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INTRODUCERE

Cancerul bronhopulmonar continud sa reprezinte o problema la nivel global prin mortalitatea sa
ridicata, cauzata In principal de diagnosticul tardiv si posibilitatile terapeutice limitate. Latenta aparitiei
simptomatologiei in acest tip de cancer, accesul restrans la tehnicile de diagnostic si randamentul diagnostic
variabil al unora din acestea, influenteaza supravietuirea pacientilor.

Metodele endoscopice de diagnostic, considerate tehnici cu invazivitate redusa, precum bronhoscopia
flexibila cu biopsie endobronsica, reprezinta deseori alegerea optima pentru obtinerea de probe bioptice la
pacientii eligibili, si anume pacienti cu expresie endobronsica a tumorii. Pana la introducerea EBUS-TBNA in
practica clinica, pacientii fara expresie endobronsica tumorald, cu tumori tangentiale la arborele bronsic sau
cu adenopatii mediastinale si/sau hilare erau diagnosticati prin metode chirurgicale, cu invazivitate si riscuri
crescute. Dezvoltarea de noi terapii, precum imunoterapia sau terapia tintita cu inhibitori tirozin-kinazici, a
creat necesitatea de a obtine probe bioptice adecvate cantitativ si calitativ pentru a ajunge cat mai rapid la un
diagnostic histopatologic si molecular complet. Astfel a aparut nevoia de studii pentru a creste increderea in
capacitatea EBUS-TBNA de a obtine un diagnostic adecvatla pacientii cu cancer pulmonar. Prima parte a acestei
lucrari 1si propune sa demonstreze valoarea acestei investigatii, precum si contributia citologiei on-site la
diagnosticul histopatologic si molecular al cancerului pulmonar.

Avansdrile tehnologice continue in domeniul genomicii cancerului bronhopulmonar si a terapiilor
oncologice personalizate cresc In permanentd necesitatea studierii peisajului molecular, cu descoperirea de
noi biomarkeri tisulari si circulanti. Tehnologia microarray poate detecta expresia a mii de gene 1n acelasi timp
utilizdnd lame de microscop care contin mii de secvente cunoscute de acizi ribonucleici. Pe langa genele
codificatoare de proteine, o0 mare parte a genomului este necodificant. intelegerea contributiei moleculelor
necodificante la initierea, dezvoltarea si extensia cancerului pulmonar poate duce la descoperiri importante in
diagnosticul, terapia si prognosticul pacientilor. Una dintre cele mai semnificative clase ale acestei parti a
genomului este reprezentatd de miARN-uri, cu roluri esentiale in carcinogeneza, roluri precum proliferarea,
diferentierea si apoptoza celulara. Descoperirea proceselor influentate de miARN-uri si a cailor de semnalizare
in care sunt implicate este de interes in dezvoltarea ulterioara de terapii personalizate. Ultimele doua parti ale
acestei teze isi propun sa evalueze modelele de expresie ale miARN-urilor si mecanismele specifice in care
acestea sunt implicate la pacientii de gen masculin cu cancer pulmonar non-microcelular. Pentru aceasta s-au
utilizat probe-pereche de tesut tumoral si tesut normal adiacent recoltate prin bronhoscopie flexibila cu biopsie
endobronsica, precum si probe de plasm3, recoltate de la pacienti cu NSCLC. Datele obtinute prin tehnica de
microarray au fost incluse intr-o analiza care a integrat si datele publice din TCGA (the Cancer Genome Atlas),
obtindndu-se astfel o semnadtura comuna formata din miARN-uri cu expresie modificatd. Aceasta ar putea
contribui in viitor la terapia personalizata a pacientilor de sex masculin cu NSCLC, punand in valoare diferente
specifice legate de sex. Analiza functionald a datelor obtinute si identificarea genelor tinta pot aduce clarificari
in interactiunile care au loc la nivelul cdilor de semnalizare din NSCLC la barbati si detectarea de noi tinte
terapeutice. Obiectivul ultimei parti a fost validarea prin qRT-PCR in probe de tesut a miR-183-3p si miR-34c-
5p din semnatura moleculara comuna, precum si validarea in plasma a miR-34-5p. Aceste experimente au avut
ca scop evaluarea utilitatii viitoare a miARN-urilor alese ca biomarkeri tisulari, iar a miR-34-5p inclusiv ca
biomarker plasmatic.



