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ABSTRACT

Allergic asthma is a complicated respiratory problem characterized by airway inflaimmation,

airway hyperresponsiveness (AHR), breathlessness, mucus hyper-secretion, and goblet cell

hyperplasia. Asthma is controlled by genetic and environmental factors. Allergy is the main trigger
of asthma and is mediated by Th2 cytokines along with IgE production. Vitamin D (Vit D) is the
main supplementary factor for the immune system. In the present study, we investigated the effect

of Vit D on the exacerbation of allergic asthma.

A murine model of allergic asthma was induced by ovalbumin (OVA) in four of five groups of

studied female BALB/c mice (each group, n=20). One group was considered as control. Of
OVA-induced mice, two groups received Vit D via oral (10,000 IU/kg diet) or intranasal
(inhalation) forms (30 min on days 25, 27, and 29), and the third group received budesonide. At
least, AHR, the levels of IL.-4, IL-5, IL-13, and INF-y in bronchoalveolar lavage fluid (BALF),
serum IgE and histamine, II.-25 and II.-33 gene expression, as well as histopathology study of the

lung were done.

The Penh values, type2 Cytokines in BALF (in both protein and molecular levels), total IgE
and histamine, perivascular and peribronchial inflammation, goblet cell hyperplasia, and mucus

hypersecretion decreased significantly in both oral and intranasal Vit D-treated asthmatic mice

groups, especially on day 38 of orally treated mice.

Here, we found Vit D as a promising agent in control of allergic asthma with a remarkable

ability to decrease the severity of inflammation. Therefore, Vit D sufficiency is highly

recommended in asthmatic patients.
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INTRODUCTION

Allergic asthma is a complicated chronic
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respiratory disease with a higher prevalence in the
world especially in industrial countries. Asthma is
characterized by eosinophilic inflammation of the
airway, airway  hyperresponsiveness (AHR),
bronchoconstriction, breathlessness, recurrent smooth
muscle spasm, mucus hyper-secretion, and goblet cell
hyperplasia with recurrent episodes of dyspnea,
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coughing, wheezing, and chest pain. Allergic asthma
mostly occurs in younger adults and is a major cause of
morbidity and mortality afflicting more than 350
million individuals globally.'?

Asthma is wunder control of genetic and
environmental factors and genetic predisposition leads
to polarization of Th lymphocyte cells to the Th2.
Allergy is the main trigger of asthma pathophysiology
and is mediated by Th2 (Type-2) cytokines (IL-4, 5,
and 13). In atopic patients, IgE is produced from
plasma cells which are induced by allergens, under the
force of Type-2 cytokines. Produced IgE binds to IgE-
receptors (FceR) on the surface of mast cells.
Subsequently, re-exposure to an allergen causes the
formation of the allergen-IgE complex on the surface
of the mast cells that leads to release of the stored
mediators in the mast cell granules and then, synthesis
and release of other mediators which lead to airways
inflammation and bronchoconstriction. Also,
eosinophils are the main cells in asthma
pathophysiology that can be activated by IL-5 and lead
to eosinophilic inflammation in the airways of the
asthmatic lung.**

Unfortunately, available anti-asthma drugs cannot
completely cure asthma. Therefore, controlling asthma
immunopathology is the main strategy to prevent
asthma attacks and control harmful mechanisms of
disease.'**

Food supplementary may be an important
environmental factor in the initiation of allegro-
immunopathology and Vit D as one of the main food
supplementation, is a critical and main complementary
factor for bioactivity of the cells. Vit D3 can come
from the diet and also, in the skin, 7-
Dehydrocholesterol (7-DHC) is converted to pre-VitD3
underexposure to UVB rays, and then transformed to
Vit D3 (cholecalciferol) by a thermally induced
isomerization. Vit D3 undergoes hydroxylation to 25-
hydroxyvitamin D3 (250HD) in the liver, then is
hydroxylated in the kidney to has biologically active
form 1,25-dihydroxy vitamin D3 [1,25(OH)2D or Vit
D or calcitriol].?

