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ARTICLE INFO ABSTRACT

. Asthma is a lung disease characterized by eosinophilic inflammation,
Received: 04 November 2023 mucus secretion, airway hyper-responsiveness (AHR), and airway
. obstruction. AHR is a crucial factor in asthma. Mesenchymal stem cells
Accepted: 16 December 2023 (MSCs) have a regulatory effect on the immune response and may be
DOI:10.30495/jbcvm.2023.2000530.1053 useful in treating asthma. MSCs have low immunogenicity and are
considered safe for application. Additionally, a study was conducted to

investigate the effect of MSCs on controlling AHR in an asthma model.

KEYWORDS: MSCs were isolated and used to treat asthmatic male BALB/c mice. To

produce an animal model of asthma, the mice were sensitized and
Allergy challenged with OVA. On days 30 and 40, to measure AHR, a
Cell therapy Methacholine challenge test was performed to determine thg Pen_h vaIL_Je.
Asthma AHR was recorded e_md_ gnalyze_d. Treatment of a§thmat|c mice with

MSCs resulted in a significant difference (p<0.05) in controlling AHR
Lung during the MCh challenge test. MSCs are almost non-immunogenic and
Treatment can be used to treat asthma and control AHR. The use of MSCs as an

anti-asthma treatment presents a new and applicable strategy for
controlling AHR in asthma.
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INTRODUCTION

Asthma is a chronic lung disease characterized
by  eosinophilic  inflammation, mucus
hypersecretion, airway hyper-responsiveness
(AHR), and reversible airway obstruction. AHR
is a crucial factor in asthma, and certain anti-
asthma medications can help control it [1, 2].
Allergies are the leading cause of asthma. The
pathophysiology of asthma is influenced by
both genetic predisposition and environmental
factors that activate the immune response,
specifically the Th2 dominant response. One of
the major Th2 cytokines is IL-4, which induces
IgE isotype switching of B cells. These IgE
antibodies can then bind to the FceRI receptor
on the surface of mast cells. Mast cells can be
activated by cross-linking FceRI-IgE with
allergens, leading to the release of histamine
and other mediators that cause allergic
symptoms, such as bronchospasm reactions [3-
5].

Mast cells have a regulatory and modulatory
effect on the immune response and
inflammation, and their immunoregulatory
capacity may be useful in the treatment of
asthma. MSC therapy is a novel therapeutic
approach with immunoregulatory potential for
immune response-related diseases, such as
asthma. However, MSCs are harvested from
various tissues and may affect the
pathophysiology of allergic asthma. MSCs have
low immunogenicity and may be safe for
clinical application [6, 7]. Additionally, this
study evaluated the effect of MSCs on
controlling AHR in an asthma mouse model.

MATERIALS AND METHODS

MSCs culture

MSCs were isolated from the mouse's bone
marrow  following previously established
protocols. Briefly, the bone marrow was flushed
out of the cavity and cultured for 5 days. The
cells were then re-suspended, passaged, and
confirmed [6, 7].

Animal treatment

Male BALB/c mice were kept under standard
conditions in the laboratory animal house and
were divided into three groups (n = 6): a control
group sensitized with PBS and healthy, and two
other groups sensitized and challenged with
OVA to produce an asthma model [8, 9]. One
group received no treatment, while the other
was treated with MSCs via bronchial
administration on day 25.

Measurement of AHR

To measure AHR on days 30 and 40, we
conducted a Methacholine (MCh) challenge test
to determine the Penh value under anesthesia.
The mice were tracheostomized and intubated
separately, and then exposed to PBS aerosol and
different MCh concentrations (2, 4, 8, 16, 32
and 64 mg/ml). At least, AHR were recorded
and analyzed.

Data analyzing

The data were analyzed using SPSS software
version 20 with t-test and Mann-Whitney U test.
The results were presented as Mean + SD using
GraphPad Prism. A p-value of less than 0.05
was considered statistically significant.

RESULTS
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After creating an allergic asthma mouse model, we
measured AHR. According to this study, treating
mice with MSCs can control AHR in the MCh
challenge test. This control showed a significant
difference (p<0.05) between days 30 and 40, and on
day 40, AHR was better controlled than on day 30 at
all MCh concentrations. Graphs created from mouse
inhalation in a ventilator showed significant
differences between the treated and non-treated
groups (Figure 1). Upon analysis of the ventilator
graphs, a significant difference was observed
between the treated and non-treated groups, as well
as between days 30 and 40. For instance, in dose 16
mg/ml, the penh values on days 30 and 40 were 9.4

+ 0.1 and 8.4 + 0.2, respectively, indicating a
significant difference (Figure 2).

