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Abstract

Degenerative osteoarthritis (OA) is the most common joint disease. However, its etiology has not been clearly understood. We aimed to investigate the association between 
the IL-6-174G/C gene variant responsible for regulating IL-6 functions and primary knee osteoarthritis (PKOA). Patients older than 40 years who presented between 
February 2012 and April 2013 and were diagnosed with PKOA and had grade 3 (i.e., moderate) or 4 (i.e., severe) disease constituted the case group. Healthy volunteers 
formed the control group. Genomic DNA was extracted from blood leukocytes in both case and control groups, and the IL6-174 G/C genotypes were determined.  Two 
groups were compared regarding demographic, clinical, radiological findings, and IL-6-174 genotyping results. Both case and control groups included 90 patients each. 
No statistically significant difference was found between the two groups regarding gender distribution, patient age, and body weight. The frequency of the mutant base 
pairs GC and CC in the IL-6-174 promoter region were significantly higher in controls than in cases. Women with genotypes including C alleles were genetically protect-
ed against the clinical disease. Similar findings were not detected in the male patient group.  The IL6-174 G/C gene polymorphism does not increase the risk of PKOA. 
However, the mutant C allele can be protective against PKOA in female patients. Studies conducted on larger patient populations from different ethnic backgrounds are 
needed to confirm our findings since our sample size is relatively small. 
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Introduction

Degenerative osteoarthritis (OA) is the most frequently 
encountered joint disease [1]. It involves joint cartilage erosion, 
contraction of joint spacing, osteophyte formation around the joint, 
sclerosis in subchondral bone, morphological and biochemical 
changes in the joint capsule and synovial membrane. Degenerative 
OA has a relatively high incidence in the general population, and 
it is known that its incidence increases with age. However, despite 
its high incidence, its etiology has not been clearly understood 
yet. On the other hand, complicated biomechanical, biochemical, 
metabolic, and genetic factors are involved in its etiopathogenesis. 

In the light of these findings, it was suggested that some 
biochemical and genetic markers could be used in the early 
diagnosis of osteoarthritis [2]. Therefore, cases with high-risk 
factors for degenerative OA can be treated early during the 
clinical course of the disease. Some clinical studies reported 
that genetic factors and cytokines had a significant role in 
the etiopathogenesis of degenerative OA [3]. Cytokines were 
shown to contribute to several infectious, chronic inflammatory, 
autoimmune and malignant diseases. Interleukin-6 (IL-6) is one 
of the pro-inflammatory cytokines involved in OA pathogenesis. 
Significantly increased synovial fluid IL-6 mRNA levels were 
detected in patients with OA [4]. Also, increased serum levels of 
IL-6 were shown to be associated with radiographic progression 
of knee OA [5]. It was also suggested that polymorphisms in the 
genes encoding cytokines could alter their expressions and provide 
a basis for genetic predisposition to osteoarthritis [6]. Among the 
gene polymorphisms associated with OA, the best-characterized 
one is a single nucleotide polymorphism at position -174, upstream 
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of the transcription start site involving the substitution of cytosine 
(C) for guanine (G). This gene polymorphism was examined in 
a wide variety of diseases, including degenerative arthritis [7]. 
This study aimed to investigate the association between the IL-6-
174G/C gene variant responsible for regulating IL-6 functions and 
primary knee osteoarthritis (PKOA). 

Materials and Methods

Approval of the Local Research Ethics Committee of our 
Cumhuriyet University was obtained before initiating the study 
(no: 15.02.2012-02/30). 

Patients older than 40 years who presented to our institution 
between February 2012 and April 2013 with the complaint of knee 
pain and were later diagnosed with PKOA as per the American 
College of Rheumatology (ACR) diagnostic criteria of OA, and 
had grade 3 (i.e., moderate) or 4 (i.e., severe) disease according 
to Kellgren-Lawrence system for classification of OA constituted 
the target population of this study. These patients formed the case 
group after the application of inclusion and exclusion criteria. Also, 
healthy volunteers who had no clinical symptoms and radiological 
signs of PKOA were included (Table 1). These patients formed 
the control group. Patients who received steroid or hyaluronic acid 
injection to the knee during the last year, patients with chronic 
rheumatic or inflammatory diseases such as rheumatoid arthritis 
(RA), systemic lupus erythematosus, familial Mediterranean 
fever, ankylosing spondylitis, gout, pseudogout, psoriatic arthritis, 
patients with a previous history of knee trauma or surgery, those 
with ipsilateral hip or ankle arthrosis, slipped capital femoral 
epiphysis, hemophilia, neurological and neuromuscular system 
diseases and diseases which may cause secondary knee OA, 
patients with malignancies and those who were pregnant were 
excluded. Demographic data of each individual included in the 
study were recorded. Comparative knee radiographs were taken as 
upright anterior-posterior and 30-degree flexion knee radiographs. 

