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INTRODUCERE

Fundamentarea biologiei moleculare ca stiinta de sine statatoare in ultima parte
a secolului XX a deschis calea intelegerii mai profunde a geneticii si a proceselor
celulare. In plus, capacitatea de a manipula direct ADN-ul si ARN-ul, combinati cu
progresele tehnologice rapide, au permis descifrarea proceselor moleculare subiacente
asociate patologiilor. Cercetarea oncologicd, in special, a inregistrat o multitudine de
descoperiri in identificarea fundemetelor genetice ale bolii, a factorilor de risc, a
biomarkerilor bolii si, probabil cel mai important, a unor terapii eficiente. Ca atare,
caracterizarea moleculard a proceselor oncologice a fost directia principalda de
cercetare pe care s-au bazat cele mai importante din aceste descoperiri terapeutice. Cu
toate acestea, desi au existat imbundtdtiri majore in abordarile terapeutice ale
majoritatii tipurilor de cancer, intelegerea noastra a acestui grup extrem de eterogen
de afectiuni maligne este inca doar la inceput.

Cancerul mamar si pulmonar sunt doua dintre cele mai raspandite si letale
forme, care afecteazi milioane de persoane din intreaga lume. in ciuda progreselor
inregistrate in iIntelegerea bolii si a dezvoltarii diferitelor optiuni de tratament,
prognosticul pentru pacientii cu stadii avansate ramane nefavorabil. Prin urmare, este
crucial sa continudm sa dezvoltim mecanismele moleculare care stau la baza
dezvoltdrii si progresiei acestor tipuri de cancer pentru a Imbunatati capacitatea
noastrd de a dezvolta terapii noi. In conformitate cu acest aspect, taxonomia
moleculara actuala a cancerului de san a fost stabilitd pe baza expresiei receptorilor sai
hormonali si a caracteristicilor transcriptionale pe care acestia le coordoneaza.
Estrogenul este cel mai important hormon sexual si joacad un rol crucial in dezvoltarea
cancerului de san receptor estrogen pozitiv (ER+), cel mai frecvent subtip,
reprezentand mai mult de 60% din cazurile BC. Caracterizarea caii de semnalizare a
estrogenului a fost un pilon de baza in identificarea unor terapii pentru acest subtip de
cancer, molecule precum tamoxifen find specific definite ca inhibitori hormonal. Cu
toate acestea, in ciuda succesului initial al acestor terapii, multi pacienti dezvolta in
cele din urma rezistentd, subliniind necesitatea unei mai bune intelegeri a
mecanismelor moleculare care stau la baza interactiunii dintre estrogen si celulele
canceroase de san. Desi este bine cunoscut faptul ca estrogenul este unul dintre
principalii factori ai dezvoltarii cancerului ER+, intreaga activitate reglatoare ale
acestui hormon nu au fost inca descifrate.

Veziculele extracelulare (VE) sunt particule membranate mici, eliberate de
celule In spatiul extracelular, reprezentand unul dintre principalele canale de
comunicare intercelulari. Incircitura VE contine o multitudine de molecule bioactive,
de la ADN, diferite specii de ARN si proteine, care pot modifica fenotipic celulele in care
acestea sunt internalizate. Ca atare, s-a dovedit ca VE-urile joaca un rol important in
comunicarea dintre celulele tumorale si micromediul lor, facilitind diseminarea
metastatica a celulelor acestora.



Dintre multiplele componente ale incarcaturii moleculare VE, au fost evidentiate
miARN (microARN), molecule mici de ARN care joaca un rol critic in reglarea genelor,
avand In vedere versatilitatea lor functionala extinsa si asocierea istoricad cu
oncogeneza. Pana acum, o conexiune intre estrogen si miARN-urile Incapsulate in EV
nu a fost conturata. Prin urmare, unul dintre primele obiective ale acestei teze este de a
contribui la intelegerea rolului micrARN-urilor in conjunctie cu activitatea estrogenica
in cancer, a veziculelor extracelulare, si a mecanismelor de incarcare a miARN-ului
acestora.