Aceasta teza Isi propune optimizarea diagnosticului in cancerul bronhopulmonar atat la nivel clinic, cat si
paraclinic, cu scopul final de a contribui la cresterea supravietuirii pacientilor diagnosticati cu aceasta
patologie.

CONTRIBUTIA PERSONALA

Impactul pe care il are cancerul bronhopulmonar asupra mortalitatii prin cancer si rata mica a
supravietuirii pacientilor diagnosticati In stadii avansate, determina necesitatea permanenta a dezvoltarii unor
noi modalitati de a imbunatatii diagnosticul In aceasta patologie. Aceasta se poate realiza la nivelul
multiplelor etape ale diagnosticului.

Studiul 1. Optimizarea diagnosticului in cancerul bronhopulmonar prin
EBUS-TBNA

EBUS-TBNA reprezinta o metoda minim-invaziva care combina vizualizarea directa a cdilor aeriene cu
punctia transbronsica aspirativd ghidata ecografic a adenopatiilor hilare si mediastinale sau a tumorilor
extraluminale care se afla in contact direct cu lumenul cdilor aeriene. Avantajul principal al metodei consta in
posibilitatea efectuarii diagnosticului si a stadializarii mediastinului cu o singura investigatie. Studiile recente
efectuate in vederea demonstrarii utilitatii testarii moleculare pe specimenele mici obtinute prin EBUS-TBNA la
pacientii cu cancer pulmonar au fost de mici dimensiuni si nu au fost insotite de citologie rapida on-site (ROSE)
in fiecare caz. Impactul utilizarii ROSE in cresterea randamentului EBUS este contradictoriu.

Scopul realizarii studiului de fata a fost de a evalua modul in care EBUS-TBNA poate optimiza diagnosticul
cancerului pulmonar. Avand in vedere raportarile contradictorii privind eficienta si contributia ROSE, am calculat
randamentului diagnostic al acestei metode in diagnosticul cancerului pulmonar comparativ cu diagnosticul
histopatologic. in final, am evaluat fezabilitatea testirii moleculare (EGFR, ALK, PD-L1) pe specimenele mici
obtinute prin EBUS-TBNA cu ajutorul ROSE.

Am realizat un studiu de tip retrospectiv pe un lot de 100 pacienti de la Clinica de Pneumoftiziologie
Leon Daniello, Cluj-Napoca, la care s-a efectuat EBUS-TBNA de citre un medic bronholog cu experienta in
domeniu. Procedura s-a realizat in anestezie generala si a fost insotia de ROSE, la pacienti care au prezentat la
examinarile imagistice o formatiune tumorala pulmonara cu adenopatii mediastinale si/sau hilare. Fragmentul
principal obtinut prin TBNA a fost introdus in parafing, iar blocul examinat de catre medicul anatomopatolog.
S-a analizat in continuare, in functie de rezultatul histopatologic, profilul mutational (EGFR, ALK, PD-L1) pe
specimenele de mici dimensiuni obtinute prin TBNA.

69 pacienti de sex masculin si 31 de sex feminin au fost inclusi in studiu. Majoritatea adenopatiilor
punctionate s-au regasit in statia ganglionara 7 (subcarinara), statia 4R (paratraheala inferioara dreapta) si
10R (hilara dreapta). S-au efectuat, in medie, cate 4 punctii per ganglion. Un diagnostic sigur de malignitate a
putut fi precizat on-site in 80% din cazuri. Cea mai frecvent identificata patologie a fost adenocarcinomul in
34% din cazuri, iar la 34% din pacienti, citologul a putut preciza existenta celulelor maligne, fara a le putea
caracteriza. Proportia crescuta a adenocarcinomului diagnosticat prin EBUS-TBNA poate fi corelat cu faptul ca
acest tip histopatologic are o localizare preponderent periferica in parenchimul pulmonar, fiind mai rar
diagnosticat prin bronhoscopie flexibild conventionala. Randamentul diagnostic al ROSE in NSCLC a fost
calculat cu ajutorul tabelelor de contingentd, folosind diagnosticul histopatologic ca standard de aur. ROSE a