Some studies showed that Vit D insufficiency
(250HD levels of less than 30 ng/mL or 75 nmoL/L)
has contributed to asthma and allergic disease rising. *”
This fact can highlight the potential risk of Vit D
deficiency which increases the allergic disease rates
worldwide. Immunomodulatory effects of Vit D on
allergen-induced inflammatory pathways are acted by
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VDR expression on a variety of immune cells. Vit D
may balance Th1/Th2 cytokines in response to various
pathogens and allergens and can inhibit Th2 responses
by suppressing the production of IL-4 and IL-13.”

The major aims of allergic asthma treatment
and control are focused on the prevention of
eosinophilic inflammation, mucus hypersecretion,
bronchoconstriction, and airway remodeling. At present
study, we planned to use vitamin D in food (oral
administration) of a murine model of asthma to
investigate the impact effect of Vit D on exacerbation
of allergic asthma symptoms with monitoring of Vit D
level in serum.

MATERIALS AND METHODS

Animal

Female BALB/c mice (6 weeks old) were
purchased from the Pasteur Institute (Iran) and for
adaptation to the new place, acclimatized under the
standard laboratory conditions (24+2°C temperature,
50+10% humidity, 12 h light-dark cycle, and also,
pathogen-allergen free) for 1 week.

The studies involving animals were reviewed
and approved by the ethics committee of the
animal house of ix.med.vet.dep, 2020 (No.
IX.MED.VET.DEP.REC.2020.140007.2).

Animal Sensitization and Treatment Schedule

A total of 100 mice were allocated in five groups
(n=20). In four groups, the airway allergic
inflammation was induced by ovalbumin (Sigma-
Aldrich, USA) according to a previously described
protocol. 2 Briefly, to produce a murine model of
allergic asthma, the mice were sensitized by
intraperitoneal injection of 20 pg OVA with 50 pL
aluminum  hydroxide  (Alum) (Sigma-Aldrich,
Netherlands) as an adjuvant dissolved in 1 ml normal
saline at day 1 and also boosting injection was applied
at day 14. Then, the mice were challenged by
inhalation of 1% OVA solution aerosolized for 30
min/day by an ultrasonic nebulizer (NE-U07, Omrom,
Japan) on days 24, 26, 28, and 30 (Figure 1). The fifth
group was sensitized and challenged only by PBS
(negative control group). One of the OVA groups
received Vit D by oral administration of Vit D-
containing food (vitamin D supplemented 10,000 [U/kg
diet)'® on days 25, 27, and 29 (asthmatic treated group).
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The second OVA group received Vit D by inhalation of
Vit D solution by nebulizer on days 25, 27, and 29 for
30 min. One other asthmatic group received a normal
diet (positive control group) and the last asthmatic
group was treated with budesonide on days 25, 27, and

Peritoneal injection

Trachea Inhalation  sampling

29 (standard drug control group). In the end, the
samples, bronchoalveolar lavage fluid (BALF), blood,
and lung tissue were collected on days 31 and 38, each
time by euthanizing of 5 mice (other remaining 5 mice
in each group were used for AHR measurements).

sampling

1 14 24 26

l L1

Day

30 3 38

|| |

»
>

Treatment
Figure 1. Asthma model animal producing. Mice were sensitized by intraperitoneal injection of 20 pg ovalbumin (OVA) with
alum adjuvant on days 1 and 14. The sensitized mice were challenged by intratracheal inhalation of 1% OVA solution that

was aerosolized by ultrasonic nebulizer on days: 24, 26, 28, and 30 for 30 min per day to produce an asthmatic model.

