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Abstract

Celiac disease is a condition in which the small intestine's lining is damaged and
the body has trouble absorbing nutrients, typically occurring in individuals who are
genetically susceptible and triggered by the consumption of gluten. The pathogenesis
of this disease involves the interactions between environmental, genetics, and
immunological factors. This research designed to inspect the frequencies of
genotypes and alleles of IL-9 rs17317275 in an Iraqi celiac disease population via
allele specific primers-polymerase chain reaction technology. The study included
fifty patients with celiac disease, with a mean age of 23.5+11.88 years, preforming
between November 2021 to February 2022. The results indicated that the AA
genotype and A allele were significantly more frequent in celiac disease patients
compared to the control group (72.0% vs. 10.9% OR:20.96, p=1.98 x 1071° and 84.0%
vs. 34.0%, OR: 10.25, p= 2.4 x 108, respectively). Additionally, within the celiac
disease group, the AA genotyping and A4 allele were more frequent in celiac disease
group than the other genotypes and allele in the same group (72.0% and 84.0% vs.
24.0%, 4.0% and 16.0%, respectively). It can be concluded from the results that the
AA genotype and the A allele may be related with a greater risk of developing
digestive disorders than other genotypes.
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1. Introduction:

Interleukin-9 (IL-9) is a member of the IL-2 cytokine family that is released by the induced
CD4" T lymphocytes by tumor growth factor-beta (TGF-B) and IL-4 (T helper-9 (Th-9)
pathway) [1, 2]. Interleukin-9 is also secreted by the stimulated Th2 lymphocytes and serves
as a growth agent for the mast cells and T lymphocytes that assistance facilitate T helper
lymphocytes-9 (Th-9) immune responses to allergic inflammatory diseases [3]. Additionally,
IL-9 also can stimulate T helper lymphocytes-17 (Th-17) for differentiation and mediation of
autoimmune and inflammatory diseases. Furthermore, IL-9 is produced by Th-17 cells, which
primarily secrete and produce interleukin-17A (IL-17A) and interleukin-17F (IL-17F) [3, 4, 5].
Furthermore, IL-9 is produced by various cells, including T helper lymphocytes-2 (Th-2), Th-
17, and natural killer cells [6]. IL-9 plays crucial role in triggering pathophysiological processes
for several autoimmune disorders, including ankylosing spondylitis (AS), celiac disease (CeD),
diabetic mellitus (DM), multiple sclerosis (MS), rheumatoid arthritis (RA), and systemic lupus
erythematosus (SLE) [7, 8, 9]. Furthermore, IL-9 regulates the function of several immune
cells such as T and B lymphocytes, mast cell in addition to the epithelial cells, also it activates
the signaling pathways such as the signal transducer and activator of transcriptionl (STATI),
STAT3 and STATS that have roles in many cellular immunity aspects, proliferation, apoptosis
and differentiation process [1, 10]. Furthermore, IL-9 promotes the production of chemokine
C-C motif ligand 20 (CCL20) that mediates the recruitment of CC chemokine receptor6
(CCR6)-expressing dendritic cells (DCs) and CDs" cytotoxic T lymphocytes (CTLs) [11].