CircARN-urile, pe de alta parte, sunt molecule de ARN cu o arhitectura circulara
rezultata din fuzionarea capetelor unui transcript de ARN imatur in urma unui proces
numit back-splicing. Din punct de vedere functional, desi au un potential codant
limitat, circARN-urile s-au dovedit a fi importante in reglarea expresiei genelor,
actionand ca schele pentru complexele proteice si momeli monocatenare pentru
miARN-uri, putandu-le inactiva. Astfel, cercetarea CircRNA a avansat rapid in ultimii
cativa ani, cu un numar tot mai mare de studii care sugereaza un rol potential pentru
aceste specii de ARN 1n biologia cancerului. Domeniul de studiu al circARN-urilor fiind
relativ tandr, multe aspecte refritoare la analiza si caracterizarea moleculara a acestora
nu au fost inca bine definite. Acest lucru poate face dificila compararea rezultatelor din
diferite studii si tragerea de concluzii despre rolul circRNA in cancer, rezultand in
disconcordante si pundnd sub semnul intrbarii importanta lor functionala. Prin legarea
de miARN-uri specifice, circARN-urile pot modula expresia genelor tinta implicate in
tumorigenezi, angiogeneza si rezistenta la terapie. In plus, s-a demonstrat ci circRNA-
urile au modele de expresie specifice in cancerul pulmonar, sugerand utilizarea lor
potentiala ca biomarkeri pentru diagnostic si prognostic.

Prin urmare, ne vom concentra pe aspectele bioinformatice si experimentale in
detectarea si caracterizarea unui subset de circRNA in modelele de cancer pulmonar,
utilizdnd toate resursele online disponibile si tehnicile experimentale si de control al
calitatii pentru a contribui la definirea unui consens metodologic. Vom evidentia modul
in care pasii cheie de procesare, cum ar fi digestia ARN-azei R a transcriptelor liniare,
pot imbogati in mod specific fractia circARN-urilor din ARN-ul total, facilitind
detectarea lor. Astfel, prin aceastda teza ne propunem sa contribuim la intelegerea
rolului ARN-urilor necodificante, in special miARN-urilor, in cancer prin realizarea a
trei studii care investigheaza rolul estrogenului in modularea productiei de vezicule
extracelulare si a semnaturilor miARN, precum si stabilirea unui protocol pentru
detectarea circRNA in celulele canceroase. Aceste studii vor oferi perspective asupra
interactiunii complexe dintre hormoni, ARN-urile necodificatoare si cancer si pot
informa dezvoltarea unor noi strategii terapeutice.



Contributia personala

Studiul #1. Rolul estrogenului (17B-estradiol) in producerea de VE in modele
tumorale de san ER+

Prima componenta a acestui studiu isi propune sa evalueze rolul estrogenului in
producerea veziculelor extracelulare (VE) in celulele tumorale de san positive, triple
negative si in celulele mamare cu fenotip normal. Pentru a face acest lucru, vom cultiva
aceste tipuri de celule in prezenta si in lipsa totala a estrogenului din mediu.
Supernatantul va fi colectat si procesat pentru purificarea VE folosind o metoda
adecvatd pentru a produce citiri precise. VE-urile purificate vor fi numarate folosind
Nanosight 3000, o platforma utilizatd pe scara largd pentru caracterizarea
nanoparticulelor din biofluide, iar rezultatele vor fi analizate pentru a determina
efectul estrogenului asupra productiei de EV in diferitele tipuri de celule.

