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 The role of interleukin-4-590 (C>T) gene 

polymorphism and its relationship with lung 
cancer risk in the Iraqi population 

 

El papel del polimorfismo del gen interleucina-4-590 (C>T) y su relación con el riesgo de cáncer de 

pulmón en la población iraquí 

 

 

 

Background: Interleukin-4 (IL-4) is a pleiotropy cyto- 

kine that plays a role as an immune regulator and anti- 

inflammatory. The study was conducted to determine the 

polymorphisms of the IL-4 gene and its relationship with 

lung cancer by using ARMS-PCR (Amplification refrac- 

tory mutation system technique). The study included 240 

samples; their ages ranged from 37 to 72 years. This case- 

controlled study was performed including 160 Lung can- 

cer patients (mean age 58.92±1.2 years) and 80 controls 

(mean age 46.91±1.6 years). 

Results: The results show that in Lung cancer patients 

samples high frequency for allele C of IL- 4-590 (C>T), 

was ratio 74.38% as compared with T allele was ratio 

31.87%, and associated with an etiological fraction (EF) 

of Lung cancer patients, as well dependent on values of 

odds ratio (OR) was 6.20 and confidence intervals (CI 

95%) was 4.09 to 9.40, while T allele associated with a 

preventive fraction (PF) with Lung cancer patients. The sta- 

tistical analysis results present CC homozygote genotype 

of IL- 4 -590 (C>T) gene was higher than in Lung cancer 

patients and its ratio 61.25% and showed associated with 

an etiological fraction (EF) in Lung cancer, while CT and 

TT genotypes present in high frequency in control was ra- 

tio 36.25% and 50% sequentially, and present associated 

with a preventive fraction (PF) in lung cancer patients. 

Conclusions: Our findings demonstrate that the IL-4 

gene in position -590 (C>T) may represent a risk factor 

and is associated with lung cancer development in the 

Iraqi population. 

Keywords: IL-4 -590 (C>T) gene, Lung cancer, Polymor- 

phisms, and ARMS PCR. 

Antecedentes: La interleucina-4 (IL-4) es una citocina 

pleiotrópica que desempeña un papel como regulador in- 

munitario y antiinflamatorio. El estudio se realizó para de- 

terminar los polimorfismos del gen IL-4 y su relación con el 

cáncer de pulmón mediante el uso de ARMS-PCR (técnica 

de amplificación del sistema de mutación refractaria). El 

estudio incluyó 240 muestras; sus edades oscilaban entre 

37 y 72 años. Este estudio de casos y controles se realizó 

con 160 pacientes con cáncer de pulmón (edad media 

58,92 ± 1,2 años) y 80 controles (edad media 46,91 ± 

1,6 años). 

Resultados: Los resultados muestran en que en las 

muestras de pacientes con cáncer de pulmón existe una 

alta frecuencia para el alelo C de IL-4-590 (C>T), que fue 

del 74,38 % en comparación con el alelo T del 31,87 

%, y se asoció con la fracción etiológica (EF) de pacien- 

tes con cáncer de pulmón, también dependiente de va- 

lores de odds ratio (OR) que fue de 6,20 e intervalos de 

confianza (IC 95%) fue de 4,09 a 9,40, mientras que el 

alelo T se asoció con la fracción preventiva (FP) con paci- 

entes con cáncer de pulmón. Los resultados del análisis 

estadístico presentan que el genotipo homocigoto CC del 

gen IL-4-590 (C>T) fue mayor en los pacientes con cáncer 

de pulmón y su proporción fue del 61,25 % y se mostró 

asociado con la fracción etiológica (FE) en el cáncer de 

pulmón, mientras que los genotipos CT y TT presente en 

alta frecuencia en control y su ratio fue de 36,25% y 50% 

secuencialmente, y asociado a fracción preventiva (FP) en 

pacientes con cáncer de pulmón. 

Conclusiones: Nuestros hallazgos demuestran que el gen 

IL-4 en la posición -590 (C>T) puede representar un factor 

de riesgo y estar asociado con el desarrollo de cáncer de 

pulmón en la población iraquí. 

