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Abstract
Osteoarthritis (OA) is one of the most common musculoskeletal diseases of adults worldwide. Inflammation plays a crucial 
part in OA pathology, but role of cytokines is still inconclusive. Purpose of this study was to assess the function of tumor 
necrosis factor α (TNF-α -308 and -238) and interleukin-6 (IL6-572) polymorphisms in OA disease susceptibility in a Paki-
stani population. 280 OA patients and 308 ethnically matched healthy controls were enrolled in the current study. Demo-
graphic data were collected from all participants via a questionnaire. Genomic DNA was isolated from all subjects. TNF-α 
(-308 G>A, -238 G>A) and IL6 (-572 G>C) polymorphisms in both groups were identified by PCR-coupled restriction 
fragment length polymorphism (PCR–RFLP) technique. GraphPad Prism software was used to perform statistical analysis. 
Genotypic and allelic frequencies were determined in both groups. Basic characteristics were mentioned as SD ± mean. p 
value above 0.05 was considered nonsignificant statistically. Age and body mass index (BMI) differences were not significant 
(> 0.05) between patients and control groups. Genotype frequencies were in agreement with Hardy–Weinberg equilibrium 
for all single nucleotide polymorphisms (SNPs) in control and patient group. TNF-α (-308, -238) GA+AA genotypes and 
IL6 (-572) GC+CC genotypes were considerably associated with higher risk of OA compared to homozygous wild-type 
genotypes (p < 0.01). Variant alleles were more expressed in knee OA patients as compared to healthy controls for all loci 
(p < 0.05). Our finding suggests there is an association between TNF-α -308G/A, -238G/A and IL6-572G/C polymorphisms 
and OA disease susceptibility in a Pakistani population. Further studies with large sample size and in diverse ethnic groups 
are vital to evaluate and confirm the function of these SNPs in OA disease pathology.
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1 Introduction

Knee osteoarthritis (OA), identified by the degeneration of 
articular cartilage, is a common chronic disorder (Orita et al. 
2011). It is the most common reason of disability among 
elders globally. A study, conducted in Pakistan, has reported 
that 25% inhabitant of countryside areas and 28% popula-
tion living in cities were affected with knee OA (Haq 2011).

The complete mechanism of action of knee OA is not 
known yet. Contributions of genetic components in etiol-
ogy of OA disease have been shown by few recent studies. 
Although, classically OA is regarded as a noninflammatory 
disorder due to the absence of certain proinflammatory cells 
like neutrophils (Valdes et al. 2010), inflammatory reaction 
seems to have an important role in commencement and pro-
gression of OA. There are evidences that suggest the crucial 
involvement of various soluble inflammatory mediators in 
orthopedic and rheumatic disorders (Lieberthal et al. 2015). 
Cartilage degradation, a hallmark of OA, is an expression of 
inflammatory reaction (Helmy et al. 2001). OA is now sug-
gested as a chronic inflammatory disease (Chen et al. 2017).

Cytokines contribution has been evident in the initiation 
and expansion of OA over the years (Han et al. 2012). Many 
OA patients, with degenerated cartilage, are found to have an 
elevated level of cytokines like tumor necrosis factor alpha 
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(TNF-α), interleukin-6 (IL6) and other acute phase proteins 
(Fernandes et al. 2002).

TNF-α seems to have a central role in degeneration of 
cartilage associated with OA. TNF-α not only stimulates 
its own production but also induces the release of other 
cytokines like IL6 by activating the chondrocytes and syn-
oviocytes (Sezgin et al. 2008). Additionally, TNF-α has 
been observed to stimulate osteoclastic bone resorption 
in vitro (Pelletier et al. 2001). It may also affect the process 
of remodeling of subchondral bone in OA patients (Pelle-
tier et al. 2001). High level of TNF-α has been reported in 
synovial fluid of OA patients and, it has crucial involvement 
in inflammatory process and joint degradation (Özler et al. 
2016). TNF-α encoding region is located on chromosome 6 
(p21.3). Numerous single nucleotide polymorphisms (SNPs) 
are present in TNF-α gene regulatory region, two of which 
are -308G>A (rs1800629) and -238 G>A (rs361525). These 
polymorphisms are shown to be linked with an altered sec-
retary response of this cytokine (Jamil et al. 2017). Theses 
SNPs have also been related to high TNF-α level in rheu-
matoid arthritis (RA) patients (Munoz et al. 2014). Further-
more, TNF-α -308 genetic variant is reported to be associ-
ated with variety of arthritis such as rheumatoid arthritis, 
psoriatic arthritis and juvenile rheumatoid arthritis (Sezgin 
et al. 2008). So far, many studies have been published to elu-
cidate the association between TNF-α -308 and -238 poly-
morphisms and knee OA risk, but results are not consistent, 
and variable findings are reported among different ethnici-
ties. So in view of the uncertain relationship between these 
SNPs and OA susceptibility, the current study was aimed 
to clarify the role of theses polymorphisms in a Pakistani 
population.

