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Abstract
Asthma is a chronic airway disease. Allergic reactions and T helper (h)2 immune response 
play a key role in asthma occurrence. Cell therapy can control inflammation and remodeling 
responses in allergic asthma, and cytokines can change this effect. Therefore, in this study, 
the effect of treated cell therapy with IL-2 to control allergic asthma was studied. Bone mar-
row cells were extracted and co-cultured with IL-2 and the cells were used via intra-tracheal 
administration in allergic asthma mice. Levels of IL-4, IL-5, IL-13, Leukotriene B4 and C4, and 
remodeling factors were measured. At least, a histopathology test of lung tissue was done. 
Type2 cytokines, leukotrienes, remodeling factors, mucus secretion, goblet cell hyperplasia, 
peri-bronchial and peri-vascular inflammation were significantly (p<0.05) decreased by treat-
ing with bone marrow-derived mononuclear cells (BMDMCs) and IL-2-BMDMCs. Treatment with 
IL-2-BMDMCs could significantly decrease IL-13, transforming growth factor (TGF)-β, HP levels, 
and mucus secretion (p<0.05) compared to BMDMCs treatment. In this study, BMDMCs and 
IL-2-BMDMCs therapy could decrease inflammation, allergic, and remodeling factors in allergic 
asthma. Cell therapy with BMDMCs had a strong and notable effect on the control of allergic 
asthma pathophysiology when co-cultured and used with IL-2.
© 2023 Codon Publications. Published by Codon Publications.
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Introduction

Asthma is a reversible airway disease, which affects more 
than 350 million people worldwide. Asthma is a multi-fac-
torial disease in which genetic predisposition and environ-
mental trigger factors are the main orchestrate of asthma 

pathophysiology.1–3 The main symptoms of asthma are 
coughing, wheezing, and breathlessness. Th2-associated 
cytokines [interleukin (IL)-4, IL-5, and IL-13] play a key 
role in asthma occurrence. Allergic reactions have an 
important role in the initiation of an asthma attack. IL-4 
increases immunoglobulin (Ig)E production which leads 
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Cytokines measurement

After anesthetization of mice on day 31 by ketamine and 
xylazine, samples of broncho-alveolar lavage fluid (BALf; 
0.8 ml from each mouse) were taken from mice by intuba-
tion and the levels of IL-4, IL-5, IL-13 were measured in BALf 
using enzyme-linked immunosorbent assay (ELISA) kits, 
according to manufacturer instructions.

LTs Measurement

Leukotriene (LT) B4 and C4 levels were measured in BALf 
using specific ELISA kits.

Remodeling factors measurement

The content of hydroxyproline (HP) as the main index of 
collagen fibers deposition in the lung tissue was measured 
by a colorimetric modified method. TGF-β, as another 
remodeling factor, was measured in supernatants of lung 
tissue homogenate described before.15

Histopathology

On day 31, the mice were euthanized by CO2. The left lung 
of each mouse was removed, fixed, embedded in paraf-
fin, and stained with alcian blue (AB), hematoxylin-eosin 
(H&E), and periodic acid Schiff stains (PAS). Analysis of lung 
histopathology was performed with a light microscope. 
Later, peribronchiolar, perivascular inflammation, goblet 
cell hyperplasia, and mucus hypersecretion in the airways 
were determined in lung tissues by the point-counting 
technique.

Statistical analysis

Experimental tests were repeated three times and results 
were presented as a mean of three times with standard 
deviations (SD). The SPSS software version 27 was used 
for statistical analyses and less than 0.05 was supposed 
as significant for the p value. The graphs were drawn in 
GraphPad prism (Version 8.3). Data were tested for nor-
mality using the KolmogorovSmirnov test. Paired t-test 
and two-way ANOVA, followed by Tukey’s test were used 
for analyzing data and correlation analysis was carried out 
using Pearson’s method.

Result

ILs

IL-4, IL-5, and IL-13 levels were significantly (p < 0.05) 
decreased by treating with BMDMCs and IL-2-BMDMCs com-
pared to the untreated asthma group (Figure 1). Decreasing 
of IL-13 level by treatment with IL-2-BMDMCs was significant 
(p < 0.05) compared to BMDMCs treated group, but there is 
no significant difference (p > 0.05) between BMDMCs and 
IL-2-BMDMCs groups in levels of IL-4 and IL-5.

to the production of allergo-inflammatory mediators. IL-5 
increases eosinophil accumulation and inflammation and 
IL-13 increases mucus secretion and airway obstruction.4–6

Bone marrow-derived mononuclear cells (BMDMCs) 
modulate inflammatory and remodeling processes regard-
less of allergic asthma. Intravenous administration of 
BMDMCs attenuate inflammatory and remodeling responses 
in allergic asthma, and also, promote airway epithelial 
repair.7,8

