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ABSTRACT

Background: Allergic asthma is a chronic inflammatory disorder of the airways caused by
hypersensitivity and characterized by Th2 cytokine i.e. IL-4, that contribute to enhanced
proliferation and differentiation of Th2 cells and switch of B cells from IgM to IgE production.
Vitamin D also has a role in proliferation, differentiation, apoptosis of cells of the immune system,
production of cytokines, and immunoglobulins. Elevated levels of IL-17 have been documented in
bronchial submucosa and relationship of IL-17 and severe hyper responsiveness of airways have
been established. Therefore, a study was conducted to determine serum level of vitamin D, IgE
and IL-17 in patients of bronchial asthma.

Methodology: It was a comparative study, which included 82 subjects i.e. Group-l (41 subjects
without asthma), and group-Il (41 asthmatic patients). Serum levels of IL-17, IgE and vitamin D
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were determined by ELISA technique and the results were analyzed by using SPSS-20.0. Mann-
Whitney-U, Chi-square and Pearson’s correlation tests were used for data analysis.

Results: Mean + SD of total serum IgE level of bronchial asthma patients was high (861.6+559.2
IU/ml) compared to controls (204.7+237 IU/ml) and on comparison there was statistically significant
difference (p value 0.000). Mean + SD of serum vitamin D level in asthmatics was 28.04+17.67
ng/ml while in non-asthmatics it was 27.27+17.01 ng/ml and on comparison the difference was not
statistical significant (p=0.915). Mean + SD of serum level of IL-17 was high in asthmatics
(920.08+732 pg/ml) as compared to non-asthmatics (767.71+811 pg/ml) and on comparison the
difference was not statistically significant (p=0.108). In asthmatics, there was positive correlation of
serum level of vitamin D and IL-17 (r=0.101) and there was an association (p=0.001) of family
history with asthma.

Conclusion: Asthmatics had raised serum level of IgE, vitamin D and IL-17 as compared to
controls and on comparison only the difference of IgE was statistically significant. Further, an

association of family history of asthma was observed in asthmatic patients.

Keywords: Asthma,; IL-17; Vitamin D; IgE.
1. INTRODUCTION

Allergic asthma is characterized as chronic
inflammatory disorder of airways caused by
hypersensitivity reactions that is characterized by
wheezing, breathlessness, chest tightness,
cough and bronchial hyper- responsiveness [1].
Around the world asthma prevails at variable
frequency and it explains the influence of
environmental factors on genetic predisposition
of individuals for this disease [2,3]. It was
documented that about 235 million people were
suffering from asthma (WHO fact sheet N*306
May 2011), and this number is expected to be
400 million by 2025 [4].

In Pakistan, more than six million people were
suffering from asthma, and Karachi, the largest
city of Pakistan, had almost 8-10% of population
suffering from chronic asthma and one out of 250
deaths in the city was due to exacerbations of
asthma [5].

In allergic asthma, IL-4 enhances proliferation
and differentiation of Th2 cells and switches B
cells from IgM to IgE production [6]. On immune-
histochemical analysis, bronchial biopsy of
airways of asthmatic patients revealed infiltration
of inflammatory cells such as mast cells,
basophils, eosinophils, monocytes, and Th2
lymphocytes [7].

In asthma, elevated levels of IL-17 have been
documented in bronchial submucosa and sputum
[8]. A direct relationship of IL-17 production and
severe airways hyper responsiveness has been
established. Researchers suggest that aberrant
interleukin ~ (IL)-17  production is a key
determinant of severe forms of asthma. ThelL-17

and the factors regulating I1L-17 production during
the course of allergic inflammation remain
unknown [9].

It is estimated that about one billion people
throughout the world have vitamin D deficiency
or insufficiency. This figure includes subjects of
all age groups, races, and gender throughout
Asia, America, Europe and even population of
equator region [10].