IL6 is another important regulator of inflammation, and 
it induces localized inflammatory response in the joints. 
Both TNF-α and IL6 are well known for their vital role 
in bone remodeling process (Manolagas and Jilka 1995). 
An increased IL6 level has been observed in synovial fluid 
and serum of OA patients (Kaneko et al. 2000). IL6 coding 
gene is located on chromosome 7p21–24. Polymorphisms 
at position -174 (rs1800795), -597 (rs1800797) and -572 
(rs1800796) are shown to be associated with various ill-
nesses such as the radiographic severity of RA (Marinou 
et al. 2007). Published data have reported that -174 and -572 
promoter polymorphisms influence transcriptional level of 
IL6 and may also alter the IL6 serum level in RA patients 
(-572 IL6 polymorphism and hand RA 2014, Wang et al. 
2013). Alterations in cytokine concentration in different 
individuals are possibly the reason for difference in disease 
susceptibility and mainly attributed to SNPs in cytokine 
genes (genetic polymorphism in IL16 and OA 2015#7). 
Several reports have been published about the association 
of IL6 -174 polymorphism and OA, but role of -572 SNP is 
still not clear (Fernandes et al. 2015).

The objective of this study was to investigate the connec-
tion of TNF-α (-308G/A and -238G/A) and IL6 (-572 G/C) 
SNPs with knee OA in a Pakistani population. To the extent 
of our knowledge, this is the pioneer report to estimate the 
effects of these genetic variations on knee OA in a Pakistani 
population.

2  Patients and Material

2.1  Study Subjects

This research project was carried out at the Quaid-i-Azam 
University (QAU), Department of Biochemistry, Islama-
bad. It was approved by the ethics committee of QAU. Two 
hundred and eighty unrelated patients with primary knee 
osteoarthritis were enrolled in this study from the orthope-
dic outpatient department in hospitals of Islamabad/Rawal-
pindi, Pakistan, from March 2014–Jan 2015. Disease was 
confirmed by experienced orthopedists using American Col-
lege of Rheumatology (ACR) radiographic criteria (Altman 
et al. 1986). Patients with any other type of arthritis, post 
traumatic OA, any inflammatory, systematic and chronic 
diseases, depression and neoplasm were excluded. In addi-
tion, participants who were using intra-articular injections 
and nonsteroidal antiinflammatory drugs (NSAID) were also 
excluded. Informed and written consent was also taken from 
all subjects. A questionnaire containing personal details 
was filled from all participants through personal interview 
(Table 1). Three hundred and eight (308) healthy people 
were recruited as controls. The control subjects were clini-
cally healthy with no personal or family history of OA and 
any other chronic and inflammatory disease (Table 1).

2.2  DNA Extraction

5 ml blood was taken from all study subjects in EDTA 
containing tubes to prevent blood coagulation. Jena 
 Biosciences® Blood DNA isolation kit (Jena Biosciences, 
Germany) was used to extract gDNA from all samples as 
per manufacturer’s instructions.

Table 1  Characteristics of patient and control groups

n number of subjects
*p values are calculated by unpaired t test
† p values are calculated by Chi-square test

Patients (n = 280)
Mean ± SD

Control (n = 308)
Mean ± SD

p value

Age (years) 54.57 + 10.42 53.5 + 10.2 0.2*
BMI (kg/m2) 25.6 ± 4.5 26 ± 3.5 0.2*
Male/female (n) 120/160 152/156 0.1†
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2.3  PCR–RFLP Analysis

