
Hafez et al. 
Egyptian Rheumatology and Rehabilitation           (2023) 50:12  
https://doi.org/10.1186/s43166-023-00176-y

RESEARCH

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Open Access

Egyptian Rheumatology
and Rehabilitation

Genetic polymorphisms of interleukin-16 
in Egyptian patients with primary knee 
osteoarthritis
Eman Abdel Razek Hafez1*, Reham Magdi Shaat1, Ola Mohamed Gharbia1, Shereen Aly Machaly1, 
Ola Ali El‑ Emam2, Nermin Youssef Abo El –Kheir2, Narmin Saied2, Alaa Abo Nour2, Sherif Elkhanishy3, 
Rasha Hassan4 and Heba El Shehawy2 

Abstract 

Background The pro‑inflammatory cytokine, interleukin 16 (IL‑16), has been shown to be secreted in low levels in 
knee osteoarthritis (KOA). The aim of the study was to examine the relationship between IL‑16 polymorphisms and 
the risk of KOA in the Egyptian population, as well as the clinical and radiographic severity of KOA.

Results IL16 rs11556218 thymidine triphosphate (T) T G (guanosine triphosphate), GG, TG + GG genotypes, and G 
allele (odd ratio (OR) = 0.315; 95% confidence interval (CI) = 0.191–0.518; P < 0.001; OR = 0.363; 95% CI = 0.162–0.815, 
P = 0.014; OR = 0.323; 95% CI = 0.202–0.519, P < 0.001; OR = 0.480; 95% CI = 0.338–0.683, P < 0.001 respectively); 
rs4778889 cytidine triphosphate (C) T,CC, TC + CC genotypes, and C allele (OR = 0.519, 95% CI = 0.319–0.844, 
P = 0.008; OR = 0.309, 95% CI = 0.105–0.916, P = 0.034; OR = 0.485, 95% CI = 0.304–0.775, P = 0.002; OR = 0.537, 95% 
CI = 0.365–0.791, P = 0.001 respectively); and rs4072111 CT, TT, CT + TT genotypes, and T allele (OR = 0.537, 95% 
CI = 0.323–0.893, P = 0.017, OR = 0.316, 95% CI = 0.096–0.843, P = 0.049, OR = 0.502, 95% CI = 0.309–0.816, P = 0.005; 
OR = 0.534, 95% CI = 0.353–0.809, P = 0.004 respectively) were associated with a decreased KOA risk, and they were 
significantly associated with decreased the Western Ontario and McMaster Universities Arthritis Index (WOMAC) and 
the Kellgren‑Lawrence (K/L) scores.

Neither IL‑16 serum levels nor IL‑16 polymorphisms were associated with the susceptibility to KOA. Low KOA risk was 
associated with the haplotypes GTC and TCT.

Conclusion There was no correlation between serum IL‑16 levels and KOA susceptibility or IL‑16 polymorphisms. 
GTC and TCT haplotypes were associated with low KOA risk. The variant alleles rs11556218GG, TG + GG; rs4778889 CC, 
TC + CC; and rs4072111 TT, CT + TT were associated with a reduced risk of KOA.
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Background
KOA is a complex disease that affects nearly 10% of indi-
viduals aged 55  years old or more, with the character-
istic degradation of articular cartilage, often ending as 
joints disability [1]. OA has many associated risk factors, 
including age, obesity, trauma, diet, smoking habits, and 
hormone therapy [2–4]. The pathogenicity of OA is still 
unrecognized and requires more explanation.
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Pathogenesis of synovitis and cartilage destruction 
related to OA can be attributed to the role of inflamma-
tory cytokines [5, 6]. Individual variability of cytokine 
concentrations can explain the susceptibility variations 
and disease severity which in turn are basically attributed 
to single nucleotide polymorphisms (SNPs) in cytokine 
encoding genes [7].

