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Abstract  
Rheumatoid arthritis (RA) is a systemic and multiple-stage disorder characterized by chronic 
inflammation with extensive synovitis. The genetic and environmental factors are associated with the 
risk for RA development.  In RA, the induced IL-16 may play a role in initiating, sustaining and 
increasing the inflammatory response and development of synovitis, nevertheless IL-16's actual role 
in RA pathogenesis must be studied further. This study intended to investigate the association of IL-
16 gene polymorphism and RA disease, to determine the genetic role of IL-16 polymorphism and 
predict the risk of RA development and clinical disease activity. One hundred and Fifty RA patients 
and 150 apparently healthy control subjects were included in this case-control study. RA disease 
activity and functional status were evaluated for all RA patients. IL-16 gene polymorphism (SNP 
rs11556218 T/G) was genotyped using real-time polymerase chain reaction. The difference in IL-16 
(rs11556218 T/G) genotype frequencies between RA patients and controls was not statistically 
significant. However, the G allele was frequently presented in RA patients as compared to controls 
(p=0.047). Moreover, G allele carriers had two times more risk to develop RA disease than T allele 
carriers (OR=2.598; 95%CI=1.078-6.825) with dominant genetic association. Alternatively, the G/G 
genotype was associated with high CDAI, RADAS-5 and HAQ disability index in comparing to other 
genotypes (T/T-T/G). In conclusion, there was an association between allele G of IL-16 polymorphism 
(rs11556218 T/G) and risk of RA disease development. In addition, there was an association between 
genotype G/G and increased clinical disease activity and health disability. 
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Introduction 

Rheumatoid arthritis (RA) is a systemic and 
multiple-stage disorder characterized by chronic 

inflammation with extensive synovitis. RA starts 
by preclinical autoimmunity in a genetically-
predisposed person and progresses to the 
clinical appearance of articular cartilage erosion 
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or marginal bone erosions, that result in joint 
destruction.1 The genetic and environmental 
factors are associated with the risk for RA 
development. In the pre-clinical stage, 
determination of these factors with clinical 
parameter could potentially be used to predict 
the RA disease development.2 

Interleukin 16 (IL-16) is an inflammatory 
cytokine, formed by lymphocytes and also 
epithelial cells, and is working as a chemo-
attractant for various immunological cells like 
CD4+ cells, monocytes and eosinophils. IL-16 
can also stimulate IL-2 receptor synthesis and 
induce expression of HLA-DR.3 

In RA the induced IL-16 may play a role in 
initiating, sustaining and increasing the 
inflammatory response and development of 
synovitis by recruiting many inflammatory cells, 
including T cells into synovial tissues, 
nevertheless IL-16's actual role in RA 
pathogenesis must be studied further.4 

The IL-16 gene polymorphisms may influence 
and impact on the expression and secretion of 
IL-16 protein in the blood, which further result 
in relevant biological responses 5. Several 
studies demonstrated that IL-16 gene 
polymorphisms play a crucial role in the 
pathogenesis of various diseases, such as 
osteoporosis, renal cell cancer, Alzheimer’s 
disease and systemic lupus erythematosus 
(SLE).5-8 

The IL-16 gene encoding is at 15q26.1 in 
chromosome 15.  The most common SNP of IL-
16 polymorphism is -295T/C, which has been 
shown to cause decreased promoter activity in 
patients with asthma. The relation between 
unique variants of three SNPs, including the 
rs11556218 G allele, -285C and rs4072111 T 
allele, and the increased risk of SLE has also 
been shown.5, 9 

IL-16 gene rs11556218 T/G is one of the 
most-studied SNPs. Previous studies showed a 
close relation and association with the onset of 
some human diseases, for example SLE, cancers, 
osteoporosis, coronary artery disease, and 
osteoarthritis.6, 9-11 The genetic polymorphisms 
reported in DNA sequence of IL-16 gene, could 
lead to cytokines production and activity. 
Therefore, IL-16 polymorphisms were analyzed 
and have association with autoimmune 

diseases.12 However, the association of IL-16 
gene polymorphisms and RA disease 
susceptibility has not been examined and there 
are no data about the role of IL-16 
polymorphism in risk of RA disease 
development. 