demonstrat o sensibilitate nalta de 92,18%, o specificitate de 75%, o valoare predictiva pozitiva de 93,65% si o
valoare predictiva negativa de 70,58%. La aproximativ un sfert din lotul de pacienti s-a realizat testarea pentru
detectia de mutatii genetice (EGFR, ALK, PD-L1). Testarile nu au putut fi realizate pe intreg lotul de pacienti
deoarece acestea au inceput in institutia noastra doar in august 2018 pentru specimenele de EBUS. Toate
probele care au necesitat testare pentru mutatii EGFR si translocatii ALK au fost adecvate pentru testare. La doi
dintre pacientii (9,09%) cu adenocarcinom s-au detectat mutatii ale EGFR, si anume substitutia L858R si deletia
E746-A770del. Frecventa mutatiei a fost usor mai scazuta decat cea raportata In studii asemanatoare. Evaluarea
expresiei PD-L1 pe specimenele mici obtinute prin EBUS la pacientii din acest lot de studiu a fost realizatd cu
succes in 91,66% din cazurile care au fost supuse testarii. Limitarile studiului de fata ar putea fi numarul redus
de pacienti care au fost testati molecular.

Concluzia acestui studiu este cd EBUS-TBNA e o metoda valoroasd in diagnosticul si stadializarea
cancerului pulmonar, iar utilizarea ROSE potenteaza aceasta valoare prin obtinerea unui feedback in timpul
investigatiei, a unui diagnostic preliminar rapid si ajuta la asigurarea obtinerii unei probe calitative pentru
testarea moleculara a NSCLC. Acest studiu este printre primel care raporteaza eficienta testarii mutatiilor
genetice pe specimenele mici obtinute prin EBUS-TBNA la pacientii cu cancer non-microcelular din Romania.

Studiul 2. Evaluarea nivelului de expresie miARN la nivel tisular in
cancerul pulmonar non-microcelular la barbati - identificarea
semnaturii moleculare specifice prin microarray

miARN-urile sunt o clasd de molecule ARN necodificatoare care au roluri esentiale in reglarea
posttranscriptionala a expresiei genelor in aproape toate procesele biologice, inclusiv in proliferarea,
diferentierea si apoptoza celulara. Tehnologia microarray este o platforma de incredere pentru explorarea
biologicd, permitand evaluarea semnaturilor de gene codificatoare sau necodificatoare. Datele din literatura
arata faptul ca exista diferente de expresie ale miARN-urilor intre genul masculin si cel feminin, atat in conditii
fiziologice, cat si patologice.

Scopul acestui studiu este de a explora expresia specifica In functie de sex intr-o cohorta de pacienti de
gen masculin cu NSCLC, avand in vedere incidenta si mortalitatea mai ridicata la acest gen. O mai buna
intelegere a dereglarii expresiei miARN-urilor in functie de gen poate oferi o perspectiva esentiala in patogeneza
cancerului. De asemenea, aceasta poate identifica noi abordari in stratificarea pacientilor pentru a obtine un
raspuns mai bun la terapiile existente.

Acest studiu se concentreaza pe pattern-urile de expresie globald a miARN-urilor evaluate prin
microarray la pacienti de genul masculin cu NSCLC 1n esantioane perechi (8 esantioane perechi recoltate de la
pacienti de gen masculin cu NSCLC, 4 adenocarcinoame si 4 carcinoame scuamoase, stadializate IB pana la II1A
- cohorta UMPh). S-au evaluat de asemenea nivelurile de expresie ale miARN pentru pacientii cu NCLC din
TCGA, observandu-se diferente semnificative pentru NSCLC intre barbati si femei. Pentru a analiza implicarea
acestor miARN-uri in procese metabolice si tumorale importante am realizat o harta termografica. S-a realizat
semnatura comuna a celor doua cohorte de pacienti care constd In opt miARN-uri supraexprimate si noua
miARN-uri subexprimate. S-a realizat o analiza cu ajutorul DIANA miRpath (v3.0) pentru semnatura formata
din miARN-uri alterate comune pentru pacientii de sex masculin cu NSCLC a relevat alterari importante in caile
de semnalizare precum calea de semnalizare TP53, calea adeziunii focale, semnalizarea PI3K-AKT,
semnalizarea Hippo, calea TGF-beta si a jonctiunii de aderenta. Un aspect important este reprezentat de
tintele miARN-urilor selectate din caile NSCLC, care au fost evidentiate cu ajutorul cailor de semnalizare KEGG
prin DIANA-miRPath v3.0. Aceasta abordare are un rol important in dezvoltarea de noi terapii tintite. MiR-21,
miR-34a-5p miR-30a-3p, miR-143-3p, si miR-145-5p pot fi considerate cele mai bune candidate datorita



numadrului mare de gene tintite. Aceste molecule sunt conectate direct si indirect cu un numar important de
gene care sunt corelate cu supravietuirea globald, gene precum TGFB1, p38 MAPK, THEMIS, si SMAD2.