in conformitate cu obiectivul nostru, rezultatele noastre au aritat ci stimularea
cu estrogen determind o crestere semnificativa a productiei de EV in toate liniile
celulare ER pozitive investigate, fara modificari semnificative in cazul modelelor ER
negative. Analiza morfologicd a EV-urilor identificate folosind atat microscopia
Nanosight, cat si TE a confirmat distributia dimensiunilor corespunzatoare exozomilor,
indicand un mecanism de eliberare activ care poate fi supus reglementarii. Inhibarea
dubla a activitatii ER: tamoxifenul, cel mai utilizat antagonist ER, si knockdown-ul ER
siRNA au confirmat legatura dintre inhibarea semnalizarii ER si biogeneza EV. Acest
lucru sugereaza in mod clar ca mecanismul de producere a EV este diferit intre
subtipurile moleculare si ca calea estrogenului este implicata in mod specific in
reglarea productiei de EV. In plus, am indicat ci nSMase2, enzimi implicatd in
metabolismul ceramidelor, este implicata la mecanismul observat, avind in vedere
efectul inhibitor al moleculei inhibitoare GW4869 si contracararea acesteia dupa
adaugarea de estrogen intr-un mecanism nedescifrat in prezent.

Din observatiile noastre, legatura dintre estrogen si VE este o descoperire noua;
ca atare, descrierea completd a mecanismului implicat ar putea oferi oportunitati
terapeutice, avand In vedere implicatiile largi ale EV in dezvoltarea fenotipurilor
maligne. Rezultatele noastre ofera noi perspective asupra relatiei dintre semnalizarea
hormonala si productia de EV in celulele tumorale de san si subliniaza importanta
intelegerii diferitelor mecanisme prin care hormonii regleaza productia de EV.
Descoperirile noastre ar putea avea implicatii semnificative pentru diagnosticul si
tratamentul cancerului de san, deoarece EV-urile au potentialul de a servi ca
biomarkeri diagnostici si terapeutici. In plus, tintirea ciii estrogenului in celulele
tumorale de san ER pozitive folosind tamoxifen sau siRNA knockdown ar putea oferi o
noua strategie terapeutica pentru tratamentul cancerului de san prin reducerea
productiei de EV, care ar putea avea un impact Inca neexplorat asupra raspandirii si
rezistentei celulelor canceroase.



Studiul #2. Rolul estrogenului in modularea miRNOm-ului celular, extravezicular
si a incarcarii miARN-urilor in VE derivate din modelele celulare tumorale.

In studiul anterior, am raportat ci estrogenul moduleazi productia de vezicule
in celulele tumorale de sdn estrogen-pozitive. Pe langa efectele sale asupra proliferarii
celulare si productiei de VE, s-a demonstrat ca estrogenul regleaza expresia anumitor
miARN. In acest capitol, vom investiga ipoteza ci estrogenul moduleazi semnatura
miARN-urilor la nivel celular cat si a VE-urilor derivate din modelele celulare tumorale.

In decursul acestui studiu, am evidentiat un mecanism nou in care estrogenul
poate regla semnatura incarcaturii miARN printr-o retea complexa de interactiune.

in primul rand, folosind microarray, am observat ca semndatura diferentiala EV
miARN a prezentat elemente recurente derivate din aceeasi familie de miARN, si
anume let-7, care a fost primul indiciu al unui mecanism de reglementare comun, si
miR-149-5p la nivel celular, observatii validate ulterior folosind gRT-PCR. Am
confirmat utilizand date bioinformatice genomice ca ER, dupad activare, poate fi
responsabil pentru inhibarea miR-149-5p, avand in vedere prezenta unui locus de
legare specificd ER in regiunea promotoare din amonte de 5 kb. Prin urmare, ER ar
putea lega acest locus dupa activare, inhiband transcriptia miR-149-5p. Am fost curiosi
de consecintele functionale ale reglarii miR-149-5p, prin cautarea unui ARNm tinta cu
implicatii functionale fie in biogeneza EV, fie, In mod ideal, incarcarea miARN in
mecanismele EV. Am identificat hnRNPA1 RBP si factorii de transcriptie SP1 ca tinte
potentiale ale miR-149-5p. Prima tintd, SP1 este un factor de transcriptie implicat in
transcrierea mai multor componente ale caii de biogeneza a EV, In special nsMASEZ2.
Acest lucru implica faptul ca inhibarea miR-149-5p poate determina o crestere a
transcriptiei SP1, determinand in consecintd reglarea nsMASE2. NsMASE2 este un
factor cheie In metabolismul ceramidelor si in masinile de biogeneza EV. Aceasta,
impreuna cu identificarea conexiunii sale cu SP1 si indirect cu miR-149-5p, contureaza
o potentiald axa de reglare dependenta de estrogen care moduleaza biogeneza EV in
celulele ER + BC.

