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ABSTRACT

I. INTRODUCTION

This PhD thesis explores the complex interplay between environmental allergens,
dietary factors and molecular regulatory mechanisms involved in the pathogenesis of allergic
asthma. It focuses specifically on the cumulative effects of co-sensitization and co-exposure to
multiple allergens upon the modulation of the allergic immune response. This research has
focused on two allergens with the highest rate of sensitization in the indoor environment, the
house dust mites (Dermatophagoides pteronissinus, HDM), and in the outdoor environment,
ragweed pollen (Ambrosia artemisiifolia, short ragweed, RW). In a realistic context, the
presence of a high fructose diet (HFrD) may favor the occurrence of metabolic imbalances with
an impact on both systemic inflammation and molecular and clinical expression of asthma. Our
results emphasize that simultaneous exposure to HDM and RW amplifies airway
hyperresponsiveness and aggravates metabolic dysfunctions, such as dyslipidemia and
abdominal obesity, through a systemic inflammatory mechanism. The significant correlation
between serum total IgE and C-reactive protein (CRP) values in the context of HFrD-
associated asthma supports the existence of an interdependence between systemic

inflammation and allergic response.

Through the combined use of in vivo and in vitro experimental models, the research
demonstrates that concomitant exposure to multiple allergens leads to a marked impairment of
the integrity of the bronchial epithelial barrier and triggers a more intense inflammatory
response than exposure to single allergens. Therefore, the central role of the respiratory
epithelium in the initiation and perpetuation of allergic inflammation is emphasized. In this
regard, the study provides evidence for the detrimental effects of the allergens that have a
protease structure such as Amb a 1, Amb a 11 and Der p 1 on tight junctions, demonstrating
significant disruption of intercellular proteins following co-exposure, such as zonula occludens-
1 (Z0-1).

The thesis also investigates the role of microRNAs (miRNAs) as essential modulators of
inflammatory pathways involved in asthma and highlights their potential as therapeutic targets.
By determining the expression profiling of relevant miRNAs, novel molecular mechanisms are

proposed that may help to individualize therapeutic strategies.



Overall, this thesis offers significant contributions into the understanding of the complex
interplay between respiratory allergen co-sensitization, dietary factors and epithelial barrier
dysfunction, providing a solid foundation for the development of personalized therapeutic
strategies in allergic asthma.

Il. GENERAL PART

The respiratory system performs a variety of functions, closely related to the specific
segment of the respiratory structure involved. The lower airway wall is composed of
respiratory epithelium, connective tissue, smooth muscle, cartilage and a well-developed
vascular network. The epithelial type varies throughout the respiratory tract, from
pseudostratified ciliated columnar columnar epithelium in the trachea to simple columnar or
cuboidal columnar epithelium in the terminal bronchioles, with a progressive decrease in
caliceal and ciliated cells and an increase in Clara cells. In bronchioles, cartilage and
submucous glands disappear, but smooth muscle persists throughout the respiratory tree.

Asthma is a chronic inflammatory disease of the airways characterized by recurrent
episodes of wheezing, dyspnea, cough and chest tightness, associated with periodic variability
in bronchial hyperresponsiveness and local inflammation, manifested inconsistently. Affecting
over 300 million people worldwide, its prevalence is expected to continue to increase in the
coming years. Asthma is a heterogeneous disease, characterized by multiple phenotypes and
endotypes, reflecting the diversity of immunological and pathophysiological mechanisms
involved in its development. The most intensively studied endotypes of asthma are type 2 (T2-
high), characterized by increased expression of the cytokines IL-4, IL-5 and IL-13, associated
with eosinophilic and allergic inflammation, and the non-T2 (T2-low) endotype, defined by
predominant involvement of Th1 and Th17 immune responses, neutrophilic inflammation and

frequently associated with obesity and a reduced therapeutic response to corticosteroids.

The etiology of asthma results from the complex interaction between genetic
predisposition and environmental factors. Exposure to respiratory allergens triggers a
response from bronchial epithelial cells, which release alarmins such as TSLP, IL-25 and IL-
33, initiating immunological cascades that activate various inflammatory effectors. In this
complex regulatory network, microRNAs, non-coding RNA molecules that modulate gene
expression post-transcriptionally, play a key role. They are involved in fundamental

mechanisms such as inflammation, airway remodeling and regulation of immune responses,
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and are considered promising biomarkers and potential therapeutic targets for personalized

interventions in asthma.

Airway hyperresponsiveness is a defining feature of asthma, manifested by an
exaggerated bronchoconstrictor response to variable stimuli. This feature correlates with the
severity of the disease, the frequency of exacerbations and the degree of bronchial
inflammation. Bronchial hyperresponsiveness is modulated by several factors, including
exposure to perennial or seasonal allergens, viral respiratory tract infections, corticosteroid
administration or biologic therapies. Its clinical evaluation is performed by bronchoprovocation
tests using direct (methacholine) or indirect (mannitol) agents. Methacholine provides
increased sensitivity in detecting nonspecific hyperreactivity, whereas mannitol correlates
more specifically with eosinophilic-type inflammation.