Table 1. Demographic and clinical data of the case and control groups

Case-n-(%) Control
-n-(%) P value Odds Ratio

Total 90 90

Age (Mean±SD) years 57.91±11.23 56.38±12.65 0.341

Weight (Mean±SD)kg 80.30±13.00 78.53±11.30 0.332

Gender

Female 60 48

Male 30 42 0.068 0.57(0.31-1.04)

Grade

 3 40

 4 50

Two observers evaluated all radiographs as per Kellgren- Lawrence 
(KL) scale. A 2-cc venous blood sample was taken from all study 
participants and transferred to an EDTA tube. These tubes were 
stored at -80°C. 

IL6-174 G/C genotyping: In both case and control groups, 
genomic DNA was extracted from blood leukocytes using a 
standard phenol-chloroform method. The IL6-174 G/C genotypes 

were determined using polymerase chain reaction (PCR)-
based restriction fragment length polymorphism (RFLP) assay. 
The PCR was carried out in a 25-ml vol containing 0.2 mM of 
each primer (F:5'-CAGAAGAACTCAGATGACTG-3' and 
R:5'GTGGGGCTGATTGGAAACC-3'). All genotypes were 
determined as per the method described by Pereira et al [8].

Statistical analysis: Statistical analyses were performed using the 
Statistical Package for the Social Sciences (SPSS 13.0) software. 
The statistical significance of the risk coefficient (i.e., Odds Ratio) 
was calculated by Pearson's χ2 test. The Fisher’s Exact Test was 
used for values less than 5. The p-value was considered significant 
when it was less than 0,05.

Results 

Our analysis revealed that the case and control groups included 90 
patients each; while there were 60 females and 30 males in the case 
group, the control group consisted of 48 females and 42 males. 
Two groups were similar regarding female-male patient ratios 
(p:0.068). The mean patient age was 57.9±11.2 and 56.4±12.6 in 
the case [41-89] and control [41-83] groups, respectively (p:0.34). 
The mean body weight was 80.3±13 in the case and 78.53±11.3kg 
in the control group (p:0.332). 

No statistically significant difference was found between the two 
groups regarding gender distribution, patient age, and body weight. 
The IL-6 genotypes and allele distributions in the two groups are 
shown in Table 2. While the genotype of the IL-6-174 promoter 
region included GG in 66, GC in 20, and CC in 4 patients in the 
case group, it included GG in 51 individuals, GC in 29 individuals, 
and CC in 10 individuals in the control group. Thus, the frequency 
of the mutant base pairs GC and CC were significantly higher in 
controls than in cases (p=0.045).

Table 2. IL-6 genotypes and allele distributions in the case and control groups

Genotype
distribution Case-n- (%) Control-n- 

(%) p value Odds Ratio ( 95%
Confidence interval)

IL-6 -174 90(100) 90(100)

G 152 131 Ref

C 28 49 0.007 0.49(0.29-0.83)

GG 66 51 Ref

GC 20 29 0.067 0.533(0.271-1.049)

CC 4 10 0.045 0.309(0.092-1.043)

GC+CC 24 39 0.019 0.476(0.254-0.889)

Female

GG 49 26 Ref

GC 9 15 0.016 0.318(0.123-0.826)

CC 2 7 0.017 0.152(0.029-0.783)

Male

GG 17 25 Ref

GC 11 14 0.777 1.155(0.424-3.146)

CC 2 3 0.683 0.980(0.148-6.505)

In the OA group, 24 patients had GC and CC genotypes, while 
they were present in 39 cases in the control group (p=0.019). 
While we did not detect a significant difference between the 
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patients with G/C polymorphism in the two groups regarding the 
presence of clinical disease, we found that the rate of knee OA 
was significantly lower in patients with C allele in the IL-6-174 
position (i.e., mutant gene). The comparative analysis based on 
allele distributions in different genders revealed that the number 
of women with heterozygote (i.e., GC) and homozygote (i.e., CC) 
C alleles was 9 and 2 in the OA group. These figures were 15 and 
7 in the control group. Our analysis also showed that women with 
genotypes including C alleles (i.e., GC or CC) were genetically 
protected against the clinical disease (p=0,016 for GC and p=0,017 
for CC). Similar findings were not detected in the male patient 
group.