Methacholine (MCh) Challenge Test

The MCh challenge test is used to determine the
AHR. AHR was measured on days 30 and 38 in a
manner described earlier. > Briefly, AHR is assessed by
determining enhanced pause (Penh value). After
anesthetizing, the mice were tracheotomized and a
catheter placed in the trachea of the mice, then
connected to a mechanical ventilator. Healthy mice
were exposed to PBS aerosols to obtain the baseline
Penh value, whereas asthmatic mice were exposed to
aerosolized methacholine with a series of doubling
concentrations [0 (PBS), 1, 2, 4, 8 and 16 mg/mL].

Measurement of Cytokines Levels in BALF

The levels of IL-4, IL-5, IL-13 as Th2 cytokine and
INF-yas Thl cytokine in BALF were measured using
bio-plex mouse cytokine, chemokine assays (Bio-Rad,
Nederland) as described before. 2

IgE Levels in Serum

Before euthanizing the mice, blood samples were
collected and serum was separated, then total IgE levels
in serum were measured by ELISA kit (BD
Biosciences, USA).

Determining the Histamine Level in Plasma

To determine the histamine level in plasma of the
studied mice, 30 min after the last challenge, blood
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samples were taken from the tail vein and after
separation of plasma, histamine level was measured by
mouse histamine ELISA Kits (Biocompare, USA).

Quantitative Real-time PCR

From BAL cells, total RNA was isolated and
reverse transcribed to first-strand cDNA using a cDNA
synthesis kit (Maxima First Strand cDNA Synthesis
Kit, Thermo Scientific, USA). Quantitative PCR
was performed; using a Rotor-Gene SYBR Green PCR
Kit (Qiagen, Hilden, Germany).” Primers for the two
target genes (/L-25 and /L-33) and one primer-pair
for GAPDH as a reference gene were 5'-3';
IL-25 Forward: CTCAACAGCAGGGCCATCTC,
Reverse: GTCTGTAGGCTGACGCAGTGTG; IL-33,
Forward: TCCTTGCTTGGCAGTATCCA, Reverse:
TGCTCAATGTGTCAACAGACG and GAPDH
Forward: TGTTCCTACCCCCAATGTGT, Reverse:
GGTCCTCAGTGTAGCCCAAG.

Histopathology

At the end of each two periods (day 31 and 38),
mice lung tissues were isolated and after fixation in
formalin solution, trimmed and paraffin-embedded.
The sections were stained with H&E and AB-PAS
stain. Afterward, the peribronchiolar and perivascular
inflammation, mucus hyper-secretion, and goblet cell
hyperplasia in the airways were evaluated by using a
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point scoring system as described before. > In brief,
histopathological sections of the lung tissue were
examined by two pathologists in five repeats by each
pathologist in 10 randomly selected microscopy fields
on sections at 400x magnification. Goblet cells number
quantified according to GCI. Moreover,
peribronchiolar and perivascular inflammation was
examined according to the incomplete or complete
layer of Eos around bronchia or vessels. Mucus
hypersecretion was measured according to that what
percentage of the airway has been obstructed by mucus.

was

Statistical Analysis

All experiments were repeated three times and the
result has been reported as means + SD. For analysis,
SPSS (version 19) has been used and analyses were
performed by using GraphPad Prism (version 6).
Correlation analysis was carried out using Pearson’s
method. Also, the paired t-test was used to analyze
methacholine challenge from the baseline. The
differences between treated and nontreated asthmatic
groups and control groups and the differences between
treated asthmatic groups and non-treated asthmatic
groups were analyzed using unpaired Student’s t-tests.
The p-value less than 0.05 was supposed to be
significant.

RESULTS

AHR
The Penh values of AHR were significantly

12- AHR(Day 31) =¥ Asthma/vit D-inhaler
=& Asthma/vit D-oral
I - Asthma/Budesonide
9 -8~ Healthy
T Asthma

Penh Value (Ratio)

0o 1 2 4 & 16
Mch (mg/ml)

(»<0.05) increased in the asthmatic group (on day 38
for 4 mg/mL MCh: 6.5£0.2) compared with the
negative control group (in day 38 for 4 mg/mL MCh:
1.2+0.1) for all concentrations of MCh (Figure 2). Vit
D-oral (in day 38 for 4 mg/mL MCh: 4.0+0.1) and
budesonide (in day 38 for 4 mg/mL MCh: 2.5+0.2)
received asthma groups displayed a significant
(»<0.05) reduction of the Penh value mean compared
with the non-treated asthmatic mice and Vit D-inhaler
(in day 38 for 4 mg/mL MCh: 6.0+0.1) received
asthmatic mice displayed no significant difference
(»>0.05) in reduction of the Penh value for all
concentrations of methacholine in day 38.

