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Abstract
Background

Bronchial asthma (asthma) is a chronic respiratory in�ammatory disease characterized by reversible
air�ow limitation and high airway reactivity. Current studies generally show that airway remodeling is the
pathologic structural basis for the occurrence of reversible air�ow restriction and airway hyper reactivity[1]

[2].In the above process, airway smooth muscle cell (ASMC) hyperplasia and hypertrophy are considered
to be the main mechanisms of airway remodeling[3]. Calcitriol can be combined with budesonide to more
effectively inhibit airway in�ammation and airway remodeling and play its role in the treatment of
asthma[4, 5].

Methods

The mouse airway smooth muscle cells were divided into blank group, TGF-β1 group, SIS3 group,
budesonide group,calcitriol group and drug co-treatment group[6]. The IL-33 concentration in supernatant
of each group was detected by ELISA method, and the expression of Smad3, pSmad3 and IL-33 protein in
each group was detected by Western blotting method[7].

Results

ELISA showed that the concentration of IL-33 in the supernatant of cell culture in budesonide group was
lower than that in the calcitriolgroup, and the concentration of IL-33 in the drugco-treatment group was
lower than that in any single drugtreatment group.The expression level of Smad3 protein, pSmad3 protein
and IL-33 protein of western blot in the drug co-treatment group were signi�cantly decreased[8, 9].

Conclusions

Calcitriol combined with budesonide can effectively decrease the expression and secretion of IL-33 in
mouseairway smooth muscle cells byactivatingTGF-β1/Smad3 signaling pathway [10].

Introduction
Bronchial asthma is a common global chronic in�ammatory airway disease with a high incidence in
children, which can affect all age groups.  There are more than 30 million asthma patients in China, and
with the improvement of living standards in recent years. Severe asthma can lead to labor loss, affecting
individuals, families, and society in all aspects of life, work, study, and social interaction, with a heavy
�nancial burden. Asthma is a chronic respiratory in�ammatory disease characterized by reversible air�ow
limitation and airway hyper responsiveness[11]. It is composed of various cells such as eosinophils,
neutrophils, mast cells, airway epithelial cells, and airway smooth muscle cells[12]. The pathological
features of asthma include three aspects, namely airway in�ammation, airway remodeling and airway
hyper responsiveness. Many studies have shown that airway smooth muscle cells not only play an
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important role in airway structure, airway function, and airway remodeling, but also participate in the
regulation of airway in�ammation by releasing pro-in�ammatory or anti-in�ammatory mediators and
immunomodulatory factors[13]. Transforming growth factor (TGF)-β1/Smad signaling pathway is a
classic pathway for airway smooth muscle cells to participate in the pathogenesis of asthma, and plays
an important role in the process of airway remodeling. Interleukin (IL)-33 is unanimously recognized as
an asthma susceptibility gene in genome-wide association studies and can play a key role in the
exacerbation of rhinovirus-induced bronchial asthma. With the deepening of research, vitamin D is
considered to be a ring-opening steroid hormone, which is involved in the regulation of multiple system
physiological functions such as the immune system, central nervous system, reproductive system and
cardiovascular system in the body. 1,25-Dihydroxyvitamin D3 (1,25-(OH)2D3, also known as calcitriol) is
the most important active metabolite produced by vitamin D in the body[14]. In recent years, it has been
used in anti-in�ammatory and as an immunomodulator. The role of stimulating cell differentiation and
anti-tumor has received attention. It plays an important role in the treatment of asthma through
mechanisms such as immune regulation, anti-infection, regulation of gene expression, and enhancement
of glucocorticoid response. This study explored whether calcitriol can cooperate with budesonide by
constructing the corresponding bronchial asthma airway smooth muscle cell model[15], and by regulating
the TGF-β1/Smad3 signaling pathway to act on airway smooth muscle cells, effectively inhibit airway
in�ammation and airway remodeling to play its role in the treatment of asthma[16, 17].

Methods
Cell culture

Resuscitated mouse airway smooth muscle cells were inoculated into a sterile culture dish, added with
high-sugar DMEM medium containing 10% fetal bovine serum and 1% double antibody, in a cell incubator
at 37°C and 5% CO2  Cultivation, when growing to more than 85% of the bottom area of the petri dish,
subculture[18].