Palabras clave: Gen IL-4 -590 (C>T), Cáncer de pulmón, 

Polimorfismos y ARMS PCR. 
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Background 
Data associated with lung cancer indicate an increase in 
incidence and mortality1. Lung cancer is the leading cause 
of cancer-related death in most parts of the world2, it ac-
counts for about 17.5% of all cancer deaths globally3. The 
data indicates about 14 million new cancer cases in 2012 
the number is expected to rise to 22 million in later years. 
Overall cancer-related deaths were around 8 million in the 
year and the rate is expected to rise to 13 million by 20324. 
The estimated death rate for lung cancer was 610.2 per 
100,000 in China people in 20155. Globally more than 
one million people die of lung cancer each year, and it is 
estimated that cigarette smoking explains almost 90% of 
lung cancer risk in men and 70 to 80% in women6. Tobacco 
smoking is an epidemic problem in Iraq, and many lung 
cancers were associated with smoking risk [Ibrahim et al., 
2018]. The inflammatory cytokines play a role in inducing 
or exacerbating some diseases, and the protection is 
associated with the secretion of some anti-inflammatory 
cytokines produced by Th2 cells that produce important 
cytokines such as Interleukin-4 (IL-4) and Interleukin-106-8. 
The concentrations of serum cytokines are associated with 
lung cancer survival, such as (IL)-1β, IL-4, IL-5, IL-6, IL-8, 
IL-10, IL-129,10. Interleukin‑4 (IL‑4) is a potent regulator of 
antitumor immune responses with both tumor‑promoting 
and tumor‑inhibiting properties, since it has both immu-
nosuppressive and anti‑angiogenic functions11, its expres-
sion has been linked to breast, kidney, prostate, and colon 
cancer as well as lung cancer12. Interleukin-4 is a cytokine 
regulator of immune responses that stimulate carcinomas 
and works to inhibit tumors13. IL-4) was originally discov-
ered in 1982 as a  low  molecular  weight (15 kDa) T  
cell–derived  polypeptide  of 129 amino acids, which is 
encoded by the IL-4 gene on chromosome 5q23.31. It is 
critical for immunoglobulin G subclass 1 (lgGl) production 
from mitogen-activated B cells. It is secreted by CD4 T 
cells, helper T cells type 2 (TH2) lymphocytes, and natural 
killer T cells, and by cells of the innate immune system, in-
cluding mast cells, basophils, and eosinophils. The source 
of IL-4 is Th2 cells and is also produced by macrophages, 
NK cells, mast cells, eosinophils, and basophils, and IL-4 
targets many T cells and B cells14,15. The phenotypic poly-
morphism of the IL-4 gene plays a role in regulating the 
expression of cellular kinematics and is important as a pro-
tective or causative part of some diseases. For example, 
replacing the nitrogen base C with the nitrogen base T 
at site -590 of the IL-4 gene causes a reduction in the 
expression of the IL-4 gene, also CC genotype increases 
in lung cancer patients, and shows an association with 
the etiological fraction of the disease, while the TT and 
CT genotypes shows an association with the protective 
fraction2. However, the IL-4 gene polymorphism may be 
associated with a reduced risk of lung cancer among the 
Portuguese and Chinese populations16. This study aims to 
assess the phenotypic variation of the IL-4 -590 (C> T) 
gene using the Amplification refractory mutation system 
technique (ARMS-PCR) in lung cancer of Iraqi patients.

 

Study population
The study included 240 samples; their ages ranged from 
37 to 72 years. The study population consisted of 160 of 
Lung cancer patients (mean age 58.92±1.2 years) and 80 
individuals (mean age 46.91±1.6 years) as control.  Blood 
the patients’ Samples were collected from Al-Amal Na-
tional Cancer Hospital in the Medical City in Baghdad. 
Samples were collected during the period from December 
1, 2020, to October 15 of the same year. They had an 
established diagnosis of lung cancer by the senior board-
certified investigators based on specific interviews, clinical 
examination, medical records (hospital and patient clinic 
case observations), and family data. The control group 
involved healthy volunteers. The study was approved by 
the Ethical Committee of the College of Medicine, Al-Iraqi 
University. Baghdad, Iraq. 

