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ABSTRACT
Introduction: Bronchial asthma is a multifaceted respiratory disorder that represents a significant global public health concern, 
afflicting millions of individuals and resulting in considerable morbidity and mortality. 
Aim of Work: To unravel the intricate ultra-structural and cyto-molecular potential impacts of exosomes released by 
mesenchymal stem cells (MSCs) as biocompatible nanocarriers of miR-146 on experimentally induced bronchial asthma. 
Materials and Methods: Thirty-two male adult albino rats were splitted into three groups. Group I (control group), group II 
(experimentally induced asthma group): Every rat got 25 µg house dust mite (HDM) extract suspended in 35 µL of saline for 
five sequential days weekly for four weeks intranasally, and group III (exosome-treated groups): rats were administered HDM 
as group II, and after two weeks, they received 100 µg MSC-derived exosomes in 0.5 ml PBS intravenous through the tail vein, 
once/day for two weeks. Pulmonary tissue samples were examined for histopathological, ultrastructural, and NF-κB immune 
expression beside RT-PCR estimation of miR-146a, IRAK1, and NF-κB. 
Results: Observable morphological and ultrastructural restoration of pulmonary tissue architecture in the MSCs exosomes-
treated group compared to induced asthma group were recorded. Furthermore, the significant suppression of IRAK1 and 
NF-κB, along with the expantion of miR-146a and reduced immunohistochemical representation of NF-κB in the exosomes-
treated group, indicated the potential molecular mechanisms for the observed histo-morphometric impacts. 
Conclusion: Our study outlined the therapeutic implicit of miRNA-146 in mesenchymal stem cell exosomes via IRAK1/NF-
κB pathway as a novel and effective approach for managing bronchial asthma and paving the way for further research.
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INTRODUCTION                                                                  

Bronchial asthma is a multifaceted respiratory disorder 
that manifests itself in various phenotypes yet shares certain 
common features, including inflammation and reversible 
airway obstruction. It represents a significant worldwide 
health concern, afflicting millions of individuals and 
resulting in considerable complications[1]. The evolution of 
asthma is ascribed to the complex interplay of allergens 
and epigenetic modifications that engender respiratory 
symptoms like coughing, wheezing, chest tightness, 
and variable airflow limitation[2]. Depending on the 
inflammatory status and molecular mechanisms involved, 
asthma can be classified into different phenotypes and 
endotypes, which can help clinicians to better characterize 
and treat the disease[3,4]. 

 The pathogenesis of asthma is initiated by various 
inflammatory pathways and the differentiation and 
proliferation of specific T cells, which promote the 
production of various chemotactic factors like interleukin 
4, 5, 13, and 17, in addition to growth factors[5,6]. 
Consequently, they result in the recruitment of eosinophils 

and neutrophils to the lungs and the emergence of various 
disease-associated factors such as airway constriction, 
smooth muscle thickening, fibrosis, airway remodeling, 
and hyperresponsiveness[7]. Advanced drug delivery 
systems, such as nanotherapeutics, offer a hopeful approach 
for targeting senescence and inflammasomes in asthmatics, 
whether in pre-clinical animal models or clinical studies[8]. 

Currently, there have been remarkable advancements 
in mesenchymal stem cell (MSC) research. However, 
despite many significant strides, several challenges 
remain to be addressed to fully harness MSCs for 
medicinal purposes[9]. Such challenges pertain to the size 
of MSCs that may encounter difficulties in traversing 
through narrow capillaries or probable risk of pulmonary 
embolism. Hence, ensuring the effectiveness and safety of 
MSC-based therapies necessitates addressing this concern 
comprehensively[10]. 

Continued research and technological advancements 
in MSCs offer hope for unlocking their full therapeutic 
potential and to overcome these challenges. Doing so can 
pave the way for the safe and effective clinical applications 
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of MSCs in regenerative medicine. Furthermore, MSCs 
release extracellular vesicles (EVs), which are small 
membrane-bound vesicles containing bioactive particles 
such as proteins, lipids, and nucleic acids[11]. 