Pe de alta parte, interactiunea dintre hnRNPA1 si miR-149-5p a fost validata anterior,.
Astfel, am ales sda validdm hnRNPA1 ca potential factor implicat in incarcarea
membrilor familiei let-7 miARN in EV, avand in vedere indicatiile anterioare ale
proteinelor din aceasi familie cu activitate similara. Am observat o crestere a nivelelor
de hnRNPA1 in urma tratamentului cu 17B-estradiol in celulele ER +, asa cum s-a
indicat anterior In urma reglajului miR-149-5p dependent de ER. Studiile anterioare au
indicat cd membrii familiei hnRNP leaga ARN-urile tinta pe baza prezentei unor motive
specifice in secventa lor, fapt care a actionat ca baza a presupunerii noastre ca
hnRNPA1 poate interactiona direct cu let-7. Astfel, am confirmat co-localizarea
hnRNPAT1 cu let-7 in VE-urile derivate din liniile celulare BC folosind Western Blot. Am
identificat secventa de legare comuna gasita la majoritatea membrilor familiei let-7a.
Am validat interactiunea directa dintre hnRNPA1 si let-7a si let-7d folosind un
pulldown direct proteina-ARN biotina-streptavidina. Ca atare, am confirmat legarea
directd a let-7a si let-7d cu hnRNPA1. Aceasta subliniazd o interactiune extinsa



dependenta de estrogen care ar putea regla expulzarea miARN-urilor considerate in
mare ca fiind supreasore tumorale. Implicatiile extinse ale let-7 in suprimarea
tumorale pot constitui fundamentul unui studiu ulterior. Astfel, acest studiu subliniaza
un nou mecanism dependent de estrogen care coreleaza reglarea expresiei miR-149-
5p cu incdrcarea specifica a miARN in EV-uri si, eventual, cu biogeneza VE.

Studiu #3 Oprimizarea unui protocol pentru detectarea circRNA folosind qRT-
PCR

Protocoalele fiabile si replicabile pentru detectarea circRNA-urilor folosind RT-
PCR sunt cruciale pentru caracterizarea precisa a acestor transcripte. Avand in vedere
complexitatea protocoalelor circRNA in comparatie cu cele standard RT-PCR, exista
multe variabile metodologice care trebuie abordate. Stabilitatea circRNA si facilitatea
detectarii sunt influentate atat de calitatea ARN-ului, cat si de eficienta tratamentului
cu ARNza R 1n eliminarea contaminantilor liniari, precum ARN-uri mesagere intrudite
care ar putea determina o amplificare fals-pozitiva. Ca atare, ipoteza noastra principala
este ca tratamentul cu ARNaza R influenteaza in mod semnificativ pragul de detectie al
circRNA din pool-ul total de ARN si ca optimizarea acestuia este necesara pentru o
detectare optima.

Acest studiu propune un flux de lucru standardizat pentru validarea si
explorarea circARN-urilor, utilizidnd ca model circARN validate anterior si pseudo-
referite, si anume circFOXO03 si circPVT1, datorita nivelurilor de expresie detectabile si
secventei lor, care au fost studiate in contexte maligne.

Dupa caracterizarea bioinformatica si validarea amorselor proiectate in jurul
punctului de fuziune, am continuat cu optimizarea pasilor de procesare a ARN-ului,
cum ar fi concentratia initiald, intensitatea tratamentului cu ARN-azei si controlul
calitatii ARN-ului au fost optimizate. Dupa observatiile noastre, concentratia minima
recomandata e de cel putin 1 ug de ARN total, pentru a compensa pierderilor aferente
tratamentului cu ARNza R si etapelor ulterioare de purificare. Conditiile optime de
tratament cu ARNza R depind de stabilitatea si concentratia enzimei, concentratiei de
ARN, temperatura si alti factori. Analiza comparativd de a eficeintei reactiei arata
importanta includerii probelor de control netratate pentru a evalua eficacitatea
tratamentului cu ARNza R in imbogatirea fractiunii de circARN. Experimentele noastre
au observat variatii specifice ale probei si ale circRNA ale nivelurilor de amplificare, cu
niveluri ridicate de circPVT1 post-tratament, indicand niveluri initiale scazute de
detectie.

