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Abstract

Objective: With regard to the correlation between T
helper1/T helper2 (Th1/Th2) cell balance and 1α,25-dihydroxyvitamin D3, active metabolite of vitamin D, we
studied Th1/Th2 cell balance by measuring levels of
the cytokines interleukin (IL)-4, IL-10 and interferon-gamma (IFN-γ), which are important for immune
response of patients with allergic rhinitis.
Methods: Thirty adult patients diagnosed with allergic
rhinitis (study group) and 40 healthy volunteers (control group) are examined in the research. IFN-γ, IL-4,
IL-10, and total immunoglobulin E (IgE) levels from
serum samples and vitamin D3 levels from plasma were
determined in all patients.
Results: In IgE, IL-4, IL-10, IFN-γ, and 1α,25-dihydroxyvitamin D3 levels (p<0.05), a statistically noticeable difference was observed between the study and
control group. The 1α,25-dihydroxyvitamin D3 levels in
both groups were compared and a statistically significant difference between the 1α,25-dihydroxyvitamin D3
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Allergic rhinitis is the inflammation of the nasal
membranes that is characterized by sneezing, nasal congestion, nasal itching, and rhinorrhea in any
combination (1). Studies performed in Western
Europe have shown that allergic rhinitis has a high
prevalence and is frequently undiagnosed (2, 3).
As a steroid hormone, vitamin D3 is produced in
skin and ingested with food and is sequentially
metabolized by the liver and kidney to the biologically active form 1α,25-dihydroxyvitamin D3 (4).
As a modulator of the immune system, it has been
demonstrated that vitamin D has complex immunoregulatory effects on both cellular and humoral
immune response (5). 1α,25-Dihydroxyvitamin

levels in the study group and that in the control group
(p<0.05) was observed. There was a positive correlation between IFN-γ and vitamin D levels (p<0.05) in
the study group, whereas IgE, IL-4, and IL-10 levels
showed a negative correlation with vitamin D3 levels
(p<0.05).
Conclusion: In our study, 1α,25-dihydroxyvitamin D3
levels were associated with Th1/Th2 balance in allergic rhinitis, and a remarkable correlation was observed
among vitamin D deficiency and allergy. These findings
show that 1α,25-dihydroxyvitamin D3 may have a remarkable role in the severity and control of allergic disorders. In addition, further investigations are required to
confirm how vitamin D should be used in allergic diseases. Furthermore, to reveal the exact mechanism of vitamin D on allergic diseases, further studies are required.
Keywords: Rhinitis, allergic, cholecalciferol, Th1 cells,
Th2 cells, interleukin-4, interleukin-10, interferon-gamma

D3 is liposoluble, and it has a nuclear receptor
that plays an important role in the regulation of
immune response. Most immune cells, including
macrophages, T-cells, B-cells, and dendritic cells
have a vitamin D receptor (VDR) (4).
The findings that confirm the immunoregulatory
effects of vitamin D in allergic diseases are increasing (6, 7). The level of cytokines released by
inflammatory cells is reduced by vitamin D; therefore, vitamin D may perform a therapeutic role as
an anti-inflammatory agent in allergic disease.
In this study, we aimed to investigate T helper1/T
helper2 (Th1/Th2) cell balance by measuring levels of the cytokines interleukin (IL)-4, IL-10,
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and interferon-gamma (IFN-γ), which play an important role
in the immune response of patients with allergic rhinitis, and
to determine the correlation between among the Th1/Th2 balance and 1α,25-dihydroxyvitamin D3, the active metabolite of
vitamin D.