Pro-inflammatory cytokines, including TNF, IL-1β, 
IL-6, IL-8, IL-15, IL-17, IL-18, and IL-21, were previ-
ously involved in OA pathophysiology [8]. For example, 
in a study in 2019, IL-15 has been shown to be related to 
the severity of KOA [9]. In addition, another study inves-
tigated the level of IL 33 in RA in comparison with OA 
but concluded that there was no relation between IL33 
level and OA [10]. IL-16 had not been considered to be 
involved in OA until 2015, when two Chinese papers 
reported that some IL-16 gene polymorphisms had an 
impact on KOA susceptibility [11, 12].

IL-16 is a cytokine having a pro-inflammatory features 
including chemoattraction and modulation of T cell acti-
vation [13] and is a crucial mediator in inflammatory 
and autoimmune diseases in addition to growth and pro-
gression of tumor [14, 15]. The IL-16 gene is located on 
chromosome 15q26.3 [16] and is initially translated into 
a precursor protein consisting of 631 amino acids, which 
is cleaved by caspase-3 to make the active C-terminal 
domain containing 121 amino acids [17, 18].

IL-16 is a CD4-specific ligand. Thus, it selectively 
activates CD4 + T cells, macrophages, monocytes, and 
eosinophils by binding with the molecule CD4 [12]. In 
addition, IL-16 can increase the production of inflam-
matory cytokines, such as TNF-α, IL-1β, IL-6, and IL-15, 
leading to inflammatory response [19, 20].

Many IL-16 gene SNPs have been thoroughly studied. 
A prevalent SNP in IL-16 gene is rs4778889 T/C, situ-
ated 295 bp upstream from the start site of transcription 
and linked with modified levels of gene expression. Two 
additionally SNPs, rs11556218 T/G and rs4072111 C/T, 
are situated in an exon region, and their single-nucleotide 
changes would result in an amino acid replacement; the 
first leads to an asparagine (Asn) to lysine (Lys) replace-
ment in exon 6 of the IL-16 gene, and the second results 
in a serine (Ser) to proline (Pro) replacement [21].

IL16 has been identified to be secreted from OA syno-
vial fibroblasts at low concentrations [22]. For that and 
during the OA inflammatory process, IL-16 might be a 
prospective mediator. Since the IL-16 production could 
be genetically controlled, it is reasonable to hypothesize 
a potential relationship between IL-16 gene polymor-
phisms and KOA risk.

The objective of this research was to investigate the 
association of IL-16 polymorphisms with susceptibility to 
KOA and the impact of SNPs on IL16 serum levels as well 

as on clinical and radiologic severity in patient with KOA 
in the Egyptian population.

Methods
Study subjects
This is a case–control study conducted on 150 patients 
with the diagnosis of primary KOA consecutively 
selected from the Rheumatology and Rehabilitation 
outpatient clinic at the Mansoura University hospital, 
between March 2016 and April 2017, and 150 controls 
selected from healthy volunteers without evidence of OA, 
visiting the same hospital for regular check-up. Approval 
of the study by the institutional research board, Man-
soura University, Faculty of Medicine, was received (code 
R/16.05.39). A written informed consent was obtained 
from all participants.

sInclusion criteria
The diagnosis of KOA was assessed according to the 
American College of Rheumatology clinical criteria (clin-
ical and radiographic) [23].

Exclusion criteria
Autoimmune or systemic inflammatory diseases such 
as rheumatoid arthritis, systemic lupus erythematosus, 
spondyloarthropathies, gouty arthritis, and septic arthri-
tis, patients with previous traumatic knee injury, and all 
secondary KOA were excluded from the study.

Data collection and clinical examination
Baseline clinical data was achieved through interview-
ing the included participants, demographic characteris-
tics, history of associated medical conditions, review of 
systems, and history of knee trauma or surgery. Full gen-
eral and local musculoskeletal examination with stress 
on local knee examination for diagnosis and assessment 
of KOA was performed. Weight (kg) measurement was 
performed on a calibrated scale, and a stadiometer was 
used to measure standing height. Body mass index (BMI) 
was calculated as weight in kilograms divided by height 
in meters squared (kg/m2).