DNA genomic extraction and gel electrophoresis
Two ml of blood from each Lung cancer patient and con-
trol (healthy) by using venipuncture, later, 2.5 ml was 
added into EDTA tubes then DNA was extracted by DNA 
isolation kit (Promega USA, the according to manufacture 
instructions manual). DNA purity was qualified by Nano-
drop and it was about 1.6 ±1.8. All samples were kept at 
<22 Cº for further study. IL-4 gene polymorphism in posi-
tion -590 (C>T) was examined by using the amplification 
refractory mutation system-polymerase chain reaction 
technique (ARMS-PCR). The primers (Alpha DNA-Cana-
da) that were designed according to Alsaid et al., 201316, 
and 20 μl were the total volume of reaction mix from Pio-
Neer in Korea, including 5 µl premix master mix (includ-
ing Taq, dNTP, Buffer, and Mg2+), 1.5 µl of each outer 
primer and 1.5 µl of each inner primer, and 5 µl DNA, 
and 4 µl of RNase-free double distilled water), and the 
molecular marker size (Pro-Mega-USA) 100-1500 base 
pair. ARMS-PCR programs of IL-4 gene polymorphism in 
position -590 (C>T) were summarized according to Alsaid 
et al., 201316. The genotypes were established by ana-
lyzing electrophoresed 1.5% gel of agarose stained with 
diamond dye (Pro-Mega).

Genotyping of IL-4 -590 (C>T) 
gene and ARMS-PCR Program
The primers for IL-4 -590 (C>T) gene are as follows ac-
cording to the published article by Alsaid et al., 201316. 
The sequences of used primers are Specific: 5`GAATTT-
GTTAGTAATGCAGTCCTCC-3 for T allele, 5`ACACTA-
AACTTGGGAGAACATTGTC-3` for C allele and 5`GAATTT-
GTTAGTAATGCAGTCCTCC-3 for Reverse. Primers Size for 
IL-4 -590 (C>T) gene are 220 bases per. The ARMS PCR 
reaction was conducted in 20 μL volume (containing DNA 
sample, Master Mix, primers, and RNase-free double dis-
tilled water) to the published article Alsaid et al., 201316. 
The ARMS-PCR amplification was done at, initial denatur-
ation of 95 °C for 5 min, followed by 10 cycles at 95 °C 
for 15 s, 65 °C for 50 s and 72 °C for 40 s, and second 
initial denaturation at 95 °C for 5 min, followed by 20 
cycles at 95 °C for 15 s, 55 °C for 50 s and 72 °C for 40 s 
and at final extension 72 °C for 10 min. 

M
et

h
o

d
s



316

Statistics
Differences in the frequencies of IL-4 gene in position 
-590 (C>T) for Lung cancer in this study with control were 
analyzed by Fisher’s test (value P<0.05). The OR (Odds 
Ratios) and CI (Confidence Intervals) were calculated by 
Compare 2 Ver.3.04 software Abramson, J. (2003-2013). 
The Preventive Fraction (PF) and Etiologic Fraction (EF) re-
sults were compared with Hardy-Weinberg equilibrium 
and according to the software within the following web-
site www.had2know.com. The equations for statistical 
analysis of IL-4 -590 (C>T) gene polymorphisms data in 
patients and control are: 

Relative risk (RR) = (a) × (d)/(b) × (c).

a = number of patients with expression of allele or geno-
type.

b = number of patients without expression of allele or 
genotype.

c = number of controls with the expression of allele or 
genotype.

d = number of controls without expression of allele or 
genotype.

Etiologic Fraction (EF):

EF = (RR-1)f/RR

Where f = a/a+c	

Preventive Fraction (PF):

PF = (1-RR) f/RR (1-f) + f

Where f = a/a+c

According to Schallreuter et al.17, and Savejgaard et al.18.

t is shown the genetic frequency of IL-4 -590 (C>T) 
gene polymorphisms in Lung cancer patients with age 
58.92±1.2 years, and eighty healthy individuals as a 

control sample with a mean age of 46.91±1.6 years, by 
using ARMS-PCR (amplification refractory mutation sys-
tem-polymerase chain reaction). Three genotypes CC, CT, 
and TT are present in Lung cancer patients (Figure 1). 

