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Abstract. Background:  Asthma is a chronic inflammatory disease of airways which accounts for a huge eco-
nomic, morbidity, and mortality burden. There are different cytokines that contribute to asthma pathophysiol-
ogy. Learning about these cytokines leads to attaining novel anti-inflammatory treatments for asthma control. 
Objectives: The objective of this study is to investigate the association between interleukin-9 serum level 
and gene polymorphism with asthma susceptibility. Methods: This was a case-control study of 70 asthmatic 
patients and 77 healthy control adults aged 18-60. Asthma diagnosis and severity were based on physician 
diagnosis, pulmonary function test (PFT) and 2016 guild line of Global Initiative for Asthma (GINA). 
Interleukin 9(IL -9) serum level was measured using sandwich enzyme linked immunosorbent assay.  IL9 
promoter single nucleotide polymorphism (SNP) (rs2069882) was also assessed using Real-Time PCR Sys-
tem. Results: There was no significant association between IL-9 SNP polymorphism and asthma. IL-9 serum 
level was significantly associated with asthma susceptibility (p value= 0.016) and absolute eosinophil count 
(AEC) (P value=0.033) however, its correlation with atopic asthma type, asthma severity and Immunoglubin 
E serum level were not statistically significant. Conclusion: Although there was no association between IL-
9 SNP and asthma, but IL-9 serum level was significantly correlated with asthma susceptibility and AEC. 
(www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction

Asthma is a complex heritable chronic inflam-
matory disease associated with hyperresponsiveness, 
inflammation and intermittent reversible obstruction 
of airways. (1, 2). Asthma is the most common chronic 
disease among young adults, and about 300 million 

people worldwide suffer from asthma. WHO esti-
mates a 100 millionincrease in the global prevalence 
of asthma in the next decade (3, 4). Although current 
available treatment modalities, such as inhaled corti-
costeroids, biologic therapies and other anti-inflam-
matory therapies decreased asthma mortality rates in 
recent decades (5-7), but incidence of asthma and its 



Acta Biomed 2021; Vol. 92, N. 3: e20212062

economic burden is still increasing (8) and approxi-
mately 15% of patients with asthma do not respond to 
maximal conventional therapies (9).  

Several studies have strongly showed the involve-
ment of T-helper 2(Th2) lymphocytes and their 
cytokines products in the pathogenesis of asthma (10). 
Th9 cell is a Th2 subpopulation that produces Inter-
leukin-9(IL9). Genetic and experimental analyses 
have showed several effects of IL-9 on the pathogen-
esis of asthma. 

Different immune cell types including mast cells, 
eosinophils and neutrophils can produce IL-9 but the 
major source is T-helper cells (11). IL-9 can induce 
IgG and IgE production form B cell lymphocytes, 
survival and maturation of Eosinophils, T calls, and 
neutrophils chemotaxis (12, 13). IL-9 inhibits IFN-γ 
secretion form CD4+T helpers and promotes prolifer-
ation of cytotoxic CD8+T cells (14, 15). IL_9 increases 
airways smooth muscles proliferation which is a key 
point in chronic asthma progression (16). Moreo-
ver, IL-9 has a significant role in the development of 
asthma by increasing mast cells protease secretion and 
IgE receptor (FcεRIα) expression which is a signifi-
cant step in the development of allergic asthma (17). 

IL-9  can also rescue Th2 cells from apopto-
sis, increase survival and proliferation of mast cells, 
increasing immunoglobulin E serum level, enhance 
eosinophil development, exhibit epithelial cell hyper-
trophy, accumulation of mucus within secretory cells, 
and subepithelial deposition of extracellular matrix 
proteins. All these features are strongly associated with 
asthma pathophysiologic mechanism (18-22). 

To the best of our knowledge, no study has inves-
tigated the association of IL9 cytokine serum level with 
asthma in adult patients. This study was conducted to 
assess the association of IL9 serum level and SNP with 
asthma susceptibility and its severity.