Pathophysiologic mechanisms involved include both acute inflammation and chronic
airway structural changes. Bronchial remodeling, driven by smooth muscle hypertrophy and
hyperplasia, excessive extracellular matrix deposition and bronchial wall thickening,
contributes to increased contractility and reduced airway relaxation capacity. In addition, mast
cells and their secreted mediators, such as histamine, prostaglandin D2, IL-4, IL-13 and TNF-
a, play a central role in maintaining increased bronchial tone and exacerbating obstruction.
These mechanisms are compounded by genetic susceptibility, reflected by polymorphic
variations in genes involved in the regulation of inflammatory and metabolic responses, which

may influence the severity and course of asthma.

Animal models have shown that exposure to allergens such as house dust mites and
ragweed pollen induces both immediate and delayed responses associated with eosinophilic
inflammation and bronchial dysfunction. Obesity, particularly that induced by high fructose
diets, amplifies asthma severity through mechanisms involving chronic systemic inflammation
and metabolic imbalances, in which proinflammatory adipokines such as IL-6 play a key role.
Co-sensitization to multiple allergens in the setting of obesity significantly aggravates
asthmatic pathology, as evidenced by ex vivo functional tests, histological analysis and
inflammatory biomarker profiling.

The airway epithelium is an essential physical and immunological barrier against
environmental factors (allergens, pathogens, pollutants, etc.), consisting of a mosaic of
specialized cells (ciliated, goblet, Clara, basal cells) and tight junction structures that ensure

the cohesion and integrity of the tissue barrier. In asthma, this barrier is often compromised,
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with reduced expression of junctional proteins (ZO-1, occludin), increased intercellular

permeability and activation of epithelial stress markers such as EGFR and HSP70.

Allergens with protease activity, such as Der p 1 (HDM) and Amb a 1/Amb a 11
(ragweed pollen), contribute to the degradation of epithelial junctions and induce a Th2-type
immune response. Co-exposure to these allergens induces synergistic effects, enhancing
inflammation and epithelial dysfunction to a greater extent than each allergen molecule alone.

In vitro experimental models with human bronchial epithelial cells cultured at the air-
liquid interface (ALI) demonstrated that allergen-exposed epithelia are more vulnerable to
noxious stimuli, as reflected by decreased transepithelial electrical resistance (TEER) and

altered junctional protein distribution, visualized by immunofluorescence studies.

MiRNAs are small non-coding molecules (18-25 nucleotides) that regulate gene
expression post-transcriptionally, by blocking translation of messenger RNA or by promoting
its degradation. They control fundamental processes such as cell proliferation, apoptosis,
inflammation and immune responses. The miRNA expression profile is specific depending on
the pathology phenotype: miR-223 and miR-146a are associated with neutrophilic (T2-low)
asthma, while others, such as miR-21, miR-145 and miR-155, influence inflammation, smooth

muscle hypertrophy and airway remodeling in T2-high asthma.

The biogenesis of miRNA involves several sequential steps: transcription by RNA
polymerase I, nuclear processing by the DROSHA-DGCR8 complex, export to the cytoplasm
via Exportin-5 and final cleavage by Dicer. The mature miRNA is loaded into the RISC
complex, which recognizes complementary mRNA sequences and modulates gene
expression. Due to their specificity and influence on molecular networks, miRNAs are
considered promising biomarkers for molecular diagnosis and personalized therapy of asthma.

lll. SPECIAL PART

This PhD thesis analyzes the complex interplay between environmental allergens,
dietary factors and molecular mechanisms that modulate the pathogenesis and exacerbations
of allergic asthma. The main focus is on the synergistic impact of co-sensitization to house
dust mites and ragweed pollen in the context of a high fructose diet with obesogenic potential.
The study utilizes in vivo and in vitro experimental models to explore how HFrD contributes to



7

the intensification of asthma severity by promoting abdominal obesity, amplifying local and

systemic inflammation and increasing airway hyperresponsiveness.

A central element of the research is the analysis of the effects of co-sensitization to RW
and HDM in parallel with the impact of high fructose diet-induced obesity. The results
demonstrate that combined exposure to the two allergens significantly worsens the severity of
asthma, manifested by marked airway hyperresponsiveness, increased levels of inflammatory
markers and an obvious systemic inflammatory status. Rats in the co-sensitized group showed
significantly higher tracheal reactivity to methacholine compared to groups exposed to a single
allergen alone, suggesting an additive or even synergistic effect in amplifying the allergic

response.

Moreover, the study highlights how the high-fructose diet exacerbates allergic
inflammation. Rats exposed to a HFrD displayed significant weight gain, an increase in
abdominal circumference and elevated levels of systemic markers of inflammation, such as
triglycerides, glucose and CRP. These rats also exhibited elevated serum IgE levels, a known
marker of allergic sensitization. The co-sensitization to RW and HDM allergens further
exacerbated these metabolic disturbances, leading to worsened dyslipidemia and increased
serum lipid levels. Notably, these findings highlight the interconnected nature of obesity and
allergy, revealing how diet-induced obesity may modulate immune responses and worsen
asthma symptoms. The combination of an obesogenic diet and environmental allergens leads
to a compounding effect, resulting in a more severe asthma phenotype characterized by

increased inflammation, impaired lung function and structural changes in the airways.