IL-2 is a T cell growth factor and its receptor (acceptor 
for T cell growth factor) has two subunits, α and β. The 
receptor was considered as a signal apparatus responding 
to cascade driving T cell proliferation. It was speculated 
that IL-2 deficiency leads to autoimmunity and inflamma-
tion. Subsequently, autoimmune and inflammation phe-
notypes would be noticed when IL2rα and IL2rβ genes 
(encode α chain [clusters of differentiation (CD25)] and 
β chain (CD122) of receptor) were genetically depleted.9–11 
Specific CD4+ T cell population expressing CD25 was 
revealed to essentially regulate immune tolerance (reg-
ulatory CD4+ T cells or Treg cells) that are critically acti-
vated by IL-2, in health and diseases. IL-2 stimulates Treg 
activation and via this approach, IL-2 therapy induces 
immune tolerance without inducing severe immunosup-
pression, and inhibits the generation of auto-reactive T 
follicular helper cells (TFH) and TH17 cells.10,12,13 Therefore, 
in this study, the effect of BMDMCs that were treated with 
IL-2 to control allergic asthma pathogenesis through the 
production of active tolerogenic immune cells and har-
nessing of allergo-inflammatory and fibrotic factors were 
done.

Materials and Methods

Extraction of BMDMCs

Bone marrow cells were extracted from male Balb/c mice 
according to a previously described method7 and used for 
administration. Briefly, bone marrow cells were aspirated 
from the femur and tibia with Dulbecco’s modified Eagle’s 
medium, centrifuged, re-suspended in Dulbecco's Modified 
Eagle Medium (DMEM) and added to Ficoll-Hypaque, and after 
centrifuging, they were re-suspended in phosphate-buffered 
saline (PBS) for administration. One day before cell therapy, 
the cells were treated with IL-2 for 48 h.14

Animal preparation and protocol

Thirty-three male Balb/c mice (20–22 g) were kept under 
standard laboratory conditions (24±1°C, 50±10% humidity, 
and 12 h light/dark cycle) and randomly assigned to three 
groups: Ovalbumin (OVA)-induced allergic asthma group, 
asthma group that was treated with BMDMCs, and asthma 
group that was treated with IL-2-BMDMCs. OVA-induced 
allergic asthma mice model was produced according to 
the previously described method.2,3,5 Briefly, OVA solution 
with alum adjuvant was injected for sensitization and for 
challenge, the OVA solution was nebulized. Treatment with 
BMDMCs (2 × 106 cells) was done on day 25 via intra-tra-
cheal administration.
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and increased cellular infiltration. Th2-associated cyto-
kines (IL-4, IL-5, and IL-13) play a key role in asthma occur-
rence.16,17 The interaction between BMDMCs and Th2 cells 
leads to a decrease in IL-4 secretion, which can promote IgE 
synthesis and allergic response initiation. IL-5 can promote 
the development of eosinophils, and eosinophils can induce 

LTs

LTB4 and LTC4 levels were significantly (p < 0.05) decreased 
by treating with BMDMCs (99.6 ± 5.7 and 185.3 ± 44.2 ng/
ml, respectively) and IL-2-BMDMCs (97.7 ± 4.4 and 179.3 ± 
50.1  ng/ml, respectively) compared to untreated asthma 
group (163.4 ± 8.2 and 334.2 ± 28.6 ng/ml, respectively) 
(Figure  2). There is no significant difference (p > 0.05) 
between BMDMCs and IL-2-BMDMCs groups in LTB4 and LTC4 
levels.

Remodeling

Levels of TGF-β and HP were significantly (p<0.05) 
decreased by treating with BMDMCs and IL-2-BMDMCs com-
pared to the non-treated asthma group (Figure 2). Decrease 
of TGF-β and HP levels by treating with IL-2-BMDMCs was 
significant (p<0.05) compared to the BMDMCs treated 
group.

Histopathology

Mucus hypersecretion, goblet cell hyperplasia, eosino-
philic bronchial, and vascular inflammation were signifi-
cantly (p  < 0.05) reduced by treating with BMDMCs and 
IL-2-BMDMCs compared to the untreated asthma group 
(Figure 3). Reduction of mucus hypersecretion by treating 
with IL-2-BMDMCs was significant (p < 0.05) compared to 
BMDMCs treated group, but there is no significant differ-
ence (p > 0.05) between BMDMCs and IL-2-BMDMCs groups 
in goblet cell hyperplasia, eosinophilic bronchial, and vas-
cular inflammation.