IL-9 gene is positioned at chromosome 5 5q31-35 consisting of 5 exons and 4 introns [12],
it is described for the first time as a cytokine that has a pivotal role in the multiple cell lineages
development, proliferation, survival, and differentiation of innate and adaptive immunity, that
is recognized as a T lymphocytes growth agent [8, 9, 13]. CeD is a chronic autoimmune
disorder that is triggered by gluten in the diet of individuals who have a genetic predisposition,
leading to a systemic immune response. Many clinical presentations, such as specific
autoantibody response presence and varying damage to the small intestinal mucosa. CeD 1is
associated with several genes coded for Human Leukocyte Antigen (HLA) DQ2 and DQS. CeD
can manifest at any age and may lead to various complications, such as the chronic
inflammation of the small intestine mucosa and submucosa and is characterized by the presence
of several systemic manifestations triggered by the presence of specific-immunogenic peptides
of gluten protein found in wheat, rye, and barley [14]. Furthermore, multiple genetic variations
have been identified in IL-9 gene, including coding single nucleotide polymorphisms (SNPs)
that occurred in the coding region of IL-9 gene leading to changes in the sequence of the amino
acids that composed IL-9 protein, non-coding SNPs founded outside the coding regions (exons)
that included introns, untranslated region (UTR), promoter-enhancer region, and intragenic
region that positioned outside the gene [15, 16].
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The previous information, along with the unclear understanding of IL-9 function in inducing
the immunity induction, motivated us to enhance our knowledge regarding the association
between IL-9 genotyping and CeD development risk. IL-9 is a multifunctional cytokine
involved in various immune response, including type 2 immunity, autoimmunity, and anti-
tumor immunity [17]. IL-9 gene is regulated by several non-coding regulatory elements that
modulate its transcription through complex chromatin interactions [18]. The SNPs rs17317275
in IL-9 gene has attracted attention due to its potential impact on gene expression and its
association with various diseases [13, 19, 20]. The SNP represents a single nucleotide
polymorphism where adenine (A) is replaced by guanine (G), leading to three possible
genotypes: AA, AG, and GG. Understanding the distribution and functional implications of
these genotypes can provide insights into the role of IL-9 in disease pathogenesis and
therapeutic strategies. Therefore, this study aimed to determine the frequencies of genetic
single nucleotide polymorphisms (SNPs) of IL-9 rs17317275 A>G genotypes and alleles in
Iraqi CeD patients, then compare the present findings of this SNP with other previous findings
over the world if found.

2. Subjects
2.1 Samples collection

Fifty celiac disease blood samples were collected from patients suffering from CeD who the
physician diagnosed at the specialized hospitals. The patients had a mean age of 23.50 + 11.88
years, and Biomass Index (BMI) means + standard deviation (SD) was 25.63 + 6.55 kg/m?. A
control group of one hundred eighty-three healthy individuals had a mean age of26.71 = 10.35
years and a mean BMI of 25.86 + 8.89 kg/m?. A written agreement was obtained from all the
participants in the present investigation through the questionnaire, including the age, gender,
and other questions associated with the disease. Samples were collected between November
2021 and February 2022 and stored in Ethylenediaminetetraacetic Acid (EDTA) tubes for
genetic analysis of IL-9 rs17317275 variants. The collected blood samples were kept in EDTA
tubes for the genetic variant determinants of /L-9 rs17317275.
Deoxyribonucleic Acid (DNA) was extracted using the DNA Extraction Kit (Cat procedure
No.: FABGK 001-2, FAVORGEN Biotech Corporation, Vienna). The DNA yield was
evaluated using a Nanodrop spectrophotometer, which revealed a purity ratio of 1.7-2.0 and a
concentration range of 60-120 pg/mL. The studied groups were scanned for genotyping and
alleles' frequencies for /L-9 SNPs rs17317275 via allele-specific primers — polymerase chain
reaction technique (ASP-PCR) [13, 20]. In this study, all primers underwent validation using
NCBI Primer Blast, Ensemble, and UCSC In-Silico PCR websites. Three specific primers were
designed based on a 218 bp sequence fragment got from the SNP database of the gene of
interest. These primers included two forward primers differing by a single nucleotide (A>G at
the first site of the forward primer) and a common reverse primer. Each sample was genotyped
using Allele-Specific PCR (ASP-PCR), which involved two separate PCR reactions. In each
reaction, one of the two forward primers (5’-AAACTTCAGCTCTGTCCCTG-3’ for the 4
allele and 5’-GAACTTCAGCTCTGTCCCTG-3’ for the G allele) was paired with the common
reverse primer (5’-GCCGGTTGTGGTGTCAAT-3’).
2.2. Molecular finding of IL-9 SNPs (rs17317275) by using polymerase chain reaction

All PCR reactions were managed in a total volume of 25 pl. Each reaction mixture
comprised of Sul Master mix (Intron Biotechnology, Inc., Korea), 1 pul of the one of forward
primers (10 pmol/ul, Integrated DNA Technologies Inc., USA), 1ul of the common reverse
primer with concentration of 10 pmol/ul (Integrated DNA Technologies Inc., USA), 3ul of the
extracted DNA, and 15 pl of free nucleases water (Intron Biotechnology, Inc., Korea). Table 1
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outlines the primer sequences, PCR conditions, and product lengths used for genotyping the
current SNP.