Vitamin D has profound effects on human
immune system, e.g. it acts as an immune-
modulator, prevents excessive production of
inflammatory cytokines and enhances 'oxidative
burst' in tissue macrophages [11]. Vitamin D also
has a role in proliferation, differentiation, and
apoptosis of cells of immune system, in addition
to production of cytokines, and immunoglobulin
[12]. An inverse relationship has been observed
between serum level of vitamin D with total IgE,
eosinophil  count, and airways hyper-
responsiveness [13].

Some studies have reported a greater risk of
asthma and atopy in adults who had received
supplements of vitamin D in childhood. They
suspected that increase risk of asthma could be
due to food fortified with vitamin D [14].

By reviewing all this literature regarding the
conflicting role of IL-17 and serum vitamin D level
in asthamtic patients [15], the current study was
carried out to compare the serum vitamin D, IL-
17 and serum IgE levels in asthmatic patients
and healthy individuals.

2. MATERIALS AND METHODS

The study was carried out in the Department of
Immunology, University of Health Sciences (UHS)



Lahore after the approval of Ethical Review
Committee and Advance Studies & Research
Board of UHS. The samples were collected from
Asthma Clinic, Gulab Devi Hospital Lahore and
Chest Disease Unit, Sheikh Zayed Hospital
Lahore (Pakistan). After an informed consent, a
total of 82-subjects were recruited for this study
and they were made into two groups of 41
individuals in each group. Group-I included non-
asthmatic healthy individuals as control, whereas
group-ll  had clinically diagnosed asthmatic
patients with the history of allergy and they were
selected with the help of a modified validated
guestionnaire of European Community
Respiratory Health Survey (ECRHS).

2.1 Determination of serum IL-17A and

Vitamin D [25(OH)D]

Serum level of IL-17A and Vitamin D were
determined using ELISA kits from Komabiotech
(Korea) and Euroimmun (USA). The plates were
read at 450 nm using micro-plate reader (BioRad,
USA). Calibrators’ curve was made by reducing
the data by using ELISA reader's computer
software (Micro-plate Manager Version 2.2).

2.2 Determination of Serum IgE

Serum IgE was determined by ELISA technique
by using kits from Komabiotech (Korea).
According to Bischoff-Ferrari et al. [16], serum
vitamin D level was classified into three
categories i.e. sufficient level (30ng/ml),
insufficient level (20-29 ng/ml), and deficient level
(<20 ng/ml).

2.3 Statistical Analysis

The data was analysed using IBM SPSS
(Statistical Package for Social Sciences) 20.0.
Mann-Whitney-U test was applied for comparison
of serum vitamin D and IL-17 levels whereas for
their correlation Pearson’s correlation test was
used. Chi-square test was applied to determine
association of family history of asthma. A p-
value of < 0.05 was considered as statistically
significant.

Table 1. MeantSD of age, number and percentage of g
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3. RESULTS

3.1 Vitamin D

Mean+SD of serum level of vitamin D in
asthmatic patients was 28.04+17.67ng/ml while
in healthy controls it was 27.27+17.01ng/ml, and
on comparison, the difference was not
statistically significant (p=0.915). According to
Bischoff-Ferrari et al. [16] serum vitamin D level
of the study subjects was classified into three
categories i.e. deficient, insufficient and sufficient.
The level of Vitamin D in asthmatic and healthy
control, in all the three categories was almost
same (p=0.949) (Table 3).

3.2 IL-17

MeanzSD of IL-17 was high in asthmatic patients
(920.08+732 pg/ml) as compared to healthy
controls (767.71+811 pg/ml), and on comparison,
the difference was not significant (p=0.108).

By applying Pearson’s correlation test, positive
correlation was observed between serum level of
vitamin D and IL-17 in healthy subjects with
correlation coefficient, r=0.194 (Fig. 1) and in
asthmatic patients with correlation co-efficient of
r=0.101 (Fig. 2).

3.3IgE

Mean = SD of total serum IgE concentration was
high in bronchial asthma patients (861.6+559.2
IU/ml) compared to controls (204.7+237 [U/ml).
On comparison the difference was statistically
significant (p<0.001) (Table 2).