Consequently, this case-control study aimed 
to investigate the association of IL-16 gene 
polymorphism and RA disease, to determine the 
genetic role of IL-16 polymorphism and predict 
the risk of RA development and clinical disease 
activity.  

Patients and Methods 

This is a case-control study. Patients with RA, 
according to the American College of 
Rheumatology/European League Against 
Rheumatism (ACR/EULAR) criteria of 2010, were 
recruited from the rheumatology clinics at Suez 
Canal university hospital, Ismailia, Egypt. The 
study included 150 RA patients and 150 
volunteers as control subjects. The number of 
the study patients was calculated with 95% 
power (confidential level) to detect a common 
variant and minor allele frequency (MAF) is 
more than 10% and RA global prevalence 
ranged 0.25-1%.13 The age and gender were 
matched in both groups. All patients were 
subjected to full medical history and clinical 
examination. Subjects with other connective 
tissue diseases including systemic lupus 
erythematosus, systemic sclerosis, 
dermatomyositis, or interstitial lung disease 
were excluded from the study. Similarly, cases 
with medical history of chronic infection 
including viral hepatitis or human 
immunodeficiency virus were also excluded. The 
study protocol was reviewed and approved by 
the Ethical Committee of the Suez Canal 
University (14/December 2018). An informed 
consent was signed by all study participants.  

RA disease activity assessments 

Disease activity in RA cannot be assessed in all 
different patients according to a single variable 
tool so we used the following to measure the 
accurate patient’s activity status: Disease 
Activity Score with 28-joint counts (DAS28) 
(erythrocyte sedimentation rate or C-reactive 
protein) (DAS28/ESR) or (DAS28/CRP),14 Clinical 
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Disease Activity Index (CDAI)15 and Rheumatoid 
Arthritis Disease Activity Index-5 (RADAS-5).16 

Evaluation of RA functional status 

A Health Assessment Questionnaire-Disability 
Index (HAQ) was used to assess functional 
ability in RA patients.17 

Laboratory investigations 

These included erythrocyte sedimentation rate 
(ESR), carried out by using the Westergren 
method. C - reactive protein (CRP), Rheumatoid 
Factor (RF) and serum Anti- CCP were assessed 
by a fully automated immunoassay analyzer 
(COBAS e411 Roche diagnostics, Germany), 
according to the manufacturer’s instructions. 

Assessment of Genotyping of IL-16 (SNP 
rs11556218 T/G) 

Genomic DNA extraction: 

DNA from 200 ul of whole blood was extracted 
using a commercially spin-column technique kit 
for genomic DNA extraction (Invitrogen 
PureLink Genomic DNA Mini Kit), according to 
the manufacturer’s instructions. The eluted 
DNA from each sample was stored at -20ᴼC until 
used. The DNA purity was assessed by applying 
1 µl to the NanoDrop spectrophotometer 
machine (Thermo Fisher Scientific Inc. USA), 
according to the manufacturer’s instructions. 

SNP rs11556218 T/G Genotyping: 

IL-16 gene polymorphism (SNP rs11556218 T/G) 
was genotyped using a real-time polymerase 
chain reaction instrument (Bio-Rad, Applied 
Biosystems, Germany). Two sequence specific 
primers and two probes were used. The forward 
primer was: 5’- GCTCAGGTTCACAGAGTGTTTCC 
ATA -3’ and the reverse primer: 5’ TGTGACAAT 

CACAGCTTGCCTG -3’. Two TaqMan® MGB 
probes were used: one probe (VIC) to detect 
allele T sequence and the other (FAM) to detect 
allele G sequence. Interpretation of the results 
was carried out through the allelic 
discrimination assay, a multiplexed, end-point 
assay, that detects the genotyping of single 
nucleotide polymorphism. Homozygous allele T 
was detected on X axis on the plot. Homozygous 
allele G was detected on y axis on the plot and 
heterozygous Alleles T and G were detected in 
both axis on the plot. 