EVs have achieved significant attention from 
researchers because of their possible medical use. Firstly, 
they are highly stable, making them suitable for storage and 
transportation. Secondly, they are at low risk of immune 
rejection, as they lack the same surface markers as MSCs, 
reducing the probability of triggering an immune response. 
This makes them potentially suitable for allogeneic 
therapies. Thirdly, EVs from MSCs have demonstrated the 
competency to traverse the blood-brain barrier, facilitating 
their practical use in therapeutic applications[12,13].

Consequently, many investigators have shifted their 
focus toward studying and utilizing EVs from MSCs 
for medicinal purposes. The unique properties of MSC-
extracted EVs make them appealing for drug release, 
tissue repair, modulation of the immune system, and other 
possible medical uses. Ongoing research in this area aims 
to deepen the understanding of MSCs' mode of action and 
optimize the usage of MSC-extracted EVs for medicinal 
purposes[14]. 

EVs exist in various sizes and types, including apoptotic 
bodies, exosomes/microvesicles, and the smallest type 
called exosomes[15]. Exosomes carry proteins, lipids, RNA, 
and DNA from their parent cells and are released into 
extracellular spaces to guide the behavior of other cells 
through paracrine signaling[16]. MicroRNAs (miRNAs) 
are eye-cashing exosomal products that can modify the 
behavior of nearby cells by adjusting gene expression and 
differentiation. MiRNAs are non-coding RNAs that impact 
various cell biological functions, inflammatory and redox 
pathways switching[17]. 

During the last decade, miRNAs proved several 
diagnostic, prognostic, and therapeutic applications; 
unique miRNA profiles proved association with specific 
types and stages of malignancies. They are also linked to 
tumor growth, invasion, and metastasis. Specific miRNA 
expression patterns can predict developing cardiovascular 
disorders such as heart failure or hypertension and 
confirm promise as therapeutic agents[18]. Furthermore, 
Dysregulation of miRNAs has been concomitant with 
different neurological ailments, involving Alzheimer's 
disease[19], Parkinson's disease[20], multiple sclerosis[21], and 
epilepsy[22]. 

The IRAK1/NF-κB pathway acts a crucial task in the 
innate immune response, enabling the immune system to 
react to infection, tissue damage, and other inflammatory 
stimuli[23]. It is named after its key components, 
interleukin-1 receptor-associated kinase 1 (IRAK1) and 
nuclear factor kappa B (NF-κB), which orchestrate its 
activities. Imbalance of this pathway can contribute to 
chronic inflammation spurt of different ailments, involving 
autoimmune disorders and various malignancies[24]. The 
task of miRNA-146a in adjusting the IRAK1/NF-κB 

pathway has been imputed in inflammatory diseases with 
paucity of scientific focus on bronchial asthma. Thereafter, 
we aimed to unravel the ultrastructural and cyto-molecular 
potential impacts of exosomes extracted from MSCs as 
biocompatible nanocarriers of miR-146 on experimentally 
induced bronchial asthma. 

MATERIALS AND METHODS                                              

Study animals
Thirty-two male adult albino rats (12–14 weeks, 

weighing 180–200 g) were held in cages in the Animal 
holding of the Faculty of Medicine, Zagazig University, 
Egypt. Animals were retained in a controlled environment 
and had ad libitum get of diet and liquid. Rats were 
cared for in concert with Ethical Committee guidelines 
from Zagazig University that guide the Use and Care of 
Laboratory Animals. The Institutional Animal Care and Use 
Committee, Zagazig University, Egypt, accepted the study 
(Protocol approval number: ZU-IACUC/3/F/173/2023).

Experimental design
After one week in the new area, three groups of rats 

were determined.

Group I (control group, 16 rats): Group Ia (8 rats) had 
no intervention, and group Ib (8 rats) exposed to intranasal 
instillation of 35 µL saline (dropwise, alternating between 
nostrils) for five consecutive days weekly for four weeks. 
After another two weeks, rats were injected with 0.5 ml 
phosphate-buffered saline (exosome vehicle) through the 
tail vein once/day for two weeks.