In concluzie, acest studiu demonstreaza rolul central al miARN-urilor in patogeneza NSCLC la pacientii
de sex masculin. Limitarile acestui studiu care utilizeaza tehnologia microarray sunt numarul redus de probe
procesate si dimensiunile reduse ale probelor de tesut obtinute prin biopsie bronsica. Desi numarul cazurilor
a fost redus in acest studiu de microarray, am obtinut o listd reprezentativd de miARN-uri cu expresie
modificata In probele de cancer pulmonar care vor putea fi utilizate ca puncte de interventie terapeutica sau
biomarkeri diagnostici

Studiul 3. Evaluarea nivelului de expresie miRNA la nivel tisular in
cancerul pulmonar non-microcelular la barbati - validarea semnaturii
moleculare specifice

In studiul 2 al acestei teze am identificat moleculele cheie de miARN care pot forma o semniturd
moleculara specifica la pacientii de sex masculin diagnosticati cu NSCLC, precum si o parte a cailor de
semnalizare 1n care sunt implicate. Studiul 3 contine validarea expresiei semnaturii miARN folosind qRT-PCR,
urmata apoi de o validare la nivel plasmatic prin ELISA a tintelor identificate, si anume EGFR, IGF-IR si TGF[31.
Identificarea interactiunilor miARN-mARN este fundamentald in descoperirea retelelor de reglementare
influentate de miARN-uri si a schimbarilor pe care le produc in cancerul pulmonar.

miARN-urile cu expresie modificatda au fost validate cu ajutorul qRT-PCR in probe de tesut si plasma
recoltate de la pacienti cu NSCLC. Am intergrat rezultatele de expresie a miARN-urilor In software-ul Ingenuity
Pathway Analysis (IPA), care a fost utilizat pentru identificarea mecanismelor de reglementare si a genelor
tinta implicate. Luand in considerare genele tinta identificate, am selectat proteinele EGFR, IGF-IR si TGFf1
pentru validare la nivelul plasmei prin metoda ELISA. Abordarea noastra de validare a implicat utilizarea qRT-
PCR si ELISA, doua tehnici accesibile in laboratoare, crescand astfel potentialul de integrare a descoperirilor in
practica clinica.

O cohorta formata din 64 de pacienti cu NSCLC a fost realizata pentru validarea prin qRT-PCR a miARN-
urilor la nivel tisular. O validare aditionald pentru miARN-urile selectate a fost realizata la nivel plasmatic intr-o
cohorta partial comuna formata din 19 pacienti. S-a realizat de asemenea o validare ELISA a nivelurilor de
expresie a EGFR, IGF-IR si TGF (31, detectandu-se niveluri scazute ale concentratiei in probele de ser pentru EGFR
la pacientii din lotul de studiu comparativ cu lotul martor. Nu au existat modificari semnificative statistic pentru
IGF-IR si TGFf31. Nivelurile de expresie ale miARN-urilor din probele de plasma au fost comparate cu nivelurile
de expresie regasite in plasma a 37 subiecti sanatosi. Selectia miARN-urilor pentru validare a fost bazata pe
semnificatia statistica a datelor de microarray si luand in considerare semnatura comuna cu datele din TCGA.
Astfel, a fost selectat un reprezentant din familia miR-34, miR-34c-5p si miR-183-5p.