Among the asthmatic patients, high number of
subjects 18 (43%) had family history of asthma,
while only 5 (12%) of healthy controls had family
history of asthma. On comparison, the difference
between the two groups was statistical significant
(p= 0.001). By applying Chi-square test, a
positive association was observed in asthmatic
patients with the family history of asthma.
Number and comparison of subjects with family
history of asthma in two groups is presented in
Table 4.

ender and family history of asthma in

two groups
Group Age Gender Family history of asthma
(MeanzSD) F [n (%)] Yes [n (%)] Yes [n (%)] No [n (%)]
| 26+3.99 30 (73) 11 (27) 5(12) 36 (88)
Il 27+8.43 16 (39) 25 (61) 18 (43) 23 (57)

n= number of subjects, M= male subjects, F= female subjects
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Table 2. Mean+SD and comparison of Vitamin D, IL-17  and IgE level between two groups

Parameters Group - Group -l p-value
(MeanzSD) (MeanzSD)

Vitamin D (ng/ml) 27.27417.01 28.04+17.67 0.915

IL-17 (pg/ml) 767.71+811 920.08+732 0.108

IgE (1U/ml) 204.7+237 861.6 +559 <0.001

*p value <0.05 = statistically significant

Table 3. Categorization and comparison of serum vita ~ min D level in two groups

Group (n) Deficient Insufficient Sufficient p-value
(<20ng/ml) (20-29ng/ml) (230ng/ml)

[ (41) 18 6 17 0.949

Il (41) 17 7 17

Total (82) 35 13 34

n=number, *p value 0.05=statistically significant
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Table 4. Number and comparison of subjects with fam
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ily history of asthma in two groups

Groups Subjects with history of asthma  Subjects with no hi story of asthma  p-value
(n)

| (41) 05 36 0.001"
Il (41) 18 23

Total (82) 23 59

*p value 0.05=statistically significant

4. DISCUSSION

According to Bischoff-Ferrari et al. [16], serum
vitamin D level of the study subjects was
classified into three categories i.e. sufficient level
(=30 ng/ml), insufficient level (20-29 ng/ml), and
deficient level (<20 ng/ml). Among the asthmatic
patients serum level of vitamin D was sufficient in
42%, insufficient in 15%, and deficient in 43% of
the subjects.

In the current study sufficient level of vitamin D in
asthmatic patients was detected that could be
due to the fact that asthmatic patients who visit
Gulab Devi Hospital, Lahore are normally
advised by the physicians to remain in the direct
sun light for 1-2 hours daily.

These findings are in concordance with the study
of Menon et al. [17] who performed the study in
asthmatic patients of 2-19 years of age and could
not determine significant difference between the
serum level of vitamin D of asthmatic patients
(28.64+10.09) and healthy controls (28.42+11.47)
(p=1.0). Similar results have also been reported
by American Academy of Allergy Asthma and
Immunology (2012) that documented almost
same level of vitamin D in asthmatics and
general population. They, further reported that
50% of healthy controls and asthmatics had
deficient serum level of vitamin D (<20 ng/ml)
and higher prevalence of vitamin D deficiency in
adult population than children [18]. The findings
of Maalmi and his co researchers are also in
accordance with the present study because they
also could not observe significant difference in
the serum level of vitamin D of healthy subjects
and asthmatic patients [19].

The current study is not in agreement with Berhm
et al. [20] who demonstrated an association
among low levels of vitamin D and serum IgE
levels, eosinophil counts, hospitalizations in the
last year and the use of inhaled corticosteroid in
a group of 1024 children of 7.5-10.5 years of age.
The current study is not in agreement with Berhm

et al. [13], who performed study on 1041
asthmatic subjects and suggested association of
vitamin D insufficiency (<30 ng/ml) with
increased risks of severe asthma leading to visits
of emergency room or hospitalizations. Further,
current study is also not in agreement with
Berhm et al. [21] who documented vitamin D
deficiency in children of severe asthma as
compared to healthy controls (p=0.001).
Differences in geographic distribution of study
population, ethnicity, disease duration, treatment
modalities etc. may be the reason for these
conflicting results.