Cell grouping and processing

Cells were divided into blank group, TGF-β1 group, SIS3 group, budesonide group, calcitriol group, and
drug co-treatment group.  The blank group was cultured with basic medium for 49 hours; the TGF-β1
group was cultured with TGF-β1 �nal concentration of 10 ng/mL for 49 hours; the SIS3 group was �rst
cultured with TGF-β1 �nal concentration of 10 ng/mL for 1 hour, and then changed to SIS3 with a �nal
concentration of 10μmol/L for 48 hours; the budesonide group was �rst cultured with TGF-β1 with a �nal
concentration of 10ng/mL for 1 hour, and then replaced with budesonide �nal concentration cultivation
of 10μmol/L medium for 48 hours; calcitriol group was �rst cultured with TGF-β1 �nal concentration of
10ng/mL medium for 1 hour, and then replaced with calcitriol �nal concentration of 10μmol/L culture
base culture for 48 hours; the drug co-treatment group �rst cultivated the cells with TGF-β1 �nal
concentration of 10ng/mL medium for 1 hour, and then changed to calcitriol and budesonide �nal
concentration of 10µmol/L medium for 48 hours[19].
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Extract the cell supernatant and total protein of each group

Take the cell supernatant collected in a sterile tube, centrifuge for 20min (2000~3000r/min), and carefully
collect the supernatant after centrifugation; use a protein extraction kit to extract the total protein of each
group.

ELISA method was used to detect IL-33 secretion concentration of mouse airway smooth muscle cells in
each group

Samples were added and enzymes were added according to the pre-prepared materials. Incubate at 37°C
for 60 min. After the washing solution was prepared, the washing was repeated 5 times and patted dry. 
The reagent was developed in the dark for 15 min, and then the stop solution was added to stop the
reaction (the blue color immediately turned to yellow at this time), the blank wells were zeroed, and the
absorbance of each well was measured in sequence at 450 nm wavelength[20].

Western blotting to detect the expression of target protein of each group of cells

According to the volume of target protein molecular weight per hole sample 20 ul, electrophoresis,
transfer membrane operation, such as table close after 1 h, 4 ℃ refrigerator overnight incubation
resistance, day two resistance at room temperature incubation, washing and ECL luminous drops after
the �lm, under the gel imaging showed stripe grey value analysis was carried on[21].

Statistical analysis

Each experiment is repeated at least three times. Using GraphPad Prism 8.3.0 software, the measurement
data conforms to the normal distribution by Shapiro-Wilk (S-W) test, described by . One-way analysis of
variance was used to compare the mean difference between multiple groups. P<0.05 was considered
statistically signi�cant (two-tailed). The Bonferroni method was used for multiple comparisons between
groups, α’=α/6=0.0083, that is P<0.0083 was statistically signi�cant in multiple comparisons.

Results
ELISA results

Blank group [(1.2400±0.1667)pg/mL], TGF-β1 group [(4.1510±0.1564) pg/mL], SIS3 group
[(2.3380±0.1887) pg/mL], budesonide group [(2.6829±0.1897 ) pg/mL], the concentration of IL-33
secreted by mouse airway smooth muscle cells in calcitriol group [(3.0847±0.1894)pg/mL] and drug co-
treatment group [(2.4425±0.1946) pg/mL]. The difference was statistical (F=131.4, P<0.05). Compared
with the TGF-β1 group, the secretion of IL-33 in SIS3 group, budesonide group, calcitriol group and drug
co-treatment group decreased to varying degrees (P<0.05), among which the drug co-treatment group
secreted IL-33. The reduction in the budesonide group and the calcitriol group was more signi�cant
(P<0.05). As shown in Figure 1. The above results indicate that calcitriol combined with budesonide can
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effectively reduce the secretion of IL-33 by airway smooth muscle cells, thereby inhibiting airway
in�ammation.