Histological analyses of lung tissue from these rats revealed significant inflammation
and airway remodeling, including smooth muscle hypertrophy and thickening of the bronchial
walls. These structural changes were most pronounced in the OHR group, which had both
combined allergen exposure and the high-fructose diet. These observations suggest that the
combination of both environmental allergens and an obesogenic diet not only worsens the
inflammatory response but also promotes airway remodeling, which is a hallmark of chronic
asthma. Furthermore, this research illustrates how diet-induced obesity can have a profound
impact on the progression and severity of allergic asthma.

On a cellular level, the study also employs an air-liquid interface model using normal
human bronchial epithelial (NHBE) cells to assess the effects of single versus combined
allergen exposure on epithelial barrier integrity. The ALI model mimics the conditions of the
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human airway, providing a relevant platform for understanding how allergens interact with the
respiratory epithelium. TEER measurements and immunofluorescence analysis of tight
junction proteins, such as zonula occludens-1, were used to evaluate changes in epithelial
barrier function. The results showed that exposure to combined RW and HDM allergens led to
a significant decrease in TEER, with the greatest reduction observed in the groups exposed to
higher concentrations of both allergens. Exposure to RW 200 led to a reduction in TEER,
reaching 52.14% + 4.88% of baseline levels (p = 0.0001). In contrast, HDM 200 induced a
more pronounced decrease, with TEER values falling to 47.87% + 3.91% (p = 0.0001),
indicating a stronger disruptive effect on epithelial barrier integrity. Notably, simultaneous
exposure to both RW and HDM at 200 ug/mL further exacerbated the impairment, resulting in
a TEER reduction to 44.18% % 6.19% of baseline. This finding suggests that the combined
exposure to these two allergens is more damaging to the epithelial barrier than individual

allergen exposures.

Furthermore, immunofluorescence staining revealed that the integrity of tight junctions,
represented by Z0O-1, was significantly compromised in the combined exposure groups. In the
control group, ZO-1 staining appeared continuous and well-defined along cell borders,
reflecting preserved epithelial barrier integrity. In contrast, exposure to increasing
concentrations of HR (50, 100 and 200 ug/mL) induced a dose-dependent disruption of ZO-1
expression, characterized by fragmented junctional staining and reduced immunofluorescence
intensity. The most pronounced morphological alterations were observed in the HR 200
condition (RW + HDM at 200 pg/mL), which showed extensive tight junction disorganization, in
line with the marked TEER reduction indicating enhanced epithelial permeability. The greatest
decreases in immunofluorescence intensity, relative to control, were recorded in the HR 200
(11.47% =+ 6.4%) and HDM 200 (13.81% % 6.33%) groups, followed by RW 200 (19.18% =+
8.28%) and HR 100 (21.05% %= 7.14%). While normalized TEER values at 72 hours
quantitatively reflect barrier integrity, ZO-1 staining provides a complementary visual
representation of tight junction architecture. These results highlight the synergistic effects of
multiple allergens in disrupting epithelial barrier function, which is a key feature in the
pathogenesis of allergic asthma. The damage to the epithelial barrier likely facilitates the entry

of allergens into the airway, further exacerbating inflammation and immune responses.

In addition to these cell culture investigations, functional and histological analyses on
rats, the study also explores the role of miRNAs as key regulators of inflammation and
potential therapeutic targets. The profiling of miRNAs implicated in asthma-related pathways
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offers valuable insights into the molecular mechanisms underlying the inflammatory response
in allergic asthma. Several miRNAs emerged as key diagnostic markers associated with
distinct pathophysiological mechanisms in asthma. Notably, miR-155 was consistently
upregulated, reinforcing its role in promoting Th2-driven inflammation and airway remodeling,
with expression levels correlating with disease severity. Similarly, miR-21 was found to
intensify allergic airway inflammation by suppressing anti-inflammatory pathways and
enhancing IL-13 signaling. Reduced expression of miR-146a, a critical modulator of the NF-kB
and IRAK1/TRAFG6 axes, was linked to persistent inflammation. miR-145-5p, overexpressed in
airway smooth muscle cells, was associated with increased bronchial hyperresponsiveness
and mucus hypersecretion. Elevated levels of miR-223 were observed in acute asthma,
reflecting a shift toward neutrophilic inflammation and Th17/Th2 imbalance. In contrast,
members of the let-7 family were downregulated in asthmatic profiles, suggesting a loss of
their protective functions in maintaining epithelial barrier integrity and mitigating oxidative
stress. Together, these molecular signatures highlight the potential of specific miRNAs to
serve not only as diagnostic biomarkers but also as indicators of asthma endotype and
disease progression. By identifying novel miRNAs that modulate immune and inflammatory
pathways, the research aims to inform future precision medicine approaches for treating
allergic asthma. These findings have significant implications for developing targeted therapies
that can more effectively address the complex interplay between allergens, diet and immune
dysfunction in asthma.