Considering the serum level of IL-17, it was high
(920.08+732 pg/ml) in asthmatic patients as
compared to healthy controls (767.71+811 pg/ml)
but it was not statistically significant (p=0.108)
(Table 2). Although, at the time of sample
collection, patients on anti-inflammatory drugs
were excluded but since patient's level of
education was low as they were recruited from a
public hospital therefore asthmatic patients might
had inflammation.

Wong et al. [22] documented high serum level of
IL-17 in asthmatics as compared to controls with
no statistically significant difference. Our findings
are also in agreement with Fraschi et al. [23] who
detected high serum level of IL-17 in asthmatics
(78.8458.7 pg/dl) as compared to controls
(17.7+2.4 pg/dl). Similarly, Agachi et al. [24] and
Alyasin et al. [25] detected increased serum level
of IL-17 in severe asthma as they included
asthmatic patients of different severity. They
proposed >20 pg/ml of serum level of IL-17 as a
risk factor for severe asthma.

The current study is in agreement with Bullen et
al. [26] who detected raised sputum level of IL-17
and its mRNA in 39 asthmatics as compared to
15 healthy subjects and a statistically significant
difference between the two groups (p=0.01) on
comparison. The probable reason for the
significant difference could be use of sputum
samples as there could be infiltration of Th-17 in
air ways of asthmatics.



Sudha et al. [27] observed raised IL-17 levels in
the cell cultures of peripheral blood mononuclear
cells (PBMC) of 12 asthmatics (488.50+61.84
pg/dl) as compared to 12 healthy controls
(187.96+19.6 pg/dl), and on comparison the
difference was statistically significant between
the two groups. The probable reason for their
significant difference could be the use of cell
culture of PBMC.

A study carried out in Pakistan by Afzal et al. [28]
who documented significantly decreased serum
levels of IL-17 in diabetic patients (718.05 pg/ml )
as compared to healthy subjects (375 pg/ml)
(p=0.0026), but their study was carried out in
diabetic patient of retinopathy.

We found, a positive correlation between the
serum level of vitamin D and IL-17 in asthmatic
patients (r=0.101) but this correlation was
statistically insignificant (p=0.529). Nanzer et al.
[19] and Sun et al. [29], also documented a
positive correlation between vitamin D and IL-17
in asthmatic patients (B = 0.26, p = 0.025).

A quite contradictory finding was reported by
Maalmi et al. [15] who documented raised serum
IL-17, deficient vitamin D levels and negative
correlation of serum vitamin D and IL-17 levels in
asthmatic patients(r=0.617).

Increased IgE levels have been documented in a
number of conditions e.g. atopic diseases [30],
parasitic and non-parasitic infections [31],
inflammatory diseases, hematologic

malignancies, primary immunodeficiency, etc [32].

Total serum IgE concentration is also affected by
genetic makeup, race and immune status of the
person [31]. Demirjian et al. [33] concluded
increased total serum IgE level in atopic asthma
patients. Masoud et al. [34] documented raised
mean total IgE levels in positive skin prick test
pediatric asthma patients. Similarly, Mishra et al.
[35] reported significantly increased total serum
IgE in pediatric bronchial asthma. The current
study confirms the findings of the above
mentioned studies.

5. CONCLUSION

Raised serum level of IL-17 was observed in
asthmatic patients as compared to healthy
controls but serum level of vitamin D was almost
same in both the groups, therefore, targeting
IL17 rather vitamin D, might be more useful in
the clinical management of bronchial asthma.

Naz et al.; BJPR, 11(1): 1-8, 2016; Article no.BJPR.23474

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Alia NH, Vinay K. The lung, in Kumar,
Abbas, Nelson, eds. Robins and Cotran
Pathologic basis of disease. Philadelphia:
Saunders, 7" Ed. 2004;723-730.

