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REZUMAT

Tulburarea depresiva majora (TDM) este o problema semnificativa de sanatate la nivel
mondial, care necesitd detectare precoce, diagnostic precis si tratament eficient. Tendinta
actuala in medicina este orientata spre medicina moleculara personalizata, care identifica
particularitatile fiecarui individ afectat de o anumita patologie si directioneaza eforturile colective
catre crearea de noi compusi pentru neutralizarea sau corectarea tulburarilor existente.
Medicina bazata pe dovezi aduce din ce in ce mai multe beneficii si valoare in gestionarea
patologiilor si demonteaza mituri care au fost candva panacee.

Din punct de vedere clinic, TDM este o tulburare psihiatrica care necesita cel putin cinci
simptome pe parcursul unei perioade de doua saptamani, dintre care cel putin unul este:
dispozitia depresiva, pierderea placerii sau a interesului. Aceste simptome trebuie sa provoace
suferinta semnificativa din punct de vedere clinic sau sa afecteze functionarea sociala,
profesionald sau alte domenii importante de functionare si nu trebuie sa poata fi atribuite altor
afectiuni medicale consumului de medicamente sau abuzul de anumite substante toxice. DSM
5-TR precizeaza, de asemenea, ca trebuie excluse criteriile pentru un episod de manie sau
hipomanie in vederea excluderii unei tulburari bipolare. ICD-11 pune accentul pe severitatea
episoadelor depresive (usoara, moderata, severa) in functie de intensitatea simptomelor,
frecventa acestora si de impactul lor asupra functionarii zilnice.

miRNA-urile, acizi ribonucleici mici, non-codanti, monocatenari, sunt utilizati in prezent
ca biomarkeri pentru diferite patologii organice si non-organice. Acesti biomarkeri sunt deosebit
de relevanti in TDM datorita variatiilor lor plasmatice care survin la pacientii depresivi. De
exemplu, este bine cunoscuta variatia lui hsa-miR-132 si hsa-miR-124, la pacientii TDM fiind
asociate cu fenomenele de neuroinflamatie si plasticitate sinaptica. Aceste entitati reprezinta o
finta datorita stabilitatii lor, detectarii simple, accesibile si necostisitoare, si expresiei specifice
patologiei.

Exceptand sfera diagnosticului, miRNA-urile sunt deosebit de atractive in cercetare si din
prisma posiblitatii aplicarii unor terapii tintite anti-miRNA. Aceste terapii tintite pot avea atat rol
de antagonist (inhibitori miRNA — antagomir), cat si agonist (stimulatori miRNA — efecte tip
miRNA-like).

In cadrul acestui studiu am avut ca obiective: identificarea si evaluarea unor miRNA-uri,

ca biomarkeri plasmatici in randul pacientilor depresivi.



Studiul de fata a inclus 10 pacienti cu tulburare depresiva majora (MDD) si 8 subiecti
sanatosi din grupul de control. Participantii au fost pacienti ai Clinicii ,Eduard Pamfil” din
Timisoara, din cadrul Spitalului Clinic Judetean de Urgenta ,Pius Brinzeu” din Timisoara.
Participantii au indeplinit criteriile de diagnostic pentru un episod depresiv major, enumerate in
Manualul de Diagnostic si Statistica al Tulburarilor Mentale, anula a cincea (DSM-V).

Prelevarea probelor a fost realizatd conform protocolului, selectand pacientii care au
indeplinit criteriile de includere. Aceasta abordare a fost adecvata, avand in vedere contextul
clinicii si specificul populatiei studiate. Studiul a fost efectuat in conformitate cu principiile etice,
aderédnd la Declaratia de la Helsinki, care prezinta liniile directoare etice pentru cercetarea
medicala care implica subiecti umani.

Studiul a fost aprobat de catre Consiliul de Etica al Universitatii de Medicina si Farmacie
,Victor Babes” din Timisoara, asigurandu-se ca cercetarea adera la standardele etice si
respecta drepturile participantilor, carora li s-a garantat participarea voluntara si s-au putut
retrage Tn orice moment, fara consecinte.