Western blotting results

There were statistically signi�cant differences in the expression levels of Smad3 protein, pSmad3 protein
and IL-33 protein in the airway smooth muscle cells of blank group, TGF-β1 group, SIS3 group,
budesonide group, calcitriol group and drug co-treatment group  Signi�cance [(F=2576.0, P<0.05),
(F=3538.0, P<0.05), (F=2621.0, P<0.05)]. Compared with TGF-β1 group [(0.8613±0.0066),
(0.8274±0.0034), (0.7967±0.0037)], SIS3 group [(0.5377±0.0032), (0.5426±0.0157), (0.5739±0.0085)],
budesonide group [(0.6145±0.0135), (0.6263±0.0241), (0.6300±0.0045)], calcitriol group
[(0.6244±0.0037), (0.6433±0.0064), (0.6511±0.0026)] and in drug co-treatment group the expression
levels of Smad3 protein, pSmad3 protein and IL-33 protein in treatment group [(0.5464±0.0015),
(0.5844±0.0078), (0.5914±0.0053)] were all reduced to varying degrees (P 0.05), among which Smad3 in
the drug co-treatment group the expressions of protein, pSmad3 protein and IL-33 protein were more
signi�cantly decreased than those in budesonide group and calcitriol group (P<0.05).  As shown in Figure
2. The above results con�rm that calcitriol and budesonide combined can effectively inhibit the
expression of IL-33 protein in mouse airway smooth muscle cells through the TGF-β1/Smad3 signaling
pathway[22].

Discussion
The incidence of asthma continues to increase globally, and there is currently a lack of speci�c clinical
testing indicators and effective treatments.  Studies have found that in the early stage of asthma, due to
airway in�ammation, airway secretions increase and airway contraction. As the in�ammation continues
to intensify, the airway is repeatedly damaged and repaired, resulting in substantial structural changes
that cause airway remodeling[23]. This process has been considered  Airway in�ammation is the cause of
airway remodeling.  However, some studies have shown that early detection of airway remodeling and
airway pathological changes can occur in early childhood.  It is suggested that airway remodeling may be
the same as airway in�ammation, which is another independent feature in the natural course of asthma.
The period of airway in�ammation and airway remodeling are parallel, but there may also be interaction
between the two.  Plasticity is the continuation and development of airway in�ammation, it is necessary
to speci�cally intervene in airway remodeling at an early stage.  At present, the relationship between
airway remodeling and airway in�ammation is still controversial. A large amount of research work has
been carried out worldwide to explore the speci�c logical relationship between asthma airway
in�ammation and airway remodeling, so as to more accurately study the important effector nuclear
speci�city of asthma  Molecular mechanism, which will play a positive role in formulating new and more
effective asthma treatment programs.

At present, the treatment of asthma at home and abroad is emphasizing the control of airway
in�ammation and the relaxation of bronchial tubes. The commonly used asthma medicines generally
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include inhaled glucocorticoids, β2 receptor agonists, aminophylline, and leukotriene receptor
antagonists.  But the effect of these drugs on airway remodeling is very unclear.  In addition, the
therapeutic effect of some new drugs, such as anti-TNF-α antibody and anti-IL-5 antibody in airway
remodeling needs further study[24].

Calcitriol inhibition is considered to be a very important nutrient in the human body, especially in calcium
and phosphorus metabolism and bone metabolism.  However, current research believes that calcitriol as
a steroid hormone, its role is far more than that. The traditional concept is that calcitriol can only be
produced in the kidney, which is the only way to produce it. However, the study found that the catalytic
rate-limiting enzyme-1α-hydroxylase during the formation of calcitriol can be widely expressed in many
organs in the human body, including: immune system, hematopoietic system, lung, heart, liver, Gonads
and pancreas, these organs can locally synthesize calcitriol. At the same time, studies have shown that
some organs in the human body contain vitamin D receptor (VDR), so the cells that can express VDR are
most likely the target cells of calcitriol. There is evidence that locally synthesized calcitriol can participate
in biological behaviors such as immunoregulation, cell growth inhibition, cell differentiation, and cross-
linking with other endocrine axes through autocrine and paracrine pathways. Calcitriol plays an important
role in the pathogenesis of many chronic diseases, such as diabetes, schizophrenia, multiple sclerosis,
cardiovascular diseases, autoimmune diseases, infections, and malignant tumors. However, in terms of
the respiratory system, low levels of calcitriol in the body may be associated with respiratory viral
infections, chronic obstructive pulmonary disease (COPD), bronchial asthma, interstitial lung disease, and
lung cancer.  In terms of bronchial asthma, studies have shown that calcitriol may play a role in the
occurrence and control of asthma[25], glucocorticoid sensitivity through mechanisms involved in gene
regulation, affecting lung development, anti-infection, and enhancing the strength of glucocorticoid
response. When calcitriol was used to treat airway smooth muscle cells pretreated with serum from
asthma patients, it was observed that calcitriol could effectively inhibit the expression of airway smooth
muscle cell nuclear proliferation antigen, and the number of cells from G1 phase to S phase decreased.
This suggests that calcitriol may have an inhibitory effect on airway remodeling, but further research is
needed.