Pseudo-circRNA-urile neadnotate (circANAPC2 si circACAP2) au prezentat
niveluri scazute de detectie datorita nivelurilor lor scazute de expresie, desi ambele au
aratat rezistenta semnificativa la digestia ARNaza R In comparatie cu omologii lor
liniari. Transcrierea liniara ACAP2 a aratat chiar rezistenta la ARNza R in mai multe
cazuri, posibil datoritd numarului sdu mare de elemente G-quadruplex (G4) din
secventa. Am observat si faptul ca concentratii mai mari de ARNaza R afecteaza
stabilitatea circARN-urilor si inhiba eliminarea eficeintd a transcriptelor lineare,



subliniind necesitatea optimizarii specifice transcriptului. Optimizarea etapei de
digestie a ARN-azei R este cruciala atunci cand se investigheaza un anumit ARN-uri,
deoarece functia cheie a ARN-urilor este capacitatea lor de a elimina miARN-uri
specifice, modificaindu-le efectele de reglementare asupra altor ARN-uri.

in continuare, am folosit totaliatea bazelor de date disponibile pentru a
identifica miARN-uri relevante care ar putea interactiona si fi inactivate de circFOX03,
pentru a exemplifica o caracterizare funcionala a acestuia. Prin numarul de situsuri de
interactiuni, presupunem ca MiARN-urile cu mai multe situsuri de legare in secventa
circARN, cum ar fi miR-143-3p, au un potential mai mare de interactiune. Ca si detaliu,
interacsiunea dintre miR-143-3p si circFOX03 1n cancerul gastric a fost observata in
studii anterioare, subliniind importanta investigarii interactiunilor circRNA-miARN in
diverse contexte patologice. Astfel, acest studiu se concentreazda pe optimizarea
metodelor ARNza R si RT-qPCR pentru transcrierile validate, in timp ce screening-ul
potential de noi circRNA pe baza sensibilitdtii lor la tratamentele cu ARNaza R.
Optimizarea digestiei ARN-azei R este cruciald, iar investigarea interactiunilor
circRNA-miARN 1in diferite contexte patologice este esentiald pentru o mai buna
intelegere a rolului circRNA-urilor in procesele patologice.
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INTRODUCTION

The establishment of molecular biology as a bona-fide science in its own right in
the latter part of the 20th century paved the way for a deeper understanding of
genetics and cellular processes. In addition, the ability to directly manipulate DNA and
RNA, combined with rapid technological advances, have enabled the deciphering of the
underlying molecular processes associated with pathologies. Oncology research, in
particular, has seen multiple of breakthroughs in identifying the genetic underpinnings
of disease, risk factors, biomarkers of disease, and perhaps most importantly, effective
therapies. As such, the molecular characterization of oncological processes has been
the main line of research upon which the most important of these therapeutic
discoveries have been based. However, although there have been major improvements
in therapeutic approaches to most types of cancer, our understanding of this highly
heterogeneous group of malignancies is still just beginning.

Breast and lung cancer are two of the most widespread and lethal forms,
affecting millions of people worldwide. Despite progress in understanding the disease
and the development of various treatment options, the prognosis for patients with
advanced stages remains poor. Therefore, it is crucial that we continue to develop the
molecular mechanisms underlying the development and progression of these cancers
to improve our ability to develop new therapies. In line with this, the current
molecular taxonomy of breast cancer has been established based on the expression of
its hormone receptors and the transcriptional features they coordinate. Estrogen is the
most important sex hormone and plays a crucial role in the development of estrogen
receptor positive (ER+) breast cancer, the most common subtype, accounting for more
than 60% of BC cases. The characterization of the estrogen signaling pathway has been
a cornerstone in the identification of therapies for this subtype of cancer, molecules
such as tamoxifen being specifically defined as hormone inhibitors. However, despite
the initial success of these therapies, many patients eventually develop resistance,
highlighting the need for a better understanding of the molecular mechanisms
underlying the interaction between estrogen and breast cancer cells. Although it is well
known that estrogen is one of the main factors in the development of ER+ cancer, the
full regulatory activity of this hormone has not yet been deciphered.