Cytokines Levels

The levels of IL-4 (81.97+2.17 and 80.37+2.43
pg/ml respectively on day 31 and 38), IL-5 (74.21£1.99
and 75.19+£2.04 pg/mL respectively on day 31 and 38),
and IL-13 (132.9542.14 and 156.4542.01 pg/mL
respectively on day 31 and 38) were increased in
OVA group as compared to healthy group (IL-4:
42.11£1.01 and 43.28+1.36, IL-5: 38.52+1.29 and
37.14+0.98, and IL-13: 67.21+1.41 and 69.41£1.71
pg/mL respectively)and a reverse trend was found in
IFN-y (asthma group: 23.25+0.95 and 19.24+2.14,
healthy group: 51.02+2.01 and 50.21£2.36 pg/mL
respectively on day 31 and 38) (p<0.05) (Figure 3). In
the two treated groups (Vit D-oral received group and
budesonide), a reverse trend was found and
significantly reduced IL-4, IL-5, IL-13, and restored the
IFN-y levels on day 31 and 38 (p<0.05). IL-13 on day

127 AHR(Day 38) ¥ Asthma/vit D-inhaler
o = Asthmalvit D-oral
'(_6 -# Asthma/Budesonide
o 9 -o Healthy
o) Asthma
2 6
g -
t 3
[0}
o

0 T T T T T

1] 1 2 4 8 16
Mch (mg/ml)

Figure 2. BALB/c mice (6 weeks old) were allocated in five groups (n=20) that include; negative control group, and four

allergic asthma groups that received Vit D by oral, Vit D by inhalation, budesonide and no-treatment. For determining Penh

value to study airway hyperresponsiveness (AHR) in response to increasing doses of methacholine (MCh); Mice after

anesthetization were tracheotomized. Mice were exposed to a doubling concentrations series of aerosolized MCH (1, 2, 4, 8,

and 16 mg/ml) to obtain AHR changes. The Penh values were increased in the asthmatic mice compared with healthy mice

for all concentrations of MCh. Ovalbumin (OVA)-sensitized and Vit D received group by oral had low Penh value in

comparison to OVA-sensitized group in day 38. The healthy group had minimum Penh values. P<0.05 was considered as

significant difference.

512/ Iran J Allergy Asthma Immunol

Vol. 20, No. 5, October 2021

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)



Effect of Vitamin D on the Immunopathology

31 in the Vit D-inhaler received group 102.11+2.44
pg/mL was decreased significantly compared to asthma
group132.95+2.14 pg/mL (p<0.05).

IgE

The total IgE level in serum was significantly
increased in the OVA group on days 31 and 38
(2199.85+4.36 and 2247.95+5.98 ng/mL respectively)
compared to the negative control group on days 31 and
38 (38.71£1.51 and 56.17£1.39 ng/mL respectively)
p<0.05). However, on days 31 and 38, OVA and Vit D-
oral received group (1821.97+£3.25 and 672.98+4.21
ng/ml respectively) and OVA-budesonide group
(1420.27+42.08 and 721.95£2.21 ng/mL respectively)
significantly reduced the rise of total IgE levels in
serum (p<0.05) (Figure 4). On days 31 and 38, OVA
and Vit D-inhaler received group (1994.87+3.29 and
2001.48+4.98 ng/mL respectively) reduced the rise of
total IgE levels in serum compared to the OVA-
sensitized group, but was not significantly decreasing.

