALAT1 in prostate cancer. Using the online program
UALCAN, the expression level at the mRNA level was analyzed, TAZ and TP53 were
observed to be overexpressed. In addition, a key IncRNA with pro-oncogenic role, MALAT1,
interconnected with these two genes was identified as overexpressed in prostate cancer.
Validation of key miRNAs interconnected with the analyzed genes. Using the gRT-PCR
technique, the validation of some key miRNAs interconnected with the analyzed genes was
achieved. Using the UALCAN online program, expression level data for these transcripts
overexpressed in prostate cancer were downloade. In the same cohort of patients, we
assessed the expression level for miR-15a, miR-25-5p, miR-34a-5p and miR-141-5p,
revealing an increased level in tumor tissue compared to normal adjacent tissue. We
additionally investigated the level of expression in plasma of the same cohort of patients
versus a healthy group, confirming increased expression in plasma as well (Figure 16B).
Discussion: Although previous studies have reported progress in elucidating the potential
molecular mechanism in prostate cancer development, the knowledge of TP53, TAZ, and
MALAT1 network signaling remains elusive along with its prognostic value and associated
biological processes in prostate cancer. Most of the studies are related to the mutational
status of this gene and the level of expression. TAZ has 46% structural homology to YAP
genes, but cannot compensate for the molecular functions of these genes . TAZ has been
shown to be overexpressed in prostate cancer and to regulate proliferation, migration and
apoptosis(132). The increased level for this gene was also found to be observed in TCGA
data and confirmed by gqRT-PCR validation on our patient cohort. TAZ is considered a
diagnostic/prognostic marker.

Conclusions: Detailed analysis of expression level and survival rate for TP53, TAZ and
MALAT1, as well as the main miRNAs targeting these genes (miR-15a, miR-25-5p miR-34a-
5p and miR-141 -3p). In addition to the validation of gene expression data, validation of
miR-15a, miR-25-5p miR-34a-5p and miR-141-3p at the tissue and plasma levels was
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performed. Plasma level validation of these transcripts opens a new field of investigation in
the near future for the development of new non-invasive biomarkers.

General conclusions

From the list of miRNAs with an altered expression level, miR-20b-5p, miR-96-5p, and
miR-183-5p were validated at the plasma level. Thus, the present study clearly
demonstrated the utility of circulating miRNAs in screening prostate cancer patients.
This may give us the opportunity to establish a minimally invasive method to stratify
the prostate cancer patient according to the risk of recurrence, clinical monitoring and
therapeutic response to optimize the treatment of patients and improve the response
to therapy.

The common miRNA signature for the two cohorts of patients was analyzed using the
IPA program, which allowed the identification of mechanisms relevant to prostate
cancer. By interconnecting the common miRNA signature, the main target genes were
identified, moreover, from this gene list, a panel of genes (TP53, BIRC5, EGFR and
AGO2) correlated with overall survival for prostate cancer was identified.

In the last study, an interconnection between TP53, TAZ and MALAT1 was observed
through miR-15a, miR-25-5p miR-34a-5p and miR-141-3p. TP53 can be considered as
a "hub" gene, considering that this gene cooperates on several levels with various
coding and non-coding genes.

The originality and innovative contributions of the thesis

The originality and innovative contributions of this doctoral thesis is
represented by the translational approach for studying prostate cancer, the evaluation
of the altered miRNA profile in prostate cancer, the evaluation of their implications in
the regulation of molecular mechanisms through bioinformatic analyses, the
identification of TP53 as a hub gene, the achievement of miRNA (tissue and liquid
biopsy) and gene-level validations.

The first study allowed the identification of a panel of 12 overexpressed and 1
underexpressed mRNA. Data were obtained in the microarray study, followed by
overlay with TCGA data. A validation stage was also carried out at tissue level (miR-
20b-5p, miR-96-5p, miR-183-5p and miR-543-5p) and plasma (for miR-20b-5p, miR-
96 -5p, and miR-183-5p). This demonstrates that they are promising candidates as
non-invasive biomarkers in prostate cancer, but future studies are needed to highlight
their molecular mechanism of interaction. Our data demonstrated that miRNAs with an
altered expression level could significantly contribute to the regulation of the functions
of pathological processes supporting cell proliferation.

Another innovative aspect is related to the mechanism in which the TP53 and
MALAT1 gene is involved and the interconnection with the Hippo signaling pathway,
through some mRNAs (miR-15a, miR-25-5p miR-34a-5p and miR-141- 3p). These data
demonstrate the complex role, the ability to interconnect with multiple molecular
mechanisms and compensatory activation pathways, which allows the realization of
new innovative approaches to ensure the blocking of the mechanisms that support
tumor progression.