Evaluation of OA
For the evaluation of pain, stiffness, and function 
from the Western Ontario and Mc-Master University 
(WOMAC), OA index scoring was used in patients with 
OA [24]. Total WOMAC is the sum of the results of the 
three subscales. WOMAC of high rating indicates more 
pain and stiffness and serious restriction of function.
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Laboratory assessment
DNA extraction and measurement [11]
For analyzing DNA, a peripheral 2  mL of venous blood 
was obtained from each participant, and an anticoagu-
lant (EDTA-Na2) was added; the sample was stored at 
–  20  °C. DNA extraction was done by QIAGEN kit for 
extraction, and the OD 260/280 ratio was measured by 
spectrophotometer. Good DNA purity could be consid-
ered with an OD 260/280 ratio between 116 and 210, 
with the inclusion of the sample in the study. A tempera-
ture of – 70 °C was used for DNA storage.

Primer design and PCR amplification [25]
Primer sequences for each SNP were as follows: 
rs4778889T/C: 5′-CCA TGT CAA AAC GGT AGC CT-
CAAGC-3′ and 5′-CTC CAC A CTC AAA GCC TTT TG-
TTC CTA TGA-3′ rs4072111C/T: 5′-TTC AGG TAC-AAACC 
CAG CCA GC-3′ and 5′-CAC TGTG ATC CCG GTC 
CAGTC-3′ rs11556218T/G: 5′-TGTGA-CAA TCA CAG 
CTT GCCTG-3′ and 5′-GCT CAG GTTC-ACA GAG TGTTT 
CCATA-3′

A volume of 25 μL was used in PCR amplification reac-
tions. The total volume contains 1.0 μL of template DNA, 
12.5 μL hot start master mix, 1.0 μL of forward primers, 
1.0 μL of reverse primer, and 11.3 μL ionized water.

The conditions of polymerase chain reaction-restric-
tion fragment length (PCR) reaction at rs11556218T/G 
were as follows: denaturation of samples was at 95 °C for 
5  min, then its procession for 30 denaturation cycles at 
95 °C for 45 s, annealing at 60 °C for 45 s and its exten-
sion at 72  °C for 1 min, and ending with a final cycle of 
extension at 72  °C for 5  min. The rs4072111C/T and 
rs4778-889 T/C annealing temperatures were 67  °C and 
63 °C, respectively.

Restriction digestion and gel electrophoresis [26]
Restriction endonucleases BsmAI, NdeI, and AhdI 
were used for rs4072111C/T, rs11-556218  T/G, and 
rs4778889T/C, respectively. 1.2 μL of the restriction 
endonuclease was required for the digestion of 10 μL of 
PCR amplification product, and each product was treated 
in a 37° C water bath for 16 h. The resultant product was 
subjected to electrophoresis through running on 2% aga-
rose gel and then imaged. For genotype verification, Gen-
eray Biotech sequenced the amplified and digested DNA 
products.

Serum IL‑16 levels [27]
Serum samples were collected from both patients and 
healthy controls. After blood sampling, clotting of the 
serum was allowed for 30 min at 4 °C before being cen-
trifugated at 3000 rpm for 10 min at 4  °C. Isolation and 

storage of the total serum was carried out at – 20 °C until 
its further use. For detection of serum IL-16 concentra-
tions, a sandwich enzyme-linked immunosorbent assay 
(ELISA) was used. ELISA with the same batch of reagents 
was used according to the manufacturer’s instructions. 
The minimum concentration of detection for IL-16 was 
5 pg/mL with 10% intra-assay coefficients of variation.

Radiological assessment
Plain radiographs of both knees were obtained for every 
patient in a semiflexed weight bearing anteroposterior 
and lateral radiographs views. For grading of OA, the 
Kellgren-Lawrence (KL) score was used [28].

Sample size consideration
For the evaluation of the statistical power of the sam-
ple, the CaTS software (Center for Statistical Genetics, 
University of Michigan [29]) was used. The power of the 
sample size was calculated to be 80% regarding the next 
circumstances: 150 patients, 150 healthy controls, the 
prevalence of disorder is 12%, average allelic frequency of 
39.7%, significance level of 0.05.