Histamine Level
The histamine level was significantly increased in
all OVA-challenged groups on day 31 which was

100 IL-4 )
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80 I -4 Asthma/vit D-oral
-& Asthma/Budesonide
E 60
3 -8 Healthy
o 49 ~—=a Asthma
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0 T T
Day 31 Day 38
200 "
¥ Asthmatvit D-inhaler
150 = =&~ Asthma/vit D-oral
/ - Asthma/Budesonide
%1 100 a— -8~ Healthy
o — m Asthma
————=
50
0 T T
Day 31 Day 38

pg/ml

decreased on day 38 (Figure 4). However, on day 31,
OVA groups that were received Vit D-oral, Vit D-
inhaler, and budesonide significantly reduced the rise
of histamine levels compared to the OVA group
(401x1.6, 55242.2, 387+1.1, and 625.2+3.9 ng/mL
respectively) (p<0.05). On day 38, OVA groups that
were received Vit D-oral and budesonide significantly
reduced the rise of histamine levels compared to the
OVA group (184.6£1, 211.9+1.5, and 421.3+2.4
ng/mL respectively) and OVA and Vit D-inhaler
received group was not significantly decreasing
compared to the OVA group (p<0.05).

Real-time PCR

Expression of IL-25 (2.21+£0.28 and 1.09+0.15
respectively) and IL-33 (3.68+£0.27 and 2.45+0.52
respectively) mRNA were decreased in the OVA Vit
D-oral group compared to the positive control group
(IL-25: 4.00+0.53 and 5.00+0.27, IL-33: 8.00+0.5555
and 7.00+£0.27 respectively) on days 31 and 38.
Expression of IL-25 mRNA (3.10+0.53) was decreased
in the OVA Vit D-inhaler group compared to the
positive control group on day 38 (Figure 4) (p<0.05).
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Figure 3. BALB/c mice (6 weeks old) were allocated in five groups (n=20) that include; negative control group, and four

allergic asthma groups that received Vit D by oral, Vit D by inhalation, budesonide and no-treatment.

To evaluate

Bronchoalveolar lavage fluid (BALF) cytokines levels; the levels of IL-4, IL-5, and IL-13 in BALF were increased in
Ovalbumin (OVA) group, and that was reduced by Vit D oral administration, and a reverse trend was found in IFN-y level.

P<0.05 was considered as significant difference.
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Histopathology

Perivascular and peribronchial inflammation
(eosinophilic inflammation) were not significantly
decreased in OVA groups that were received Vit D-
oral and Vit D-inhaler compared to the OVA group on
day 31 (p>0.05), but peribronchial inflammation
was significantly decreased in the OVA group that was
received Vit D-oral on day 38 (2.50+0.30) compared to
the OVA group (3.50+£0.20) and also, perivascular
inflammation was significantly decreased in OVA
groups that were received Vit D-oral and Vit D-inhaler
(2.40+0.10 and 3.00+0.30 respectively) compared to
OVA group (3.70+0.10) on day 38 (p<0.05) (Figure 5).

Goblet cell hyperplasia and mucus hypersecretion

2500+ g
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R

1
Day 31

I
Day 38
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i

were significantly induced in the airways of the
asthmatic group compared to the healthy group
(»<0.05). The stained airway epithelium was greater in
the asthmatic group than in the control group (Figure
6). On days 31 and 38, mucus hyper-secretion was
significantly decreased in the OVA group that was
received Vit D-oral (2.80+0.05 and 1.60+0.04
respectively) compared to the OVA group (3.90+0.09
and 3.70+0.04 respectively).