2. Padmaja S, Piush JM, Malcolm RS.
Asthma: epidemiology, etiology and risk
factors. CMAJ. 2009;181(9):181-190.

3. Holgate ST. Innate and adaptive immune
responses in asthma. Nature Medicine.
2012;18(5):673-683.

4, Masoli M, Fabian D, Holt S. Global burden
of asthma Global Initiative  for Asthma
(GINA); 2004. [Online]

Available:www.ginasthma.com/Reportltem.
asp?l1=2&12=2&intld=94

[Accessed 29 May 2015]

5. Ahmed A, Ahmed F, Raza MZ, et al. A
descriptive analysis of asthma
exacerbations and it's mortality in Karachi,
Pakistan. J Aller Ther. 2013;11:004.

6. Barrett NA, Austen KF. Innate immunity in
Th2-type airway inflammation. Immunity.
2009;31(3):425-437.

DOI: 10.1016/j.immuni.2009.08.014

7. Donna ED, James W, Robert MP, et al.
Airway remodeling in asthma: New
Insights. Current Reviews of Allergy and
Clinical Immunology. 2003;111(2):215-
225.

8. Aujla SJ, Alcorn JF. TH17 cells in
asthma and inflammation. Biochimica et
Biophysica Acta. 2011;1810(11):1066—
1079.

9. Kudo M, Melton AC, Chen C, et al. IL-17A
produced by 44 T cells drives airway
hyper-responsiveness in mice and
enhances mouse and human airway
smooth  muscle contraction.  Nature
Medicine. 2012;18:547-554.

10. Holick MF. High prevalence of vitamin D
inadequacy and implications for health.
Mayo Clin Proc. 2006;81:353-373.

11. Cannell JJ3, Vieth R, Umhau JC, et al.
Epidemic influenza and vitamin D.
Epidemiol Infect. 2006;134:1129-1140.




12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Veldman CM, Cantorna MT, DelLuca HF.
Expression of 1,25-dihydroxyvitamin D3
receptor in the immune system. Arch
Biochem Biophys. 2010;374:334-8.

Brehm JM, Schuemann B, Fuhlbrigge AL,
et al. Serum Vitamin D levels and severe
asthma exacerbations in the childhood
asthma management program study. The

Journal of Allergy and Clinical Immunology.

2010;126(1):52-58.€5.
DOI: 10.1016/}.jaci.2010.03.043.

Wijst M, Dold S. Genes, factor X, and
allergens: What causes allergic diseases?
Allergy. 1999;54(7):757—-759.

Maalmi H, Berraies A, Tangore E, Ammar
J, et al. Impact of Vitamin D deficiency in
immune T cells. J. Asthma and Allergy.
2012;5:11-19.

Bischoff-Ferrari HA, Giovannucci E, Willett
WC, et al. Estimation of optimal serum
concentrations of 25-hydroxy vitamin D for
multiple health outcomes. Am J Clin Nutr.
2006;84(1):18-28.

Menon J, Maranda L, Nwosu BU. Serum
25-hydroxyvitamin D levels do not
correlate with asthma severity in a case-
controlled study of children and
adolescents. J Paed Endo Metab.
2012;25(7-8):673-9.

Orange JS, Ballow M, Stiehm ER, et al.
Potential  benefits from vitamin D
supplementation for children with asthma.
J. Allergy and Clin. Immunol. 2012;130(3
Suppl):S1-24.

Sun X, Cao Z, Zhang Y, et al. Association
between serum 25-Hydroxyvitamin D and
inflammatory cytokines in healthy adults.
Nutrients. 2014;6:221-230.

Brehm JM, Celedon JC, Soto-Quiros ME,
et al. Serum vitamin D levels and markers
of severity of childhood asthma in Costa
Rica. Am J Respir Crit Care Med.
2009;179:765-771.