Group II (experimentally induced asthma group, 
eight rats): Every rat received 25 µg house dust mite 
(HDM) (Cat# XPB82D3A2.5, 2.5 ml/vial, Greer 
Laboratories, Lenoir, NC, USA through Thermo Fisher 
Scientific, San Jose, CA, USA) suspended in 35 µL of 
saline. Rats were sensitized for five sequential days weekly 
for four weeks intranasally (dropwise, alternating between 
nostrils)[25]. After two weeks of induced asthma (rats were 
injected with 0.5 ml phosphate-buffered saline (PBS) 
(exosome vehicle) through the tail vein once/day for two 
weeks.

Group III (exosome-treated group, eight rats): rats 
were administered HDM as group II, and after two weeks, 
they received 100 µg MSC-derived exosomes in 0.5 ml 
PBS intravenous through the tail vein, once/day for two 
weeks[26]. 

Preparation of MSC-derived exosomes

Exosomes were separated from MSCs which were 
cultured in Dulbecco's Modified Eagle Medium (DMEM) 
and 10% exosome-depleted fetal bovine serum (Sigma-
Aldrich, St. Louis, MO, USA) for 48 h. The medium was 
then centrifuged many times to remove cells, as illustrated 
by[27]. Finally, the collected exosomes were suspended in 
PBS.
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Sampling
Rats were sacrificed by cervical dislocation 

after intraperitoneal injection of sodium thiopental                                              
(50 mg/kg)[28] at the end of the experiments. The lungs were 
excised and dissected. Specimens from the lower left lobes 
of the lungs from each animal underwent histopathological 
analysis, whereas the lower right lobes were frozen in 
liquid nitrogen for real-time quantitative polymerase chain 
reaction (qPCR). 

Molecular analysis
Real-time Polymerase Chain Reaction (RT-PCR)

RT-PCR has tested the mRNA representation for miR-
146a, IRAK1, and NF-κB.

RNA was transcribed to cDNA. It was exposed to 
denaturation, annealing, and extension. For miRNAs, U6 
was managed as an internal control for normalization. For 
mRNA, data were normalized against GAPDH.

The primer sequences used

miR- 146a, Forward: GGAACGATACAGAGAAGATTAGC

Reverse: TGGAACGCTTCACGAATTTGCG

IRAK1, Forward: CCCAGTGCTGGGGTAAGC 

Reverse: TGTTCGCTCTACTGCAGACT

NF-κB, forward: 5´-AGAGCTAATCCGCCAAGCAG-3´, 

Reverse: 5´-GACCTGTACTTCCAGTGCCC-3'

Histopathology
Light microscopy

Hematoxylin and eosin (H&E) staining

Specimens were fixed in buffered formalin and handled 
to form 5-μm-thick slices[29]. 

Immune histochemical staining

Avidin biotin–peroxidase complex method (Code No. 
K3954, Dako, Denmark) was accomplished for localization 
of NF-κB in the lung tissue. Dewaxing, hydration, and 
microwave treatment of paraffin sections was achieved. 
Endogenous peroxidase was removed, and nonspecific 
binding was blocked by a normal mice serum. Sections 
were covered with anti-NF-κB (Cat. No. #RB-9034-R7; 
1/100 dilution; Thermo Scientific, USA). Secondary 
antibodies and labeled horseradish peroxidase were added. 
Staining at the antigen site by DAB appears brown[30]. 

Electron microscopy examinations

Tissue pieces were fixed in glutaraldehyde and osmium 
tetroxide. The processes were dehydration, embedding, 
ultra-cutting, and then staining in lead citrate and uranyl 
acetate[31]. Sections were photographed by TEM (JEOL 
JEM 1010, JEOL Ltd.) at Tanta University Faculty of 
Medicine.

Morphometric studies
The total number of immune-positive cells for anti-NF-

κB was calculated using A Leica QWin 500 image analyzer 
computer system (Leica Ltd., Cambridge, UK). 

The magnifications of inspected slides were 400. Five 
non-overlying areas were randomly chosen from every 
animal in every group and Measured by a blinded inspector.

Statistical analysis
SPSS version 22 (IBM Corp., Armonk, NY, USA) 

was used for data testing. Tukey's post hoc tests followed 
ANOVA tests. Probability values (p) < 0.05 were significant 
and highly significant at < 0.001.