Table 1: The primer sequence and PCR conditions

PCR conditions
primers sequences i LHEIES
PCR steps Tem[:)e(lj'ature Time product
O (sec.) length
”17%%‘121;55 1. Initial 94 5
e ASG A forward primer denaturation
AAACTTCAGCTCTGTCCCTG 2. Thirty-five cycles, each cycle consisted
of:
G forward primer A. Denaturation 94 30 218 bp
GAACTTCAGCTCTGTCCCTG B. Annealing 54 30
Common Reverse C. Extension 72 30
GCCGGTTGTGGTGTCAAT 3. Final - 10
extension

In this study, single nucleotide polymorphisms for /-9 rs17317275 were genotyped. The
allele-specific primers technique (ASPs) was employed in order to genotype /L-9 rs17317275.
After PCR, the amplicons were electrophoresed on 1.5 % of agarose gel pre-stained with the
Red Safe Stain® (Intron Biotechnology, Inc., Korea) [21]. The genotyping results indicated a
heterozygous genotype (AG) when two bands appeared on the gel electrophoresis, while the
amplicon presented with one band when electrophoresed on the gel guided to be as a
homozygous genotype (AA or GG).

1.3. Statistical Analysis

Linearity, normality, and homogeneity of age and BMI data were assessed using IBM SPSS
Statistics version V28.0 [22] Age and BMI were presented as mean + SD, with statistical
significance defined as p < 0.05. Numerical data were reported as frequencies and percentages.
Person's chi-square and Fisher's exact tests were performed using epidemiological statistical
software (WIN PEPI version 11.65) [23] to determine probabilities.
Furthermore, an online Hardy-Weinberg calculator was utilized to compute genotype and allele
frequencies, odds ratios (OR), and assess Hardy-Weinberg equilibrium probability [24].
Finally, effect size and sample power were calculated with G Power (version 3.1.9.4) [25].

3. Results
3.1. Physical Characterization of the studied samples

The current results were derived from the analyzing data obtained from 233 blood samples.
Linearity, normality, and homogeneity were assessed to validate the sample size for patients (n
= 50) and controls (n = 138). The power of sample size was estimated using G*Power software
with the following inputs: a two-tailed a error of 0.05 and an effect size (d) of 0.5. The resulting
power was calculated to be 0.88, which exceeds the statistically acceptable threshold of 0.8
[25].

The mean age was 23.50 + 11.88 and 26.71 + 10.35 years for the both studied groups (CeD
patients’ group and the control group, respectively) as shown in Table 2. In addition, the BMI
means were 25.63 + 6.55 and 25.86 + 8.89 Kg/m? for the CeD and control groups, respectively.
The percentage of females who contributed in the current study was 56.0% for the patients’
group and 57.9% for the healthy control group, while the male percentage was 44.0% for the
patients’ group and 42.1% for the healthy control group. The effect size was 0.8, and the sample
power (2-tailed probability) was 0.99 (Table 2).
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Table 2: The age and BMI mean, gender frequency, effect size, and power of samples
appearances data of the studied group.

Sociodemographic 21 p(a;i:snot)group Control group (n=183)
Age (Years) 235+ 11.88 26.71 +£10.35
BMI (Kg/m?) 25.63 £ 6.55 25.86 + 8.89
Males’ percentage (frequency) 44.0 (22) 42.1 (77)
Females’ percentage (frequency) 56.0 (28) 57.9 (106)
Effect size 0.8
Degree of Freedom (DF) 231
Non-centrality parameter & 5.01
a-error probability (2 tailed) 0.009

Power of samples (1 — [ error

probability) (2 tailed) 0.99

3.2. IL-9 SNPs rs17317275

The genetic variations of IL-9 SNPs rs17317275 were studied; (4 allele changed to G allele
at the site of the forward DNA strand). The genotyping was detected by ASP-PCR technique
[26, 27]. The band length of /L-9 SNP rs17317275 was 218 base pairs on 1.5% agarose gel
(Figure 1).