Statistical analysis
Collected data was reviewed, coded, tabulated, and intro-
duced to a PC using the Statistical Package for the Social 
Sciences (IBM SPSS Version 20.0.). Data was presented 
and analyzed according to the nature of data obtained for 
each parameter. For parametric numerical data, mean and 
standard deviation (± SD) were selected, while median 
and range were used for non-parametric numerical data 
and frequency and percentage of non-numerical data. 
Normality of data distribution was tested by using the 
Kolmogorov–Smirnov test. The Student T test was car-
ried out for assessing the statistical significance of the 
mean difference between two study groups. The statistical 
significance of the difference of a non-parametric variable 
between two study groups was assessed by Mann–Whit-
ney test (U test). For comparison between more than two 
study group ordinal variables, the Kruskal–Wallis test was 
used to assess the statistical significance. Chi-square test 
was carried out for examining the relationship between 
two qualitative variables. Significance of the results 
obtained was judged at P ≤ 0.05. Fisher’s exact test was 
used when the expected count is less than 5 in more than 
20% of cells for examining the relationship between two 
qualitative variables. Deviations from Hardy–Weinberg 
equilibrium expectations were determined using the chi-
square test. Odds ratio and 95% confidence interval were 
calculated. Linear regression analysis was conducted for 
prediction of confounders. The HaploView program (ver-
sion 4.2) was applied for the estimation of the haplotypes 
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and linkage disequilibrium (LD), through using the expec-
tation maximization (EM) algorithm. The code of colors 
in the HaploView plot follows the standard color scheme 
for HaploView: white, |D′|< 1, LOD < 2; shades of pink/
red, |D′|< 1, LOD ≥ 2; blue, |D′|= 1, LOD < 2; red, |D′|= 1, 
LOD ≥ 2.

NB. (Logarithm of likelihood odds ratio [LOD]; (a 
measure of confidence in the value of D′).

Results
Demographic data, IL16, WOMAC, and K/L score of 
KOA patients are shown in Table 1. The mean age of OA 
cases was 49.5 years; they were 19 males and 131 females. 
Healthy controls had younger age and matched gender 
and BMI compared to OA cases. The serum level of IL16 
was insignificantly different between KOA cases and 
healthy controls. The median WOMAC was 60; median 
K/L score was 2.

The comparison of IL16 SNPs between KOA patients 
and the control group is presented in Table 2. This sample 
of participants was randomly selected from a population 
in Dakahleya Governorate in lower Delta, Egypt. Apply-
ing Hardy–Weinberg equation indicated that rs11556218, 
rs4778889, and rs4072111 genotypes in the control group 
as well as in the case group were in the Hardy–Weinberg 
equilibrium. rs11556218 TG, GG, TG + GG genotypes, 
and G allele; rs4778889 CT, CC, CT + CC genotypes, and 
C alleles; and rs4072111 CT, TT, CT + TT genotypes, 
and T allele showed significant lower frequency in KOA 
when compared to the control groups, with significantly 
protective effect against OA development among healthy 
control subjects.

A comparison between rs11556218, rs4778889, and 
rs4072111 haplotypes in OA cases and controls is shown 
in Table  3. We performed the current analyses with 
data derived from the chromosomal region 15q25.1 on 

chromosome 15. The application of the HaploView pro-
gram (version 4.2) was performed to estimate the hap-
lotypes and linkage disequilibrium (LD), which uses the 
expectation maximization (EM) algorithm. TTC hap-
lotype showed highest frequency, while TCC showed 
lowest frequency in cases and control. Taking TTC hap-
lotype as a reference, GTC and TCT haplotypes showed 
significantly lower frequency in OA patients when com-
pared to the control group, with significantly protective 
effect against OA development within healthy control 
subjects.

The association between rs11556218 genotypes with 
clinical and radiographic features of KOA patients is pre-
sented in Table 4.

rs11556218GG, TG + GG; rs4778889 CC, TC + CC; 
and rs4072111 TT, CT + TT genotypes were signifi-
cantly associated with lower WOMAC and Kellgren. 
Serum IL16 did not differ significantly between different 
genotypes.

Regression analysis was conducted for prediction of 
factors affecting IL16 level, using age, gender, and BMI 
as confounders. None was associated with prediction of 
IL16 level in Table 5.