RESULTS                                                                                     

Real-time qPCR
The exosome-treated group showed significant rises 

in miR-146a, and significant drop in IRAK1 and NF-κB                 
(p < 0.001) levels relative to the experimentally induced 
asthma group. In contrast, no significant alterations were 
obtained relative to control group (p > 0.05) (Table 1).

Histopathological results
Results of H&E stain. Histological sections of H&E 

slides of control group showed Normal lung construction 
with rounded alveoli and alveolar sacs aligned by 
pneumocytes type 1 and 2 and separated by delicate inter-
alveolar septa (Figures 1 A,B). 

Segments of the experimentally induced asthma 
group revealed collapsed alveoli with thickened inter-
alveolar septa. Marked inflammatory cellular penetration, 
engorged, dilated blood vessels with thick muscle coat, 
and fatty cellular infiltration in lung tissue were well 
observed. Extravasated erythrocytes appeared in the septa 
and the lumina of the alveoli, forming lung hemorrhage. 
Exfoliated bronchial epithelium into the lumen was obvious                                                                                        
(Figures 2 A-E). 

Sections of the exosome-treated group showed almost 
normal construction of the alveoli and bronchiolar structure. 
However, some alveoli appeared collapsed between the 
normal alveoli (Figures 3 A,B).

Results of Immune Histochemistry
NF-κB-stained tissues of control group displayed 

brown reactions in cytosol of scanty cells. Numerous cells 
were noted in the experimentally induced asthma group. 
Few reactions were still existing in the exosome-treated 
group (Figures 4 A-C).

Results of Electron microscope examination
Micrographs of ultrastructure of control group,s lung 

sections showed the alveolar lining by type 1 pneumocytes 
separated by delicate interalveolar septa, and type 2 
pneumocytes presented with regular nuclei and lamellar 
bodies in their cytosol. (Figures 5 A,B). Pneumocytes 
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type 2 had regular nuclei with peripheral chromatin and 
nucleoli, lamellar bodies, and mitochondria (Figure 5C). 
Blood air barriers were made up of endothelial cells and 
thin type 1 pneumocyte cytoplasm with their adherent 
basal laminae (Figures 5 D,E).

Ultrastructure of sections from the experimentally 
induced asthma group unraveled thick inter-alveolar 
septa containing many connective tissue cells. Some cells 
appeared with pyknotic degenerated nuclei. Macrophages 
with pseudopodia and lysosomes were present in the 
septa (Figure 6A). Type 2 Pneumocytes were noted with 
irregular nuclei and empty lamellar bodies. An abundant 
amount of collagen fibers was also noticed (Figure 6B). 
Many cells appeared with rarified cytoplasm, vacuolations, 
and lysosomes (Figure 6C). the alveolar lumina housed 
exfoliated cells (Figure 6D). Some cells appear with dilated 
RER (Figure 6E). Eosinophils having dense granules were 
obvious in the interstitium which appeared with many 
collagen fibers (Figure 6F). Distorted blood air barriers, 
detached two basal lamina, many collagen fibers and wide 

cytosol of capillary endothelium were noticed (Figure 6G). 
Type I pneumocyte has a swollen cytoplasm and engorged 
blood capillary were observed in (Figure 6H).

Ultrastructure of sections from the exosome-treated 
group showed seemingly normal alveoli with delicate inter-
alveolar septa. However, some cells appeared in the lumina 
(Figure 7A). Some cells of pneumocyte type 2 appeared 
with atypical indented nuclei. Some lamellar bodies also 
appeared vacuolated (Figure 7B). Nearly normal blood-
air barriers were observed. They were made up of thin 
cytosols of endothelial cells and type I pneumocyte with 
their basal laminae were fused (Figure 7C).

Morphometric results
The calculated number of NF-κB immune representations 

got a big significant rise in the experimentally induced 
asthma group relative to control and exosome-treated 
groups. A significant rise in the exosome-treated group 
versus the control group was reached (p>0.05) (Table 2).

Fig. 1: Photomicrograph of histological sections of H&E slides of control group showing: (A): lung architecture with rounded alveoli (a), alveolar sacs (s) 
and a bronchiole (B) are observed. (B) The alveoli (a) are aligned by pneumocytes type 1 (arrows) and type 2 (arrow heads). The delicate interalveolar septa 
(zigzag arrows) separate the alveoli.