In this study, we observed the effect of calcitriol combined with budesonide on the expression and
secretion of IL-33 in airway smooth muscle cells. 10ng/mL TGF-β1 was used to stimulate airway smooth
muscle cells into a proliferating and secreting state. The negative control used TGF-β1/Smad3 signaling
pathway blocker SIS3 to speci�cally block the modi�ed signaling pathway. The expression and secretion
of smooth muscle cells were signi�cantly reduced, and the difference was statistically signi�cant
(P<0.05). The drug treatment components are budesonide group, calcitriol group and drug co-treatment
group. The �rst two are single drug stimulation. The results show that the three groups can reduce the
expression and secretion of IL-33 in airway smooth muscle cells. The difference has statistics (P<0.05),
but the reduction effect of the budesonide group was more obvious than that of the calcitriol group, and
the experimental results of the drug co-treatment group showed that compared with the single-use drug
group, budesonide and calcitriol. The combination can more effectively inhibit the expression and
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secretion of IL-33 in mouse airway smooth muscle cells, and this process plays a role through the TGF-
β1/Smad3 signaling pathway.

Declarations
Ethics approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Availability of data and materials

Data sharing is not applicable to this article as no datasets were generated or analysed during the current
study.

Competing interests

Not applicable.

Funding

Name:Study on the correlation between recurrent airway in�ammation and airway remodeling in
bronchial asthma.

Grant number:26020312741701.

PI of the grant:Weiwei Zhu.

Authors' contributions

ZN and ZWW designed experiments.ZQ and CQJ did experiments and provided experimental data.ZQ and
LQS analyzed data.CQJ and HXJ wrote the manuscript.ZQ ,CQJ and ZYM edited the manuscript.All
authors read and approved the �nal manuscript.

Acknowledgements

Not applicable.

References
1 Mims JW. Asthma: de�nitions and pathophysiology. Int Forum Allergy Rhinol 2015;5 Suppl 1:S2-6.



Page 8/11

2 Qian J, Xu Y, Yu Z. Budesonide and Calcitriol Synergistically Inhibit Airway Remodeling in Asthmatic
Mice. Can Respir J 2018;2018:5259240.

3 Boulet LP. Airway remodeling in asthma: update on mechanisms and therapeutic approaches. Curr Opin
Pulm Med 2018;24:56-62.

4 Ramos-Martínez E, López-Vancell MR, Fernández de Córdova-Aguirre JC, Rojas-Serrano J, Chavarría A,
Velasco-Medina A, et al. Reduction of respiratory infections in asthma patients supplemented with
vitamin D is related to increased serum IL-10 and IFNγ levels and cathelicidin expression. Cytokine
2018;108:239-246.

5 Kianian F, Karimian SM, Kadkhodaee M, Takzaree N, Sei� B, Adeli S, et al. Combination of ascorbic acid
and calcitriol attenuates chronic asthma disease by reductions in oxidative stress and in�ammation.
Respir Physiol Neurobiol 2019;270:103265.

6 Fang L, Wu J, Huang T, Zhang P, Xin X, Shi Y. TGF-β1 stimulates epithelial-mesenchymal transition
mediated by ADAM33. Exp Ther Med 2018;15:985-992.