Goblet cell hyperplasia was significantly decreased
in the airway of OVA-challenged mice that were
received Vit D-oral and Vit D-inhaler (3.30+0.10 and
3.10+0.30 respectively) compared to the OVA group
(3.90=0.10) on day 38 (p<0.05) (Figures 5 and 6).
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Figure 4. BALB/c mice (6 weeks old) were allocated in five groups (n=20) that include; negative control group, and four
allergic asthma groups that received Vit D by oral, Vit D by inhalation, budesonide and no-treatment. The total IgE and
histamine levels in serum and /L-25 and /L-33 gene expression were studied. In the collected blood samples of the ovalbumin
(OVA) group, total IgE and histamine levels were increased. Total IgE and histamine levels in serum of Vit D treated mice
have been controlled. Also, /L-25 and II-33 gene expression in the Vit D treated mice has been reduced. P<0.05 was

considered as significant difference.
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Mucus hypersecretion
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Fig. 5. BALB/c mice (6 weeks old) were allocated in five groups (n=20) that include; negative control group, and four allergic
asthma groups that received Vit D by oral, Vit D by inhalation, budesonide and no-treatment. Perivascular and
peribronchiolar inflammation, goblet cell hyperplasia, and mucus hyper-secretion were studied in lung sections.
Inflammation was increased in asthma groups and Vit D can control eosinophilic inflammation in asthmatic mice. Increased
mucus secretion and goblet cell hyperplasia were decreased in Vit D received mica as compared to the ovalbumin (OVA)
group. Perivascular and peribronchial inflammation were not significantly decreased in Vit D received groups on day 31
(p>0.05), but peribronchial inflammation was significantly decreased in Vit D-oral received group on day 38 (p<0.05) and

also, perivascular inflammation was significantly decreased in Vit D-oral and -inhaler received groups (p<0.05) on day 38.
P<0.05 was considered as significant difference.

b\ T ) !
Healthy Budesonide Vit er Asthm
Figure 6. Histopathology of lung sections: Lung tissues after fixation were stained with two H&E and AB-PAS stains.
Afterward, the inflammation of the perivascular and the peribronchiolar, hyperplasia of the goblet cell and mucus

hypersecretion were evaluated in 10 randomly selected fields of the microscopy sections at 400x magnification (blue arrows:
mucus secretion, yellow arrows: goblet cells, and green Arrows: peribronchiolar inflammation)
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DISCUSSION

Since today’s hectic and stressful lifestyle, people
have increasingly been faced with some immune
system-related diseases. In this regard, allergic diseases
such as allergic asthma seem to be raised alarmingly.
Allergy and Asthma are a chronic and prevalent disease
which is generally developed due to some malfunctions
in the immune system. However, there is no complete
cure for these until recently. In fact, in all countries, a
heavy economic burden is imposed on the national
budget annually for providing healthcare services for
allergy and asthma patients. In mentioned cases,
asthmatic exacerbations and allergies are the major
problems reducing the life quality of patients and
imposing high economic costs on the national
healthcare system. Vitamins' effects on the immune
system may be important in the development and
severity of allergic diseases (asthma, eczema, and food
allergy). Vit D as an essential supplementary agent for
most body physiological activity can modulate
responses of the innate and adaptive immune system
and may influence the development and the initiation of
allergic diseases. Therefore, in this study, the effect of
Vit D on allergy-related biological factors was studied.
While there is growing observational and experimental
evidence for the regulatory and modulatory role of Vit
D on the immune system, in normal or pathological
conditions. We evaluated to determine whether
supplementation of vitamin D affects allergic bio-
factors in allergic asthma disorder. So, after producing
an allergy asthma animal model, the effect of Vit D on
the animal model was surveyed.

Vit D is found mainly in foods and can be produced
in the skin under the sunshine. '° In this study, we have
evaluated the effect of Vit D in an animal model of
allergic asthma and used a safe dose of Vit D (which
did not reach toxicity dose). In the present study, we
found that Vit D acts as an immune modulator in
allergic pathophysiology and can be an effective agent
to control allergic reactions, AHR, and inflammatory
responses in asthmatic mice, especially in oral
administration. Therefore, Vit D may prevent asthma
attacks over a long period and prevent lung injury.
After passing time, the beneficial effect of Vit D was
better than the previous time and on day 38, it had a
stronger effect than day 31. Although we could not find
sharp changes in the Vit D-inhalation group, this result
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was sharp and significant in Vit D-oral received asthma
group.