Two alleles were determined at the position of IL-9 SNP rs17317275 (4 and G), resulting
in three possible genotypes (AA, AG, and GG). The AA, and AG genotypes and A4 allele were
more frequent than the GG genotype in the CeD group (Table 3). The genotype frequencies
observed in the two groups were found to be in Hardy-Weinberg equilibrium, as shown in
Table 3. In the CeD group, the frequency of the AA genotype and 4 allele was more recurrent
than AG and AA genotypes and G allele (72.0% and 84% for AA genotype and A4 allele versus
24.0%, 4.0% and 16.0% for AG, GG genotypes and G allele) (Table 3). In case-control
comparison, the results of IL-9 SNPs rs17317275 presented that the AA genotype and A4 allele
were significantly elevated percentage in the CeD group than the controls (72.0% and 84.0%
vs. 10.9% and 34.0% for CeD and control, respectively) (Table 3). The frequency of AG and
GG genotypes, as well as the G allele, was significantly lower proportion in the CeD group
than the control group (24.0%, 4.0%, and 16.0% vs. 45.9%, 43.2%, and 66.0% for CeD and
controls, respectively) (Table 3). The increased OR value of AA genotype and A4 allele (20.96
and 10.25, respectively) indicate their significant role in the disease development, which was
68.6% and 75.8% for AA genotype and A4 allele, while the OR value in AG, GG genotypes and
G allele referred to the preventive role of these genotypes and allele which was 28.8%, 40.8%,
and 59.7% for AG and GG genotypes and G allele (Table 3).
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1A 1G 2A 2G 3A 3G 4A 4G 35A 5G 6A 6G

Figure 1: Gel electrophoresis of /L-9 SNPs rs17317275 using 1.5 % of agarose gel stained
with the Red Safe dye® (Intron Biotechnology, Inc., Korea).

The resulting amplicons had a band length of 218 base pairs. L: Universal DNA ladder, 1, 2,
3,4, 5 and 6 (A or G): the examined samples. A single band in the 2" and 5™ wells referred to
the AA homozygous genotype, while the 1%, 4™ and 6™ wells referred to the GG homozygous
genotype. In contrast, the two bands in the 3™ well were referred to the AG heterozygous
genotype.

Table 3: A logistic analysis comparing the alleles and genotypes frequencies of /L-9 SNPs
rs17317275 in the CeD group in comparison to the healthy control group.

CeD group Control group Effectiv
o o,
e frequency (%) frequency (%) . e
raction
gof IL-9 or
o,
SNPs Observe | Expecte | Observe | Expecte QREs6Cy preventi P e
rs1731727
d d d d ve
5 :
fraction
%
353 21.0 20.96 (9.73 - 6.3 x 1.98
AA 36 (72.0) (70.6) 20 (10.9) (11.5) 45.12) 68.6 107 | X 1160‘
13.4 82.0 0.01
AG 12 (24.0) (26.9) 84 (45.9) (44.8) 0.37 (0.18 —0.75) 28.8 0.006 3
22x | 6.6x
GG 2 (4.0) 1.3(2.6) | 79 (43.2) | 80(43.7) | 0.05(0.01 —0.23) 40.8 108 108
50 183 183
Total 1 50.190) | 160.0) | (100.0) | (100.0)
P-HWE 0.4487 0.7400
Alleles frequency
A 84 (84.0) 124 (34.0) 10'212 (159';7 B 75.8 79x | 24x
. -9 -8
G 16 (16.0) 242 (66.0) 0.10 (0.05-10.17) 59.7 10 10

OR: odds ratio, 95% CI: 95% confidence intervals, P: Fisher’s exact probability, Pc:
Bonferroni correction probability, P-HWE: the probability pf Hardy — Weinberg equilibrium
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4. Discussion

