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ﬁbstract \

Background and aim: Asthma is one of the main lung diseases that is identified by eosinophilic inflammation, mucus
secretion, airway hyper-responsiveness (AHR) and airway obstruction. AHR is one of the important action of airways
in asthma. Mesenchymal stem cells (MSCs) have regulatory effect on immune response and may be useful to the
treatment of asthma. MSCs have low immunogenicity and may be safe in application. Therefore, study effect of mouse
bone marrow-mesenchymal stem cells (BM-MSCs) controlling of AHR in asthma model was done.

Materials and Methods: BM-MSCs were isolated and used as treatment in asthmatic male BALB/c mice. To produce
asthma animal model, mice were sensitized and challenged with OVA. On days 30 and 40, to measure of AHR,
Methacholine (MCh) challenge test was applied to determine the Penh value. Finally, AHR were recorded and
analyzed.

Results: Treatment of asthmatic mice with BM-MSCs could control AHR in MCh challenge test and it has significant
difference (p<0.05) between days 30 and 40.

Conclusion: BM-MSCs are almost non-immunogenic and can be used to treat asthma and control of AHR. Using of
MSC:s as anti-asthma treatment presents new and applicable strategy to control of AHR in asthma.
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Introduction

Asthma is one of the main chronic diseases and is
a complicated lung problem. This disease is identified
by eosinophilic inflammation, mucus hyper-secretion,
airway hyper-responsiveness (AHR) and reversible
airway obstruction. AHR is one of the important
action of airways in asthma and some produced anti-
asthma medicines can control AHR (Roxbury & Lin,
2017; Ankermann & Brehler, 2019).

Allergy comprises the main causes of asthma.
Genetic predisposition and environmental factors
active of the immune response (i.e., Th2 dominant
response), which is responsible for the asthma
pathophysiology. IL-4 is one of the major Th2
cytokine and induces IgE isotype switching of B cells
that can be bind to its receptor (FceRI) on the mast
cell's surface. Then mast cells can be activated upon
allergen induced cross-linking of FceRI-IgE and
histamine will be released with other mediators,
which lead to allergic symptoms such as broncho-
spasm reaction (Isik et al., 2019; 4. Xuan et al., 2020;
Miceli et al., 2020).

The mesenchymal stem cell (MSC)s have
regulatory and modulatory effect on immune response
and inflammation and their immuneregulation
capacity may be useful to the treatment of asthma.
MSCs therapy is one of the new therapeutic approach
that has an immunoregulatory potential on immune
response-related diseases such as asthma. However,
the MSCs are harvested from various tissues and may
have effect on allergic asthma pathophysiology.
MSCs have low immunogenicity and may be safe in
clinical application (Huang et al., 2021; Hou et al.,
2023). Furthermore, study immune-modulatory effect
of MSCs in asthma was done and the controlling
effect of MSCs on AHR of asthma model was
evaluated.

Material and Methods
Bone marrow-mesenchymal stem cells (BM-
MSCs) culture

MSCs were isolated from mouse's bone marrow
according to previously studied (Huang et al., 2021;
Hou et al, 2023). In briefly, bone marrow was
flushed out of the cavity and then cultured for 5 days.
The cells were re-suspended, passaged and
confirmed.
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Animal treatment

Male BALB/c mice (6-7 weeks old) were kept
under standard conditions and divided into three
groups (n = 6), which include: control group, which
was sensitized with PBS and was healthy; the two
other groups were sensitized and challenged with
Ovalbumin (OVA) according to previously studies to
produce asthma model (Cheng et al., 2022; Jiang et
al., 2021). One of them received no treatment, and the
other was treated with BM-MSCs via bronchial.
Treatment was done on day 25.

Measurement of AHR

To measure of AHR on days 30 and 40, the
Methacholine (MCh) challenge test was applied to
determine the Penh value and under anesthetization.
The mice were tracheostomized and intubed. Then
initially 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

Data were repeated and analyzed by SPSS
software version 20 with t-test and Mann-Whitney U
test. Data were presented as Mean+SD by GraphPad
prism and P less than 0.05 was considered as
significant.