In the asthmatic group of our study, AHR was
increased compared to healthy mice. The level of AHR
was lower in the OVA-Vit D-treated group in
comparison to the OVA group. These results showed
that Vit D worsens the airway hyper responses in
asthmatic mice. Previous studies showed that Vit D
promotes calcium absorption and has stimulatory
effects on the neuromuscular system and immune cell
functions. Also, it has an inhibitor effect on the
differentiation and maturation of dendritic cells, which
leads to a tolerogenic state with increasing IL-10
production."  Similarly, Vit D supplementation
reduced AHR and inflammation in the lung of the
allergic asthma mouse. '“'*'* The Penh values of AHR
were significantly increased in the asthmatic group
compared with the negative control group (p<0.05) for
all concentrations of MCh. OVA and Vit D-oral
received group and asthmatic mice that were treated
with budesonide, displayed a reduced mean Penh value
compared with the response of the asthmatic mice and
asthmatic Vit D-oral received mice (p<0.05) for all
concentrations of MCh on day 38. A study by Agrawal
et al, 2013 showed that Vit D deficiency is associated
with higher AHR in asthmatic mice than those in Vit D
sufficient mice and also, was a similar result for airway
remodeling, high BALF eosinophilia, increased Th2
cytokines.'* In addition, we found that the levels of key
cytokines involved in Th2 responses and its products
that are related to allergy and asthma pathophysiology
mechanisms such as IgE in the OVA group were
increased in comparison to the healthy group and Vit
D-oral treated asthma group was close to the levels in
budesonide treated asthma group, especially after
passing time.

In the allergic reaction, Vit D has an anti-
proliferative effect on B cell a and promotes the
apoptosis of B cells.'®!” It can reduce IgE production
during allergy and asthma attacks.

Vit D plays a significant part in healthy immunity
and disease immunopathology; however, it is not
completely understood and over 900 genes are
regulated by Vit D. Several studies showed that Vit D
decreases the creation of Thl cytokines and can inhibit
IL-4 production.'®?' IL-4 is the main cytokine in the
pathology of allergic diseases and Vit D can harness
this cytokine, therefore, Vit D can act as an anti-allergy
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agent. The levels of IL-4, IL-5, and IL-13 in BALF and
the total IgE level in serum were increased in the
asthma group as compared to the healthy group and a
reverse trend was found in IFN-y. In the Vit D-oral
received group, IL-4, IL-5, IL-13 and IgE were
significantly reduced and restored the IFN-y levels.
Also, Vit D can control histamine levels in allergic
reactions. These changes showed that Vit D can control
allergic reactions and asthma pathophysiology in
studied mice. Moreover, increased levels of Thl
cytokine (INF-y) and decreased levels of Th2 cytokines
(IL-4, 5, and 13) in the OVA Vit D-treated group were
significantly changed, in comparison to the OVA
group. Our results indicate that Vit D can act as a
strong agent for control of the allergic responses and
inflammation in the airways. It can inhibit exacerbation
of the inflammatory allergic symptoms in the asthmatic
airway and lead to a controlling of allergic asthma.

Interestingly, differentiation of the Th2 cell can be
inhibited by Vit D."" It could be the main pathway to
control and harness type-2 cytokines network
responses.