The polymorphisms in TNF-α and IL-6 genes were assessed 
by PCR–RFLP technique using three sets of forward and 
reverse primers (Table 2). PCR and genotyping analysis 
were performed using the protocol already established in 
laboratory by Liaquat et al. (2014, 2015). Briefly, each 
50-μl PCR mix contained 1 unit of Taq DNA polymerase 
(MBI Fermentas, England), 10× PCR buffer,  25mMMgCl2 
(MBI Fermentas, England), 10 pmol of each forward and 
reverse primer, 10 mM dNTPs and 100 ng of genomic DNA. 
GeneAmp PCR cycler 9700 (Applied Biosystems Inc., USA) 
was used for amplification using following thermal profile: 
5 min of initial denaturation at 95 °C followed by 40 cycles 
of 1 min of denaturation at 95 °C, 1 min of annealing (60 °C 
for TNF-α and 55 °C for IL-6) and 1 min of elongation at 
72 °C. A final extension of 10 min was given at 72 °C. The 
PCR products were verified on 2% agarose gel along with 
positive and negative control samples (Table 2) and 100-bp 
DNA ladder (MBI Fermentas, England). NcoI, MspI and 
MbiI restriction enzymes were used for digestion of TNF-α 
-308, TNF-α -238 and IL6 -572, respectively. Each diges-
tion mixture consisted of 12-μl PCR aliquot, 1 μl of the 
respective enzyme (10 U/μl) (MBI Fermentas, England), 
2 μl of 10× Buffer G (MBI Fermentas, England) and 5 μl 
of PCR water. The reaction mixture was incubated for 16 h 
at 37 °C. The digested products (TNF-α -308 114 bp and 
20 bp, TNF-α -238 133 bp and 19 bp, IL6 -572 146 bp and 
105 bp) were electrophoresed on 4% agarose gel, stained 
with ethidium bromide, and viewed using UV transillumina-
tor. Around 25% samples were randomly picked, and assay 
was repeated to confirm the results. Results were 100% in 
accordance.

2.4  Statistics

GraphPad Prism for windows (v6.0; GraphPad Software 
Inc., USA) was used for all statistical analyses. Basic popula-
tion characteristics were presented as mean ± SD. The statis-
tical significances between patient and control groups were 
analyzed by Student’s t test and Chi-square test, where indi-
cated. The genotypic and allelic frequencies were measured 
by a Fisher’s exact test. Deviation from Hardy–Weinberg 

equilibrium (HWE) was assessed by Chi-square test for 
both case and control groups separately. Haplotype analysis 
for TNF-α polymorphisms was done by Fisher’s exact test. 
Probability value ≤ 0.05 was taken as significant.

3  Results

Two hundred and eighty patients (mean age; 54.5 ± 10 years) 
and three hundred and eight healthy controls (mean age; 
53.5 ± 10 years) were recruited for this case control study. 
The patient group contained 43% and 57%, whereas control 
group contained 49% and 51% males and females, respec-
tively. No considerable difference was observed in gen-
der, age and BMI of OA patients and controls (Table 1). 
Alleles and genotypes frequencies are given in Table 3. 
The genotypic frequencies were in equilibrium with HW 
principle for all three SNPs in both study groups (p > 0.05). 
The GA+AA genotypes of TNF-α -308 and -238 showed 
significant association with risk of OA as compared to GG 
genotype (p = 0.0011 and p = 0.0001, respectively). Simi-
larly, IL6 -572 mutant GC+CC genotype was notably higher 
in OA patients in comparison with controls (p = 0.0001). 
Additionally, A alleles of TNF-α (-308 and -238) and C 
alleles of IL-6 (-572) were linked with increased suscep-
tibility of OA compared to G allele. Haplotype analysis of 
TNF-α polymorphisms (Table 4) showed that mutant hap-
lotypes (G–A and A–A) were significantly associated with 
higher risk of disease susceptibility compared to wild-type 
haplotype (G–G). The G–A haplotype (p = 0.0001, OR .12, 
CI .1–.2) and A–A haplotype (p = 0.0001, OR .3, CI .2–.4) 
were revealed as high-risk haplotypes. The A–G haplotype 
was not correlated with increased vulnerability of knee OA 
(p = 0.46; Table 4).

4  Discussion

In the current study, we intended to find out the involvement 
of selected genetic variations in TNF-α (-308G/A and -238 
G/A) and IL6 (-572G/C) genes in knee OA. We observed 
these SNPs are correlated with knee OA in a Pakistani 
population.