1358

EXOSOMES TREAT BRONCHIAL ASTHMA

Fig. 2: Photomicrograph of histological sections of H&E slides of experimentally induced asthma group showing: A: Collapsed alveoli (star) with thickened 
inter-alveolar septa (T). B: Marked inflammatory (IF) and fatty cellular infiltration (f) are observed. Dilated blood vessel (BV) with thick muscle coat (mu) in 
lung tissue are also well observed. C-E: congestion (cong) and erythrocytes leak in lumina and septa of alveoli forming lung hemorrhage (hge). (D) observed 
exfoliated bronchial epithelium into the bronchial lumen is obvious (arrow). (E) thick muscle coat of the blood vessel (mu).
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Fig. 3: Photomicrograph of histological sections of H&E slides of exosome-treated group showing (A): alveoli (a), alveolar sacs (s) and bronchiole structure 
(B) are seen. Some alveoli appear collapsed (star) between the normal alveoli. Notice: congested blood vessel (cong) is seen. (B) The alveoli (a) are aligned by 
pneumocytes type 1 (arrows) and type 2 (arrow heads). The delicate interalveolar septa (zigzag arrows) separate the alveoli.

Fig. 4: Immunohistochemically stained lung tissue of albino rats of different groups. brown cytosolic immune representation for NF-κB (arrow). (A): control 
group: few stained cells. (B): experimentally induced asthma group: Several stained cells. (C): exosome-treated group:  few scattered stained cells.
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Fig. 5: micrographs of control lung ultrastructure. (A,B) The alveoli (a), type 1 pneumocytes (P1), delicate interalveolar septa (↨) and type 2 pneumocytes (P2). 
lamellar bodies (arrow head) in its cytoplasm are observed (C) Pneumocytes type 2 (P2) have two regular nuclei (N), peripheral chromatin (arrow) and nucleoli 
(n). Lamellar bodies (arrowhead), mitochondria (m) are noticed. (D,E) Blood air barrier is made up of thin endothelial cell (E) and type 1 pneumocyte cytosol 
(P1) with their adherent basal laminae (arrow), Capillary lumen conveys RBCs (R).
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Fig. 6: Micrographs of ultrastructure of lung sections from the experimentally induced asthma group Group. (A) Thick inter-alveolar septa (↨) with many 
interstitial cells (Ic). Some of them appear with pyknotic degenerated nuclei (arrow). Macrophage (MA) with pseudopodia (arrowhead) and lysosomes (ly) are 
recognized in inter-alveolar septum. (B) Pneumocyte type 2 (P2) with irregular nucleus (N), empty lamellar bodies (v) are seen. Abundant amount of collagen 
fibers (thick arrow) is noticed. (C) Many cells appear with rarified cytoplasm (r), vacuolations (v) and lysosomes. (D) Exfoliated cells appear in alveolar 
lumina (arrow head). (E) Cells appear with dilated RER (RER) and the interstitium contains collagen fibers (Co). (F) Eosinophil (Eo) with its dense granules 
(g) is noticed in the interstitium which appear with many collagen fibers (Co). (G) Distorted blood air barrier with cytoplasm of pneumocyte type 1 (P1), well 
separated two basal laminae ( ) containing collagen fibers (Co) and relatively wide irregular cytosol of capillary endothelium (E) is seen. notice: congested 
blood capillary containing red blood cells (RBCs). (H) Pneumocyte type 1 (P1) has swollen cytoplasm (arrow) and congested blood capillary containing RBCs 
(RBCs).
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Fig. 7: Micrographs of ultrastructure of lung sections from the exosome-treated group. (A): Apparently normal alveolus (a) with delicate inter-alveolar septum 
(↨). Pneumocyte type 1 (P1) and 2 (P2) appears with regular nucleus (N). Blood capillary (C) and red blood cells (RBCs) are seen. Notice: leaked cells in the 
alveolar lumen (arrow head). (B):  Pneumocyte type 2 (P2) appears with irregular indented nucleus (N), mitochondria (m) and few lamellar bodies (arrowhead). 
Some lamellar bodies appear vacuolated (v) (C): A normal blood air barrier is observed. It is made up of thin endothelial cells (E) and type 1 pneumocyte (P1) 
cytosols, and with their adherent basal laminae (arrow). Capillary lumen conveys RBCs (R).