7 Gao Y, Wang B, Luo H, Zhang Q, Xu M. miR-217 represses TGF-β1-induced airway smooth muscle cell
proliferation and migration through targeting ZEB1. Biomed Pharmacother 2018;108:27-35.

8 Drake LY, Kita H. IL-33: biological properties, functions, and roles in airway disease. Immunol Rev
2017;278:173-184.

9 Jackson DJ, Makrinioti H, Rana BM, Shamji BW, Trujillo-Torralbo MB, Footitt J, et al. IL-33-dependent
type 2 in�ammation during rhinovirus-induced asthma exacerbations in vivo. Am J Respir Crit Care Med
2014;190:1373-1382.

10 Hur J, Kang JY, Rhee CK, Kim YK, Lee SY. The leukotriene receptor antagonist pranlukast attenuates
airway remodeling by suppressing TGF-β signaling. Pulm Pharmacol Ther 2018;48:5-14.

11 Davies DE. The role of the epithelium in airway remodeling in asthma. Proc Am Thorac Soc
2009;6:678-682.

12 Salter B, Pray C, Radford K, Martin JG, Nair P. Regulation of human airway smooth muscle cell
migration and relevance to asthma. Respir Res 2017;18:156.

13 Chen M, Lv Z, Huang L, Zhang W, Lin X, Shi J, et al. Triptolide inhibits TGF-β1-induced cell proliferation
in rat airway smooth muscle cells by suppressing Smad signaling. Exp Cell Res 2015;331:362-368.

14 Hall SC, Fischer KD, Agrawal DK. The impact of vitamin D on asthmatic human airway smooth
muscle. Expert Rev Respir Med 2016;10:127-135.



Page 9/11

15 Kerley CP, Elnazir B, Faul J, Cormican L. Vitamin D as an adjunctive therapy in asthma. Part 1: A review
of potential mechanisms. Pulm Pharmacol Ther 2015;32:60-74.

16 Lee SA, Yang HW, Um JY, Shin JM, Park IH, Lee HM. Vitamin D attenuates myo�broblast differentiation
and extracellular matrix accumulation in nasal polyp-derived �broblasts through smad2/3 signaling
pathway. Sci Rep 2017;7:7299.

17 Tao Q, Wang B, Zheng Y, Jiang X, Pan Z, Ren J. Vitamin D prevents the intestinal �brosis via induction
of vitamin D receptor and inhibition of transforming growth factor-beta1/Smad3 pathway. Dig Dis Sci
2015;60:868-875.

18 King GG, Noble PB. Airway remodelling in asthma: It's not going away. Respirology 2016;21:203-204.

19 Kerley CP, Elnazir B, Faul J, Cormican L. Vitamin D as an adjunctive therapy in asthma. Part 2: A review
of human studies. Pulm Pharmacol Ther 2015;32:75-92.

20 Ketelaar ME, Nawijn MC, Shaw DE, Koppelman GH, Sayers I. The challenge of measuring IL-33 in
serum using commercial ELISA: lessons from asthma. Clin Exp Allergy 2016;46:884-887.

21 Ball SL, Mann DA, Wilson JA, Fisher AJ. The Role of the Fibroblast in In�ammatory Upper Airway
Conditions. Am J Pathol 2016;186:225-233.

22 Stolarski B, Kurowska-Stolarska M, Kewin P, Xu D, Liew FY. IL-33 exacerbates eosinophil-mediated
airway in�ammation. J Immunol 2010;185:3472-3480.

23 Saglani S. Childhood severe asthma: New insights on remodelling and biomarkers. Paediatr Respir
Rev 2017;24:11-13.

24 Baldaçara RP, Silva I. Association between asthma and female sex hormones. Sao Paulo Med J
2017;135:4-14.

25 Pham TH, Damera G, Newbold P, Ranade K. Reductions in eosinophil biomarkers by benralizumab in
patients with asthma. Respir Med 2016;111:21-29.

Figures



Page 10/11

Figure 1

IL-33 concentration in supernatant after treating mouse airway smooth muscle cells with different drugs
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Figure 2

Effect of different drug treatments on IL-33, pSmad3 and Smad3 expressions in mouse airway smooth
muscle cells