Validarea prin qRT-PCR la nivel plasmatic a fost efectuata pentru miR-34c-5p. S-a observat un nivel de
expresie crescut ale miR-34c-5p crescut in probele de plasma ale pacientilor cu cancer comparativ cu subiectii
sandtosi (p=0.004 si AUC =0,8467). Limitarile acestui studiu se datoreaza numarului redus de probe utilizate
pentru etapa de cuantificare in plasma a miR-34-5p.

in concluzie, identificarea de semnituri formate din miARN-uri, urmati de validarea expresiei acestor
semnaturi reprezinta o contributie fundamentala pentru optimizarea diagnosticului si terapiei prin intelegerea
dinamicii proceselor de la nivel tumoral si dezvoltarea de terapii tinta. Validarea in plasma a expresiei miR-
34c-5p poate aduce valoare suplimentara in utilizarea acestui marker circulant la barbatii cu NSCLC. Numarul
redus de probe reprezinta limita principala a acestui studiu, fiind astfel necesare cercetari suplimentare inainte
de introducerea semnaturii moleculare in practica clinica.
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INTRODUCTION

Lung cancer still represents a global issue due to its high mortality, mainly caused by a late diagnosis
and limited therapeutic possibilities. The latency of the onset of symptoms in this type of cancer, the limited
access to diagnostic techniques and the variable diagnostic yield of some of them, influence the survival of
patients.

Endoscopic diagnostic methods, considered minimally invasive techniques, such as flexible
bronchoscopy with endobronchial biopsy, are often the optimal choice for obtaining biopsy samples in eligible
patients, namely patients with endobronchial expression of the tumor. Until the introduction of EBUS-TBNA in
clinical practice, patients without endobronchial tumor expression, with tumors that are tangential to the
bronchial tree or with mediastinal and/or hilar lymph nodes were diagnosed by surgical methods, that are
more invasive and have greater procedure-related risks. The development of new therapies, such as
immunotherapy or targeted therapy with tyrosine kinase inhibitors, has created the need to obtain adequate
biopsy samples to reach a complete morphological and molecular diagnosis as fast as possible. Thus, there is a
need for further studies to increase the confidence in the ability of EBUS-TBNA to reach an adequate diagnosis
in lung cancer patients. The first part of this paper aims to demonstrate the value of this investigation as well
as the contribution of on-site cytology to the morphological and molecular diagnosis of lung cancer.

Permanent technological advances in the field of lung cancer genomics and personalized oncology therapies
continually increase the need to study the molecular landscape of this pathology with the discovery of new tissue
and circulating biomarkers. Microarray technology can detect the expression of thousands of genes at the same time
using microscope slides containing thousands of known ribonucleic acid sequences. In addition to protein-coding
genes, a great part of the genome is noncoding. Understanding the contribution of noncoding molecules to lung
cancer initiation, development, and extension may lead to important breakthroughs in patient diagnosis, therapy,
and prognosis. One of the most significant subtypes of this part of the genome is represented by miRNAs, with
essential roles in carcinogenesis, roles such as cell proliferation, differentiation and apoptosis. Discovering the
processes influenced by miRNAs and the signaling pathways in which they are involved is of interest in the further
development of personalized therapies. The last two parts of this thesis aim to evaluate the expression patterns of
miRNAs and the specific mechanisms in which they are involved in male patients with non-small cell lung cancer.
For this, paired samples of tumor tissue and adjacent normal tissue collected by flexible bronchoscopy with
endobronchial biopsy, as well as plasma samples collected from NSCLC patients, were used. The data obtained by
the microarray technique were included in an analysis that also integrated the public data from TCGA (the Cancer
Genome Atlas), thus obtaining a common signature consisting of miRNAs with altered expression. This could
contribute to personalized therapy of male NSCLC patients in the future by highlighting specific sex-related
differences. Functional analysis of the obtained data and identification of target genes may shed light on the
interactions occurring at the level of signaling pathways in male NSCLC and the detection of new therapeutic targets.
The objective of the last part of the thesis was qRT-PCR validation in tissue samples of miR-183-3p and miR-34c-5p
from the common molecular signature, as well as validation of miR-34-5p in plasma. These experiments aimed to
evaluate the future utility of the chosen miRNAs as tissue biomarkers, and of miR-34-5p as a plasma biomarker.

The aim of the present thesis is to optimize diagnosis in bronchopulmonary cancer both at the clinical
and paraclinical levels, with the final goal of contributing to increasing the survival of patients diagnosed with
this pathology.



PERSONAL CONTRIBUTION

The impact that lung cancer has on cancer mortality and the low survival rate of patients diagnosed in
advanced stages, determines the permanent need to develop new ways to improve diagnosis in this pathology.
This can be done at the level of the multiple stages of the diagnosis.