Linkage disequilibrium (LD) between rs11556218 and 
rs4778889 in the control was 40%; in OA, it was 78%; 
LD between rs11556218 and rs4072111 in the control 
was 19%; in OA, it was 69%; LD between rs4778889 
and rs4072111 in the control was 1%; in OA, it was 67% 
(Fig. 1).

Discussion
Different inflammatory elements are engaged in OA 
pathologically. In OA, there is a loss of enhanced 
chondrocyte anti-inflammatory and synthetic activ-
ity due to enhanced degrading activity [30, 31]. The 
enhanced synthetic activity is restricted to the far deep 

Table 1 Demographic data, IL16, and clinical and radiological features in OA cases and control groups

BMI Body mass index, WOMAC Western Ontario and McMaster Universities Arthritis Index, K/L score Kellgren-Lawrence
* Significance P ≤ 0.05

Data Groups

Control
N = 150

Cases
N = 150

P

Age Mean ± SD 39.6 ± 8.7 49.5 ± 9.1 * < 0.001
Sex

Males N (%) 20 (13.3%) 19 (12.7%) 0.864

Females N (%) 130 (86.7%) 131 (87.3%)

BMI (kg/m2) Mean ± SD 31.2 ± 4.7 31.8 ± 4.8 0.327

IL16 (pg/mL) Median (range) 213.5 (29.3–455.7) 200.5 (23.7–484.5) 0.147

WOMAC Median (range) ‑ 60 (8–96) ‑

K/L score Median (range) ‑ 2 (1–4) ‑
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layers of the cartilage, allowing the degradation imbal-
ance to continue near the synovial border in the deep 
layer. In the end, malfunction and apoptosis of chon-
drocyte restrict the capacity for reaction and acceler-
ate OA progression [30, 31].

Therefore, we postulated that the susceptibility to OA 
may be modulated by IL-16 polymorphisms.

In our study, there were no significant differences 
between OA cases and healthy controls as regards sex 
and BMI, but the mean age was significantly older in 
OA cases (P < 0.001). However, none of these factors was 
associated with prediction of IL16 level as demonstrated 
by multivariate regression analysis. This makes the rela-
tion between OA and IL16 more reliable.

Table 2 Comparison of IL16 SNPs between OA patients and controls

HW p Hardy–Weinberg p value, OR Odds ratio, CI Confidence interval
* Significance P ≤ 0.05

Genotype Groups

Control
N = 150

Cases
N = 150

P OR 95% CI

N % N %

rs11556218 TT 49 32.7 90 60.0 ‑ 1 (reference)
TG 83 55.3 48 32.0 * < 0.001 0.315 0.191–0.518

GG 18 12.0 12 8.0 *0.014 0.363 0.162–0.815

TG + GG 101 67.3 60 40.0 * < 0.001 0.323 0.202–0.519

T 181 60.3 228 76.0 - 1 (reference)
G 119 39.7 72 24.0 * < 0.001 0.480 0.338–0.683

HW p 0.056 0.133

rs4778889 TT 75 50.0 101 67.3 - 1 (reference)
CT 63 42.0 44 29.3 *0.008 0.519 0.319–0.844

CC 12 8.0 5 3.3 *0.034 0.309 0.105–0.916

TC + CC 75 50.0 49 32.7 *0.002 0.485 0.304–0.775

T 213 71.0 246 82.0 ‑ 1 (reference)
C 87 29.0 54 18.0 *0.001 0.537 0.365–0.791

HW p 0.807 0.938

rs4072111 CC 87 58.0 110 73.3 - 1 (reference)
CT 53 35.3 36 24.0 *0.017 0.537 0.323–0.893

TT 10 6.7 4 2.7 *0.049 0.316 0.096–0.843

CT + TT 63 42.0 40 26.7 *0.005 0.502 0.309–0.816

C 227 75.7 256 85.3 - 1 (reference)
T 73 24.3 44 14.7 *0.004 0.534 0.353–0.809

HW p 0.619 0.614

Table 3 Analysis of rs11556218, rs4778889, and rs4072111 haplotypes in OA cases and controls