Table 1: Real-time PCR analysis for miR-146a, interleukin-1 receptor-associated kinase 1 (IRAK1) and nuclear factor kappa B (NF-κB) gene 
expression in the study groups

Groups control experimentally induced asthma exosome-treated

miR-146a 2.30±0.44 1.36±0.38 a,b 2.57±0.40 NS

IRAK1 1.77 ±0.34 5.0733± a,c 2.0937± NS

NF-κB 1.110.20± 2.390.45± a,c 1.450.37± NS

Values are expressed as mean± standard deviation (SD)
a Highly significant difference when comparing experimentally induced asthma group with control group (p<0.001).
 b significant difference when comparing experimentally induced asthma group with exosome-treated group (p<0.05).
c Highly significant difference when comparing experimentally induced asthma group with exosome-treated group (p<0.05). 
NS Non- significant difference when comparing exosome-treated group with control group (p>0.05)

Table2: Number of anti- NF-κB immune-stained cells.

Groups control experimentally induced asthma exosome-treated

Anti-NF-κB 1.91 ± 0.31 26.77 ± 1.21** 2.95 ± 0.52 *

Values are expressed as mean± standard deviation (SD)
**Highly significant difference when comparing experimentally induced asthma group with both control and exosome-treated groups (p<0.001). 
* significant difference when comparing exosome-treated group with control group (p<0.05)

DISCUSSION                                                                              

Bronchial asthma continues to confuse researchers 
with its multifaceted pathogenesis and diverse clinical 
manifestations. Recent research on bronchial asthma has 
focused on unveiling the pathological complexities of 
this intriguing chronic respiratory disorder, driving the 
search for more targeted and personalized therapeutic 
strategies. The aim was to unravel the ultrastructural and 
cyto-molecular potential impacts of exosomes extracted 
from MSCs as biocompatible nanocarriers of miR-146 on 
experimentally induced bronchial asthma. 

H&E-stained tissues of the experimentally induced 
asthma group displayed collapsed alveoli with thickened 
inter-alveolar septa. Tohda et al.[32] and Zhang et al.[33] 

attributed these disturbances to chronic inflammation, 
stimulating NF-κB signaling and respiratory tissue 
remodeling in asthma together with increased mucus 
production, swelling of airway walls, and constriction 
of the bronchial smooth muscles. Inflammatory cellular 
penetration observed in this group, and the appearance 

of eosinophils within lung tissues trigger the recruitment 
of various immune cells with subsequent discharge of 
inflammatory lymphokines. This was adherent to the 
exfoliation of bronchial epithelium and congested blood 
vessels with thick muscle coat observed in this group. 
These detections were linked with Nandedkar et al.[34] and 
Wegmann et al.[35], who confirmed that the thickened blood 
vessels, muscle coat occurred due to chronic inflammation 
and remodeling processes seen in asthma. Venema et al.[36] 
added that repeated bronchoconstriction, besides chronic 
inflammatory airway remodeling, steers the sloughing-off 
process of bronchial epithelium.      