Results

After production of BM-MSCs and allergic asthma
mouse model creation, AHR was measured.
According to this study, treatment of mice with BM-
MSCs could control AHR in MCh challenge test.
This controlling has significant difference (p<0.05)
between days 30 and 40, and in day 40 AHR was
controlled Dbetter than day 30 in all MCh
concentrations. Created graphs from mouse inhalation
in ventilator, showed significant differences between
treated and non-treated groups (Figure 1).

After analyzing of data from graphs of the
ventilator, it was observed that there was significant
difference between treated and non-treated groups
and there was significant difference between days 30
and 40. For example, in dose 16 mg/ml, penh values
in days 30 and 40 were 9.4+0.1 and 8.4+0.2
respectively that had significant difference (Figure 2).
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Figure 1. Penh value with increased concentration of MCh on day 30 and 40.
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Figure 2. Penh value of MCh challenge test for each group on day 30 and 40.
Discussion Although there are notable numbers of anti-asthma

Asthma is one of the main and complicated
chronic diseases of lung and leads to bronchial
obstruction. The obstruction of airways is initiated
with spasm of smooth muscle cells and leads to AHR.
In continue, eosinophilic inflammation and mucus
realizing from gablet cells lead to chronic obstruction
of airways. If these factors are presented in long time,
may be led to airway remodeling (Tanaka et al,
2004; Booth et al., 2007). Therefore, in first time and
for prevent of acute airway obstruction, the AHR
should be controlled, which was done in this study by
mesenchymal stem cell therapy. When these cells are
in airways for more time, they can be effective and
have more effect on control of AHR.

therapies as short acting and long-acting drugs that
can control AHR and inflammation respectively, but
the most of these drugs have short time efficacy and
need to be administrated (Ouyang et al, 2010;
Samitas et al, 2015). The mesenchymal stem cell
therapy can be presented as therapeutic option and
can be used for long time without re-administration.
Because these cells can be proliferated and have self-
renovation potency, which presents new approach
that not need more dose of treatment or repeating of
therapeutic protocols.

In allergic diseases such as asthma, immune
response modulation by cell therapy may control
activation and proliferation of Th2 cells, and the
therapeutic method can be used for control of
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immune-related allergic response in asthma. MSCs
therapy could decrease bronchoconstriction, and
collagen fiber content in the airway (Yin et al., 2023).
MSCs as a novel therapy are developed in
regenerative medicine. These cells have more
plasticity and can prevent remodeling in target
tissues, and also, help to repair the lung tissue and
decrease lung injury. MSCs as multi-potent
progenitor cells have immune-modulatory potentially
(Cruz et al., 2015; Lathrop et al., 2014). Therefore,
this approach of MSCs therapy for the control of
AHR in allergic asthma can have beneficial effect.

It was showed that administration of MSCs via
systemic can suppress collagen deposition and
remodeling of airway, reduce goblet cells number and
the response of airway to methacholine (Hu et al.,
2008; Urbanek et al., 2016). In this study, MSCs
administration could prevent AHR and can lead to
acceptable airflow in obstructed airways.

Immunomodulatory effect of MSCs is regarded as
a novel therapeutic approach for allergic diseases
such asthma due to their immune-privileged potential.
MSCs therapy for asthma via intra-trachea and/or
intra-venus could decrease leukotrienes B4, and C4,
which have important role in allergic asthma
pathophysiology and obstruction of airway (Booth e?
al., 2007; Lathrop et al., 2014; Lin et al., 2018).

In allergic reaction of airways and asthma attacks,
mediators of immune cells have dominant role and
can lead to spasm of the airway smooth muscle cells.
One class of these mediators belong to mast cells.
Type 2 cytokines such as IL-4 and its upper-hand
cytokines such as IL-33 have strong effect. 1L-33
belongs to IL-1 cytokine family and has effect on
cytokines network signaling pathways, and controls
producing of IL-4. IL-4 forces B cells to produce IgE
as main allergic immunoglobulin. IgEs bind to their
receptors on the mast cell and after attaching to the
allergen, force mast cells to degranulation. Mediators
of the mast cell granules have strong effect on spasm
of smooth muscle cells and lead to airway obstruction
(Zhang et al., 2023). It was not evaluated in this study
but, may be MSCs have effect on control of these
cytokines (IL-4 and IL-33) and via this pathway, they
can control degranulation of mast cells, spasm of
airway smooth muscle cells and AHR.