Study 1 - Optimizing lung cancer diagnosis with EBUS-TBNA

EBUS-TBNA is a minimally invasive method that combines direct airway visualization or airways with
ultrasound-guided transbronchial aspiration from hilar and mediastinal lymph nodes or extraluminal tumors
that are in direct contact with the airway lumen. The main advantage of the method lies in the possibility of
diagnosing and staging the mediastinum with a single investigation. Recent studies to demonstrate the utility
of molecular testing on tissue specimens obtained by EBUS-TBNA in lung cancer patients have been of small
dimensions and have not been accompanied by rapid on-site cytology (ROSE) in every case. The impact of using
ROSE for increasing EBUS yield of diagnosis is contradictory.

The aim of the present study was to evaluate how EBUS-TBNA can optimize the diagnosis of lung
cancer. Given the conflicting reports on the efficiency and contribution of ROSE, we calculated the diagnostic
yield of this method in the diagnosis of lung cancer compared to histopathological diagnosis. Finally, we
evaluated the feasibility of molecular testing (EGFR, ALK, PD-L1) on the tissue specimens obtained by EBUS-
TBNA using ROSE.

We conducted a retrospective study on a group of 100 patients from the “Leon Daniello” Pneumology
Clinic, Cluj-Napoca, who underwent EBUS-TBNA. The procedure was performed by an experienced
bronchologist, under general anesthesia and was accompanied by ROSE, in patients who presented, on imaging,
a lung tumor with mediastinal and/or hilar lymph nodes. The main fragment obtained by TBNA was embedded
in paraffin and the block examined by the pathologist. The mutational profile (EGFR, ALK, PD-L1) on the small
specimens obtained by TBNA was further analyzed, depending on the histopathological result.

69 male and 31 female patients were included in the study. Most lymph nodes punctured were found
in node station 7 (subcarinal), station 4R (right inferior paratracheal) and 10R (right hilar). On average, 4
punctures were performed per ganglion. A definite diagnosis of malignancy could be made on-site in 80% of
cases. The most frequently identified pathology was adenocarcinoma in 34% of cases, and in 34% of patients,
the cytologist was able to specify the existence of malignant cells, without being able to characterize them. The
increased proportion of adenocarcinoma diagnosed by EBUS-TBNA can be correlated with the fact that this
histopathological type has a predominantly peripheral location in the lung parenchyma, being less often
diagnosed by conventional flexible bronchoscopy. The diagnostic yield of ROSE in NSCLC was calculated using
contingency tables, using histopathological diagnosis as the gold standard. ROSE demonstrated a high
sensitivity of 92.18%, a specificity of 75%, a positive predictive value of 93.65%, and a negative predictive value
of 70.58%. About a quarter of the group of patients was tested for the detection of genetic mutations (EGFR,
ALK, PD-L1). Testing could not be performed on the entire cohort of patients because it was only started in our
institution in August 2018 for EBUS specimens. All samples that required testing for EGFR mutations and ALK
translocations were eligible for testing. Two of the patients (9.09%) with adenocarcinoma had EGFR mutations,
namely the L858R substitution and the E746-A770del deletion. The mutation frequency was slightly lower than
that reported in similar studies. Evaluation of PD-L1 expression on small specimens obtained by EBUS from
patients in this study group was successfully performed in 91.66% of the cases that were tested. The limitations
of the present study could be the small number of patients who were molecularly tested.

The conclusion of this study is that EBUS-TBNA is a valuable method in the diagnosis and staging of
lung cancer, and the use of ROSE enhances this value by obtaining feedback during investigation, a rapid



preliminary diagnosis, and helps to ensure obtaining a quality sample for molecular testing of NSCLC . This
study is among the first to report the effectiveness of genetic mutation testing on small specimens obtained by
EBUS-TBNA in patients with non-small cell cancer in Romania.

Study 2. Evaluating the miRNA tissue expression for male non-small cell
lung cancer - identification of the specific molecular signature using
microarray datasets

miRNAs are a class of non-coding RNA molecules that have essential roles in the post-transcriptional
regulation of gene expression in almost all biological processes, including cell proliferation, differentiation and
apoptosis. Microarray technology is a reliable platform for biological exploration, allowing the evaluation of
coding or non-coding gene signatures. Data from the literature show that there are differences in the expression
of miRNAs between the male and female genders, both in physiological and pathological conditions.

The aim of this study is to explore sex-specific expression in a cohort of male NSCLC patients, given the
higher incidence and mortality in this gender. A better understanding of gender-specific dysregulation of miRNAs
expression may provide essential insight into cancer pathogenesis. It may also identify new approaches in
stratifying patients to achieve a better response to existing therapies.