Methods

Study Population

This case-control study was conducted on asth-
matic patients and non-asthmatic healthy controls. 
Asthmatic patients were referred to “Masih Daneshvari 

Hospital” in Tehran, Iran were included. Age and sex 
matched healthy individuals were collected from gen-
eral population. Asthma diagnosis and severity were 
defended based on history, physical examination, pul-
monary function test (PFT) and following the guild 
line of Global Initiative for Asthma (GINA) 2016. 
Asthmatic subjects were classified into 3 groups of 
mild persistent, moderate persistent, and severe per-
sistent (23). Spirometry test was defended according 
to American Thoracic Society (ATS) standards (24). 
Atopic asthma type was characterized by positive skin 
prick test (SPT), with the wheal size of greater than 
3mm than saline control as the positive test result (25). 
Control group had no history of asthma or other res-
piratory diseases and showed normal PFT. Patients 
with other pulmonary disease, presence of parasitic 
infection, liver, cardiovascular, Endocrine or Hema-
tologic disease, malignancy, hypertension, and organ 
transplantation were excluded from the study in order 
to prevent false positive high serum level of cytokines. 
An approval was obtained from the Local Ethics Com-
mittee of the Tehran University of Medical Sciences. 
Accordingly informed written consent was taken from 
all subjects. 

DNA Extraction and Single Nucleotide polymorphism 
Genotyping 

Five millimeters of venous blood were collected 
from the participants and stored in Ethylene dia-
mante traacetic acid (EDTA) tube at -20°C. DNA 
was extracted using the standard phenol chloroform 
method. One promoter polymorphism (315 + 76T>C; 
rs2069882) was selected for genotyping using TaqMan 
SNP Genotyping Assay by 96-well 7300 ABI Real-
Time PCR System. Polymerase chain reaction prod-
ucts underwent electrophoresis on a 2% agarose gel 
containing ethidium bromide and were visualized 
under ultraviolet illumination. 

Immunoglobulin E and absolute eosinophil count 

Total serum IgE was measured using Enzyme-
Linked Fluorescent Assay (ELFA) and Absolute 
Eosinophils Count (AEC) were measured by an 
automatic complete blood count (CBC) analyzer 
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(MEK-7300K, Nihon Kohden Corporation, Tokyo, 
Japan). Serum IgE value of 120 kUA/l and AEC of 
440 Cells/mm3 were considered as upper limits of 
normal (26-28).

IL9 serum level   

Five millimeters of venous blood were obtained 
from all participants. Samples could clot, and serum 
was separated by centrifuging at 1500 rpm for 10 min 
and stored at – 80°C. Serum level of interleukin 9 was 
measured using sandwich enzyme linked immuno-
sorbent assay (Commercial enzyme-linked immuno-
sorbent) (R&D Cat. No. BMS2081). The assay was 
performed using the protocols recommended by the 
manufacturers. The minimum detectable level of IL9 
was 0.62 ng/ml.

Statistical Analysis

Data were analyzed using SPSS version 18. Pear-
son’s Chi-square test or Fisher’s test(when appropriate) 
were used to check the association between IL9 SNP 
allele frequencies and asthma. The One-way ANOVA 
test was used to check the association between IL9 
serum level and asthma susceptibility, severity and 
type. In all statistical tests, Statistical significance level 
was defined as P value of <0.05.

Results

This study included 70 patients with asthma diag-
nosis and 77 healthy control adults aged 18-60. Demo-
graphic characteristics are summarized in table-1. 

IL9 promoter rs2069882 polymorphisms were 
genotyped in all cases and control group. All the SNPs 
were in accordance with Hardy–Weinberg equilib-
rium in both groups. Although C-allele frequency of 
rs2069882 SNP was slightly less prevalent among the 
cases goup compared with control (20% vs 23%), but 
assessment of genotype and allele distributions showed 
no statistically significant difference (Table-2).

Mean IL9 serum level was 0.502 mg/dl in asth-
matic group and 0.391 mg/dl in control group and 
the difference was statistically significant (p value= 

Table 1. Demographic characteristics

Control(N=77) Case(N=70)

Age

≤40 56(73%) 49(70%)

>40 21(27%) 21(30%)

Sex

Male 28(36%) 24(34%)

Female 49(64%) 46(66%)

Smoking status

Smoker 0(0%) 8(11.4%)

Non-smoker 77(100%) 62(88.6%)

Severity

Mild persistent - 24(34.3%)

Moderate persistent - 36(51.4%)

Severe persistent - 10(14.3%)

Asthma type

Atopic - 54(77%)

Non-Atopic - 16(23%)

0.016). However, neither asthma severity nor asthma 
type (atopic or non-atopic) was significantly associated 
with IL9 serum level (p value of 0.52 and 0.32, respec-
tively). Further evaluation showed that asthmatic 
patients with higher serum IL9 level had significantly 
higher AEC (Figure-1). However, no significant cor-
relation was found between IL9 serum level and IgE 
serum level among asthmatic patients (P value=0.367).