MSC therapy is a novel immunomodulatory
therapeutic approach for a variety of immune-related
diseases  such as  allergic  asthma, and
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immunoregulatory effect of MSC on the innate and
adaptive immune response was observed. In a study,
it was reported that treatment of allergic asthma with
MSCs containing expression gene of IL-35 could
strongly control allergo-inflammatory mechanisms,
allergic immunopathology, and symptoms of asthma.
It was showed that MSCs immunomodulatory effect
had synergism with IL-35 immunomodulatory effect,
and with together in asthma, could harness
allergoinflammatory response. It was presented that
expressing IL-35 vector inhibits IL-4and IgE levels.
Therefore, IL-35 attenuates asthma pathogenesis.
Moreover, the IL-35 attenuates proliferation of T cell
and allergic immune response of Th2 cell in asthma.
In predisposed patients, with high risk of specific
IgE-mediated allergic response to inhaled allergens,
dendritic cells with IgE, can present aeroallergens and
induce an allergic inflammation. Therefore, IL-35
prevents mechanism of allergy and is a therapeutic
agent for asthma and IL-35 deficiency gave rise to
Th17 cells that are required to the AHR maintain after
challenge of multiple allergens. It was published that
MSCs can control AHR, and this will be stronger in
MSCs with IL-35 gene than MSCs treatment alone
without IL-35 (Bao et al., 2023). MSC is almost non-
immunogenic due to its embryonic state. Therefore,
using BM-MSCs to treat asthma can be applicable
that was done in this study and showed significant
effect on control of AHR and evaluated the breathing
output in asthmatic mice.

Conclusion

Therefore, using of BM-MSCs as anti-asthma
treatment can present new and applicable strategy and
is a useful method to control of AHR in asthma.
These cells can be used as delivery system for some
genes and needs more researches in this field.

Acknowledgments

Authors have thank for the Science and Research
Branch, Islamic Azad University and Zanjan
University of Medical Sciences.

Conflict of Interest
There is no conflict of interest.

References

Ankermann T. and Brehler R. Allergen
immunotherapy (AIT) in asthma. Semin Immunol,
2019; 46:101334.

1198


http://dx.doi.org/10.61186/joavm.7.20.1195
https://joavm.kazerun.iau.ir/article-1-163-fa.html

[ Downloaded from joavm.kazerun.iau.ir on 2025-07-12 ]

[ DOI: 10.61186/joavm.7.20.1195 ]

BM-MSCs on airway hyper-responsiveness of asthma mouse model

Bao XH., Gao F., Athari SS. and Wang H.
Immunomodulatory effect of IL-35 gene-
transfected mesenchymal stem cells on allergic
asthma. Fundam Clin Pharmacol, 2023; 37(1):
116-124.

Booth BW., Sandifer T., Martin EL. and Martin LD.
IL-13-induced proliferation of airway epithelial
cells: mediation by intracellular growth factor
mobilization and ADAM17. Respir Res, 2007; 8:
51.

Cheng C., Nasab EM. and Athari SS. Survey of
immunopharmacological effects of botulinum
toxin in cell signaling of bronchial smooth muscle
cells in allergic asthma. Allergol Immunopathol
(Madr), 2022; 50(3):93-100.

Cruz FF., Borg ZD., Goodwin M., Sokocevic D.,
Wagner DE., Coffey A., et al. Systemic
administration of human bone marrow derived
mesenchymal stromal cell extracellular vesicles
ameliorates aspergillus hyphal extract induced
allergic airway inflammation in
immunocompetent mice. Stem Cells Transl Med,
2015; 4(11): 1302-1316.

Hou C., Sun F., Liang Y., Nasab EM. And Athari SS.
Effect of transduced mesenchymal stem cells with

IL-10 gene on control of allergic asthma. Allergol
Immunopathol (Madr), 2023; 51(2): 45-51.

Hu X., Yu SP., Fraser JL., Lu Z., Ogle ME., Wang
JA., et al. Transplantation of hypoxia
preconditioned mesenchymal stem cells improves
infarcted heart function via enhanced survival of
implanted cells and angiogenesis. J Thorac
Cardiovasc Surg, 2008; 135(4): 799-808.