Discussion

Degenerative OA is the most common joint disease in the adult 
population [1]. It is characterized by focal loss or damage of 
articular cartilage, particularly in load-bearing joints. Its incidence 
increases with age. Numerous studies showed that OA was a 
disease with polygenic inheritance, and cytokine genes regulating 
the balance of construction and destruction in articular cartilage 
were involved in its pathogenesis. 

In cases with IL-6-174 gene polymorphism, the mutant C allele 
induces IL-6 transcription in vitro by a mechanism similar to 
IL-1 and endotoxins and leads to cartilage damage [7,9]. After 
discovering single nucleotide polymorphisms, several variants 
of the IL-6 gene were identified, and it was suggested that -174 
G/C polymorphism was associated with OA. [10]. Pola et al. [7]. 
showed that non-stimulated increased IL-6 levels could be related 
to the C-allele. In patients with severe joint cartilage degeneration, 
the serum and synovial fluid levels of several cytokines, including 
IL-6, were higher than those in healthy individuals, and these 
high cytokine levels were believed to be associated with the 
disease [8]. These studies also demonstrated that widespread G/C 
polymorphisms in the -174 position of the promoter region of the 
IL-6 gene increase the expression and levels of IL-6 and lead to 
chronic inflammatory diseases and arthritis.

Our findings are inconsistent with the findings reported in these 
studies, and they suggest that IL-6-174 G/C polymorphism may 
not be the only reason for the elevation of IL-6 levels in the 
synovial fluid and serum. Some studies reported that the serum and 
synovial fluid IL-6 levels could also be affected by the levels of 
other cytokines such as IL-1, Tumor Necrosis Factor-alpha (TNFα) 
[11-13]. It was also shown that the C allele forming in the cases 
with IL-6-174 G/C polymorphism increases the transcription of 
IL6 in vitro by a mechanism similar to IL-1 or endotoxins [11,12]. 
It was also demonstrated that cartilage damage occurs as a result of 
this process. After discovering single nucleotide polymorphisms 
(SNPs), several variations of the IL-6 gene were described, and 
it was suggested that the IL-6-174 G/C polymorphism could be 
associated with OA [7]. Some reports demonstrated that in patients 
with advanced articular cartilage degeneration, the blood and 
synovial fluid levels of some cytokines, including IL-1, TNFα, IL-
6, and other acute-phase proteins, were found to be higher than the 
levels in healthy individuals, and these relatively high cytokine and 
acute phase protein levels were associated with disease formation 
in these cases [9,10]. 

In another study investigating the association of the cytokines 

including IL-6 with OA, the authors concluded that IL-6 was the 
most significantly upregulated hub gene in the protein-protein 
interaction network, and the level of IL6 in the synovial fluid 
decreased after sodium hyaluronate treatment [8]. They also found 
that serum and synovial fluid IL-8 levels were higher in patients 
with OA and RA than in healthy individuals. Based on these 
findings, it can be proposed that IL6 plays a role in the pathogenesis 
of OA. A study investigating the association between OA and IL-1 
gene polymorphism showed that this gene polymorphism might 
also play a role in knee and hip OA [7,9,10,13]. In line with this, 
Moxley et al. [14] confirmed the relationship between IL-1 gene 
polymorphism and small joint OA of the hand. 

Previously published studies showed that some polymorphisms in 
the IL-1 and IL-1 receptor antagonist genes were involved in the 
OA of the hip joint [14,15].

An experimental study utilizing human recombinant IL-6 and 
IL- (hr IL-6/hr IL 1β) showed that hr IL-6 could inhibit cell 
proliferation and proteoglycan synthesis in the chondrocytes of 
rabbit knee cartilage tissue [16]. These researchers also stated that 
the addition of hr IL-1β to the milieu led to increased stimulated 
proteoglycan degradation and paved the way for degenerative 
arthritis.