Our ultrastructural findings clarified the 
histopathological observation of the experimentally 
induced asthma group; we revealed thick inter-alveolar 
septa and interstitial cells with pyknotic degenerated nuclei. 
The thickening of inter-alveolar septa with interstitial cells, 
besides the observation of abundant collagen fibers, proved 
fibrosis (a common electron microscopy hallmark of chronic 
inflammation in bronchial asthma). These findings follow 
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Liu et al.[37], who added that these interstitial cells include 
fibroblasts and myofibroblasts that inked to the excessive 
generation and deposition of collagen fibers. Moreover, we 
noticed alveolar macrophages with different lysosomes; 
Nomura et al.[38] confirmed that macrophages enhance the 
recruitment of activated neutrophils to alveolar spaces, 
thereby resulting in emerging of IL-4, IL-5, and IL-13 
cytokines in broncho-alveolar lavage. Chen et al.[39] added 
that neutrophil extracellular trapping induces macrophages 
to emit IL-1β, which consecutively promotes neutrophil 
penetration in the airways. We observed deformed blood-
air barriers with separation of the basal lamina, collagen 
deposition in between, and irregular cytosol of the capillary 
endothelium; Malmström et al.[40] examined lung tissues 
from severe asthmatic patients and observed increased 
thickness and discontinuity in the basement membrane, 
reticular fiber deposition, beside discrepancies in the 
cytosol of the endothelial cells. Sweerus et al.[41] refered 
that the epithelial α-catenin, E-cadherin, and claudin-18 
expression in asthmatic patients links to airway barrier 
defect and a high influx of TH2, potentially promoting 
airway hyperresponsiveness. The observed swelling, 
rarified cytoplasm, and vacuolations of pneumocyte cells in 
this study align with Li et al.[42], who confirmed the alveolar 
epithelium's thickness and glycoprotein accumulation 
in these cells. Tan et al.[43] explained these findings via 
the pro-inflammatory effect of fibroblast growth factor 
2 revealed in human airway epithelium-derived A549 
cells. Over and above, type 2 pneumocyte appeared with 
irregular nuclei and empty lamellar bodies. Schmiedl                                                                                                  
et al.[44] proved the decline of the surfactant proteins-SP-A 
and SP-B-containing type 2 pneumocytes and Clara cells 
in experimental asthma model. 

MSCs-derived exosomes, an outstanding means 
of cellular communication, are promising mediators 
in tissue repair and modulation of inflammation. Our 
histopathological results proved restoration of normal 
bronchiolar and alveolar architecture in the MSCs 
exosome-treated group. Furthermore, ultrastructural 
findings clarified this improvement, with restored blood-
air barrier integrity and type 1 pneumocytes nanostructure. 
Yang et al.[45] reported that exosomes are now considered 
a fundamental biological nanoplatform, as they revealed 
increased delivery and curative efficacy because of their 
biocompatibility and the magnitute to escape degradation. 

To further elucidate the underlying mechanisms of 
how MSCs-derived exosomes exhibit our forementioned 
results, we assessed miR-146a as a current universally 
acknowledged anti-inflammatory exosomal cargo with 
the paucity of research in bronchial asthma. Specifically 
speaking, in this work, miR-146a representation was 
significantly rised after MSCs-derived exosomes. 
Sanada et al.[46] reported an observable miR146a-induced 
reduction of IL-6 and MCP-1 in macrophages, adipocytes, 
and fibroblasts of periodontal tissues. Mortazavi-Jahromi 
et al.[47] proved miR146a immunomodulatory impacts in 
rheumatoid arthritis patients. Over and above, Huang                    

et al.[48] confirmed that miR-146a ameliorated pulmonary 
inflammation and barrier disturbance by downregulating 
Toll-like receptor 7 in sepsis-associated acute respiratory 
distress syndrome. 

Namely, IRAK1/NF-κB axis is a regulative target of 
miR-146a. We recorded observable downregulation of 
IRAK1 and NF-κB expression in the MSCs exosomes-
treated group relative to experimentally induced asthma 
group by Real-time qPCR. Moreover, immunohistochemical 
representation of NF-κB in our results was also reduced 
in the MSCs exosomes-treated group. He et al.[49] proved 
that miR-146a representation enhanced the anti-apoptotic 
effect caused by dexmedetomidine via declining of 
IRAK1, Caspase-3, and NF-κB protein levels. Zhou                                              
et al.[50] explained that miR‑146a significantly lowered 
IRAK1 expression, nuclear p65 levels, and decreased IL‑6 
and TNF‑α levels in sensitized THP‑1 cells. Furthermore, 
miR‑146a inhibited NF- κB bracing and pro-inflammatory 
cytokine emergence, proving the regulatory role of 
miR‑146a in systemic lupus inflammatory response. 
Additionally, Wu et al.[51]  studied exosomal miR-146a 
impacts on TNBS-induced colitis, which significantly 
inhibited TNF receptor–associated factor 6 and IRAK1, 
phosphorylation levels of NF-κB, were down-regulated 
and ameliorated cytomolecular inflammatory response. 
Furthermore, Su et al.[52] assessed that repeated systemic 
inoculation of miR146a, inhibited NF-κB target genes 
and prevented activation of downstream signaling 
incidents in the IRAK1/NF-κB pathway in myeloid 
cells, thereby inhibiting the inflammatory response and 
thwarted dissemination of HL-60 leukemia. Interestingly, 
in a murine model of ovalbumin (OVA)‑induced asthma 
treated with dexmedetomidine, Xiao et al.[53] demonstrated 
a significant drop of NF‑κB and phosphorylated NF‑κB 
expression, which alleviated airway hyperresponsiveness 
via toll‑like receptor 4. Over and above, Huang et al.[54] 