Table 2  Forward and reverse primer and PCR product size

Gene Forward primer Reverse primer Product 
size 
(bp)

TNF-α -308 5′-AGG CAA TAG GTT TTG AGG GCCAT-3′ 5′-CAT CAA GGA TAC CCC TCA CACTC-3′ 134
TNF-α -238 5′-AGA AGA CCC CCC TCG GAA  C C-3′ 5′-ATC TGG AGG AAG CGG TAG  TG-3′ 152
IL 6 -572 5′-AGC CAA CCT CCT CTA AGT  GG-3′ 5′-ACT GAG TTT CCT CTG ACT CC-3′ 251
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Knee OA is a whole joint disorder involves tearing of 
cartilage, sclerosis of underlying bone and formation of 
osteophytes. It is the major source of disability and socio-
economic burden globally. Because of complex disease 
pathology and involvement of multiple genes, it becomes a 
challenge to find a universal biomarker for early diagnosis 
and effective treatment of OA. It is suggested that inflam-
mation plays an important role, but its molecular mecha-
nism with involvement of gene polymorphism is still under 
discussion. There are several SNPs in a range of cytokine 
genes which show association with various diseases. Iden-
tification and association of these SNPs would be helpful 
in understanding of OA disease pathology.

Taking into consideration the involvement of the genetic 
component in OA pathogenesis, the study of TNF-α and 
IL6 gene polymorphisms might be helpful in identification 
of the individual’s susceptibility to disease.

TNF-α SNPs have established associations with many 
disorders like RA, ankylosing spondylitis and systemic 
lupus erythematosus (Lee et al. 1998). It is observed that 
allele A is strongly linked with increased level of TNF 
and disease vulnerability in human (Shlopov et al. 2000).

Our study reveals that A allele of TNF-α -308 and -238 
polymorphism is related to enhanced risk of knee OA. Our 
results are in agreement with Han et al. (2012). He found 
strong correlation with -308 TNF-α and OA in Korean pop-
ulation. Different previous researches have shown diverse 
results. Sezgin et al. (2008) did not observe any relation 
between TNF-α -308 SNP and OA in a Turkish population. 
This is, perhaps, due to a small sample size of the study 
or potential involvement may be weakened by the environ-
mental factor. Actually, strong linkage disequilibrium also 
makes it difficult to study the function of SNP separately 
(Brinkman et al. 1996). Bin et al. (2013) on the contrary, 
described a positive relationship between TNF-α -308 poly-
morphism and OA in Han population; however, they did 
not find any involvement of TNF-α -238 polymorphism in 
OA. Another research conducted on Mexican population, 
with relevant small sample size (n = 150), demonstrated that 
there is no significant difference in TNF-α -308 and -238 
genotype frequencies between patient and control groups 
(Munoz et al. 2014). Due to small sample size, they could 
not identify any subject with AA homozygous genotype 
for both studied polymorphisms and this may have reduced 

Table 3  Comparison of 
genotype and allele frequencies 
at polymorphic site TNF-α -308 
G>A and -238 G>A and IL-6 
-572 in a study population

n number of subjects, p value < 0.05 considered statistically significant. p value calculated by Fisher’s exact 
test

Patients (n = 280) Controls (n = 308) p value OR 95% CI

TNF-α -308 G/A 0.0011 0.6 0.4–0.8
GG 143 (51.1%) 199 (64.6)
GA+AA 137 (48.9%) 109 (35.4)
G allele 406 (72.5%) 493 (80%) 0.0025 0.7 0.5–0.9
A allele 154 (27.5%) 123 (20%)
TNF-α -238 G/A
GG 72 (25.7%) 227 (73.7%) 0.0001 0.1 0.1–0.2
GA+AA 208 (74.3%) 81 (26.3%)
G allele 293 (52.3%) 527 (85.6%) 0.0001 0.2 0.1–0.3
A allele 267 (47.7%) 89 (14.4%)
IL-6 -572 G>C
GG 142 (50.7) 240 (78%) 0.0001 0.3 0.2–0.4
GC+CC 138 (49.3%) 68 (22%)
G allele 394 (70.4%) 540 (87.7%) 0.0001 0.3 0.2–0.5
C allele 166 (29.6%) 76 (12.3%)

Table 4  The haplotype analysis 
of TNF-α -308 G>A and -238 
G>A polymorphisms in OA 
patients and controls

Haplotype -308/-
238

Patients (n = 280) Controls (n = 308) p value OR (95% CI)