This research significantly advances our understanding of the complex interactions
between environmental allergens, diet-induced obesity and molecular regulators in the
pathogenesis of allergic asthma. By demonstrating how the combination of environmental
allergens like RW and HDM, coupled with an obesogenic diet, exacerbates asthma symptoms
and promotes airway remodeling, the thesis highlights the need for a comprehensive approach
in asthma research. It emphasizes the importance of considering both allergen co-exposure
and metabolic factors, such as diet, in understanding asthma's multifactorial nature.
Furthermore, the study highlights the potential of miRNA-based therapies in treating asthma,
opening new avenues for personalized medicine and more effective treatment strategies.
Ultimately, this thesis contributes to the development of a more nuanced understanding of
asthma and paves the way for future research into targeted therapeutic interventions that
address both environmental and metabolic contributors to disease.
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IV. FINAL CONCLUSIONS

The research conducted in this PhD thesis provides a comprehensive understanding of
asthma pathophysiology, highlighting the complex interplay between allergen-induced
inflammation, epithelial barrier disruption, metabolic alterations and immune dysregulation.
The study demonstrates that co-sensitization to house dust mites and ragweed pollen
significantly amplifies asthma severity, leading to a more pronounced airway
hyperresponsiveness compared to single-allergen exposure. Additionally, a high-fructose diet
worsens asthma symptoms by inducing obesity, particularly abdominal obesity and increasing
both local and systemic inflammation, which exacerbates the clinical presentation of asthma.

The research also shows that combined allergen exposure results in a more severe
disruption of bronchial epithelial barrier integrity, activating inflammatory and proteolytic
pathways that compromise the barrier function and escalate airway inflammation. This
highlights the synergistic nature of allergen co-exposure and its contribution to the complexity
of real-world asthma scenarios. Furthermore, the study emphasizes the active role of the
bronchial epithelium in asthma, as observed through techniques such as TEER monitoring and
immunofluorescence imaging.

A key aspect of the findings is the role of miRNAs, which are critical regulators in
asthma pathogenesis. Specific miRNAs, such as miR-155, miR-21, and miR-145, influence
immune polarization, airway inflammation and remodeling by modulating cytokine production
and oxidative stress pathways. The research also identifies how dysregulated miRNA
expression can serve as biomarkers for asthma severity and progression. Elevated levels of
miR-126 and miR-223 correlate with Th2/Th17-mediated inflammation, while reduced levels of
let-7a and miR-133a indicate impaired lung function and airway hyperresponsiveness.

The study also emphasizes the impact of environmental triggers, such as allergens and
pollutants, on miRNA networks, which contribute to asthma exacerbations. Importantly, miRNA
profiling offers potential for precision medicine, enabling personalized therapies based on
distinct asthma endotypes. This research suggests that targeting miRNAs could be a novel
therapeutic approach, with miRNA-based treatments showing promise in reducing
inflammation and airway remodeling. With further research and validation, miRNA-based

therapies could play a crucial role in advancing personalized treatment strategies for asthma.
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REZUMAT

I. INTRODUCERE

Aceasta teza de doctorat exploreaza interactiunea complexa dintre alergenele din
mediu, factorii dietetici si mecanisme moleculare de reglare implicate in patogeneza astmului
alergic. Lucrarea se concentreaza in mod special asupra efectelor cumulative ale co-
sensibilizarii si co-expunerii la multiple alergene asupra modularii raspunsului imun alergic.
Aceste cercetari s-au focalizat pe doua alergene cu cea mai crescuta rata a sensibilizarii in
mediul interior, respectiv acarienii din praful de casa (Dermatophagoides pteronissinus, house
dust mites, HDM), precum si in mediul exterior, polenul de ambrozia (Ambrosia artemisiifolia,
short ragweed, RW). Intr-un context realist, prezenta unui regim alimentar bogat in fructoza
(HFrD) poate favoriza aparitia unor dezechilibre metabolice cu impact atat asupra inflamatiei
sistemice, cat si asupra expresiei moleculare si clinice ale astmului. Rezultatele obtinute
evidentiaza faptul ca expunerea simultana la HDM si RW amplifica hiperreactivitatea cailor
respiratorii si agraveaza disfunctiile metabolice, precum dislipidemia si obezitatea abdominala,
printr-un mecanism inflamator sistemic. Corelatia semnificativa dintre valorile serice ale IgE
total si ale proteinei C reactive (CRP) in contextul astmului asociat cu HFrD sustine existenta

unei interdependente intre inflamatia sistemica si raspunsul alergic.

Prin utilizarea combinatd a modelelor experimentale in vivo si in vitro, cercetarea
demonstreaza ca expunerea concomitentd la mai multe alergene determina o afectare
marcata a integritatii barierei epiteliale bronsice si declanseaza un raspuns inflamator mai
intens decéat in cazul expunerii la alergene individuale. Astfel, este evidentiat rolul central al
epiteliului respirator n initierea si perpetuarea inflamatiei alergice. In acest sens, studiul aduce
dovezi privind efectele nocive ale alergenelor cu structura de proteaza precum Amb a 1, Amb
a 11 si Der p 1 asupra jonctiunilor stranse, demonstrand perturbarea semnificativa a

proteinelor intercelulare in urma co-expunerii, precum ar fi zonula occludens-1 (ZO-1).

De asemenea, lucrarea investigheaza rolul microARN-urilor (miRNA) ca modulatori
esentiali ai cailor inflamatorii implicate in astm si evidentiaza potentialul acestora ca tinte
terapeutice. Prin determinarea profilului expresiei unor miRNA-uri relevante, sunt propuse noi

mecanisme moleculare care pot contribui la individualizarea strategiilor terapeutice.



in ansamblu, aceasta tez& aduce contributii importante la intelegerea interactiunilor
dintre co-sensibilizarea alergenele respiratorii, dieta si disfunctia epiteliala, oferind o baza

solida pentru dezvoltarea unor interventii terapeutice personalizate in astmul alergic.