IL-9 SNPs rs17317275 is a novel genetic variation that has shown significant associations
with several immune-related conditions. The studies indicated that the 4 allele may be linked
to increased IL-9 expression, which could enhance immune responses in certain contexts [13,
17, 20]. Conversely, the G allele might be associated with reduced IL-9 levels, potentially
impacting the severity and progression of diseases such as asthma, autoimmune disorders, and
certain cancers [ 18]. A notable finding in the recent study was the discovery that the expression
of IL-9 varied significantly depending on the genotype at the rs17317275 locus. For instance,
individuals with the AA genotype tend to exhibit higher IL-9 levels compared to those with the
GG genotype [17, 19]. This variation in cytokine levels can influence the immune system’s
ability to respond to infections, tumors, and inflammatory conditions. Moreover, the AG
genotype, representing a heterogenous state, often shows intermediate levels of IL-9,
suggesting a dose-dependent effect of the alleles [17, 19]. The novelty of the IL-9 SNP
rs17317275 lies in its potential as a biomarker for disease susceptibility and prognosis. By
identifying individuals with specific genotypes, clinicians can tailor therapeutic approaches to
modulate IL-9 levels, thereby improving patient outcomes [18]. Additionally, this SNP could
serve as a target for gene editing technologies aimed at correcting dysregulated IL-9 expression
in various diseases [17].

The current study is the first study about the association between IL-9 serum level and its
genetic polymorphism rs17317275 among CeD patients. The present results agreed with the
results of Mohammed and Salloom (2021) who reported that the AA genotype was more
recurrent in autoimmune disease [20]. While other studies about IL-9 genetic polymorphisms
rs17317275 SNPs in rheumatoid arthritis reported that the AG genotype frequency percentage
was more frequent (61.84%) than the other genotypes, while the AA and GG genotypes were
less frequent (11.84% and 26.32%, respectively), and they included that the AG genotyping
and A allele might be related to CeD development [13]. However, the exact mechanisms to
understand the association between IL-9 SNPs with the autoimmune diseases still being
investigated, several researchers are exploring how IL-9 influences immune responses and
contributes to disease pathogenesis [1, 28, 29]. Regrettably, a thorough review of the literature
revealed a lack of published studies examining the genetic and allelic variations associated with
this change. However, we believe that the change from G to A4 allele resulting in changes in the
genetic code that lead to change in the transcription and translation of the resulted amino acids
and affect at the peptides series, and finally at the configuration of the protein. In addition,
different studies deal with the role of IL-9 levels and their genetic polymorphisms in the
immune response and autoimmune disease development [30]. Through the regulation of
various immunological functions, IL-9 provides binding site to numerous transcription factors
(STATI, STAT3, STATS, STAT6, Nuclear factor kappa-light-chain-enhancer of activated B
cells (NFkP)) and promotes the activation and recruitment of inflammatory cells [31].
Furthermore, the increase production of IL-9 serum level especially in the intestine from the
gut T cells will increase the susceptibility to food allergy, and stimulate the mast cell migration
to the intestine leading to intestinal mastocytosis and increasing the permeability of the
intestine and induction the inflammation in the gut [32]. The present results of elevated IL-9
level in the CeD patients’ group were compatible with the investigations of Dantas et al. (2015)
who reported the elevated IL-9 level in CeD and other autoimmune diseases [33].

Conclusions

In conclusion, the IL-9 SNPs rs17317275 represents a significant genetic variation with
important implications for immune regulation and disease management. This investigation
concluded that the AA genotype of the IL-9 rs17317275 SNP was more frequently observed in
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patients with celiac disease, while the (AG and GG) genotypes were less common. This
suggests a potential association of the AA genotype and A4 allele with autoimmune conditions
like celiac disease.

Recommendations

Based on conclusions and after reviewing the literature and the present findings investigated
only one SNP of /L-9 genes, and it has been found such SNP’s region encompasses further
SNPs; therefore, we recommended investigating these SNPs in the forthcoming studies, The
results can be better presented in terms of haplotypes of these alleles. Further research is needed
to fully elucidate its role and develop targeted therapies that leverage this genetic insight.

Declaration of competing interest
The authors have no relevant financial or non-financial interests to disclose.