DISCUSSION

Asthma is a chronic lung disease that causes
bronchial obstruction. The obstruction of airways is
caused by the spasm of smooth muscle cells, leading
to AHR. Additionally, chronic obstruction of
airways is caused by eosinophilic inflammation and
mucus released from goblet cells. If these factors
persist over time, they may lead to airway
remodeling [10, 11]. Therefore, to prevent acute
airway obstruction, it is important to control AHR.
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Figure 1. To determinant of AHR, MCh challenge test was done and inhalation graphs of ventilator were showed in MCH 16 mg/ml.
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Figure 2. Graphs of analyzed data in all doses of MCh, penh values in days 30 and 40 were presented.
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This study achieved this through mesenchymal stem
cell therapy. When these cells remain in the airways
for a longer period, they can be more effective in
controlling AHR. While there are several anti-
asthma therapies available, including short-acting
and long-acting drugs that can control airway hyper-
responsiveness (AHR) and inflammation, many of
these drugs have limited efficacy and require
frequent administration [12, 13]. Mesenchymal stem
cell (MSC) therapy presents a promising long-term
treatment option that does not require repeated
administration. Because these cells can proliferate
and have self-renewal potential, they offer a new
approach that does not require higher doses of
treatment or repeating therapeutic protocols. In
allergic diseases, such as asthma, cell therapy can be
used to modulate the immune response, controlling
the activation and proliferation of Th2 cells. This
therapeutic method can help control immune-related
allergic responses in asthma. MSC therapy has been
shown to decrease bronchoconstriction and collagen
fiber content in the airway [14]. MSCs are a novel
therapy developed in regenerative medicine. These
cells are highly adaptable and can prevent
remodeling in target tissues. Additionally, they aid
in repairing lung tissue and reducing lung injury.
MSCs, as multi-potent progenitor cells, have
immune-modulatory potential [15, 16]. Therefore,
using MSC therapy to control AHR in allergic
asthma can have a beneficial effect. It was shown
that the administration of MSCs systemically can
suppress collagen deposition and airway remodeling,
reduce the number of goblet cells, and decrease the
airway's response to MCh [17, 18]. In this study, the
administration of MSCs prevented AHR and
resulted in improved airflow in obstructed airways.
The immunomodulatory effect of MSCs is
considered a new therapeutic approach for allergic
diseases, such as asthma, due to their immune-
privileged potential. MSC therapy for asthma, via
intra-tracheal and/or intra-venous administration,
could reduce leukotrienes B4 and C4, which play an
important role in the pathophysiology of allergic
asthma and airway obstruction [11, 16, 19]. In cases
of airway allergic reactions and asthma attacks,
immune cell mediators play a dominant role and can
cause spasms in the airway smooth muscle cells.
One group of these mediators are mast cells.

Another group of cytokines, known as Type 2
cytokines, including IL-4 and its upstream cytokines
such as 1L-33, have a significant impact. IL-33 is a
member of the IL-1 cytokine family and affects
cytokine network signaling pathways, controlling
the production of IL-4. IL-4 stimulates B cells to
produce IgE, the main allergic immunoglobulin.
IgEs bind to receptors on mast cells and, upon
attaching to the allergen, trigger mast cell
degranulation. Mediators released from mast cell
granules have a strong effect on the spasm of smooth
muscle cells, leading to airway obstruction [20].
Although not evaluated in this study, it is possible
that MSCs may have an effect on the control of
cytokines such as IL-4 and IL-33. Through this
pathway, they may be able to regulate the
degranulation of mast cells, spasm of airway smooth
muscle cells, and AHR. MSC therapy is an
innovative immunomodulatory treatment for various
immune-related  conditions, including allergic
asthma. Studies have shown that MSCs have an
immunoregulatory effect on both the innate and
adaptive immune responses. In one study, it was
found that MSCs containing the expression gene of
IL-35 were effective in controlling allergo-
inflammatory mechanisms, allergic
immunopathology, and asthma symptoms in patients
with allergic asthma. It was shown that the
immunomodulatory effect of MSCs had a
synergistic effect with that of IL-35, and together
they could mitigate the allergoinflammatory
response in asthma. It was also demonstrated that
expressing the IL-35 vector inhibits IL-4 and IgE
levels, thereby attenuating asthma pathogenesis.
Additionally, 1L-35 reduces the proliferation of T
cells and the allergic immune response of Th2 cells
in asthma. In patients predisposed to a high risk of
specific IgE-mediated allergic responses to inhaled
allergens, dendritic cells with IgE can present
aeroallergens and induce allergic inflammation.
Therefore, IL-35 prevents the mechanism of allergy
and is a therapeutic agent for asthma. IL-35
deficiency gives rise to Thl17 cells that are required
to maintain AHR after challenge with multiple
allergens. It has been reported that MSCs can
regulate AHR, and this effect is enhanced in MSCs
with the 1L-35 gene compared to MSC treatment
alone without 1L-35 [21].
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CONCLUSION

MSCs are almost non-immunogenic due to their
embryonic state. Therefore, the use of MSCs to treat
asthma is a viable option, as demonstrated in this
study, which showed a significant effect on the
control of AHR and the evaluation of breathing
output in asthmatic mice. Therefore, the use of
MSCs as a treatment for asthma presents a hew and
applicable strategy and is a useful method for
controlling AHR in asthma. These cells can also be
used as a delivery system for certain genes, but
further research in this field is necessary.
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