Methods

We conducted this study at the Ear Nose Throat Clinic at Fırat
University, School of Medicine, Turkey, with the approval from
the Fırat University Faculty of Medicine Ethical Committee for
Investigations in Humans, between February 2010 and March
2011. All patients and volunteers participating in the study signed
an informed consent form. The subjects enrolled in the study were
30 adult patients and 40 healthy volunteers. Furthermore, healthy
volunteers including 18 men and 22 women in the control group
were aged 18–40 years (mean: 31.2±7.13 years); 13 men and 17
women in the allergic rhinitis (study) group were similarly aged
18–40 years (mean: 28.7±6.89 years). Total serum immunoglobulin E (IgE) level examination, a skin prick test, and medical history and examination were performed in all subjects to exclude the
presence of allergic rhinitis in the healthy volunteers to confirm
the diagnosis in the allergic rhinitis group (8). The control group
included 40 healthy volunteers aged 18–40 years, who have no
professional and environmental allergen exposure; no allergic rhinitis that is determined by physical examinations, serum total IgE
levels, and skin prick test; no allergy symptoms or atopy history,
and normal body mass index consistent with their age.
The exclusion criteria for subjects in this study are as follows:
a. patients who have used antihistamines during the previous
15 days and steroids during the previous month;
b. diseases with the potential to affect the serum 1α,25-dihydroxyvitamin D3 levels (osteoporosis and rickets);
c. upper respiratory tract infection, except for allergic rhinitis;
d. patients who use drugs with the potential to affect the serum 1α,25-dihydroxyvitamin D3 levels (cholestyramine,
phenobarbital, and phenytoin);
e. drug-induced rhinitis, nonallergic eosinophilic rhinitis
(NARES syndrome), and other acute airway diseases;
f. immune system disorders that have the potential to change
cytokine levels;
g. patients with nasal polyposis or isolated polyps and asthma;
asthma diagnosis of the patients is excluded using the diagnostic criteria of GINA 2002 guidelines using medical history, physical examination, and pulmonary function tests (9).
Demographical features such as age and sex of all subjects were
registered. Blood draws were performed during spring and summer.
The 1α,25-dihydroxyvitamin D3, IL-4, IL-10, IgE and IFN-γ
levels were compared between the study and control groups. The
degree and direction of reciprocal correlations among IgE, IL4, IL-10, IFN-γ, and vitamin D levels were calculated in the
allergic rhinitis group.
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The IL-4, IL-10, and IFN-γ levels were measured using enzyme-linked immunosorbent assay (ELISA), using commercial
human IL-4, IL-10 and IFN-γ kits (Boster Immunoleader; Wuhan, China). 1α,25-Dihydroxyvitamin D3 levels were measured
using high-pressure liquid chromatography (HPLC) (HPLC
equipment by WICOM; Heppenheim, Germany). Skin prick
tests were performed in multitest fashion with sterile, disposable plastic applicators. Total serum immunoglobulin levels were
analyzed using an N Latex IgE mono kit (Siemens Healthcare
Diagnostics Inc.; Newark, NJ, USA) with an automated nephelometer (Dade Behring GmbH; Marburg, Germany) according
to the manufacturers’ instructions.
Statistical Analysis
SPSS for Windows v11.5 software package (SPSS Inc.; Chicago, IL, USA) is used for the assessment of statistical results. A
one-way analysis of variance multiple comparisons test was used
for comparing the groups, with post hoc analysis using Tukey’s
honest significant difference (HSD) test. Statistical significance
was set at p≤0.05.

Results

In the control group, mean IgE, IL-4, IL-10, IFN-γ, and vitamin D levels were measured. (IgE: 35.1±23.1 IU/mL; IFN-γ:
32.1±20.9 pg/mL; IL-4: 3±1.9 pg/mL; IL-10: 41.4±21.8 pg/
mL; and 1α,25-dihydroxyvitamin D3: 28±13.2 µg/mL). In the
study group, IgE, IL-4, IL-10, IFN-γ, and vitamin D mean levels were measured. (IgE: 199.79±158 IU/mL; IFN-γ: 15.45±9.5
pg/mL; IL-4: 6.3±2.9 pg/mL; IL-10: 69±29.1 pg/mL; and
1α,25-dihydroxyvitamin D3: 10.8±8.4 µg/mL).
IgE, IL-4, and IL-10 levels in the study group were found to
be higher, whereas IFN-γ and 1α,25-dihydroxyvitamin D3
levels were lower, than those in the control group (p<0.05;
Table 1).
With regard to the correlation between the levels of IgE, IL-4,
IL-10, and IFN-γ levels and 1α,25-dihydroxyvitamin D3, it is
observed that there is a significant correlation among the increase in IgE, IL-4, and IL-10 levels, and the decrease in IFN-γ
and 1α,25-dihydroxyvitamin D3 levels (p<0.05; Figure 1-4).
Table 1. Comparison of IgE, IL-4, IL-10, IFN-γ, and vitamin D
levels between the study and control groups
Study group