Statistical analysis 

The data were analyzed by SPSS 25 software 
and presented as frequencies and percentage or 
mean and standard deviation. Chi-square, t-test 
and ANOVA tests were used to compare 
between different studied variables. Regression 
analysis and Odds Ratio were evaluated to 
assess the ability of IL-16 polymorphism to 
predict RA disease. Hardy–Weinberg 
equilibrium was performed to assess the 
deviation in the genotype frequency of IL-16 
(rs11556218) polymorphism. Hardy–Weinberg 
equilibrium was tested with the chi-square test 
to compare the observed genotype frequencies 
among studied RA patients and healthy controls 
with the expected genotype frequencies. The 
significance level was set to 0.05 or 5%. 

Results 

In this study the mean age of RA patients and 
the control subjects were 46.32 ± 6.12 years 
and 47.63 ± 4.05 years, respectively. Males 
represented 26.7% and 25.3% of the RA patients 
and controls, respectively. Clinical and 
laboratory data of the RA patients are listed in 
Table 1. 
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Table 1. Demographic, clinical data, and laboratory test results of the studied samples. 

 
RA patients (n = 150) Controls (n = 150) 

P-value 
No. % No. % 

Gender      

Male 40 (26.7%) 38 (25.3%) 
NS 

Female 110 (73.3%) 112 (74.7%) 

Age (years) 

Mean ± SD. 

 

46.32± 6.12 

 

47.63± 4.05 

 

NS 

Disease duration 

Mean ± SD. 

 

2.83 ± 0.87 

 

– 
– 

DAS/ESR 

Mean ± SD 

 

5.71 ± 1.15 

 

– 

– 

 

DAS/CRP    

Mean ± SD 4.42 ± 0.95 – – 

ESR (mm/hours) 

Mean ± SD 

 

59.23±23.71 
_ 

 

– 

CRP(mg/l) 

Mean ± SD 

 

3.25 ± 1.84 
_ – 

RF (IU\ml) 

Mean ± SD 

 

70.35 ± 42.11 
_ – 

Anti-CCP (U/ml) 

Mean ± SD 

 

151.8 ± 89.2 
_ – 

DAS: Disease Activity Score; CRP:  C-reactive protein; ESR:  Erythrocyte Sedimentation Rate; RF:  Rheumatoid Factor Anti 
CCP: Anti Cyclic Citrullinated Peptide. P>0.05 is not significant (NS). 

 

IL-16 (rs11556218 T/G) genotype frequencies of 
G/G were 5/150 (3.3%) in RA patients and 2/150 
(1.3%) in the control group. While the G/T 
genotype was 33/150 (22%) in RA patients and 
24/150 (16.0%) in the control group, the 
genotype T/T was 112/150 (74.7%) in RA 
patients and 124/150 (82.7%) in the control 
group. Although the genotypes results were 
adjusted with age and sex, the genotypes 
difference between RA patients and controls did 
not reach statistical significance (P=0.19).  

Allele G was present in 12.0% of RA patients 
and 9.0% of controls. T allele was present in 
82.0% of RA patients and 91.0% of controls. 

Interestingly, after the allele results were 
adjusted with age and sex, the allele differences 
between RA patients and controls were 
statistically significant (P=0.047) as the G allele 
was frequently presented in RA patients. 
Consequently, logistic regression analysis 
revealed that G allele carriers have two times 
more risk to develop RA disease than T allele 
carriers (OR=2.598; 95%CI=1.078-6.825), Table 
2. Genetic models association of IL-16 
polymorphism (rs11556218 T/G) in RA diseases 
confirmed that the presence of G allele under 
the dominant model was a predictive factor to 
develop RA disease, Table 3. 
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Table 2. IL-16 polymorphism (rs11556218 T/G) genotypes and allele frequencies with Logistic 
regression analysis to predict RA disease. 