Discussion

Asthma is a reversible airway disease that causes substan-
tial medical and financial burdens in more than 350 million 
people worldwide. Allergic asthma has common character-
istics such as high serum IgE, excessive activation of Th2, 

Figure 1.  Levels of cytokine in BALf of mice. The levels of cytokines (IL-4, IL-5, and IL-13) in BAL fluid were measured. The levels 
of IL-4, IL-5, and IL-13 in BALf of BMDMCs and IL-2-BMDMCs groups were decreased compared to the asthma group and IL-13 level in 
the IL-2-BMDMCs group was significantly decreased in comparison to the BMDMCs group (p < 0.05).

Figure 2.  Levels of LTs and remodeling factors. The levels 
of LTB4, LTC4 and also HP and TGF-β as remodeling factors 
were measured. The levels of LTB4, LTC4, HP, and TGF-β in 
BMDMCs and IL-2-BMDMCs groups were decreased compared to 
the asthma group and HP and TGF-β in the IL-2-BMDMCs group 
were significantly decreased in comparison to the BMDMCs 
group (p < 0.05).
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decrease bronchoconstriction, eosinophil infiltration, 
alveolar collapse, collagen fiber content in the airway, 
and alveolar septa, myofibroblast hypertrophy and hyper-
plasia.7 Another study in 2011 showed that BMDMC ther-
apy in the mice model of allergic asthma could decrease 
airway and lung parenchyma remodeling.8 BMDMCs, as a 
heterogeneous mix of progenitor and immune cells, were 
administered easily and safely and express several genes 
involved in inflammatory response and chemotaxis.7 In 
asthma, the determination of which specific cell types 
were responsible for these features will require future 
experiments. This would translate in clinical practice into 
the delivery of immune cells that can be performed in 
asthmatic patients.

BMDMCs have an ability to modulate the synthesis of 
cytokines and growth factors without being present at 
the injury site and may potentiate airway epithelial cell 
repair. These cells could control IL-4, IL-13 and also TGF-β 
and vascular endothelial growth factor (VEGF) levels. On 
the other hand, BMDMCs are smaller compared to other 
cell types; and can pass easily through the pulmonary 
capillaries and remain in the lung tissue.7,21 Identifying 
the presence of these cells in lung parenchyma showed 
that the cells were not attracted in healthy lungs but were 
attracted to damaged tissue and retained in damaged tis-
sue.7,22 IL-4, IL-5, and IL-13 as main allergo-inflammatory 
cytokines (type 2 cytokines) in allergic asthma were 
reduced by BMDMCs and IL-2-BMDMCs treatment. IL-2-
BMDMCs could strongly reduce IL-13 level compared to 

the chemokine to promote the recruitment of Th2 cells, 
damage the lung epithelial cells by the secretion of an 
eosinophil-derived neurotoxin, cationic proteins (eosinophil 
peroxidase), and major basic protein.16,18 Immunomodulation 
through cell administration was regarded as a novel thera-
peutic approach for many immune-related diseases due to 
their anti-inflammatory and immune-privileged potential. 
Additionally, cell therapy via immune cells can re-balance 
the immune response and suppress the pathology of airway 
allergic inflammation.16,19 Therefore, modulation of immune 
response in allergic diseases such as asthma by cell ther-
apy, may inhibit the Th2 cells activation and proliferation, 
and this therapeutic method can be used as a treatment 
of immune-related allergic and inflammatory response in 
asthma. In our study, mucus hypersecretion, goblet cell 
hyperplasia, eosinophilic bronchial, and vascular inflam-
mation were controlled by treating with BMDMCs and 
IL-2-BMDMCs. IL-2-BMDMCs reduced mucus hypersecretion 
strongly compared to BMDMCs treatment and this showed 
that co-treatment with IL-2 could notably control mucus 
production and is beneficial in harnessing airway obstruc-
tion by mucus.

Besnard et al.,20 demonstrated that activation of NLRP3 
inflammasome is essential in alum-free models of aller-
gic asthma that leads to the production of IL-1, a critical 
factor for the Th2 inflammatory allergic response induc-
tion. A study in 2013 presented that in the mice model of 
allergic asthma, BMDMC therapy through the intravenous 
and intratracheal resulted in similar benefits, and could 

Figure 3.  Lungs histopathology. Lung tissues were fixed and stained with H&E (sections in the first line), alcian blue (sections 
in the second line), and PAS (sections in the third line). Afterwards, the peri-bronchiolar, peri-vascular inflammation, goblet 
cell hyperplasia, and mucus secretion were evaluated (at 400× magnification in H&E and PAS section and 100× magnification 
in AB). Peri-bronchiolar and peri-vascular inflammation, goblet cell hyperplasia, and mucus secretion were decreased in BMDMCs 
(B, E, H) and IL-2-BMDMCs (C, F, I) groups compared to the asthma group (A, D, G). Mucus secretion in the IL-2-BMDMCs group was 
significantly decreased in comparison to the BMDMCs group (p<0.05).
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