G–G 247 (44.1%) 455 (73.8%) Reference
G–A 159 (28.4%) 38 (6.2%) < 0.0001 0.12 (0.1–0.2)
A–G 46 (8.2%) 72 (11.7%) 0.46 0.8 (0.6–1.3)
A–A 108 (19.3%) 51 (8.3%) < 0.0001 0.3 (0.2–0.4)
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the statistical power of the analysis. A meta-analysis by 
Kou and Wu (2014) based on published data on TNF -308 
polymorphisms, suggested that GA and AA genotypes are 
coupled with an enhanced risk of knee OA. This might be 
explained by an increased level of TNF-α in -308A allele 
carrier compared to -308G carriers. Abdel et al. (2017) in 
a recently published study have reported that TNF-α -308 
mutation is linked with an early onset of primary knee OA 
in Egyptian female population. Many earlier studies have 
shown the connection between TNF-α -238 polymorphisms 
and some rheumatic diseases (Lee et al. 2010; Sousa et al. 
2009), but there are only few studies, including current 
study, which describe its link with OA disease susceptibil-
ity, and its role in OA is not completely understood yet. A 
recent case–control study and meta-analysis by Sobhan et al. 
(2018) revealed TNF-α -238 polymorphism is not linked 
with genetic susceptibility to knee OA. They also reported, 
contrary to previous meta-analysis, that no significant dif-
ference existed between TNF-α -308 genotypes in patient 
and control groups; however, -308 A allele was prominent 
in patient group compared to G allele (p < 0.05). They have 
suggested that previous meta-analysis by Kou and Wu 
(2014) was not accurately conducted due to the selection of 
inappropriate studies with overlapping findings which dis-
torted the final results. Though, current meta-analysis also 
have certain limitations as researchers were not able to per-
form meta-analysis for relationship of the combined TNF-α 
-308 and -238 polymorphisms and knee OA due to limited 
number of studies. Their findings may also be influenced by 
gene-environment interaction factors and heterogeneity of 
control group.

IL6 also considered as a key player in OA pathology. 
A direct relationship between an advanced serum level 
of IL-6 and the radiographic progression of knee OA is 
also observed (Livshits et al. 2009). Several SNPs in IL6 
gene promoter region, particularly -174, -597 and -572, 
are important and have been established to be linked with 
numerous diseases like radiography severity in RA (Marinou 
et al. 2007). Previously published data have proposed that 
genotypic variants of IL6 gene are associated with cartilage 
degradation (Osiri et al. 1999; Jordanies et al. 2000).

For current study, IL6 -572 polymorphism was selected as 
it’s a TAG SNP and showed perfect linkage disequilibrium 
with other polymorphisms in the promoter region (-174 and 
-597) (Fernandes et al. 2015). The IL6 -572 SNP exhibited 
a high frequency of the -572C allele from OA cases versus 
controls implying a positive relation of this polymorphism 
with the disease in subjects of current study. Our findings are 
contradictory to previously published studies which reported 
no such association between -572C variant and risk of OA.

Kämäräinen et al. (2008) did not find any connection 
between -572 C variant allele and risk of distal interphalan-
geal (DIP) OA in a Finish population. They also found that 

G allele at -572 position is associated with an increased IL6 
level in serum. Another recent report by Fernandes et al. also 
documented similar results for Brazilian population 2015). 
They found that G allele was more common in OA patients 
in comparison with healthy subjects. They reported that 
individual with C allele showed less susceptibility to knee 
OA. We reported a strong positive association between IL6 
-572 C allele and risk of knee OA in a Pakistani population. 
Our results demonstrate the influence of diverse ethnicity in 
our genetic background that may explicate the genotype and 
allele differences compared with the European and Ameri-
can population. As not much data are available on IL6 -572 
SNP regarding its association with OA, impact of this poly-
morphism on knee OA is still ambiguous.

Limitations of the present study may include small sam-
ple size. Secondly, we were not able to relate these poly-
morphisms to their respective serum level in our study sub-
jects. Furthermore, combination of hospital and population 
based controls for the current study may not fully represent 
the general population. Although there are studies on other 
population like European and American on these loci, very 
limited data are available from Asian region. Despite of 
aforementioned limitation, to the best of our understanding, 
this is the primary report to demonstrate the associations 
of TNF-α (-308 G/A and -238 G/A) and IL6 (-572 G/C) 
polymorphisms with knee OA in a Pakistani population. 
Furthermore, no previous data are available on the relation-
ship of IL-6 -572 G/C SNP with OA in any Asian population 
yet. This study contributes to the ongoing research on OA 
pathogenesis. Additional studies are considered necessary 
to validate these findings.

In conclusion, our findings demonstrated that the A allele 
of TNF-α (-308G>A and -238G>A) and C allele of IL6 
(-572G/C) are linked with elevated risk of knee OA is a 
Pakistani population. To fully understand the role of these 
polymorphisms, further studies with larger and ethnically 
diverse groups are needed. The effects of these SNPs on 
their respective serum level in OA patients and their func-
tional impact on disease severity should also be analyzed.
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