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INTRODUCTION

Vitamin D is an important hormone that has many physi-
ologic roles. It’s major role is the regulation of serum level of 
calcium. In addition, it modulates bone metabolism, blood 
pressure, and electrolytes.1)2) Recently, new physiological 
functions of vitamin D have been identified. New evidence is 
that the most active form of vitamin D which was 25 (OH)2D3 
regulates both innate and adaptive immune systems.3) Vita-
min D deficiency is related with susceptibility to infection, 
especially respiratory infection, also to the occurrence of a 
various cancers, cardiovascular disease, and autoimmune 

diseases.4-7) The occurrence of atopic disease, for example, 
asthma and anaphylaxis, is also affected by vitamin D.8)9) Fur-
thermore, epidemiological studies showed that serum 25 
(OH)2D3 levels are linked to allergic rhinitis, and supplement-
ing vitamin D in infancy increased the incidence of allergic 
rhinitis later.10-12)

Vitamin D binds to the vitamin D receptors (VDR) and 
then exerts biological activities, regulating differentiation 
process of T helper cell and Th cytokine.13-15) VDR are steroid 
thyroid of nuclear receptors which can be found in various 
cells like airway epithelial and immune cells.16-18) Dysregula-
tion of the VDR contributes to increase prevalence of some 
autoimmune diseases such as Hashimoto’s thyroiditis.19) In 
animal study, mice deficient in VDR failed to make experi-
mental allergic asthma.20) These results suggest that VDR are 
related to Th2 cell mediated inflammation and important 
regulators.

Taken together, it seems that VDR are related to both in-
nate and adaptive immune systems in allergic rhinitis. So, we 
aimed to identify the VDR expression levels and distribution 
of VDR in nasal mucosa by comparing normal nasal mucosa 
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and the nasal mucosa of patients with allergic rhinitis to as-
sess the possibility of pathogenic role in allergic rhinitis.

MATERIALS AND METHODS

Tissue samples and preparation
Total fifty patients were enrolled. Twenty-five patients (13 

male and 12 female; range of age, 23–35 years), who had no 
history of allergy, rhinosinusitis, ongoing medication and 
smoking, had normal nasal mucosa. They underwent aug-
mentation rhinoplasty, we sampled twenty-five normal mu-
cosa specimen from the inferior turbinate. Other Twenty-
five patients (12 male and 13 female; range of age, 21–39 
years) had perennial allergic rhinitis, and they underwent 
septoplasty and turbinectomy surgery. They had typical 
symptoms of perennial allergic rhinitis, positive multiple al-
lergen simultaneous test to house dust mites or a positive 
skin prick test and had nasal eosinophilia. And their nasal 
mucosa of inferior turbinate was edematous and congestive. 
During septoplasty and turbinate surgery, we sampled aller-
gic rhinitis mucosa specimen from the inferior turbinate.

The informed consent and study protocols were approved 
by Institutional Review Boards of our institution (2018AN0061), 
prior to obtaining tissue specimen. Fifteen normal nasal mu-
cosa and 15 allergic rhinitis mucosal samples were split into 
two parts. After dissecting one part, it was frozen in liquid ni-
trogen and stored at -70°C, followed by RNA isolation. An-
other part was used for protein isolation. Tissue specimens 
(10 normal mucosa and 10 allergic rhinitis mucosa) were 
fixed overnight in a fixative containing 4% paraformaldehyde 
in phosphate-buffered saline (PBS) (pH 7.4) for immunohis-
tochemical analysis.

Total RNA isolation, reverse 
transcriptase-polymerase chain reaction 
(RT-PCR), and semiquantitative RT-PCR 

From each sample, after the total RNA (1 μg) was isolated, 
reverse transcrition was done in 20 μL of a reaction mixture 
which contains 50 pmol of random hexanucleotides and 2.5 
U of Moloney murine leukemia virus reverse transcriptase 
(RT) (GIBCO BRL, Grand Island, NY, USA) at 42°C for 1 
hour. The success of the reverse transcription reaction and 
the integrity of RNA were observed by PCR amplification of 
glyceraldehyde-3-phosphate dehydrogenase―(GAPDH) 
transcripts. A negative control was also designed. A differ-
ence of negative control is that when cDNA synthesis in each 
specimen, RT enzyme was omitted. 

The primer sequences of the VDR and GAPDH gene 
which was used in our study were VDR (350 bp), S, 5'-TC-
GTCCAGCTTCTCCAATCT-3', and AS, 5'-GAACTT-

GATGAGGGGCTCAA-3' and GAPDH (502 bp), S, 
5'-ATCTTCCAGGAGCGAGATCC-3', and AS, 5'-AC-
CACTGACACGTTGGCAGT-3'.

We performed semiquantitative RT-PCR to evaluate the 
differential expression of each gene mRNA in the normal 
mucosa and allergic rhinitis mucosa. To quantify the PCR 
products of all samples, densitometry was used to analyze the 
predicted bands. The relative intensity of each gene was de-
fined as divided by GAPDH cDNA. The standard deviation 
of a data is 6. Mann-Whitney U test was used for statistical 
significance of the differences, and the significance level was 
set at p<0.05.