References

[1] J. Wan, Y. Wu, X. Ji, L. Huang, W. Cai, Z. Su, S. Wang, H. Xu, “IL-9 and IL-9-producing cells in
tumor immunity,” Cell ~Communication and Signaling,vol. 18, no. 50, 2020.
https://doi.org/10.1186/s12964-020-00538-5

[2] Y. B. Zhao, S. H. Yang, J. Shen, K. Deng, Q. Li, Y. Wang, W. Cui, H. Ye, “Interaction between
regulatory T cells and mast cells via IL-9 and TGF-B production,” Oncology Letters, vol. 20, no.
6, pp. 360, 2020. https://doi.org/10.3892/01.2020.12224.

[3] T.P.Singh, M. P. Schon, K. Wallbrecht, A. Gruber-Wackernagel, J. Wang, P. Wolf, “Involvement
of IL-9 in Th17-Associated Inflammation and Angiogenesis of Psoriasis,” PLOS ONE, vol. §, no.
1,e51752,2013. https://doi.org/10.1371/journal.pone.0051752.

[4] M. F. Fadhil, S. R. Ibraheem, A. A-K. A. Al-Kazaz, “Study the association between IL-17 level
and autoimmune antibodies in hypo and hyper thyroidisms patients,” Iraqi Journal of Science, vol.
60, no. 9, pp. 1967-1976, 2019. https://doi.org/10.24996/ijs.2019.60.9.9.

[5] S.S. Abdul-Hussein, E. N. Ali, N. M. F. Alkhalidi, N. H. Zaki, A. H. Ad’hiah, “Roles of IL-17A
and IL-23 in the Pathogenesis of Ulcerative Colitis and Crohn’s Disease,” Iraqi Journal of Science,
vol. 62, no. 8, pp. 25262535, 2021. https://doi.org/10.24996/ijs.2021.62.8.5.

[6] Z. Peng, S. Jiang, M. Wu, X. Zhou, Q. Wang, “Expression and role of interleukin-9 in Vogt-
Koyanagi-Harada disease,” Molecular Vision, vol. 23, pp.538-547, 2017.

[7] V. Snijesh, M. S. Matchado, S. Singh, “Classifying Rheumatoid Arthritis gene network signatures
for identifying key regulatory molecules and their altered pathways by adopting network biology
approach,” Gene Reports, vol. 13, pp-199-211, 2018.
https://doi.org/10.1016/j.genrep.2018.10.013.

[8] M. H. Kaplan, M. M. Hufford, M. R. Olson, “The development and in vivo function of T helper 9
cells,” Nature Reviews Immunology, vol. 15, no. 5, pp. 295-307, 2015.
https://doi.org/10.1038/nri3824.

[9] H. F. Nowotny, T. Marchant Seiter, J. Ju, A. Gottschlich, H. Schneider, S. Zopp, F. Vogel, L.
Tschaidse, M. K. Auer, C. Lottspeich, S. Kobold, S. Rothenfusser, F. Beuschlein, M. Reincke, L.
Braun, N. Reisch, “Major immunophenotypic abnormalities in patients with primary adrenal
insufficiency of different etiology,” Frontiers in Immunology, vol. 15, no. 14, 1275828, 2023.
https://doi.org/10.3389/fimmu.2023.1275828 .

[10] Y. He, L. Dong, Y. Cao, Y. Bi, G. Liu, “IL-9 and Th9 Cells in Tumor Immunity,” In: Advances in
Experimental Medicine and Biology. Springer Nature, pp. 35 — 46, 2020.
https://doi.org/10.1007/978-3-030-38315-2 3.

[11] E Schmitt, T Bopp, “Amazing IL-9: revealing a new function for an “old” cytokine,” Journal of
Clinical Investigation, vol. 122, no. 11, pp. 3857-3859, 2012. https://doi.org/10.1172/jci65929.

[12] S. Chakraborty, K. F. Kubatzky, D. K. Mitra, “An Update on Interleukin-9: From Its Cellular
Source and Signal Transduction to Its Role in Immunopathogenesis,” International Journal of
Molecular Sciences, vol. 20, no. 9, 2019. https://doi.org/10.3390/ijms20092113.