Criterii de includere au fost urmatoarele: varsta cuprinsa intre 18 si 65 de ani, diagnostic
pozitiv de TDM conform criteriilor DSM-IV-TR si posibilitatea de a-si da consimtaméantul in
deplinatatea cauzei diagnosticului. Criterii de excludere au fost urmatoarele: prezenta altor
tulburari psihiatrice in evolutie, tratament antidepresiv cu 12 luni inainte de inscriere, medicatie
cronica pentru afectiuni medicale comorbide cu 12 luni inainte sau in timpul studiului si
posibilitatea de interventie chirurgicala in timpul studiului.

Probele de sange au fost colectate folosind EDTA, iar plasma a fost separata prin
centrifugare si stocata la -80 -C pana la utilizarea ulterioara. ARN-ul total care contine miRNA a
fost extras folosind kitul miRNeasy Serum / Plasma, inclusiv C. elegans miR-39 mimic spike in
si UniSp2, 4 si 5 ca un control intern pentru normalizare, in conformitate cu recomandarile
producatorului.

Expresia miRNA matur a fost determinata utilizand gPCR in timp real, folosind un sistem
ABI 7900HT si utilizdnd un panou de miRNA de profil miRNA miRCURY LNA miRNA. Datele
gPCR au fost analizate prin utilizarea QIAGEN GeneGlobe Data Analysis Center.

Analiza statistica a fost efectuatd prin analizarea valorilor medii ale probelor si
determindnd semnificatia rezultatelor. Valorile au fost calculate pe baza unui test t-pereche
pentru semnificatie statistica. Fold change (2-24CT) este expresia normalizatd a unui miRNA (2-
AACT) in test, in timp ce valorile p au fost calculate pe baza unui test Student pentru valorile A

replicate la 2-3 CT pentru fiecare gena in grupurile de control si tratament.



O alta latura a studiului este reprezentata de bioinformatica si de corelarea miRNA-urilor
obtinute cu anumite cai metabolice.

In  cadrul studiului curent s-a utilizat baza de date miRTarBase
(https://mirtarbase.cuhk.edu.cn/~miRTarBase/miRTarBase_2022/php/index.php, accesata la
30 august 2024) pentru evaluarea celor mai importante 5 miR-uri supraexprimate legate de TDM
cu cele mai mari valori de FC (fold change) identificate in prezentul studiu.

S-au selectat genele tintd cu doua sau mai multe metode de verificare. Genele selectate
au fost incarcate pe site-ul Erichr (https://maayanlab.cloud/Enrichr/_, accesat la 30 august 2024)
si caile legate de TDM au fost selectate prin utilizarea Reactome si KEGG ca baze de date de
referintd. Caile rezultate au fost corelate cu datele publicate privind TDM. O valoare a lui p sub
0,05 a fost considerata semnificativa din punct de vedere statistic.

Analiza bioinformatica a primelor gene cele mai relevante cu cele mai mari valori FR n
studiul cortexului frontal a ajutat la identificarea pacientilor cu TDM actual si sugereaza ca
acestia pot fi candidati pentru alte boli neurologice sau neurodegenerative.

Impactul clinic al acestor constatari ar putea ajuta la identificarea unui subgrup de pacienti
cu TDM cu o semnificatie prognostica ridicata pentru viitoarele boli neurodegenerative. O
eterogenitate ridicata a genelor a fost identificata in timpul analizei fiecarui miARN. Pentru hsa-
miR-874-3p, au fost identificate 62 de gene cu tulburare depresiva majora. Analiza de
imbogatire a identificat 17 gene semnificative, dintre care sapte au fost direct legate de
tulburarile depresive majore in literatura de specialitate. Clusterele 7 au inclus majoritatea
tulburarilor sistemului nervos legate de TDM, in timp ce clusterul 5 a fost legat de metabolismul
arahidinei si semnalizarea hormonului tiroidian. Cea mai mare valoare a ARN a fost hsa-let-7d
5p, dar nu a fost identificata nicio cale semnificativa legata de TDM. Ultimul miARN analizat a
fost hsa-miR-140-5p, cu 87 de gene asociate, care corespund cu 28 de gene semnificative in
principalele boli maligne.