Il. PARTEA GENERALA

Sistemul respirator indeplineste variate functii, in strdnsa legatura cu segmentul
specific al structurii respiratorii implicat. Peretele cailor respiratorii inferioare este compus din
epiteliu respirator, tesut conjunctiv, muschi neted, cartilaj si o retea vasculara bine dezvoltata.
Tipul epitelial variaza de-a lungul tractului respirator, de la epiteliul columnar pseudostratificat
ciliar in trahee, pana la epiteliul columnar simplu sau cuboidal in bronhiolele terminale, cu o
scadere progresiva a celulelor caliciforme si ciliate si o crestere a celulelor Clara. in bronhiole,
cartilajul si glandele submucoase dispar, insa muschiul neted persista pe tot parcursul

arborelui respirator.

Astmul este o afectiune inflamatorie cronica a cailor respiratorii, caracterizata prin
episoade recurente de wheezing, dispnee, tuse si constrictie toracica, asociate cu o
variabilitate periodica a hiperreactivitatii bronsice si a inflamatiei locale, manifestata inconstant.
Afecténd peste 300 de milioane de persoane la nivel mondial, se estimeaza ca prevalenta sa
va continua sa creasca in urmatorii ani. Astmul este o patologie eterogena, caracterizata prin
multiple fenotipuri si endotipuri, care reflecta diversitatea mecanismelor imunologice si
fiziopatologice implicate in dezvoltarea acesteia. Cele mai intens studiate endotipuri ale
astmului sunt cel de tip 2 (T2-high), caracterizat prin expresia crescuta a citokinelor IL-4, IL-5
si IL-13, asociate cu inflamatie eozinofilica si alergica, si endotipul non-T2 (T2-low), definit prin
implicarea predominanta a raspunsurilor imune de tip Th1 si Th17, inflamatie neutrofilica si,

frecvent, asociat cu obezitatea si un raspuns terapeutic redus la corticosteroizi.

Etiologia astmului rezulta din interactiunea complexa dintre predispozitia genetica si
factorii de mediu. Expunerea la alergene respiratorii declanseaza un raspuns din partea
celulelor epiteliale bronsice, care elibereaza alarmine precum TSLP, IL-25 si IL-33, initiind
cascade imunologice ce activeaza diversi efectori inflamatori. In aceasta retea complexa de
reglare, microARN-urile, molecule de ARN necodificatoare care moduleaza expresia genica
post-transcriptional, joaca un rol esential. Acestea sunt implicate in mecanisme fundamentale

precum inflamatia, remodelarea cailor respiratorii si reglarea raspunsurilor imune, fiind
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totodata considerate biomarkeri promitatori si potentiale tinte terapeutice pentru interventii

personalizate in astm.

Hiperreactivitatea cailor respiratorii reprezintd o caracteristica definitorie a astmului,
manifestata printr-un raspuns bronhoconstrictor exagerat la stimuli variabili. Aceasta trasatura
se coreleaza cu severitatea bolii, frecventa exacerbarilor si gradul inflamatiei bronsice.
Hiperreactivitatea bronsica este modulata de o serie de factori, inclusiv expunerea la alergene
perene sau sezoniere, infectiile virale ale tractului respirator, administrarea de corticosteroizi
sau terapii biologice. Evaluarea sa clinica se realizeaza prin teste de bronhoprovocare,
utilizdnd agenti directi (metacolina) sau indirecti (manitolul). Metacolina ofera o sensibilitate
crescuta in detectarea hiperreactivitatii nespecifice, in timp ce manitolul se coreleazd mai

specific cu inflamatia de tip eozinofilic.

Mecanismele fiziopatologice implicate includ atat inflamatia acuta, cat si modificarile
structurale cronice ale cailor respiratorii. Remodelarea bronsica, determinata de hipertrofia si
hiperplazia muschiului neted, depunerea excesiva de matrice extracelulara si ingrosarea
peretelui bronsic, contribuie la cresterea contractilitatii si la reducerea capacitatii de relaxare a
cailor aeriene. In plus, mastocitele si mediatorii secretati de acestea, precum histamina,
prostaglandina D2, IL-4, IL-13 si TNF-q, joaca un rol central in mentinerea tonusului bronsic
crescut si in accentuarea obstructiei. Acestor mecanisme li se adauga susceptibilitatea
genetica, reflectata prin variatii polimorfe in gene implicate in reglarea raspunsurilor

inflamatorii si metabolice, care pot influenta severitatea si evolutia astmului.

Modelele animale au evidentiat ca expunerea la alergene precum acarienii din praful de
casa si polenul de ambrozia induce atat raspunsuri imediate, cat si tardive, asociate cu
inflamatie eozinofilica si disfunctie bronsica. Obezitatea, in special cea indusa de diete bogate
in fructoza, amplifica severitatea astmului prin mecanisme care implica inflamatia cronica
sistemica si dezechilibrele metabolice, in care adipokinele proinflamatorii, precum IL-6, joaca
un rol esential. Co-sensibilizarea la mai multe alergene, pe fondul obezitatii, agraveaza
semnificativ patologia astmatica, aspect evidentiat prin teste functionale ex vivo, analize

histologice si prin determinarea profilului biomarkerilor inflamatori.