The role of Vit D in asthma is not yet clear, but
some studies showed that intake of Vit D during
pregnancy influences children and adults asthma.”? A
survey on 75 Italian asthmatic people found that the
prevalence of Vit D-deficiency was 53.3% and 17% of
asthmatics people in North America had Vit D
deficiency. A cohort study revealed that low levels of
25 (OH) D in serum predicted asthma-associated
symptoms.”* But a study in New Zealand revealed
that low serum 25 (OH) D levels were not associated
with the incidence of asthma.”® It has been suggested
that a westernization lifestyle leads to Vit D deficiency.
Since, the majority of the population spends time away
from sun exposure, which leads to Vit D deficiency. ¥’
A study by Brehm, et al conducted the relations
between asthma exacerbations and serum Vit D levels
in 1024 asthmatic children and confirmed that levels of
Vit D<30 ng/mL had increased asthma exacerbations
risk and children with Vit D insufficiency had higher
asthma exacerbation chances.”” Another study by
Shahin, et al. conducted that in asthmatic patients,
serum Vit D level was significantly decreased
(19.88+£9.6 ng/mL) as compared to the healthy people
(33.5£6.1 ng/mL).** Eosinophilic perivascular and
peribronchial inflammation, goblet cell hyperplasia,
and mucus hypersecretion were significant may be

Vol. 20, No. 5, October 2021

regulated by Vit D and these effects can be enhanced in
continuous time.

Vit D has genomic effects on fetal lung
development and types II fetal alveolar epithelial cells
express VDR, So, pulmonary maturation is responsive
to Vit D exposure. TXNIP, SCRAB2, PIP5KIB, and
LAMP3 are Vit D-related genes that have a role in fetal
lung development and are significantly overexpressed
in cells derived from asthmatic children (the link
between Vit D pathway genes and asthma).”>* Vit D
potentially decreases asthma and allergy severity
through a variety of mechanisms, include; immune
cells regulation, improved lung function with reducing
inflammatory responses, airway smooth muscle
relaxation, reduced airway smooth muscle mass, and
remodeling and also, reversal of steroid resistance with
produced IL-10 and modifying down-regulation of
glucocorticoid receptors. Vit D can amplify
glucocorticoid induction of MPK-1 and IL10 that are
critical for anti-inflammatory and immunosuppressive
responses. %% Bosse et al showed that Vit D
increases glucocorticoid bioavailability in smooth
muscle cells of the bronchi. ** In the current study,
expression of /L-25 and IL-33 gene was decreased in
the OVA VitD-oral group and Vit D may have an effect
on gene expression on Th2 upper-hand cytokines such
as [L-25 and IL-33 and can act as the main
immunomodulatory factor. Also, Vit D may regulate
epigenetic events, which promote allergic responses.

Vit D due to induction of FOXP3+ regulatory T
cells inhibits Th2 responses. The anti-inflammatory and
anti-allergy protective role of Vit D may be caused by
the suppression of NF-kB and TGF-B/SMAD signaling
pathways. Together with the Nrf2/HO-1 pathway
activation, Vit D may be able to protect against
oxidative injury and could control asthma.***® Another
report showed that Vit D is important to maintain the
mast cell stability with inhibition of IgE-sensitized
mast cell activation. Vit D may interfere with the
adaptor protein Myd88 and the FceR1p subunit (two
important key components of mast cell activation) of
the high-affinity IgE receptor.’’

However, there are several limitations to this study.
Firstly, we did not evaluate the toxic dose effect of Vit
D in allergic asthma. We have just examined its effects
due to the normal range administered. Next, we used an
animal model to study and we could not study in
human subjects. Last, we could not determine the level
of other related bio-factors in this study.
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Our study focused on immunoregulation of Vit D
on the pathophysiology of allergic mechanisms of
asthma which can be administered in asthmatic patients
with Vit D deficiency. The promising results in an
animal study and further human study can direct us to
plan for the commercialization of the treatment. The
positive results from animal studies help us to design
further studies to use the treatment in human patients to
reduce the allergy and asthma symptoms and decrease
the costs of healthcare and increasing the life quality. In
the present study, we found that Vit D can be a useful
agent in the control of allergic asthma and can decrease
the severity of inflammatory responses in asthmatic
mice. Therefore, the prevention of Vit D deficiency is
strongly recommended for patients with asthma.
Asthmatic patients should give more attention to their
diet and Vit D levels of their bodies. Also, in allergen-
specific immunotherapy, supplementation with Vit D
will be able to enhance the beneficial effects of
treatment protocols.
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