In materie de rezultate, panelul este format din aproximativ 30 de biomarkeri obtinuti din
studiul a doua grupuri de populatie pe grupuri TDM, aliniati cu literatura de specialitate prin doua
articole originale publicate in reviste internationale. Dintre acesti biomarkeri, este esential sa fie
citati cei care au exprimat cele mai semnificative variatii plasmatice la pacientii depresivi, inclusiv
hsa-miR-874-3p, hsa-miR-574-3p, hsa-miR-93-3p, hsa-miR-93-3p, hsa-let-7d-5p, hsa-mir-
532-3p, hsa-mir-532-5p, hsa-mir-339-5p si hsa-mir-18b-5p.

In primul studiu, am obtinut un set de miRNA-uri, reprezentat in principal de hsa-miR
874-3p, hsa-let-7d-5p si hsa-miR-93-3p, care prezinta o crestere semnificativa a nivelelor

plasmatice la pacientii cu TDM in cadrul grupului de studiu. Aceste constatari evidentiaza
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potentialul hsa-miR-874-3p, hsa-let-7d-5p si hsa-miR-93-3p ca biomarkeri plasmatici veritabili
pentru TDM, sugerand rolul lor pivot in fiziopatologia acestei tulburari.

Rezultatele studiului subliniaza necesitatea standardizarii protocoalelor pentru
incorporarea acestor miRNA-uri in practica clinica, relevand utilitatea potentiala a acestora atat
in diagnosticarea, céat si in urmarirea terapeutica a pacientilor cu TDM. O astfel de standardizare
ar putea deschide calea pentru abordari mai precise si personalizate in ceea ce priveste
gestionarea TDM, imbunatatind, in cele din urma, rezultatele pacientilor.

Cu toate acestea, natura promitatoare a acestor biomarkeri necesita, de asemenea,
continuarea cercetarii. Studiile viitoare ar trebui sa se concentreze pe validarea aplicabilitatii clinice
a acestor miRNA-uri la diferite populatii si medii clinice. Tn plus, sunt necesare evaluari detaliate
pentru a explora potentialul acestor biomarkeri in personalizarea strategiilor de tratament, asigurand
faptul ca interventiile terapeutice pot fi adaptate profilurilor biologice unice ale fiecarui pacient.

in cel de-al doilea studiu, am decelat multiple variatii semnificative ale profilurilor de
expresie miRNA in randul pacientilor TDM. in mod specific, am identificat 15 miRNA-uri cu
variatii notabile, dintre care mai multe au prezentat modificari substantiale ale FR si niveluri
plasmatice crescute la pacientii cu TDM. Aceste constatari evidentiaza potentialul acestor
mMiRNA-uri ca biomarkeri de diagnostic promitatori pentru TDM.

Cele mai reprezentative miRNA-uri din studiul efectuat sunt: hsa-miR-532-5p, hsa-miR
532-3p si hsa-miR-339-5p, fiind enumerate in ordinea lor descrescatoare. Caracterul Tnalt
variabil al acestor miRNA-uri m-a condus spre ideea de a crea un clasament al acestora, care
sa releve importanta lor functionala.

Desigur ca acest clasament nu este o entitate care apartine teoriei formelor fara font, ci
etalarea lor in aceasta ordine s-a realizat bazandu-ma pe valorile FC pe care le-am obtinut prin
cuantificarea miRNA-urilor si prin analiza statistica.

In mod sigur, la demararea acestui studiu, a existat intrebarea:

,Existd miRNA-uri care sd ma ajute sa diferentiez intre pacienti si controli?” Raspunsul la
aceasta intrebare nu s-a putut obtine fara utilizarea analizei ROC, care m-a ajutat sa identific
cativa biomarkeri surprinzatori de utili pentru clinicienii acestui domeniu si nu numai.

Consider cel putin importanta citarea acestora: hsa-miR-29c-3p, hsa-miR-376a-3p,
hsa-miR-532-5p si hsa-miR-339-5p. Biomarkerii indicati au prezentat ASC de peste 0,8, ceea
ce ne indica o capacitate excelenta de discriminare intre pacientii cu TDM si subiectii sanatosi.

hsa-miR-29c-3p este unul dintre biomarkeri cu cele mai mari valori ale AUC (0.83), ceea
ce ii faciliteaza rolul sau de biomarker, dobandind chiar primele locuri in lista miRNA-urilor

studiati, din prisma performantei discriminatorii dintre pacienti si martori.