Immunohistochemical staining and western blot 
analysis

With a peroxidase-labeled streptavidin-biotin technique, 
Immunohistochemical staining was executed. To sum up, in 
1:250 dilution of anti-VDR monoclonal antibody (Pierce 
Biotechnology, USA) under condition of 4°C, paraffin sec-
tions (4 μm) were incubated overnight. For a negative con-
trol, IgG from rat without an immune system was used as a 
replacement for the primary antibodies. For representing the 
color, 3,3'-diaminobenzidine was used. For Western blot 
analysis, in a buffer solution which contains 150 mM NaCl, 
50 mM Tris- HCl (pH 8.0), and a proteinase inhibitor cock-
tail, Frozen tissues were shattered and mixed up strongly. The 
protein (50 μg) extracted from this process was boiled for 
five minutes in a sodium dodecyl sulfate sample buffer. 
Through the 12% sodium dodecyl sulfate polyacrylamide 
gels, the same amounts of total protein were separated and 
transferred to immobilon (Millipore, Bedford, MA, USA). 
Overnight under room temperature conditions, in PBS with 
Tween 20 (Polysorbate 20), the blots were incubated with an-
ti-VDR monoclonal antibody. Through the enhanced che-
miluminescence detection kit (Amersham Biosciences, Pis-
cataway, NJ, USA), Antibody reaction was found. And the 
chemiluminescence was found on x-ray film. For an internal 
control, the anti-β-actin antibody (Santa Cruz Biotechnolo-
gy, Inc., CA, USA) was used to analyze the β- actin expres-
sion in parallel blots. Scion Image Beta 4.0.2 (Scion Corp., 
Frederick, MD, USA) was used to quantify the intensity of 
detected bands. The relative intensity of each protein signal 
was defined as divided by β-actin signals. Mann-Whitney U 
test was used for statistical significance of the differences, 
and the significance level was set at p<0.05.
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RESULTS

The expression of VDR mRNA expression in normal 
human nasal mucosa and allergic nasal mucosa 
by RT-PCR

VDR and GAPDH mRNA expressions were identified in 
total RNA isolation which was from normal nasal mucosa 
and allergic rhinitis mucosa by RT-PCR. It shows that both 
normal nasal mucosa and allergic rhinitis mucosa had VDR 
mRNAs expression (Fig. 1A). VDR PCR products were cor-
respond to 350 bp. And GAPDH mRNA PCR products were 
corresponded to 502 bp. PCR products sequence was same 
with the published sequence. No bands appeared in the neg-
ative control reaction without reverse transcription in the 
cDNA synthesis process, that means genomic DNA in the 
RNA samples were not contaminated (data not shown). The 
relative intensity of VDR to GAPDH was significantly higher 
in allergic rhinitis mucosa compared to normal nasal mucosa 
(Fig. 1B) (p<0.05).

Immunohistochemical localizations and 
western blotting of VDR in normal nasal 
mucosa and allergic nasal mucosa

Immunohistochemical staining of all normal nasal mucosa 
and allergic rhinitis mucosa samples showed a same pattern 
(Fig. 2). In normal mucosa, VDR were located in the submu-

cosal gland and epithelial cell. The intensity of staining was 
weak in the submucosal glands and epithelial cell (Fig. 2A). 
However, in allergic nasal mucosa, the intensity of VDR 
staining were higher in the submucosal glands and epithelial 
cell (Fig. 2B), which showed nuclear location (Fig. 2C and D). 
Furthermore, inflammatory cells, which was infiltrated in 
the nasal mucosa, showed VDR immunoreactivity (Fig. 2B). 
In western blot analysis, both VDR and β-actin were identi-
fied in normal nasal mucosa and allergic rhinitis mucosa 
(Fig. 3A). The relative intensity of VDR to β-actin was signif-
icantly higher in allergic rhinitis mucosa compared to nor-
mal nasal mucosa (Fig. 3B) (p<0.05). It means that VDR ex-
pression levels were higher in allergic rhinitis mucosa 
compared to normal mucosa.

DISCUSSION 

To obtain a new perspective on the VDR of the normal 
mucosa and the allergic mucosa, we studied the expression 
and the distribution of VDR in normal and allergic nasal mu-
cosa. In the present study VDR expression was found in both 
the normal and allergic nasal mucosa. Immunohistochemi-
cal staining showed the VDR expression in the epithelium 
and submucosal glands of normal nasal mucosa and allergic 
nasal mucosa as well. Further, VDR was located in the inflam-
matory cells in the nasal mucosa, which was strongly expressed 
in the allergic nasal mucosa. Western blotting verified these 
immunohistochemical results, which demonstrated that the 
levels of expression of VDR protein in allergic nasal mucosa 
were increased compared to normal nasal mucosa. Taken to-
gether, the present study imply that VDR is constitutively ex-
pressed in normal nasal mucosa and increased in allergic nasal 
mucosa, suggesting VDR may play a role in the pathophysi-
ology of normal and allergic nasal mucosa. This is the first 
analysis of the expression and distribution of VDR mRNA 
and protein in the human nasal mucosa.