confirmed pulmonary anti-inflammatory response induced 
by respiratory syncytial virus via MAPK/NF-κB signaling 
pathway after treatment with miR-146a mimic. 
CONCLUSION                                                                     

Our study outlined the curative potential of miRNA-146 
in mesenchymal stem cell exosomes via IRAK1/NF-κB 
pathway as a novel and effective approach for managing 
bronchial asthma and paving the way for further research.
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الملخص العربى

miR-146a بداخل الإكسوسومات المشتقة من الخلايا الجذعية الوسيطة يحسن التركيب 
الهستولوجي لنسيج الرئة عبر مسار IRAKI/NF-κB بعد احداث الربو القصبي

إيمان مسلم محمد ومي أمين سمك  

قسم الهستولوجيا وبيولوجيا الخلية، كلية الطب البشري، جامعة الزقازيق  

المقدمة: الربو القصبي هو اضطراب تنفسي متعدد الأوجه يمثل مصدر قلق عالمي كبير على الصحة العامة، حيث 
يصيب الملايين من الأفراد ويؤدي إلى معدلات مراضة ووفيات كبيرة.

هدف العمل:  نحن نهدف إلى الكشف عن التأثيرات المعقدة الهيكلية والجزيئية الخلوية للإكسوسومات الصادرة عن 
الخلايا الجذعية الصلبة باعتبارها ناقلات نانوية متوافقة حيوياً من miR-146 على الربو القصبي المستحث تجريبياً.

المواد والطرق: تم تقسيم اثنين وثلاثين من ذكور الجرذان البيضاء البالغة إلى ثلاث مجموعات. المجموعة الضابطة، 
ومجموعات الربو المستحث: كل جرذ تلقي 25 ميكروجرام من عث الغبارالمذابة في محلول الملح خمس مرات أسبوعيا 
لمدة أربعة أسابيع عن طريق الأنف والمجموعة المعالجة بالإكسوسوم: عولجت مثل المجموعة الثانية ثم بعد أسبوعين 
تلقت الجرذان مائة ميكروجرام من الاكسوسومات عن طريق وريد الذيل مرة يوميا لمدة أسبوعين. تم فحص عينات 
لـ   RT-PCR تقدير  إلى  بالإضافة   NF-KBالتحتية و والبنية  النسيجي  المناعي  التعبير  للتحقق من  الرئوية  الأنسجة 

146a-miR وIRAK1 وNF. - كيلو بايت.
النتائج: أثبتت نتائجنا استعادة نسيجية وبنية تحتية ملحوظة لهندسة الأنسجة الرئوية في المجموعة المعالجة بالإكسوسومات 
MSC مقارنة بمجموعات الربو المستحث. علاوة على ذلك، فإن تقليل التنظيم الكبير لـ IRAK1 وNF-κB، إلى جانب 
تنظيم 146a-miR ونقص التعبير الهستوكيميائي مناعي للNF-κB في المجموعة المعالجة أشار إلى الآليات الجزيئية 

المحتملة الكامنة وراء التأثيرات النسيجية المورفومترية المرصودة.
الخلاصة: حددت دراستنا الإمكانات العلاجية لـ miRNA-146 في إكسوسومات الخلايا الجذعية الوسيطة عبر مسار 

IRAKI/NF-κB كنهج جديد وفعال لإدارة الربو القصبي وتمهيد الطريق لمزيد من البحث.