Desi aceste rezultate ofera o perspectiva valoroasa asupra fundamentelor moleculare ale
TDM, este imperativ sa se efectueze cercetari suplimentare pentru a valida aceste constatari in
cohorte independente mai mari si pentru a elucida rolurile functionale precise ale acestor
mMiRNA-uri in fiziopatologia TDM.

Studiul de fata reprezinta doar un ,screenshot” in procesul evolutiv al diagnosticului
acestei tulburarii psihiatrice, aflandu-se ca un scurt reper pe axa cronologica a multiplelor studii
cu referire la miRNA si depresie. Locul acestei lucrari in literatura de specialitate si utilitatea sa
clinica va fi decisa si de proba timpului. Cu certitudine, cercetarea moleculara in tulburarea
depresiva majora continua si va fi marcata de o serie de studii ample si valoroase.

In concluzie, depresia este o interactiune complexa de factori biologici, psihologici si de
mediu, fiind asemenea unui ,balet” de neurotransmitatori perturbatii, predispozitii genetice si
experiente traite.

in mod specific, contributia mea in cadrul acestei teme vaste, complexe si intens
dezbatute constd in identificarea a doua seturi de miRNA-uri, care au exprimat variatii
semnificative statistic, in cadrul lotului TDM comparativ cu lotul martor si care aspira la rolul de
biomarkeri plasmatici pentru pacientii depresivi.

Cele mai relevante miRNA-uri care apartin acestor seturi sunt: hsa-miR 874-3p, hsa-let-
7d-5p, hsa-miR-93-3p, hsa-miR-532-5p, hsa-miR 532-3p si hsa-miR-339-5p. Importanta
miRNA-urilor enumerate este data de semnificatia statistica pe care am obtinut-o in cazul
acestor miRNA-uri, mai exact de cele mai reprezentative valori p si FR.

Astfel ca, aceste constatari evidentiaza potentialul lor de biomarkeri plasmatici veritabili

pentru TDM, sugerand rolul lor pivot in fiziopatologia acestei tulburari.
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ABSTRACT

Major Depressive Disorder (MDD) is a significant global health problem requiring early
detection, accurate diagnosis and effective treatment. The current trend in medicine is towards
personalized molecular medicine, which identifies the particularities of each individual affected
by a particular pathology and directs collective efforts towards the creation of new compounds
to neutralize or correct existing disorders. Evidence-based medicine is increasingly bringing
benefits and value in the management of pathologies and debunking myths that were once
panaceas.

Clinically, MDD is a psychiatric disorder that requires at least five symptoms over a two
week period, at least one of which is: depressed mood, loss of pleasure or loss of interest. These
symptoms must cause clinically significant distress or impair social, occupational, or other
important areas of functioning and must not be attributable to other medical conditions such as
drug use or substance abuse. The DSM-5-TR also states that criteria for an episode of mania
or hypomania must be excluded in order to exclude bipolar disorder. ICD-11 emphasizes the
severity of depressive episodes (mild, moderate, severe) in terms of the intensity of symptoms,
their frequency, and their impact on daily functioning.

miRNAs, small, non-coding, single-stranded, non-coding ribonucleic acids, are currently
used as biomarkers for various organic and non-organic pathologies. These biomarkers are
particularly relevant in MDD because of their plasma variations that occur in depressed patients.
For example, the variation of hsa-miR-132 and hsa-miR-124 is well known to be associated with
neuroinflammation and synaptic plasticity in MDD patients. These entities represent a target due
to their stability, simple, accessible and inexpensive detection, and pathology-specific
expression.

Apart from the field of diagnosis, miRNAs are also particularly attractive in research
because of the possibility of applying targeted anti-miRNA therapies. These targeted therapies
can have both antagonist (miRNA inhibitors - antagomir) and agonist (miRNA stimulators -
MiRNA-like effects) roles.

In this study we aimed to identify and evaluate miRNAs as plasma biomarkers in
depressed patients.

The present study included 10 patients with major depressive disorder (MDD) and 8
healthy control subjects. The participants were patients of the "Eduard Pamfil" Clinic in

Timisoara, Timisoara, within the "Pius Brinzeu" County Emergency Hospital of Timisoara. The



participants met the diagnostic criteria for a major depressive episode, as listed in the Diagnostic
and Statistical Manual of Mental Disorders, fifth year (DSM-V).