Extracellular vesicles (EVs) are small membrane-bound particles released by
cells into the extracellular space, representing one of the main channels of intercellular
communication. EV cargo contains a multitude of bioactive molecules, from DNA,
various RNA species, and proteins, which can phenotypically alter the cells in which
they are internalized. As such, EVs have been shown to play an important role in the
communication between tumor cells and their microenvironment, facilitating the
metastatic dissemination of their cells. Among the multiple components of EV
molecular cargo, miRNAs (microRNAs), small RNA molecules that play a critical role in



gene regulation, have been highlighted given their extensive functional versatility and
historical association with oncogenesis. So far, a connection between estrogen and EV-
encapsulated miRNAs has not been outlined. Therefore, one of the first goals of this
thesis is to contribute to the understanding of the role of estrogen in ER+ breast cancer
by investigating the effect of estrogen on EV production, molecular signatures, and
their miRNA loading mechanisms.

CircRNAs, on the other hand, are RNA molecules with a circular architecture
resulting from the fusion of the ends of an immature RNA transcript following a
process called back-splicing. Functionally, although they have limited coding potential,
circRNAs have been shown to be important in the regulation of gene expression, acting
as scaffolds for protein complexes and single-stranded decoys for miRNAs, potentially
inactivating them. Thus, CircRNA research has advanced rapidly over the past few
years, with an increasing number of studies suggesting a potential role for these RNA
species in cancer biology. As this field of study is relatively young, many aspects
related to the analysis and molecular characterization of circRNAs have not yet been
well defined. This can make it difficult to compare results from different studies and
draw conclusions about the role of circRNAs in cancer, resulting in inconsistencies and
questioning their functional relevance. By binding to specific miRNAs, circRNAs can
modulate the expression of target genes involved in tumorigenesis, angiogenesis, and
therapy resistance. In addition, circRNAs have been shown to have specific expression
patterns in lung cancer, suggesting their potential use as biomarkers for diagnosis and
prognosis.

Therefore, we will focus on the bioinformatic and experimental aspects in the
detection and characterization of a subset of circRNAs in lung cancer models, using all
available online resources and experimental and quality control techniques to help
define a methodological consensus. We will highlight how key processing steps, such
as RNAse R digestion of linear transcripts, can specifically enrich the fraction of
circRNAs in total RNA, facilitating their detection. Thus, with this thesis we aim to
contribute to the understanding of the role of non-coding RNAs, especially miRNAs, in
cancer by carrying out three studies investigating the role of estrogen in modulating
extracellular vesicle production and miRNA signatures, as well as establishing a
protocol for circRNA detection in cancer cells. These studies will provide insights into
the complex interplay between hormones, non-coding RNAs and cancer and may
inform the development of new therapeutic strategies.



Personal contribution

Study #1. Role of estrogen (17@-estradiol) in EV production in ER+ breast cancer
cells

The first component of this study aims to evaluate the role of estrogen in the
production of extracellular vesicles (EVs) in positive, triple-negative breast tumor cells
and in normal phenotype breast cells. To do this, we will culture these cell types in the
presence and total absence of environmental estrogen. The supernatant will be
collected and processed for EV purification using an appropriate method to produce
accurate readings. Purified EVs will be counted using the Nanosight 3000, a widely
used platform for characterizing nanoparticles in biofluids, and the results will be
analyzed to determine the effect of estrogen on EV production in different cell types.