OR Odds ratio, CI Confidence interval
* Significance P ≤ 0.05

Haplotype rs11556218 rs4778889 rs4072111 Control Cases p OR 95% CI

TTC T T C 0.401 0.688 - 1 (reference)
GTC G T C 0.267 0.092 * < 0.001 0.282 0.177–0.449

TCT T C T 0.155 0.044 * < 0.001 0.250 0.132–0.474

GCT G C T 0.047 0.062 0.398 1.381 0.679–2.809

GCC G C C 0.046 0.058 0.519 1.227 0.594–2.537

GTT G T T 0.037 0.028 0.558 0.810 0.331–1.983

TCC T C C 0.043 0.016 *0.051 0.374 0.132–1.063
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In this study, the prevalent IL-16 SNP namely 
rs4778889 and two other SNPs (rs4072111 and 
rs11556218) were chosen for the assessment of their 
association with KOA patients and healthy controls.

Our study revealed that participants carrying the 
rs11556218 G allele showed lower risk to KOA devel-
opment in comparison with those carrying T allele. 
Also, the participants carrying rs4778889 C allele 
were less prone to develop OA than those carrying T 

Table 4 Association of IL16 level, WOMAC, and K/L score with IL16 genotypes

P1 comparison between rs11556218 TT, TG, GG, P2 comparison between rs11556218 TG + GG and TT, P3 comparison between rs4778889 TT, TC, CC, P4 comparison 
between rs4778889 TC + CC and TT, P5 comparison between rs4072111 CC, CT, TT, P6 comparison between CT + TT and CC
* Significance P ≤ 0.05

Genotypes Variables

IL16 WOMAC Kellgren

Median Range Median Range Median Range

rs11556218 TT (N = 90) 210.8 55.3–484.5 71 53–96 3 2–4

TG (N = 48) 155.9 23.7–418.4 44 30–53 2 1–2

GG (N = 12) 274 55.7–460.4 25 8–30 1 1–1

TG + GG (N = 60) 155.9 23.7–460.4 43 8–53 2 1–2

P1 0.328 * < 0.001 * < 0.001
P2 0.338 * < 0.001 * < 0.001

rs4778889 TT (N = 101) 207 23.7–484.5 69 8–96 2.5 11–4

TC (N = 44) 189.1 29.6–424.4 43 22–56 2 1–2

CC (N = 5) 291.9 96.9–460.4 21 8–53 1 1–2

TC + CC (N = 49) 194 29.6–460.4 43 8–56 2 1–2

P3 0.593 * < 0.001 * < 0.001
P4 0.890 * < 0.001 * < 0.001

rs4072111 CC(N = 110) 203.7 23.7–484.5 67.5 29–96 2.5 1–4

CT(N = 36) 227.1 29.6–424.4 36.5 19–56 2 1–2

TT(N = 4) 123.9 96.9–150.8 30.5 8–53 1.5 1–2

CT + TT(N = 40) 155.9 29.6–424.4 36.5 8–56 2 1–2

P5 0.298 * < 0.001 * < 0.001
P6 0.971 * < 0.001 * < 0.001

Table 5 Regression analysis for prediction of factors affecting 
IL16 level

Β regression coefficient
* Significance P ≤ 0.05

Variables Β P

Age 1.426 0.141

Sex 3.500 0.521

BMI 1.586 0.289

Fig. 1 Linkage disequilibrium between (1) rs11556218, (2) rs4778889, and (3) rs4072111 in A control and B OA groups
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allele. Individuals carrying rs4072111 T allele were less 
prone to develop KOA than those carrying C allele. 
These results goes with the study of Luo and his col-
leagues [12], who studied the same genes in a Chinese 
population.

In contrast to our study, Liu et  al. [11] reported an 
association between rs4072111 CT and the increased risk 
of OA, but rs11556218 TC genotype was associated with 
reduced risk. This discrepancy could be explained by the 
differences in ethnic origins of the studied populations, 
the presence of other SNPs within IL-16 gene associ-
ated with the susceptibility to OA, or variable exposure 
to other risk factors, such as tobacco smoking and heavy 
drinking in the former two studies.