Sampling was performed according to protocol, selecting patients who met the inclusion
criteria. This approach was appropriate given the clinical context and the specifics of the study
population. The study was conducted in accordance with ethical principles, adhering to the
Declaration of Helsinki, which outlines ethical guidelines for medical research involving human
subjects.

The study was approved by the Ethics Board of the "Victor Babes" University of Medicine
and Pharmacy of Timisoara, ensuring that the research adhered to ethical standards and
respected the rights of the participants, who were guaranteed voluntary participation and could
withdraw at any time without consequences.

Inclusion criteria were as follows: age between 18 and 65 years, positive diagnosis of
MDD according to DSM-IV-TR criteria, and the ability to give consent in full knowledge of the
diagnosis. Exclusion criteria were as follows: presence of other psychiatric disorders in progress,
antidepressant treatment 12 months prior to enrollment, chronic medication for comorbid
medical conditions 12 months prior to or during the study, and possibility of surgery during the
study.

Blood samples were collected using EDTA, and plasma was separated by centrifugation
and stored at -80 -C until further use. Total miRNA-containing RNA was extracted using the
miRNeasy Serum/Plasma kit, including C. elegans miR-39 mimic C. elegans miR-39 spike-in
and UniSp2, 4 and 5 as an internal control for normalization according to the manufacturer's
recommendations.

Mature miRNA expression was determined using real-time qPCR using an ABI 7900HT
system and utilizing a miIRCURY LNA miRNA miRNA profiling panel miRCURY LNA miRNA.
The qPCR data were analyzed using the QIAGEN GeneGlobe Data Analysis Center.

Statistical analysis was performed by analyzing sample mean values and determining the
significance of the results. Values were calculated using a paired t-test for statistical significance.
Fold change (2-AAACT) is the normalized expression of a miRNA (2-AAACT) in the assay, while
p-values were calculated based on a Student's t-test for A values replicated at 2-3 CT for each
gene in control and treatment groups.

Another side of the study is bioinformatics and the correlation of the obtained miRNAs

with specific metabolic pathways.



In the current study, the miRTarBase database (https://mirtarbase.cuhk.edu.cn/
~miRTarBase/miRTarBase_2022/php/index.php, accessed August 30, 2024) was used to
evaluate the top 5 overexpressed miRs linked to TDM with the highest FC (fold change) values
identified in the present study.

Target genes with two or more verification methods were selected. Selected genes were
uploaded to the Erichr website (https://maayanlab.cloud/Enrichr/ , accessed August 30, 2024)
and TDM-related pathways were selected using Reactome and KEGG as reference databases.
The resulting pathways were correlated with published TDM data. A p value below 0.05 was
considered statistically significant.

Bioinformatic analysis of the first most relevant genes with the highest FR values in the
frontal cortex study helped to identify patients with current MDD and suggests that they may be
candidates for other neurologic or neurodegenerative diseases.

The clinical impact of these findings could help to identify a subgroup of TDM patients
with high prognostic significance for future neurodegenerative diseases. High gene
heterogeneity was identified during analysis of each miRNA. For hsa-miR-874-3p, 62 major
depressive disorder genes were identified. Enrichment analysis identified 17 significant genes,
seven of which have been directly linked to major depressive disorder in the literature. Cluster
7 included most nervous system disorders related to MDD, while cluster 5 was related to
arachidine metabolism and thyroid hormone signaling. The highest RNA value was hsa-let-7d

5p, but no significant TDM-related pathway was identified. The last miRNA analyzed was
hsa miR-140-5p, with 87 associated genes, corresponding to 28 significant genes in major
malignancies.

In terms of results, the panel consisted of about 30 biomarkers obtained from the study
of two population groups on TDM clusters, aligned with the literature through two original articles
published in international journals. Among these biomarkers, it is essential to cite those that
expressed the most significant plasma variations in depressed patients, including hsa-miR-874-
3p, hsa-miR-574-3p, hsa-miR-93-3p, hsa-miR-93-3p, hsa-miR-93-3p, hsa-let-7d-5p, hsa-mir
532-3p, hsa-mir-532-5p, hsa-mir-339-5p and hsa-mir-18b-5p.