Epiteliul cailor respiratorii reprezinta o bariera esentiala, fizica si imunologica, impotriva
factorilor de mediu (alergene, patogeni, poluanti etc.), fiind alcatuit dintr-un mozaic de celule
specializate (ciliate, caliciforme, Clara, celule bazale) si din structuri de jonctiuni strénse care

asigura coeziunea si integritatea barierei tisulare. In astm, aceastd barierd este adesea
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compromisa, cu reducerea expresiei proteinelor de jonctiune (ZO-1, ocludina), cresterea

permeabilitatii intercelulare si activarea markerilor de stres epitelial, precum EGFR si HSP70.

Alergenele cu activitate proteazica, precum Der p 1 (HDM) si Amb a 1/Amb a 11 (polen
de ambrozia), contribuie la degradarea jonctiunilor epiteliale si induc un raspuns imun de tip
Th2. Co-expunerea la aceste alergene determina efecte sinergice, accentuand inflamatia si

disfunctia epiteliala intr-o masura mai mare decét fiecare molecula alergenica in parte.

Modelele experimentale in vitro cu culturi celulare epiteliale bronsice umane cultivate la
interfata aer-lichid (ALI) au demonstrat ca epiteliul expus la alergene este mai vulnerabil la
stimuli nocivi, fenomen reflectat prin scaderea rezistentei electrice transepiteliale (TEER) si

alterarea distributiei proteinelor de jonctiune, vizualizate prin studii de imunofluorescenta.

MiRNA sunt molecule mici necodificatoare (18—25 nucleotide) care regleaza expresia
genica post-transcriptional, prin blocarea translatiei ARN mesager sau prin promovarea
degradarii acestuia. Ele controleaza procese fundamentale precum proliferarea celulara,
apoptoza, inflamatia si raspunsul imun. Profilul de expresie miRNA este specific in functie de
fenotipul patologiei: miR-223 si miR-146a sunt asociate cu astmul neutrofilic (T2-low), in timp
ce altele precum miR-21, miR-145 si miR-155, influenteaza inflamatia, hipertrofia muschiului
neted si remodelarea cailor respiratorii din astmul de tip T2-high.

Biogeneza miRNA presupune mai multe etape succesive: transcriptia de catre ARN
polimeraza Il, procesarea nucleara prin complexul DROSHA-DGCRS, exportul in citoplasma
via Exportin-5 si clivajul final realizat de Dicer. MiRNA-ul matur este incarcat in complexul
RISC, care recunoaste secventele complementare de ARNm si moduleaza expresia genica.
Datorita specificitatii lor si influentei asupra retelelor moleculare, miRNA-urile sunt considerate

biomarkeri promitatori pentru diagnosticul molecular si terapia personalizata a astmului.

ll. PARTEA SPECIALA

Aceasta lucrare analizeaza interactiunea complexa dintre alergenele de mediu, factorii
alimentari si mecanismele moleculare care moduleaza patogeneza si exacerbarile astmului
alergic. Principalul accent este pus pe impactul sinergic al co-sensibilizarii la acarienii din
praful de casa si la polenul de ambrozia, in contextul unei diete bogate in fructoza, cu potential
obezogen. Studiul utilizeaza modele experimentale in vivo si in vitro pentru a explora modul in

care HFrD contribuie la intensificarea severitatii astmului, prin promovarea obezitatii
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abdominale, amplificarea inflamatiei locale si sistemice si cresterea hiperreactivitatii cailor

respiratorii.

Un element central al cercetarii il reprezinta analiza efectelor co-sensibilizarii la RW si
HDM in paralel cu impactul obezitatii induse de dieta bogata in fructoza. Rezultatele obtinute
demonstreaza ca expunerea combinata la cele doua alergene agraveaza semnificativ
severitatea astmului, manifestata printr-o hiperreactivitate marcata a cailor aeriene, niveluri
crescute ale markerilor inflamatori si un status inflamator sistemic evident. Sobolanii din grupul
co-sensibilizat au prezentat o reactivitate traheala semnificativ mai mare la metacoling,
comparativ cu grupurile expuse exclusiv la un singur alergen, ceea ce sugereaza un efect

aditiv sau chiar sinergic in amplificarea raspunsului alergic.

Studiul evidentiaza, de asemenea, efectele nocive ale dietei bogate in fructoza asupra
inflamatiei alergice. Sobolanii hraniti cu HFrD au dezvoltat o crestere semnificativa in greutate,
o circumferintd abdominala crescuta si niveluri ridicate ale markerilor inflamatori sistemici
(CRP, trigliceride, glicemie), precum si ale IgE. Co-sensibilizarea la RW si HDM a agravat
suplimentar dislipidemia si inflamatia sistemica, subliniind legatura stransa dintre metabolismul
alterat si raspunsurile imune exacerbate. Aceste constatari sugereaza formarea unui fenotip
astmatic mai sever, caracterizat prin inflamatie accentuata, disfunctie pulmonara si remodelare

tisulara.