This study focuses on the global miRNA expression patterns assessed by microarray in male NSCLC
patients in paired samples (8 paired samples collected from male NSCLC patients, 4 adenocarcinomas and 4
squamous carcinomas, staged IB to IIIA - UMPh cohort). miRNA expression levels for NCLC patients from TCGA
were also assessed, with significant differences observed for male and female NSCLC. The involvement of these
miRNAs in important metabolic and tumor processes is showed with the help of a heat map. We reporta common
signature of the two patient cohorts consisting of eight overexpressed miRNAs and nine underexpressed miRNAs.
An analysis using DIANA miRpath (v3.0) for the signature of altered miRNAs common to male NSCLC patients
revealed important alterations in signaling pathways such as TP53 signaling pathway, focal adhesion pathway,
PI3K- AKT, Hippo signaling, the TGF-beta pathway, and the adherens junction. An important aspect is one
concerning the targets of miRNAs selected from NSCLC pathways, which were highlighted using KEGG signaling
pathways by DIANA-miRPath v3.0. This approach has an important role in the development of new targeted
therapies. MiR-21, miR-34a-5p miR-30a-3p, miR-143-3p, and miR-145-5p can be considered the best candidates
due to the large number of target genes. These molecules are connected directly and indirectly with an important
number of genes that are correlated with overall survival, genes such as TGFB1, p38 MAPK, THEMIS, and SMAD2.

In conclusion, this study demonstrates the central role of miRNAs in the pathogenesis of NSCLC in male
patients. The limitations of this study that used the microarray technology are the small number of samples
processed and the small sizes of the tissue samples obtained by endobronchial biopsy. Although the number of
cases was small in this microarray study, we obtained a representative list of miRNAs with altered expression in
lung cancer samples that may be used as therapeutic intervention points or diagnostic biomarkers.



Study 3. Evaluating the miRNA tissue expression for male non-small cell
lung cancer - validation of the specific molecular signature

In study 2 of this thesis we identified the key miRNA molecules that can form a specific molecular
signature in male patients diagnosed with NSCLC, as well as part of the signaling pathways in which they are
involved. Study 3 contains validation of miRNA signature expression using qRT-PCR, followed by plasma ELISA
validation of the identified targets, namely EGFR, IGF-IR and TGFB1. The identification of miRNA-mRNA
interactions is fundamental in discovering the regulatory networks influenced by miRNAs and the changes they
produce in lung cancer.

Altered expression miRNAs were validated by qRT-PCR in tissue and plasma samples collected from
NSCLC patients. We integrated the miRNA expression results into Ingenuity Pathway Analysis (IPA) software,
which was used to identify the regulatory mechanisms and target genes involved. Considering the identified target
genes, we selected EGFR, IGF-IR and TGF(1 proteins for plasma validation by ELISA method. Our validation
approach involved the use of qRT-PCR and ELISA, two techniques accessible in laboratories, thus increasing the
potential for integrating the findings into clinical practice.

A cohort of 64 NSCLC patients was used for qRT-PCR validation of tissue-level miRNAs. An additional
validation for selected miRNAs was performed at the plasma level in a cohort of 19 patients. An ELISA validation
of the expression levels of EGFR, IGF-IR and TGF1 was also performed, detecting low concentration levels in the
serum samples for EGFR in patients in the study group compared to the control group. There were no statistically
significant changes for IGF-IR and TGFB1. The expression levels of miRNAs in the plasma samples were compared
with the expression levels found in the plasma of 37 healthy subjects. The selection of miRNAs for validation was
based on the statistical significance of the microarray data and considering the common signature with the data
from TCGA. Thus, a representative from the miR-34, miR-34c-5p and miR-183-5p family was selected. Validation
by qRT-PCR at the plasma level was performed for miR-34c-5p.

In conclusion, the identification of signatures formed by miRNAs, followed by the validation of the
expression of these signatures, represents a fundamental contribution to the optimization of diagnosis and
therapy by understanding the dynamics of processes at the tumor level and the development of target therapies.
Validation of miR-34c-5p expression in plasma may add value to the use of this circulating marker in men with
NSCLC. The small number of samples is the main limitation of this study, thus further research is needed before
introducing the molecular signature into clinical practice.
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