In the first study, we obtained a set of miRNAs, mainly represented by hsa-miR-874-3p,
hsa-let-7d-5p and hsa-miR-93-3p, which show a significant increase in plasma levels in patients
with MDD in the study group. These findings emphasize the potential of hsa-miR-874-3p, hsa
let-7d-5p and hsa-miR-93-3p as veritable plasma biomarkers for TDM, suggesting their pivotal
role in the pathophysiology of this disorder.



The results of the study emphasize the need for standardization of protocols for the
incorporation of these miRNAs into clinical practice, revealing their potential utility in both the
diagnosis and therapeutic follow-up of patients with MDD. Such standardization could pave the
way for more precise and personalized approaches to TDM management, ultimately improving
patient outcomes.

However, the promising nature of these biomarkers also requires further research. Future
studies should focus on validating the clinical applicability of these miRNAs in different clinical
populations and settings. In addition, detailed evaluations are needed to explore the potential of
these biomarkers in personalizing treatment strategies, ensuring that therapeutic interventions
can be tailored to the unique biological profiles of each patient.

In the second study, we detected multiple significant variations in miRNA expression
profiles among TDM patients. Specifically, we identified 15 miRNAs with notable variations,
several of which exhibited substantial changes in RF and elevated plasma levels in TDM
patients. These findings highlight the potential of these miRNAs as promising diagnostic
biomarkers for TDM.

The most representative miRNAs in the study were hsa-miR-532-5p, hsa-miR-532-3p
and hsa-miR-339-5p, listed in descending order.

The highly variable nature of these miRNAs led me to the idea of creating a ranking of
these miRNAs, which would highlight their functional importance.

Of course this ranking is not an entity that belongs to the theory of fontless forms, but the
display of them in this order was done based on the FC values that | obtained by quantifying
mMiRNAs and statistical analysis.

Certainly, when starting this study, there was the question:

"Are there miRNAs that can help me differentiate between patients and controls?" The
answer to this question could not have been answered without the use of ROC analysis, which
helped me identify some surprisingly useful biomarkers for clinicians in this field and beyond.

| consider it at least important to mention them: hsa-miR-29c¢-3p, hsa-miR-376a-3p, hsa
miR-532-5p and hsa-miR-339-5p. The indicated biomarkers showed an AUC above 0.8,
indicating an excellent ability to discriminate between MDD patients and healthy subjects.

hsa-miR-29c-3p is one of the biomarkers with the highest AUC values (0.83), which
facilitates its role as a biomarker, even acquiring the first places in the list of miRNAs studied, in

terms of its discriminatory performance between patients and controls.



Although these results provide valuable insight into the molecular underpinnings of TDM,
it is imperative to conduct further research to validate these findings in larger independent
cohorts and to elucidate the precise functional roles of these miRNAs in the pathophysiology of
TDM.

The present study represents only a "screenshot" in the evolutionary process of the
diagnosis of this psychiatric disorder, standing as a brief landmark on the chronological axis of
multiple studies with reference to miRNAs and depression. The place of this work in the literature
and its clinical utility will be decided by the test of time. Certainly, molecular research in major
depressive disorder continues and will be marked by a series of large and valuable studies.

In conclusion, depression is a complex interplay of biological, psychological and
environmental factors, being like a "ballet" of neurotransmitter perturbations, genetic
predispositions and lived experiences.

Specifically, my contribution to this vast, complex and intensely debated topic is to identify
two sets of miRNAs, which expressed statistically significant variations in the TDM group
compared to the control group and which aspire to the role of plasma biomarkers for depressed
patients.

The most relevant miRNAs belonging to these sets are: hsa-miR 874-3p, hsa-let-7d-5p,
hsa-miR-93-3p, hsa-miR-532-5p, hsa-miR 532-3p and hsa-miR-339-5p. The importance of the
listed miRNAS is given by the statistical significance that we obtained for these miRNAs, more
specifically by the most representative p-values and FR.

Thus, these findings highlight their potential as genuine plasma biomarkers for TDM,

suggesting their pivotal role in the pathophysiology of this disorder.
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