Analizele histologice pulmonare au evidentiat o inflamatie extinsa si modificari
structurale caracteristice ale cailor respiratorii, cum ar fi hipertrofia muschiului neted si
ingrosarea peretelui bronsic, cele mai pronuntate fiind observate in grupul co-sensibilizat si cu
dieta bogata in fructoza. Aceste constatari sustin ipoteza ca interactiunea dintre alergenele din
mediu si HFrD nu doar amplifica inflamatia, ci contribuie si la remodelarea cronica a cailor

respiratorii, un fenomen definitoriu pentru astmul persistent.

La nivel celular, studiul utilizeaza sistemul Transwell pentru generarea unei interfete
aer-lichid, folosind celule epiteliale bronsice umane normale (NHBE), in vederea evaluarii
impactului expunerii la un singur alergen comparativ cu expunerea combinata la alergene
asupra integritatii barierei epiteliale. Aceasta interfata reproduce fidel conditiile fiziologice ale
cailor respiratorii umane, oferind un model experimental relevant pentru investigarea modului
in care alergenele interactioneaza cu epiteliul respirator. Pentru a evalua modificarile functiei
barierei epiteliale, au fost utilizate atat masuratori ale rezistentei electrice transepiteliale, cat si

analize de imunofluorescenta ale proteinelor de jonctiune stransa, precum zonula occludens-1.
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Rezultatele obtinute indica faptul ca expunerea la combinatia de alergene (RW si HDM)
determina o scadere semnificativa a TEER, cel mai accentuat declin fiind observat in grupurile
tratate cu concentratii crescute ale ambelor extracte de alergene. Astfel, expunerea la RW 200
nug/mL a redus TEER la 52,14% + 4,88% din valorile initiale (p = 0,0001), in timp ce HDM 200
pug/mL a indus o scadere si mai pronuntata, cu TEER ajungénd la 47,87% * 3,91% (p =
0,0001), ceea ce indica o alterare mai accentuata a integritatii barierei epiteliale. Totodata,
expunerea concomitenta la RW si HDM la concentratia de 200 ug/mL a agravat si mai mult
afectarea barierei epiteliale, determinand o reducere a TEER péana la 44,18% % 6,19% din
valoarea initiala. Aceste date sustin ipoteza ca expunerea combinata la alergene are un efect

sinergic distructiv asupra barierei epiteliale, comparativ cu expunerea individuala.

in plus, analiza prin imunofluorescentd a aratat ca integritatea jonctiunilor stranse,
reprezentata in cazul acesta de ZO-1, a fost semnificativ compromisa in grupurile cu
expunerea la combinatia de alergene. In grupul de control, aspectul distributiei ZO-1 a aparut
continua si bine definita de-a lungul marginilor celulare, reflectand integritatea conservata a
barierei epiteliale. in schimb, expunerea la concentratii crescute de RW (50, 100 si 200 ug/mL)
a indus o intrerupere dependenta de doza a expresiei ZO-1, caracterizata prin aspectul
fragmentat al distributiei jonctiunilor stranse si reducerea intensitatii imunofluorescentei. Cele
mai pronuntate modificari morfologice au fost observate in grupul HR 200 (RW + HDM la 200
pug/mL), care a prezentat o dezorganizare extinsa a jonctiunilor stranse, in conformitate cu
reducerea marcata a TEER, indicand o permeabilitate epiteliala crescuta. Cele mai mari
scaderi ale intensitatii imunofluorescentei, in raport cu controlul, au fost inregistrate in
grupurile HR 200 (11,47% + 6,4%) si HDM 200 (13,81% * 6,33%), urmate de RW 200
(19,18% * 8,28%) si HR 100 (21,05% + 7,14%). In timp ce valorile TEER normalizate la 72 de
ore reflecta cantitativ integritatea barierei, colorarea ZO-1 ofera o reprezentare vizuala
complementara a arhitecturii jonctiunilor stranse. Aceste rezultate evidentiaza efectele
sinergice ale mai multor alergene in perturbarea functiei de bariera epiteliala, care este o
caracteristica cheie in patogeneza astmului alergic. Deteriorarea barierei epiteliale faciliteaza
probabil patrunderea alergenelor in caile respiratorii, exacerband si mai mult inflamatia si

raspunsurile imune.

Pe langa investigatiile efectuate pe culturi celulare si analizele functionale si histologice
realizate pe sobolani, studiul exploreaza si rolul miRNA-urilor ca reglatori cheie ai inflamatiei si
potentiale tinte terapeutice. Determinarea profilului miRNA-urilor implicate in caile patogenice