4299


https://doi.org/10.1186/s12964-020-00538-5
https://doi.org/10.3892/ol.2020.12224.
https://doi.org/10.1371/journal.pone.0051752
https://doi.org/10.24996/ijs.2019.60.9.9
https://doi.org/10.24996/ijs.2021.62.8.5
https://doi.org/10.1016/j.genrep.2018.10.013
https://doi.org/10.1038/nri3824
https://doi.org/10.3389/fimmu.2023.1275828
https://doi.org/10.1007/978-3-030-38315-2_3
https://doi.org/10.1172/jci65929
https://doi.org/10.3390/ijms20092113

Abbas et al. Iraqi Journal of Science, 2025, Vol. 66, No. 10, pp: 4292 — 4301

[13] S. Ali, D. F. Salloom, “A novel finding of IL-9 genetic polymorphism (rs17317275) and serum
level in theumatoid arthritis patients infected with CMV,” Plant Archives, vol. 20, no. Suppl 1, pp.
582 — 87, 2020.

[14] A. H. Abbas, S. T. Hatif, F. I. Gorial, S. B. Ali, “The association of interleukin-10 single nucleotide
polymorphisms (rs1800871) and serum levels in Iraqi patients with celiac disease: A case-control
study,” Clinical Epidemiology —and Global Health, vol. 24, 101437, 2023.
https://doi.org/10.1016/j.cegh.2023.101437.

[15] Q. Yao, Z. Song, B. Wang, P. Du, Q. Qin, J. Zhao, J-A. Zhang, “Increased interleukin-9 and Th9
cells in patients with refractory Graves’ disease and interleukin-9 polymorphisms are associated
with autoimmune thyroid diseases,” Frontiers in Immunology., vol. 15, 1341749, 2024.
https://doi.org/10.3389/fimmu.2024.1341749.

[16] W. G. Rojas-Zuleta, E. Sanchez, “I1-9: Function, Sources, and Detection. Methods in Molecular
Biology,” vol. 1585, pp. 21-35, 2017. https://doi.org/10.1007/978-1-4939-6877-0_2.

[17] A. Pajulas, J. Zhang, M. H. Kaplan, “The World according to 1L-9,” Journal of Immunology, vol.
211, no. 1, pp. 7-14, 2023. https://doi.org/10.4049/jimmunol.2300094.

[18] A. Son, I. Baral, G. H. Falduto, D. M. Schwartz, “Locus of (IL-9) control: IL9 epigenetic regulation
in cellular function and human disease,” Experimental and molecular medicine, vol. 56, no. 6, pp.
1331-1339, 2024. https://doi.org/10.1038/s12276-024-01241-y.

[19] V. A. Do-Thi, J. O. Lee,H. Lee, Y. S. Kim, “Crosstalk between the Producers and Immune Targets
of 1L-9,” Immune network, vol. 20, no. 6, e45, 2020. https://doi.org/10.4110/in.2020.20.¢45.

[20] H. Mohammed, D. F. Salloom, “Evaluation of interleukin-9 serum level and gene polymorphism
in a sample of Iraqi type 2 Diabetic mellitus patients,” Meta Gene, vol. 27, 100845, 2021.
https://doi.org/10.1016/j.mgene.2020.100845.

[21] J. Sambrook, E. F. Fritschi, T. Maniatis, “Molecular Cloning: A Laboratory Manual,” New York.
Anne: Cold Spring Harbor Laboratory Press; 1989. https://doi.org/10.1002/biuz.19900200607.

[22] IBM Corp. Released 2021. IBM SPSS Statistics for Windows, Version 28.0. Armonk, NY: IBM

Corp.
[23] J. H. Abramson,” WINPEPI updated: computer programs for epidemiologists, and their teaching
potential,”  Epidemiologic  Perspectives and Innovations,vol. 8, pp. 1, 2011.

https://doi.org/10.1186/1742-5573-8-1.

[24] J. H. Relethford, “Hardy-Weinberg Equilibrium. In: Human Population Genetics, pp. 23—48, 2012.
https://doi.org/10.1002/9781118181652.ch2.