IL-16 
polymorphism 
(rs11556218 T/G) 

RA patients 
(n = 150) 

Healthy 
Control 

(n = 150) 

*P-
value 

OR (95% CI) 
#adjusted 

P-value 
*OR (95% CI) 

T/T 112 (74.7%) 124 (82.7%)  1.00  1.00 

G/T 33 (22%) 24 (16%) NS 1.52 (0.85-2.73) NS 1.82 (0.89-3.95) 

G/G 5 (3.3%) 2 (1.3%)  2.77 (0.53-14.55)  2.98 (0.52-14.74) 

Allele       

T 257 (88%) 272(91%)  1.00  1.00 

G 43 (12%) 28 (9%) NS 
1.625(0.980-

2.694) 
0.047 

2.598 (1.078-
6.825) 

OR= Odds ratio; CI= Confidence interval     #Adjusted with sex and age. *P>0.05 is not significant (NS). 

 

Table 3. Genetic models association of IL-16 polymorphism (rs11556218 T/G) in RA diseases. 

Genetic 
model 

Genotypes 
Healthy 
control 
(n=150) 

RA 
patient 
(n=150) 

OR (95%CI) 
*P-

value 
Adjusted OR 

(95%CI) 
Adjusted 
p-value 

Dominant 

T/T 
124 

(82.7%) 
112 

(74.7%) 
1.00 

NS 

1.00 

0.05 

G/T-G/G 
26 

(17.3%) 
38 

(25.3%) 
1.62 

(0.92-2.83) 
1.81 

(1.05-3.69) 

Recessive 

T/T-G/T 
148 

(98.7%) 
145 

(96.7%) 
1.00 

NS 

1.00 

NS 

G/G 2 (1.3%) 
5 

(3.3%) 
2.55 

(0.49-13.36) 
2.68 

(0.58-15.31) 

Over 
dominant 

T/T-G/G 126 (84%) 
117 

(78%) 
1.00 

NS 

1.00 

NS 

G/T 24 (16%) 
33 

(22%) 
1.48 (0.83-

2.65) 
1.57 

(0.86-2.86) 

*P>0.05 is not significant (NS). 

 
Moreover, relationship between IL 16 
(rs11556218 T/G) genotype and allele 
frequencies with disease activity assessments 
and functional status in the RA patients was 
evaluated. There was a statistically significant 
difference between genotypes and CDAI and 
RADAS-5 (p=0.036; p=0.003, respectively). 
Whereas, the G/G genotype was associated 
with high CDAI and RADAS-5 levels and so 
associated with high clinical disease activity in 

comparison to other genotypes (T/T-T/G). 
Furthermore, there was a statistically significant 
difference between genotypes and HAQ 
(p=0.015), and also the G/G genotype 
associated with increase in the HAQ disability 
index levels in comparison to other genotypes 
(T/T-T/G). On the other hand, there was no 
statistically significant difference between both 
alleles and any of disease activity assessments 
or functional status in the RA patients, Table 4. 
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Table 4. Relation between IL 16 (rs11556218 T/G) genotype and allele frequencies with disease 
activity assessments and functional status in the RA patients. 