Huang M., Mehrabi Nasab E. and Athari SS.
Immunoregulatory effect of mesenchymal stem
cell via mitochondria signaling pathways in
allergic asthma. Saudi J Biol Sci , 2021; 28(12):
6957-6962.

Isik E., Fredland NM. and Freysteinson WM. School
and Community-based  Nurse-led  Asthma
Interventions for School-aged Children and Their

J Altern Vet Med 2024, 7(20): 1195-1201

Parents: A Systematic Literature Review. J Pediatr
Nurs, 2019; 44:107-114.

Jiang J., Mehrabi Nasab E., Athari SM. and Athari
SS. Effects of vitamin E and selenium on allergic
rhinitis and asthma pathophysiology. Respir
Physiol Neurobiol, 2021; 286:103614.

Lathrop MJ., Brooks EM., Bonenfant NR., Sokocevic
D., Borg ZD., Goodwin M., et al. Mesenchymal
stromal cells mediate aspergillus hyphal extract-
induced allergic airway inflammation by
inhibition of the Th19 signaling pathway. Stem
Cells Transl Med, 2014; 3(2): 194-205.

Lin YD., Fan XL., Zhang H., Fang SB., Li CL., Deng
MX., et al. The genes involved in asthma with the
treatment of human embryonic stem cell-derived
mesenchymal stem cells. Mol Immunol, 2018; 95:
47-55.

Miceli Sopo S., Bersani G., Del Vescovo E. and
Gelsomino M. Disagreement between guidelines
regarding the third step of asthma drug therapy for
school-age children. Allergol Immunopathol
(Madr), 2020; 48:789-91.

Ouyang Y., Miyata M., Hatsushika K., Ohnuma Y.,
Katoh R., Ogawa H., et al. TGF-beta signaling
may play a role in the development of goblet cell
hyperplasia in a mouse model of allergic rhinitis.
Allergol Int, 2010; 59(3): 313-319.

Roxbury CR. and Lin SY. Efficacy and safety of
subcutaneous and sublingual immunotherapy for
allergic =~ rhinoconjunctivitis  and  asthma.
Otolaryngol Clin North Am, 2017; 50(6): 1111-
1119.

Samitas K., Delimpoura V., Zervas E. and Gaga M.
Anti-IgE treatment, airway inflammation and
remodelling in severe allergic asthma: current
knowledge and future perspectives. Eur Respir
Rev, 2015; 24(138): 594-601.

Tanaka H., Komai M., Nagao K., Ishizaki M.,
Kajiwara D., Takatsu K., et al. Role of
interleukin-5 and eosinophils in allergen-induced

1199


http://dx.doi.org/10.61186/joavm.7.20.1195
https://joavm.kazerun.iau.ir/article-1-163-fa.html

[ Downloaded from joavm.kazerun.iau.ir on 2025-07-12 ]

[ DOI: 10.61186/joavm.7.20.1195 ]

BM-MSCs on airway hyper-responsiveness of asthma mouse model

airway remodeling in mice. Am J Respir Cell Mol
Biol, 2004; 31(1): 62-68.

Urbanek K., De Angelis A., Spaziano G., Piegari E.,
Matteis M., Cappetta D., et al. Intratracheal
administration of mesenchymal stem cells
modulates tachykinin system, suppresses airway
remodeling and reduces airway
hyperresponsiveness in an animal model. PLoS
One, 2016; 11(7):e0158746.

Xuan X., Sun Z., Yu C., Chen J., Chen M., Wang Q.,
et al. Network pharmacology-based study of the
protective mechanism of conciliatory anti-allergic
decoction on asthma. Allergol
Immunopathol,(Madr). 2020; 48:441-9.

Yin J., Yan F., Zheng R., Wu X. and Athari SS.
Immunomodulatory effect of IL-2 induced bone
marrow mononuclear cell therapy on control of
allergic asthma. Allergol Immunopathol (Madr),
2023; 51(1): 110-115.