Control group

p

IgE

199.81±158.02

44.82±38.86

p<0.05

IL-4

6.34±2.99

3.25±1.94

p<0.05

IL-10

69.06±29.11

42.18±21.18

p<0.05

IFN-γ

15.45±9.5

30.81±20.44

p<0.05

Vitamin D

10.89±8.42

26.51±13.59

p<0.05

IgE: immunoglobulin E; IL: interleukin; IFN-γ: interferon gamma
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Figure 1. Correlation between vitamin D and IgE in the study group
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Figure 4. Correlation between vitamin D and IL-10 in the study group

Discussion

The significance of vitamin D, 1α,25-dihydroxyvitamin D3, and
VDR has already been mentioned (5). Vitamin D derivatives
exert their biological action through their specific nuclear receptor (VDR), present in several immune competent cell types
including T and B cells, macrophages, and dendritic cells; they
are considered to be significant in asthma and allergic rhinitis
(4, 5). The fact that vitamin D appears to reduce inflammatory
cytokine release has resulted in speculation regarding a possible
therapeutic use in allergic diseases (6, 7).
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Figure 2. Correlation between vitamin D and IFN-γ in the study group

Different studies indicate a variable effect of 1α,25-dihydroxyvitamin D3 on cytokine output by Th2 cells (10-18). Various studies show a continuous Th2 response in the presence of
1α,25-dihydroxyvitamin D3, although some other, and mostly
more recent, studies indicate that Th2 response may be inhibited
by 1α,25-dihydroxyvitamin D3 (15, 16). In this study, an inverse
correlation of 1α,25-dihydroxyvitamin D3 levels was found in
patients with allergic rhinitis with the levels of IL-4 and IL-10,
which are Th2 cytokines (p<0.05).
Studies in animal models have established that vitamin D has
a positive effect in autoimmune disease, exerted through a decrease in IFN-γ production (11, 16). Vitamin D reduces IFN-γ
synthesis in human cell studies (16, 17).
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Figure 3. Correlation between vitamin D and IL-4 in the study group