[25] H. Kang, “Sample size determination and power analysis using the G*Power software,” Journal
of  Educational  Evaluation  for  Health  Professions, vol. 18, 17, 202I.
https://doi.org/10.3352/jeehp.2021.18.17.

[26] A. H. Abbas, A. K. Melconian, “The Role of Infectious Agents And TLR-7, 9 Gene
Polymorphisms as Risk Factors for Systemic Lupus Erythematosus Among Iraqi Female Patients,”
PhD Thesis, University of Baghdad, Science College, Biotechnology Department, Iraq, 2018.

[27] J. Ye, G. Coulouris, 1. Zaretskaya, I. Cutcutache, S. Rozen, T. L. Madden, “Primer-BLAST: A tool
to design target-specific primers for polymerase chain reaction,” BMC Bioinformatics, vol. 13, no.
134, 2012. https://doi.org/10.1186/1471-2105-13-134.

[28] L. Turchin, M. Bourcier, “The Role of Interleukins in the Pathogenesis of Dermatological Immune-
Mediated Diseases,” Advances in  Therapy. Vol. 39, pp. 4474-4508, 2022.
https://doi.org/10.1007/s12325-022-02241-y

[29] Y. Deng, Z. Wang, C. Chang, L. Lu, C. S. Lau, Q. Lu, “Th9 cells and IL-9 in autoimmune
disorders: Pathogenesis and therapeutic potentials,” Human Immunology., vol. 78, no. 2, pp. 120-
128, 2017. https://doi.org/10.1016/j.humimm.2016.12.010.

[30] R. S. Aboud, “The Relationship between Celiac Disease and Unexplained Infertility,” Iraqi
Journal of Science, vol. 57, no. 1A, pp. 7277, 2023.

[31] S. Takatsuka, H. Yamada, K. Haniuda, H. Saruwatari, M. Ichihashi, J. C. Renauld, D. Kitamura,
“IL-9 receptor signaling in memory B cells regulates humoral recall responses,” Nature
immunology. Vol. 19, no. 9, pp. 1025-1034, 2018. https://doi.org/10.1038/s41590-018-0177-0.

[32] A. Ummey Khalecha Bintha, A. Souwelimat Amadou, M. Md Huzzatul, M. Fauziyya,
“Therapeutic Potential of IL-9 In Allergic And Autoimmune Diseases. Interleukins - The Immune

4300


https://doi.org/10.1016/j.cegh.2023.101437
https://doi.org/10.3389/fimmu.2024.1341749
https://doi.org/10.1007/978-1-4939-6877-0_2
https://doi.org/10.4049/jimmunol.2300094
https://doi.org/10.1038/s12276-024-01241-y
https://doi.org/10.4110/in.2020.20.e45
https://doi.org/10.1016/j.mgene.2020.100845
https://doi.org/10.1002/biuz.19900200607
https://doi.org/10.1186/1742-5573-8-1
https://doi.org/10.1002/9781118181652.ch2
https://doi.org/10.3352/jeehp.2021.18.17
https://doi.org/10.1186/1471-2105-13-134
https://doi.org/10.1007/s12325-022-02241-y
https://doi.org/10.1016/j.humimm.2016.12.010
https://doi.org/10.1038/s41590-018-0177-0

Abbas et al. Iraqi Journal of Science, 2025, Vol. 66, No. 10, pp: 4292 — 4301

And Non-Immune Systems’ Related Cytokines,”

IntechOpen, 2021.
https://doi.org/10.5772/intechopen.96266.

[33] A. T. Dantas, C. D. Marques, L. F. da Rocha Junior, M. B. Cavalcanti, S. M. Gongalves, P. R.
Cardoso, H. deA. Mariz, M. J. Rego, A. L. Duarte, I. daR. Pitta, M. G. Pitta, “Increased Serum
Interleukin-9 Levels in Rheumatoid Arthritis and Systemic Lupus Erythematosus: Pathogenic Role

or Just an Epiphenomenon?,” Disease Markers, vol. 2015, 519638, 2015. https://doi.org/
10.1155/2015/519638 .

4301


https://doi.org/10.5772/intechopen.96266
https://doi.org/10.1155/2015/519638
https://doi.org/10.1155/2015/519638