Table 1 showed the alleles frequencies of IL-4 -590 (C>T) 
gene polymorphisms in Lung cancer patients and control 
individuals. The frequency of the C allele was present as-
sociated with lung cancer patients and significantly higher 
in Lung cancer patients (p= **0.0001) when compared 
with controls, the odds ratio (OR) was 6.20, and confi-
dence intervals (CI 95%) was ratio 4.09 to 9.40, in ad-
dition, the C allele frequency was higher in lung cancer 
patients as compared to the control was ratio 74.38% vs 
31.87% sequentially (Figure 2). 

R
es

u
lt

s 

Figure 1. Electrophoresis of genotypes for IL-4 -590 (C>T) 
in Lung cancer patients, lane M DNA marker, size (100 to 
1500 bp), lane 1 and 5 TT genotype, lane 2, 3, 4, and 6 TT 
genotype, lane 7 CT genotype

Figure 2. Electrophoresis of genotypes for IL-4 -590 (C>T) in 
Control, lane M DNA marker, size (100 to 1500 bp), lane 1 
and 7 TT genotype, lane 2 and 4 CT genotype, lane 3, 5, and 
6 CC genotype.
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t is shown the genetic frequency of IL-4 -590 (C>T) 
gene polymorphisms in Lung cancer patients with age 
58.92±1.2 years, and eighty healthy individuals as a 

control sample with a mean age of 46.91±1.6 years, by 
using ARMS-PCR (amplification refractory mutation sys-
tem-polymerase chain reaction). Three genotypes CC, CT, 
and TT are present in Lung cancer patients (Figure 1). 

Table 1 showed the alleles frequencies of IL-4 -590 (C>T) 
gene polymorphisms in Lung cancer patients and control 
individuals. The frequency of the C allele was present as-
sociated with lung cancer patients and significantly higher 
in Lung cancer patients (p= **0.0001) when compared 
with controls, the odds ratio (OR) was 6.20, and confi-
dence intervals (CI 95%) was ratio 4.09 to 9.40, in ad-
dition, the C allele frequency was higher in lung cancer 
patients as compared to the control was ratio 74.38% vs 
31.87% sequentially (Figure 2). 

The T allele frequency in the control group was higher in 
comparison with Lung cancer patients’ group was a ratio 
of 68.13% vs 25.62% sequentially (Figure 3), therefore 
the C allele has etiological fraction (EF) was 62.4% with 
Lung cancer patients, while T allele has preventive fraction 
(PF) was 57.1% with the patients.

       

         

The polymorphisms study of genotyping demonstrated a 
significant difference in genotypes distribution frequency 
of the IL-4 -590 (C>T) gene by using ARMS-PCR in Lung 
cancer patients compared with and control group. Table 
1 shows a significant variation of CC genotype in Lung 
cancer patients with control (P= **0.0001) with a higher 
frequency ratio of 61.25% vs13.75% sequentially as il-
lustrated in (Figure 4). The odds ratio (OR) and confidence 
intervals (CI 95%) of CC genotype were OR= 9.9 and CI 
at 95% were 4.89 to 20.11, and CC genotype present 
associated with an etiological fraction (EF) in Lung cancer 
patients, while in control CT and TT genotypes show high-
er frequency comparison with Lung cancer patients ware 
ratio CC 36.25% and TT 50% in control, CC 26.25%, 
and TT 12.50% in patients (Figure 4). 

The odds ratio (OR) and confidence intervals (CI 95%) of 
the CT genotype were 0.63 and CI was 0.35 to 1.11 and 
the TT genotype odds ratio (OR) was 0.14 and CI was 
0.08 to 0.27, therefore the CT and TT genotypes have a 
preventive fraction with Lung cancer risk (Table 1). 

Table 1. The frequency of allelic and genotypes in Lung 
cancer and control samples for IL-4 Gene in position -590 
(C>T).