Various studies showed that IL-6 took a critical role in inflammatory 
processes, especially in those related to joints such as cartilage 
damage, joint degeneration, joint prosthesis loosening, generalized 
OA, chronic rheumatic and inflammatory diseases, small joint 
OA of the hand where familial passage is not infrequent [17-21]. 
This finding was supported by the identification of elevated serum 
and synovial fluid levels of IL-6 in these patients. Some of these 
studies reported that OA could be induced in vitro by increasing 
the IL-6 levels in the joint, and this process could be facilitated by 
the addition of IL1-β [20,21]. These reports also stated that IL-1, 
TNFα, SNPs forming on the IL-6 gene altogether contributed to 
the elevation of IL-6 levels, and SNPs were the most important 
cause of a non-stimulated increase in IL-6 levels. It was suggested 
that SNPs could lead to elevated IL-6 levels and may pave the way 
for both generalized OA and early degenerative OA in heavy load-
bearing joints such as the knee joint [20,21].

The researchers examined the association between primary hip 
joint OA and IL6-174 G/C polymorphism [7]. These investigations 
found that the rate of GG genotype was higher in the case (i.e., 
OA) group than in the control (i.e., healthy individuals) group. 
This finding was consistent with ours. The same researchers also 
found that the C allele was more frequent in the healthy controls, 
and they could be genetically protected from primary hip joint 
OA. In a meta-analysis including 1101 patients with hip OA, 1904 
patients with knee OA, and 2511 healthy controls, the authors did 
not correlate IL6 gene polymorphism with hip and knee OA [4]. 
Our findings are in line with the results of this study. In another 
meta-analysis including 3331 patients with PKOA and 3133 
healthy controls, no association was found between IL-6-174 
G/C polymorphism and knee OA [22]. Both meta-analyses also 
emphasized that the effects of the same genetic factor could be 
different in individuals from different ethnic backgrounds [4,22].

Our study aimed to analyze the relationship between PKOA and 
IL6 -174 G/C gene polymorphism in patients with grade 3 or 4 
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PKOA as per the Kellgren-Lawrence system for classification of 
OA. We did not find a statistically significant correlation between 
IL-6-174 G/C gene polymorphism and knee OA. Our results 
suggested that GC or CC genotypes of the polymorphism in the 
IL6 -174 G/C promoter region were not correlated with OA. On 
the other hand, these genotypes had protective effects on women 
against this disease. 

Pola et al. [7] analyzed the relationship between primary hip OA 
and IL-6-174 G/C gene polymorphism, and they reported that 
GG genotype was significantly more prevalent in patients with 
the disease than in the patients in the control group. However, 
in line with our findings, they did not detect a significantly 
increased disease risk in this patient group (p=0,09). They also 
reported that the rate of C allele was relatively more prevalent 
in healthy individuals, and these patients might be genetically 
protected against primary hip OA (p=0,02). These authors stated 
that the same genetical mutation could lead to different outcomes 
in different ethnic groups, and thus studies conducted in patients 
from different ethnic backgrounds were needed.

The differences between the findings of these studies may be due to 
the differences in the ethnicities of the patient groups, as suggested 
by Valdes et al. [4,12,22] In a meta-analysis investigating the 
association between IL-6 gene polymorphism and hip and knee 
OA, Valdes et al. [22] included 2511 healthy controls, 1101 
patients with hip OA and 1904 patients with knee OA and they did 
not find a relationship between this gene polymorphism and these 
disorders. This finding is in line with ours. 

In our study, IL6-174 G/C genetic mutation did not alter the risk of 
PKOA. This result could be because synovial fluid levels of IL-6 
could also be affected by SNPs developing in the promoter region 
of IL6. Additionally, it is known that IL-1 can trigger cartilage 
cell apoptosis and pave the way for knee joint OA as a result of 
increasing serum and synovial fluid IL-6 and TNFα levels.

Our study has some limitations which need to be considered while 
evaluating its findings. First, the study population is relatively 
small. Second, it did not include patients and healthy controls 
from different ethnic backgrounds. As there are examples in the 
literature, there is a need for animal studies in experimental knee 
osteoarthritis models [23].

Conclusion

Despite the weaknesses mentioned above, we conclude that IL6-
174 G/C gene polymorphism does not increase the risk of PKOA. 
However, the mutant C allele can be protective against PKOA 
in female patients. Since our study cohort was relatively small, 
our findings should be confirmed by studies conducted on larger 
patient populations from different ethnic backgrounds. 
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