Discussion

This case-control study reports on the compari-
son of IL9 serum level and SNP between asthmatic 
patients and control healthy adults. In this study, we 
found that asthmatic patients had significantly higher 
Interleukin-9 serum level in comparison with control 
group. However, IL9 serum level was not significantly 
correlated with asthma severity or atopic type. Moreo-
ver, IL9 rs2069882 SNPs were not significantly cor-
related with asthma susceptibility. Further evaluations 
showed asthmatic patients with higher IL9 serum level 
had significantly higher AEC, but this relationship 
was not statistically significant for Ig E serum level.
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There are some studies investigated the role of 
IL9 SNP in asthma. Waldman et al have demon-
strated in a meta-analysis of sib pair studies that there 
is little evidence of IL-9 gene role in asthma patho-
genesis(29). Wang et al also showed that allele 122 of 
the IL-9 gene is slightly associated with asthma (P = 

0.047) (30).Some other studies showed that polymor-
phism on chromosome 5q31–33 which contains the 
IL-9 gene, is significantly associated with atopy and 
asthma (31, 32). However, some other studies were 
consistent with our study, showing no relation between 
asthma and IL9 SNPs (33). These controversies may 

Table 2. Allele and Genotype Frequencies of rs2069882

SNP Allele Genotype Asthema 
(N= 70) n(%)

Controls
(N=77) n(%) P-value Odds Ratio 

(OR)

95% 
Confidence 

Interval

rs 2069882

C 28(20%) 35(23%) 0.55 0.85 0.48-1.48

T 112(80%) 119(77%) ref ref ref

CC 4(5.7%) 3(3.9%) 0.99 1.49 0.32-6.92

CT 20(28.6%) 29(37.7%) 0.24 0.66 0.33-1.32

TT 46(65.7%) 45(58.4%) ref ref ref

Figure 1.Correlation between IL9 serum level and AEC( P value=0.033)
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be due to the different environmental exposure that is 
responsible for allergic response in genetically predis-
posed individuals (34). 

Based on our knowledge, our study is the first 
clinical study that investigated association between 
IL9 serum level and asthma susceptibility in adults. 
However, several sub-clinical studies showed that IL9 
plays an important role in asthma pathophysiology; as 
it has several effects on numerous hematopoietic cells 
involved in asthma pathogenesis (19-21). IL-9 stimu-
lates the proliferation of activated T cells, promotes 
the proliferation and differentiation of mast cells and 
increases production of immunoglobulins by B cells. It 
also is associated with susceptibility to develop AHR 
(35, 36). IL-9 has a critical role in regulating number 
of mast cells which contribute to bronchoconstriction, 
mucus secretion, mucosal edema, angiogenesis and tis-
sue remodeling (37). 

Finding SNPs and diseases associations can be 
useful for identification of at-risk patients (38). Our 
study showed that there is no significant association 
between rs2069882 SNP of IL9 and asthma suscep-
tibility. However, there are some other inconsistent 
studies. These inconsistent results emphasize on the 
role of environmental exposure in developing asthma 
in genetically susceptible patients. Finding these envi-
ronmental factors may be useful in asthma prevention.

The increased knowledge on cytokines involved 
in asthma pathophysiology can lead to generating new 
therapeutic strategies by applying anti-cytokines anti-
body (39-41). In our study, IL9 serum level was sig-
nificantly associated with asthma and AEC. Although, 
this study was a case-control and more randomized 
clinical trials are needed in this area and anti-IL9 anti-
body therapy in asthma. 

Conclusion

In conclusion rs2069882 SNP of IL9 was not 
significantly associated with susceptibility to asthma. 
However, IL9 serum level was significantly higher in 
asthmatic patients in comparison with healthy individ-
uals and IL9 serum level was significantly correlated 
with AEC. Further studies are needed toinvestigate 
environmental exposures which are responsible for 

asthma in some individuals with IL9 SNP and the role 
of anti-IL9 antibody in asthma control.
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