asociate astmului ofera perspective valoroase asupra mecanismelor moleculare care stau la
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baza raspunsului inflamator in astmul alergic. Mai multe miRNA-uri s-au evidentiat ca markeri
de diagnostic importanti, corelati cu mecanisme fiziopatologice distincte ale acestei patologii.
Astfel, miR-155 a fost constant supraexprimat, sustindnd rolul sdu in promovarea inflamatiei
mediate de limfocitele Th2 si a remodelarii cailor respiratorii, nivelurile de expresie corelandu-
se cu severitatea afectiunii. Similar, miR-21 a fost asociat cu intensificarea inflamatiei alergice
prin suprimarea cailor antiinflamatorii si amplificarea semnalizarii IL-13. Scaderea expresiei
miR-146a, un modulator critic al axelor NF-kB si IRAK1/TRAF6, a fost corelata cu persistenta
inflamatiei. MiR-145-5p, supraexprimat in celulele musculaturii netede bronsice, a fost asociat
cu hiperreactivitate bronsica crescuta si hipersecretie de mucus. Niveluri crescute de miR-223
au fost observate in exacerbarile acute ale astmul, reflectdnd o orientare catre inflamatia
neutrofilicd si un dezechilibru Th17/Th2. in schimb, membrii familiei let-7 au prezentat o
expresie redusa in profilurile astmatice, sugerand pierderea functiilor lor protectoare in
mentinerea integritatii barierei epiteliale si atenuarea stresului oxidativ. Impreuna, acesti
markeri moleculari evidentiaza potentialul miRNA-urilor specifice de a servi nu doar ca
biomarkeri diagnostici, ci si ca indicatori ai endotipurilor de astm si ai progresiei bolii. Prin
identificarea unor miRNA-uri noi care moduleaza caile inflamatorii si raspunsurile sistemului
imun, studiul urmareste impactul asupra medicinei de precizie in managementul astmului
alergic. Aceste constatari au implicatii semnificative pentru dezvoltarea terapiilor tintite care
pot aborda mai eficient interactiunea complexa dintre expunerea la alergene, dieta si

raspunsul imun alterat din astm.

Aceasta lucrare aduce contributii semnificative la intelegerea mecanismelor prin care
co-expunerea la alergene de mediu si o dieta bogata in fructoza amplifica severitatea astmului
alergic. Rezultatele tezei evidentiaza necesitatea unei abordari integrative in cercetarea
astmului, care sa includa atat influentele mediului extern, cat si pe cele metabolice, si
subliniaza potentialul terapiilor bazate pe miRNA in directia medicinei personalizate. Astfel,
teza deschide perspective promitatoare pentru dezvoltarea unor interventii terapeutice

inovatoare si eficiente in managementul astmului alergic.

IV. CONCLUZII FINALE

Cercetarea realizata in cadrul acestei teze de doctorat ofera o perspectiva ampla si
detaliatd asupra fiziopatologiei astmului alergic, evidentiind interactiunea complexa dintre

inflamatia indusa de alergene, disfunctia barierei epiteliale, dereglarile metabolice si alterarile
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raspunsului imun. Studiul demonstreaza modul in care co-sensibilizarea la acarienii din praful
de casa si polenul de ambrozia amplifica semnificativ severitatea astmului, conducand la o
hiperreactivitate a cailor respiratorii semnificativ mai pronuntata comparativ cu expunerea la un
singur alergen. In paralel, o dietd bogatd in fructozad agraveazd manifestarile clinice ale
astmului prin promovarea obezitatii abdominale si prin intensificarea inflamatiei locale si

sistemice.

Rezultatele indica faptul ca expunerea expunerea concomitenta la cele doua alergene
conduce la o deteriorare marcata a integritatii barierei epiteliale bronsice, prin activarea unor
cai inflamatorii si proteolitice care compromit functia de protectie a epiteliului si contribuie la
escaladarea proceselor inflamatorii de la nivelul cailor respiratorii. Acest aspect reflecta
caracterul sinergic al co-expunerii la alergene si relevanta sa in contextul scenariilor reale ale
astmului alergic. In plus, studiul evidentiaza implicarea activa a epiteliului bronsic in
patogeneza bolii, aspect confirmat prin masuratori TEER si analize de imunofluorescenta ale

proteinelor jonctiunilor stranse.

Un alt element al cercetarii il reprezinta rolul miRNA, care actioneaza ca reglatori cheie
in mecanismele moleculare ale astmului. MiRNA-uri specifice, precum miR-155, miR-21 si
miR-145, sunt implicate in polarizarea imuna, raspunsurile inflamatorii si remodelarea cailor
respiratorii, prin modularea productiei de citokine si a cailor de stres oxidativ. De asemenea,
dereglarea expresiei acestor miRNA ofera potentialul de a fi utilizati ca biomarkeri pentru
evaluarea severitatii si progresiei bolii. De exemplu, nivelurile crescute de miR-126 si miR-223
sunt asociate cu inflamatia mediata de limfocitele de tip Th2 si Th17, in timp ce expresia
scazuta a let-7a si miR-133a se coreleaza cu disfunctia pulmonara si hiperreactivitatea cailor

respiratorii.

Aceasta teza aduce in prim-plan si impactul factorilor de mediu, inclusiv alergenele si
poluantii, asupra retelelor de expresie ale miRNA-urilor, sugerand ca acestia pot influenta
aparitia si severitatea exacerbarilor astmatice. Determinarea profilului acestor miRNA-uri
deschide noi perspective inspre medicina de precizie, permitand definirea si identificarea
endotipurilor specifice de astm si dezvoltarea unor interventii terapeutice personalizate.
Directionarea terapeutica a miRNA-urilor, in special cele implicate in caile inflamatorii si de
remodelare tisulara, reprezinta o abordare inovatoare cu potential de a reduce inflamatia si de
a ameliora structura cailor respiratorii. Cu validari suplimentare, terapiile bazate pe miRNA ar

putea deveni un pilon important in managementul personalizat al astmului.