At mRNA and protein levels, VDR were expressed in the 
normal and allergic nasal mucosa. Additionally, our study 
confirmed that nuclear locations of VDR were found in the 
superficial layer of the epithelium and submucosal glands. 
Menezes et al.21) reported that most healthy bronchial tissue 
showed moderate nuclear immunoreactivity for VDR was in 
epithelial cells. In healthy skin, immunoreactivity for VDR 
was consistently confined to nuclei in keratinocytes of all epi-
dermal layers.22) These findings are consistent with our study 
results. In human nasal mucosa, the epithelial cells of nasal 
mucosa and submucosal gland play an important role in the 
immune system by participating in immune regulations. They 
express the surface antigens, secrete various macromolecules, 
and synthesize cytokines.23)24) Consequently, the location of 

Fig. 1. A: Semiquantitative reverse transcriptase–polymerase chain 
reaction analysis of VDR mRNA level in normal and allergic nasal 
mucosa. B: Bands were quantified by densitometric scanning and 
the relative amount of each gene was calculated by dividing by the 
internal control, GAPDH. The bar indicates the mean±SD. *p<0.05. 
NT, normal inferior turbinate mucosa; AT, allergic inferior turbinate 
mucosa; VDR, vitamin D receptors.
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the VDR appears to be ideal for effective immune system reg-
ulators in the nasal mucosa. However, further researches are 
necessary for finding out the potential role of VDR in the nor-
mal nasal mucosa.

Immunohistochemical staining results showed that VDR 
were also located in the inflammatory cells, which were more 
expressed in the allergic rhinitis mucosa intensely. VDR pro-
tein expression levels in allergic nasal mucosa were much 
higher than normal nasal mucosa. Many studies have been 
conducted on the association between VDR and various dis-
eases. VDR deficient mice showed increased sensitivity to im-
mune diseases such as inflammatory bowel disease, rheuma-
toid arthritis, and increased thrombogenicity, risk of cancer.25-27) 
Wittke et al.20) reported that mice deficient in VDR did not 
develop experimental allergic asthma. In addition, in VDR 
deficient lung cells, infiltrated eosinophils, pathogenic lym-

phocytes were decreased and the development of airway hy-
perresponsiveness has been reduced.20) Combining these re-
sults, it can be suggested that VDR are significantly important 
in the pathogenesis of various diseases, including immune 
diseases and will play an important role in allergic rhinitis.

There have been many studies about the relationship be-
tween vitamin D and allergic rhinitis. In immunologic as-
pect, vitamin D inhibit T cell and transcription of Th17, so 
that lead to switch from Th1 to Th2, causing allergic rhinitis.28) 
Wjst and Hypponen11) reported that the patients with allergic 
rhinitis have increased vitamin D serum level compared with 
normal control. In other recent studies, deficiency of vitamin 
D was more usual in the patients with allergic rhinitis.10) And 
serum vitamin D levels in allergic rhinitis were lower than 
non-allergic rhinitis patients.29) However, it’s receptor, VDR 
expression in the allergic rhinitis nasal mucosa has never 

Fig. 2. Immunohistochemical localization of VDR in normal nasal mucosa (A) and allergic nasal mucosa (B, C, D). Expression of VDR 
was largely weak in epithelial cells (vertical arrows) and submucosal glands (horizontal arrows) in normal nasal mucosa (A) whereas 
VDR was intensely expressed in the superficial epithelium (vertical arrows) and submucosal glands (horizontal arrows) in allergic nasal 
mucosa (B), which showed nuclear location (C, D). In addition, inflammatory cells (arrow heads) infiltrating into the nasal mucosa also 
showed VDR immunoreactivity (B). Vertical, horizontal arrow indicates epithelial cells, submucosal glands respectively and arrowhead 
shows inflammatory cells (A and B, original magnification, ×100; C and D, original magnification, ×400). VDR, vitamin D receptors.
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been investigated. The present study is the first experiment in 
order to study VDR expression and distributional patterns of 
VDR mRNA and protein in the normal and allergic nasal 
mucosa.

Limitations of the present study are that we only took a 
snap shot of VDR in human nasal mucosa and didn’t eluci-
date the mechanism how VDR have been increased in allergic 
nasal mucosa and the results of VDR upregulation. There-
fore, further studies will be needed to find out why VDR 
were upregulated and what is the results of VDR upregula-
tion in allergic rhinitis to clarify the roles of VDR in allergic 
nasal mucosa.

Conclusion
This study identified that VDR were expressed in the nor-

mal mucosa and allergic nasal mucosa, and the VDR were lo-
cated in the submucosal gland and epithelial cells, as well as 
inflammatory cells which were more expressed in allergic na-
sal mucosa. The VDR expression levels were upregulated in 
allergic nasal mucosa compared to normal mucosa. Our 
study results can contribute to suggest new therapeutic target 
in the pathogenesis of allergic rhinitis. But, additional re-
searches are necessary for finding out mechanism of VDR 
upregulation.
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