Brehm JM, Schuemann B, Fuhlbrigge AL,
et al. Serum Vitamin D levels and severe
asthma exacerbations in the childhood
asthma management program study. The

Journal of Allergy and Clinical Immunology.

2010;126(1):52-58.€5.
DOI: 10.1016/}.jaci.2010.03.043

Wong CK, Ho CY, Ko FWS, et al
Proinflammatory cytokines (IL-17, IL-6, IL-
18 and IL-12) and Th cytokines (IFN-y, IL-
4, 1L-10 and IL-13) in patients with allergic

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Naz et al.; BJPR, 11(1): 1-8, 2016; Article no.BJPR.23474

asthma. Clinical and Experimental
Immunology. 2001;125(2):177-183.

DOI: 10.1046/j.1365-2249.2001.01602.x
Farschi K, Mitra FA, Majid M, et al. The
serum and sputum levels of Interleukin —
17 in patients with asthma. MSJI.
2013;3(15):152-165.

Agache |, Ciobanu C, Agache C, et al.
Increased serum IL-17 is an independent
risk factor for severe asthma. J. Respir.
Med. 2010;104(8):1131-1137.

Alyasin S, Karimi MH, Amin R, et al.
Interleukin-17 gene expression and serum
levels in children with severe asthma. Iran.
J. Immunol. 2013;10(3):177-185.

Bullens DM, Truyen E, Coteur L, et al. IL-
17 mRNA in sputum of asthmatic patients:
linking T cell driven inflammation and
granulocytic influx. Respir. Resear. Rev.
2006;7:135.

Sudha N, Chaitali M, Pramod VN, et al.
Importance of IL-10 and IL-17 cytokines in
human asthma as studied by ELISPOT. Int
J Med Biomed Res. 2013;2(2):103-112.
Afzal N, Javaid K, Zaman S, Zafar A,
Abdul H, Nagi AH. Enumeration of
CD4+CD25+T regulatory cells in type-ll
diabetes retinopathy. Pak J Pharm
Sci. 2014;27(5):1191-1197.

Nanzer AM, Chambers ES, Ryanna K,
Richards DF, Black C, Timms PM, et al.
Enhanced production of IL-17A in patients
with severe asthma is inhibited by l1a,25-
dihydroxyvitamin D3 in a glucocorticoid-
independent fashion. The Journal of
Allergy and Clinical Immunology.
2013;132(2):297-304.

Stone KD, Prussin C, Metcalfe DD. IgE,
mast cells, basophils, and eosinophils. The
Journal of Allergy and Clinical Immunology.
2010;125(2 Suppl 2):S73-S80.

DOI: 10.1016/j.jaci.2009.11.017

Pien GC, Orange JS. Evaluation and

clinical interpretation of hypergamma
globulinemia E: Differentiation atopy
from immunodeficiency. Ann  Allerg.

2008;100(4):392-95.

Smith P, Ownby DR. Clinical significance
of IgE. In: Adkinson N, Bochner BS, Busse
WW, Holgate ST, Lemanske, RF. and
Simons, FER eds. Middleton’'s allergy:
principles and practice. St Louis: Mosbhy
Elsevier; 2009.

Demirjian M, Rumbyrt JS, Gowda VC, et
al. Serum IgE and eosinophil count in



34.

allergic rhinitis-Analysis using a modified
Bayes' theorem. Allergol Immunopathol
(Madr). 2012;40(5):281-287.

Masoud MI, Mostafa MI, Mohammad G, et
al. Association of HLA class Il alleles with
childhood asthma and total IgE levels. Iran

35.

Naz et al.; BJPR, 11(1): 1-8, 2016; Article no.BJPR.23474

J. Allergy Asthma Immunol. 2008;7(4):
215-220.

Mishra MN, Dudeja P, Gupta RK.
Association of HLA class Il and IgE serum
levels in pediatric asthma. Iran J Immunol.
2014;11(1):21-28.

© 2016 Naz et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/13821