In line with our objective, our results showed that estrogen stimulation causes a
significant increase in EV production in all ER-positive cell lines investigated, with no
significant changes in ER-negative models. Morphological analysis of EVs identified
using both Nanosight and TE microscopy confirmed the size distribution
corresponding to exosomes, indicating an active release mechanism that may be
subject to regulation. Dual inhibition of ER activity using tamoxifen, the most widely
used ER antagonist, and ER siRNA knockdown confirmed the link between inhibition of
ER signaling and EV biogenesis. This clearly suggests that the mechanism of EV
production is different between molecular subtypes and that the estrogen pathway is
specifically involved in the regulation of EV production. In addition, we indicated that
nSMase2, an enzyme involved in ceramide metabolism and EV release, is involved in
the observed mechanism, given the inhibitory effect of the inhibitory molecule
GW4869 and its reversal after the addition of estrogen in a mechanism currently not
deciphered.

From our observations, the link between estrogen and VE is a novel finding; as
such, the full description of the mechanism involved could provide therapeutic
opportunities given the broad implications of EV in the development of malignant
phenotypes. Our results provide new insights into the relationship between hormone
signaling and EV production in breast tumor cells and underscore the importance of
understanding the various mechanisms by which hormones regulate EV production.
Our findings could have significant implications for breast cancer diagnosis and
treatment, as EVs have the potential to serve as diagnostic and therapeutic biomarkers.
In addition, targeting the estrogen pathway in ER-positive breast tumor cells using
tamoxifen or siRNA knockdown could provide a new therapeutic strategy for the
treatment of breast cancer by reducing EV production, which could have an as yet
unexplored impact on cancer cell spread and resistance .



Study #2. The role of estrogen in modulating the cellular and
extravesicular miRNOme and vesicle production in ER+ breast cancer
models

In the previous study, we reported that estrogen modulates vesicle production
in estrogen-positive breast tumor cells. In addition to its effects on cell proliferation
and VE production, estrogen has been shown to regulate the expression of certain
miRNAs. In this chapter, we will investigate the hypothesis that estrogen modulates
the miRNA signature at the cellular level as well as VEs derived from tumor cell
models.

In the course of this study, we highlighted a novel mechanism by which estrogen
can regulate the miRNA cargo signature through a complex interaction network.

First, using microarray, we observed that the differential EV miRNA signature
showed recurrent elements derived from the same miRNA family, namely let-7, which
was the first indication of a common regulatory mechanism, and miR-149-5p at
cellular level, observations subsequently validated using qRT-PCR. We confirmed using
genomic bioinformatics data that ER, upon activation, may be responsible for the
inhibition of miR-149-5p, given the presence of an ER-specific binding locus in the 5 kb
upstream promoter region. Therefore, ER could bind this locus after activation,
inhibiting the transcription of miR-149-5p. We were curious about the functional
consequences of miR-149-5p regulation, by searching for a target mRNA with
functional implications in either EV biogenesis or, ideally, miRNA loading in EV
mechanisms. We identified hnRNPA1 RBP and SP1 transcription factors as potential
targets of miR-149-5p. The first target, SP1 is a transcription factor involved in the
transcription of several components of the EV biogenesis pathway, especially
nsMASE2. This implies that inhibition of miR-149-5p may cause an increase in SP1
transcription, consequently causing upregulation of nsMASE2. NsMASE?2 is a key factor
in ceramide metabolism and EV biogenesis machinery. This, together with the
identification of its connection with SP1 and indirectly with miR-149-5p, outlines a
potential estrogen-dependent regulatory axis that modulates EV biogenesis in ER + BC
cells.