Gene
Genotype
& Allele

Lung cancer 
Number (%)

Healthy
Number (%)

OR (CI 95%)
P. value

IL-4 -590 
(C>T) 
gene

CC
98 

(61.25%)
11

(13.75%)
9.9 

(4.89 to 20.11)
0.0001

E. F 55.1%

CT
42 

(26.25%)
29 

(36.25%)
0.63 

(0.35 to 1.11)
0.074

P. F 13.6%

TT
20 

(12.50%)
40 

(50%)
0.14 

(0.08 to 0.27)
0.0001

P. F 42.9%

C allele
238

(74.38%)
51

(31.87%)
6.20

 (4.09 to 9.40)
0.0001

E. F 62.4%

T allele
82 

(25.62%)
109

(68.13%)
0.16 

(0.11 to 0.24)

P. F 57.1%

Notes: OR (Odds ratio), CI (Confidence Interval), E.F (Etiological fraction), P.F 

(Preventive fraction), P<0.05 by Fisher’s

he polymorphisms in some cytokine’s gene may 
be associated with different types of cancer, 
including lung cancer risk. Genetic changes in 

the genome may increase cancer risk19,20. The genotypic 
contribution of IL-4 to cancer is not well-studied. As for 
lung cancer, IL-4 rs2243250 single nucleotide polymor-
phisms have been found to associate with a reduced risk 
of lung cancer among Portuguese21. Interleukin-4 is a 
regulatory protein that is produced by T cells and has an 
essential role in inducing antibody production by plasma 
cells22. Also, it is a pleiotropic cytokine also that can be 
produced by Mast cells and basophils and has an inhibi-
tory role in inflammation and tumor growth in some car-
cinoid tumors23. It also has a stimulating effect on some 
tumors, including human colon, breast, kidney, and lung 
cancer; moreover, IL-4 can prevent the formation of blood 
vessel clots and reduce the risk of developing blood vessel 
clots24. Cytokine gene polymorphisms may affect inflam-
matory‑related pathways, and influence susceptibility to 
different types of cancer25. The IL-4 gene has been ob-

Figure 3. Allelic frequencies of IL-4 590 (C>T) Polymorphism 
in lung cancer patients and controls.

Figure 4. Genotype frequencies of IL-4 590 (C>T) 

Polymorphism in lung cancer patients and controls.
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served to be associated with cancer risk in both Caucasian 
and Asian subjects. The results indicated that IL-4 in po-
sitions rs2243250 and rs79071878 polymorphisms have 
been associated with susceptibility to cancer26. The IL-4 
gene affects the transcription of some genes, and there is 
a relationship between the IL-4 -590 C / T gene and the 
development of lung cancer risk27. Some results suggest 
that genetic and environmental factors may have the po-
tential to interact with human genes, and the IL-4-590 C 
/ T polymorphism (for C / C + C / T frequencies) may be a 
potential susceptibility marker for lung cancer patients28. 
The study shows that the Single Nucleated Polymorphism 
in the region of (T-1099G, C-589T, and C-33T) of the IL-4 
gene, which was evaluated in Chinese with lung cancer, 
showed that the TT genotype was significantly associated 
with a lower risk of lung cancer, whereas CC type was 
associated with a protective factor in the risk of infection. 
This study is in agreement  with our results, so the IL-4 
gene can play an important role in determining the sus-
ceptibility of lung cancer 13, 29-31. A study showed by Chang 
et al., 2015 indicates that the percentages of CC, CT the 
TT of the IL-4 C-589T genotypes was differentially distrib-
uted and they account for 69.0%, 26.5%, and 4.5% in 
lung cancer Patient respectively, and 61.3%, 30.4%, and 
8.3% in control group, respectively (p = 0.0156). TT gen-
otype Carriers had a lower risk of developing lung can-
cer (odds ratio (OR) = 0.48, 95% confidence interval (CI) 
= 0.27-0.86, p = 0.0106) of the CC genotype carriers2, 
these results are consistent with the results of our study.

here was a significant difference in the geno-
types of the IL-4 gene at the site -590 (C>T) in 
Iraqi patients diagnosed with lung cancer, dem-

onstrating a significant correlation between the IL-4 gene 
for the CC genotype and the risk of lung cancer.
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