A haplotype is recognized as a collection of SNPs on a sin-
gle chromatid that is probably considered inherited together 
more frequently than previously proposed by chance in a 
block pattern due to existing linkage disorder [32].

This study revealed that there is a significant associa-
tion between GTC and TCT haplotypes and the reduced 
risk of KOA.

In contrast to our study, Luo et al. [12] found that GCC 
and TTT haplotypes were significantly associated with 
elevated risk of KOA. Also, Liu and his colleagues [11] 
found that TTT haplotype was associated with increased 
risk, while the GCC haplotype was associated with 
decreased risk of KOA.

When we studied linkage disequilibrium, there was LD 
between rs11556218 and rs4778889 which was higher in 
KOA patients; LD between rs11556218 and rs4072111 
was higher in KOA, but LD between rs4778889 and 
rs4072111was higher in the control group. Liu et al. [11] 
found linkage disequilibrium between rs4778889 SNP 
and rs11556218 which were similar to our results.

When we studied the association between IL16 SNPs 
and clinical and radiographic data, only rs11556218 GG, 
TG + GG, rs4072111 TT, and CT + TT were significantly 
associated with lower WOMAC and K/L scores which 
denote that individuals carrying these genotypes could 
be at less susceptibility to develop severe KOA than other 
genotypes.

In the study of Luo et  al. [12] for evaluation of the 
impact of IL-16 polymorphisms on KOA risk stratified 
by sex, they found that there is a clear strong associa-
tion in female patient subgroups, but they could not find 
an explanation and revealed that this finding was unex-
pected, which could be explained by higher number of 
female patients compared to males, those genes located 
on chromosome 15 and not linked to sex chromosomes, 
or might also be the result of estrogen-related effects; 
estrogen can interact with IL-16 and reduce the possibil-
ity of developing KOA.

In our study, the serum levels of IL-16 did not show any 
significant differences between OA patients with differ-
ent genotypes and the control group. Similarly, in a study 
by Gupta et al. [31] on 90 Malaysian patients, no signifi-
cant difference was found between the serum levels of 
IL16 in the healthy controls and KOA patients, suggest-
ing the probability of other influences on IL-16 concen-
trations apart from genetics. This can be explained by the 
relatively small sample size; more data from additional 
patients will provide further confirmation which would 
be provided by additional patient data.

Luo et  al. [12] revealed that serum IL16 levels were 
higher in KOA patients than in controls but not associ-
ated with IL16 gene polymorphisms. Those results go 
with our study except for serum levels of IL16 which 
were not significantly different from the control group. 
This discrepancy in the results might be attributed to the 
lower exposure to risk factors, such as tobacco smoking 
and heavy alcohol drinking in the former two studies.

The limitation of the study
Three limitations of this study should be addressed. First, 
the relatively small size of our patients makes the power 
of study statistics insufficient. Therefore, further studies 
on larger samples are needed. Second is the study pop-
ulation confined to the Mansoura city population; thus, 
the findings may not be universal to other populations. 
More studies on other ethnic groups would be valuable. 
Third, only three SNPs in the IL-16 gene were investi-
gated. Identifications of more SNPs and studying their 
association with KOA would be interesting.

Conclusion
There is a relationship between IL16 polymorphisms and 
the risk of KOA. We found that IL16 rs11556218 TG, 
GG, TG + GG genotypes, and G allele; rs4778889 CT, 
CC, CT + CC genotypes, and C alleles; and rs4072111 
CT, TT, CT + TT genotypes, and T allele are associated 
with significant lower risk of KOA. Serum levels of IL-16 
is not associated with the susceptibility to KOA. The hap-
lotypes GTC and TCT are associated with low KOA risk. 
The variant alleles rs11556218GG, TG + GG; rs4778889 
CC, TC + CC; and rs4072111 TT, CT + TT are associated 
with lower WOMAC and K/L score. There is no asso-
ciation between IL-16 polymorphisms and IL-16 serum 
levels.

Abbreviations
KOA  Knee osteoarthritis
IL‑16  Interleukin 16
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PCR  Polymerase chain reaction‑restriction fragment length
ELISA  Enzyme‑linked immunosorbent assay
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