Zhang R., Yin Z., Pan J., Zhai C., Athari SS. and
Dong L. Effect of transfected induced pluripotent
stem cells with Decorin gene on control of lung
remodeling in allergic asthma. J Investig Med,
2023; 71(3) 235-243.

Moghaddasi et al

1200


http://dx.doi.org/10.61186/joavm.7.20.1195
https://joavm.kazerun.iau.ir/article-1-163-fa.html

Yo oglods | Y o,y90] 1Fe¥ slar | 033l (Sl jwold b alono

JOAVM

“ 9 ¥ o
Journal of F
Alternative Veterinary Medicine w ikl
joavm.kazerun.iau.ir P\ Kazetun ranch
ﬁg'gz’&»'j&o)' S0 gs“.?:‘")‘“ Solbws sy J5J‘“J‘9b eIy
T & L3 & P
rg.w' Y Ju\o @'9& ol y o> 3l ) @5&»&
G eI e s ¢ 1 595 9 ¢ Tl e | e aaels”
Q‘ﬂl“')‘]@;L@)Lﬂ‘JUTAKS&‘:‘Q%ﬁ}(}l&b‘}cﬁl{r}lﬁcj;‘
Ol (0l Ol (S psbe o031 ¢ S5 0aSCls (55 i mal 03,5
VBV R A sl VB YA Gl ol VE YV L s b
ouuC

s oy slil s (AHR) @l}aebb}l&ﬁ&f\}‘w;}ac&;A&:@ﬁ‘}jlg\*ﬂ\L.vdfg:,.m‘m_‘)sl.o| L;ué,x,.ﬁ,w‘_;v_v.ﬂ HERV Iy
¢_<M},u)l>6~.ﬁi‘~c,gﬂwm;‘(MSCs)wxlydagdudw.@trﬁﬁ sl ‘_;u,t)ryduu;;ﬂ,;\éAHR Dgd o @i
e el ool ladshe Sl addllas ol ply B o 32508 53 el s 5 )l (il 215 (el LMISC il wde T Ol (sl ol
s ol T Jote 53 AHR J 257, BM-MSCS) 5o 0] s

T Slam e A5 (51 8 8 513 oslinal 550 0T 4 S BALB/C i (gla i n 55 0Ly Ol 4 5 s5luldr BBM-MSC s 395 g Mge
oslizul penh Sluis sons g1, MCh) o Ske 23le 05057 SIAHR (6,8 o510 gl 2+ 5% glajs, 5o Ls il 5 0k ol OVA L s i se
i o 5425 5 S AHR el s

Sl me sl Feo g ¥ lajsy w5 S J xS MCh il 04657 55 1, AHR Q«J\jBM-MSCS\gﬁTA{M‘_;lAui}A Olays (yadl
oals (p<0.05)

Olge & gondilin 63k gla koo Sl oslinal > g oslinel AHR J 287 5 0T Oleys gl 15 g0 5 Sl 05 555018 b 88 BM-MSC 18 o 4o

..m6,a:bt‘..»T);AHRJ;ssul,‘_;mu;.ﬂwts,.\i.\? ‘_;;l,;mrﬁuou);

Oloys i, 4~7£@‘[4JJ Splew z&jjrléw 6'&@3"

[ Downloaded from joavm.kazerun.iau.ir on 2025-07-12 ]

% T N N R R R R R AR AR R AR NN ESEEEEERRREEES .
ln ol o Sl i o Sl Olgial e 1 Gate el ge (65Lt gls ke 36 o oMbl p ] et (b)) B (S Hlas dmw ¢ owidie juelS

. AYO-NA0 0OV AP o Sl Saals Cb dlaen ol 500 Sk

.

[ DOI: 10.61186/joavm.7.20.1195 ]

‘J/jg/éu(’u/y tu[:uja_g.;ﬁ ’;)19 a(ﬁfa’/} 4¢_<«7j3 aulgifb 45)’}1})43/0}}(.2]}:“& a..(.',.:/_}f *
Orcid: https.//orcid.org/0000-0002-6355-6378 (Email: SS. Athar@gmail.com 1201



http://dx.doi.org/10.61186/joavm.7.20.1195
https://joavm.kazerun.iau.ir/article-1-163-fa.html
http://www.tcpdf.org