IFN-γ levels were positively correlated to the 1α,25-dihydroxyvitamin D3 levels in the allergic rhinitis group (p<0.05). A
statistically significant difference in IFN-γ levels was detected
between the study and control groups (p<0.05).
Boonstra et al. (11) reported that vitamin D increased the synthesis of IL-4, IL-5, and IL-10 in a CD4+ T-cell culture. However,
Staeva-Vieira and Freedman (15) found that the addition of vitamin D to their CD4+ T-cell culture during the first phase of
T-cell differentiation inhibited IL-4 synthesis. Naive T-cells were
used in both cases; the cause of this difference in the response to
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vitamin D is unexplained as yet. It may result from differences in
the phases of the CD4+ T-cell differentiation process and their
activation status (15). Furthermore, it could be associated with
the difference in the vitamin D doses administered in the two
studies (17). Studies investigating the circulating Th2 cytokines in
peripheral blood following vitamin D or calcitriol administration
have shown no evidence of increase in these cytokines (19).
A negative correlation was observed in our study between IL-10
and 1α,25-dihydroxyvitamin D3 levels in patients with allergic
rhinitis (p<0.05). A published report has shown that vitamin
D, with or without a glucocorticoid, increased IL-10 synthesis
by T-cells (20). The mentioned study investigated the action of
vitamin D on Treg cells expressing the TLR9 gene. This effect
could not be shown in Treg cells without TLR9 gene expression,
Th1 cells, or Th2 cells (20).
Domdey et al. (21) showed an elevation of IL-10 levels in atopic patients compared with nonatopic individuals. A statistically
significant difference in IL-10 levels was detected among the
study and control groups in our study (p<0.05).
In a study, Hyppönen et al. (22) reported a nonlinear association
between 1α,25-dihydroxyvitamin D3 and IgE levels. The study
indicated that 1α,25-dihydroxyvitamin D3 levels may be low
with regard to very low and very high IgE levels. In this study,
threshold levels of the effects of 1α,25-dihydroxyvitamin D3
has been mentioned. In our study, we demonstrated that in the
study group, there is negative correlation between 1α,25-dihydroxyvitamin D3 and IgE levels (p<0.05).
Several publications document elevated IgE levels in allergic
rhinitis (10, 13, 14, 23). This study reported a similar, and statistically significant, difference in the IgE levels between the study
and control groups (p<0.05).
Hidaka and Tatsumi (24) reported high IL-4 levels in patients
with allergic rhinitis. On comparing IL-4 levels between the
allergic rhinitis and control groups in our study, a statistically
significant difference was observed (p<0.05).
The studies regarding allergic rhinitis have indicated that Th1/
Th2 balance had deteriorated because of Th2 increase (10, 25, 26).
In our patients with allergic rhinitis, a strong positive correlation
was observed between IgE levels and both IL-4 and IL-10 levels (p<0.05), and a negative correlation was determined between
IFN-γ and IgE levels (p<0.05). A moderate negative correlation
was determined among IFN-γ levels and both IL-4 and IL-10
levels in the study group (p<0.05). A positive, moderately strong
correlation was determined between IL-4 and IL-10 levels
(p<0.05). Therefore, in our study, we determined that in the study
group, Th1/Th2 balance is impaired with the increase of Th2.
Studies investigating the correlation between 1α,25-dihydroxyvitamin D3 and allergic rhinitis are available in the lit-
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erature (10, 23-25). Sharief et al. (27) studied the correlation
between vitamin D deficiency and allergy in children and
teenagers by evaluating the vitamin blood levels and food
and peripheral allergens in US. The study demonstrated
that there is a correlation between vitamin D deficiency and
allergy in these populations; however, this correlation has
not been shown in adults. Ehlayel et al. (28) demonstrated
that vitamin D deficiency has been observed more often in
children who have acute urticaria, asthma, atopic dermatitis,
allergic rhinitis, or food allergy. Wjst and Hyppönen (29)
demonstrated that allergic rhinitis has been observed more
often in a vitamin D deficient population.
In our study, on comparing the groups for their 1α,25-dihydroxyvitamin D3 levels, a statistically significant difference was
observed among the allergic rhinitis and control groups (p<0.05).
In our study, 1α,25-dihydroxyvitamin D3 levels were associated with Th1/Th2 balance in allergic rhinitis, and a remarkable
interrelation was observed among 1α,25-dihydroxyvitamin D3
deficiency and allergy. These findings show that 1α,25-dihydroxyvitamin D3 may have a remarkable role in the severity and
control of allergic disorders. In addition, further investigations
are required to confirm how vitamin D should be used in allergic
diseases. Moreover, to reveal the exact mechanism of vitamin D
on allergic diseases, further studies are required.

Conclusion
1.
2.

3.

4.

5.

Levels of 1α,25-dihydroxyvitamin D3, a vitamin D metabolite, in patients with allergic rhinitis are found to be low.
When the study and control groups were compared, IgE,
IL-4, and IL-10 levels in the study group were higher,
whereas IFN-γ and 1α,25-dihydroxyvitamin D3 levels
were lower, than those in the control group.
With regard to the correlation between IgE, IL-4, IL-10,
and IFN-γ levels and 1α,25-dihydroxyvitamin D3 levels, a
significant correlation was observed between the increase
in IgE, IL-4, and IL-10 levels and the decrease in IFN-γ
and 1α,25-dihydroxyvitamin D3 levels.
This study is noteworthy for studies that will highlight the
correlation among the vitamin D metabolites and allergic
diseases.
We believe that our study will contribute to other studies
with larger series concerning the changes in the allergic
rhinitis treatment protocols and the correlation among the
vitamin deficiency and the severity of allergic diseases.
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