 IL-16 genotypes 
*P-

value 

IL-16 alleles 
*P-

value  G/G (n = 5) T/G (n = 33) T/T (n = 112) 
G allele 

(n = 43) 

T allele 

(n = 257) 

DAS/ESR  

Mean ± SD 
6.21 ±0.57 5.36 ± 0.87 5.91 ± 1.15 NS 5.99 ± 0.91 5.94 ± 1.15 NS 

DAS/CRP         

Mean ± SD 4.79 ±0.51 4.25 ± 0.84 4.61 ± 0.94 NS 4.46± 0.91 4.59 ± 0.95 NS 

CDAI        

Mean ± SD 38.0±1.2 21.66±9.2 27.67±10.54 0.036 27.11±10.86 26.79±10.46 NS 

RADAS-5 

Mean ± SD 
6.08±0.15 4.06±0.80 4.64±0.91 0.003 4.73±1.17 4.55±0.90 NS 

HAQ  

Mean ± SD 
2.30±0.1 1.50±0.47 1.68±0.39 0.015 1.66±0.45 1.65±0.40 NS 

Activity Score with 28-joint counts (DAS28); Clinical Disease Activity Index (CDAI); Rheumatoid Arthritis Disease Activity 
Index-5 (RADAS-5); Health Assessment Questionnaire-Disability Index (HAQ). *P>0.05 is not significant (NS). 

 

Discussion 

Many cytokines are presented in RA patient´s 
joints. It is evident that these cytokines have a 
major role to play in processes that cause 
inflammation, joint damage and RA-related 
comorbidities. Afterward the achievement of 
the TNF-α blockade in RA therapy, other 
cytokines provide alternative goals or may be 
helpful as predictor biomarkers of the RA 
disease.18 The cytokine, IL-16, stimulates the 
expression and production of many pro-
inflammatory cytokines and might play a 
significant role in the pathogenesis of chronic 
inflammation, disease process and joint 
destruction in RA disease.19-21 

According to this study results, there was no 
statistically significant association of IL-16 
genotypes (rs11556218 T/G) with susceptibility 
of RA disease however patients carrying the G 
allele had two times higher risk for developing 
RA disease than T allele carriers as well as the 
G/G genotype associated with increased clinical 
disease activity and health disability. To the best 
of our knowledge, this is the first study to 
identify the relation of IL-16 polymorphism 
(rs11556218 T/G) with RA disease in Egypt. 
Some previous studies reported IL-16 
polymorphism in relation to other diseases. For 

instance, a study by Zhang et al., 2020 reported 
that there was no genetic association of IL-16 
gene rs11556218 SNP with the risk of 
Parkinson’s disease in a Chinese Han 
population.22 Another report by Xue et al., 2009 
performed a study among 138 SLE patients and 
199 controls to determine whether the 
polymorphisms of IL-16 gene contribute to the 
risk for SLE in a Chinese population. They 
reported some associations between both allele 
and genotype frequencies of the rs4072111 C/T, 
rs4778889 T/C, and rs11556218 T>G SNPs and 
risk of SLE.9 

In another study, Cheng et al., 2019 
investigated 133 type 2 diabetes mellitus 
(T2DM) patients and 127 controls and explored 
the significant genetic association of IL-16 gene 
rs11556218 SNP with T2DM susceptibility in a 
Chinese Han population.5 They reported that G 
allele frequencies of rs11556218 increased 
remarkably in the case group more than that in 
controls and so also associated with an 
increased risk of T2DM (OR = 1.639, 95% CI = 
1.087–2.471).5  

In the current study, there was a significant 
association between IL-16 genotype G/G and 
disease activity and health disability. In spite of 
that the functional role of IL-16 as an 
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inflammatory mediator is quiet unclear. 
However, there are evidence that IL-16 
contributes in the inflammatory disorder via the 
stimulation and activation of T lymphocytes and 
the secretion of many inflammatory cytokines 
which may lead to synovitis and progress to 
joint destruction and disability.23, 24 

In conclusion, we observed an association 
between allele G of IL-16 polymorphism 
(rs11556218 T/G) and risk of RA disease 
development. Similarly, there was an 
association between IL-16 polymorphism 
(rs11556218 T/G) genotype G/G and increase 
clinical disease activity levels and health 
disability.  
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