On the other hand, the interaction between hnRNPA1 and miR-149-5p has been
previously validated. Thus, we chose to validate hnRNPA1 as a potential factor
involved in the loading of let-7 miRNA family members into EVs, given previous
indications of proteins from the same family with similar activity. We observed an
increase in hnRNPA1 levels following 17(-estradiol treatment in ER + cells, as
previously indicated following ER-dependent regulation of miR-149-5p. Previous
studies indicated that members of the hnRNP family bind target RNAs based on the
presence of specific motifs in their sequence, which acted as the basis of our
assumption that hnRNPA1 may directly interact with let-7. Thus, we confirmed the co-
localization of hnRNPA1 with let-7 in VEs derived from BC cell lines using Western
Blot. We identified the common binding sequence found in most let-7a family
members. We validated the direct interaction between hnRNPA1 and let-7a and let-7d



using a direct protein-RNA biotin-streptavidin pulldown. As such, we confirmed the
direct binding of let-7a and let-7d to hnRNPA1. This highlights an extensive estrogen-
dependent interaction that could regulate the ejection of miRNAs widely regarded as
tumor suppressors. The extended implications of let-7 in tumor suppression may form
the basis of further study. Thus, this study highlights a novel estrogen-dependent
mechanism that correlates the regulation of miR-149-5p expression with specific
miRNA loading in EVs and possibly with VE biogenesis.

Study #3. Detection and validation of circRNAs using RT-qPCR in lung
cancer models.

Reliable and replicable protocols for the detection of circRNAs using RT-PCR are
crucial for the accurate characterization of these transcripts. Given the complexity of
circRNA protocols compared to standard RT-PCR, there are many methodological
variables that need to be addressed. circRNA stability and ease of detection are
influenced by both the quality of the RNA and the efficiency of RRNA treatment in
removing linear contaminants such as intervening messenger RNAs that could cause
false-positive amplification. As such, our primary hypothesis is that RNase R treatment
significantly influences the detection threshold of circRNA from the total RNA pool and
that its optimization is necessary for optimal detection.

This study proposes a standardized workflow for the validation and exploration of
circRNAs, using previously validated and pseudo-referred circRNAs as a model, namely
circFOX03 and circPVT1, due to their detectable expression levels and sequence, which
have been studied in malignant contexts.

After bioinformatic characterization and validation of primers designed around the
fusion point, we proceeded with optimization of RNA processing steps such as initial
concentration, RNAse treatment intensity and RNA quality control were optimized.
According to our observations, the recommended minimum concentration is at least 1
pg of total RNA, to compensate for the losses related to the R-RNA treatment and the
subsequent purification steps. The optimal conditions for RNase R treatment depend
on enzyme stability and concentration, RNA concentration, temperature, and other
factors. Comparative analysis of reaction efficiency shows the importance of including
untreated control samples to assess the effectiveness of RRNA treatment in enriching
the circRNA fraction. Our experiments observed sample- and circRNA-specific
variations in amplification levels, with high levels of circPVT1 post-treatment
indicating low baseline levels of detection.

The unannotated pseudo-circRNAs (circANAPC2 and circACAP2) showed low levels of
detection due to their low expression levels, although both showed significant
resistance to RNase R digestion compared to their linear counterparts. The ACAP2
linear transcript even showed resistance to RNAse R in several cases, possibly due to
its high number of G-quadruplex (G4) elements in the sequence. We also observed that
higher concentrations of RNase R affect the stability of circRNAs and inhibit the
efficient elimination of linear transcripts, underscoring the need for transcript-specific



optimization. Optimizing the RNAse R digestion step is crucial when investigating a
particular RNA, as the key function of RNAs is their ability to knock out specific
miRNAs, altering their regulatory effects on other RNAs .

Next, we used all available databases to identify relevant miRNAs that could interact
with and be inactivated by circFOX03, to exemplify a functional characterization of it.
By the number of interaction sites, we assume that MiRNAs with more binding sites in
the circRNA sequence, such as miR-143-3p, have a higher interaction potential. As a
detail, the interaction between miR-143-3p and circFOX03 in gastric cancer has been
observed in previous studies, highlighting the importance of investigating circRNA-
miRNA interactions in various pathological contexts. Thus, this study focuses on
optimizing RNAse R and RT-qPCR methods for validated transcripts, while screening
potential new circRNAs based on their sensitivity to RNAse R treatments. Optimizing
RNAse R digestion is crucial, and investigating of circRNA-miRNA interactions in
different pathological contexts is essential for a better understanding of the role of
circRNAs in pathological processes.



