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Abstract
Objective

To study the association between TNFα-308 G/A polymorphism and susceptibility to and severity of knee osteoarthritis α-308 G/A polymorphism and susceptibility to and severity of knee osteoarthritis α
in a Turkish population.

Methods
Genomic DNA was obtained from 151 patients with knee osteoarthritis and 84 ethnically matched healthy controls. 

Polymerase chain reaction-restriction fragment length analysis was used to identify G/A polymorphism at position -308 in 
the promoter region. Genotype distributions and allelic frequencies of TNFα-308 G/A polymorphism were compared α-308 G/A polymorphism were compared α

between osteoarthritis patients and controls. Thereafter, this association was investigated between patients and controls of 
the same sex. In addition, the standard Kellgren-Lawrence grading score and the Turkish version of the Western Ontario 

and McMaster Universities Osteoarthritis Index were used to assess the radiological and functional severity of the disease 
and their relationship with the TNFα-308 gene polymorphism was investigated.α-308 gene polymorphism was investigated.α

Results
Genotype distribution and allelic frequencies of -308 G/A polymorphism in the TNFα gene did not differ signifi cantly α gene did not differ signifi cantly α

between patients with knee osteoarthritis and controls (p>0.05). Moreover, there were no signifi cant differences between 
patients and controls of the same sex (p>0.05). In addition, no association was observed between the radiological and 

functional severity of the disease and TNFα-308 G/A polymorphism (p>0.05).α-308 G/A polymorphism (p>0.05).α

Conclusion
These fi ndings suggest that the examined polymorphism in the TNFα gene does not contribute to susceptibility to α gene does not contribute to susceptibility to α

or severity of knee osteoarthritis in the Turkish population.
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Introduction
One of the most common skeletal diseas-
es, osteoarthritis (OA) is characterized by 
the progressive loss of articular cartilage 
in synovial joints, and it is a major cause 
of decreased activity in daily living and 
decreased quality of life after middle age 
(1). OA has a high prevalence, which is 
expected to increase in the coming years 
(2). Although it has been reported that 
many risk factors are associated with 
OA, such as age, previous injury, obes-
ity, diet, hormone therapy, and smoking 
habits, the pathogenesis of OA is still 
not clear (3). Previously OA was often 
described as a noninfl ammatory ar-
thropathy. However, recent studies have 
revealed that an infl ammatory process 
played a role in the pathogenesis of OA 
(4). Proinfl ammatory cytokines are now 
implicated as important mediators in the 
disease (5). It seems that particularly 
TNFα and IL1-β are prominent and of 
major importance for cartilage destruc-
tion (6, 7). TNFα and IL1-β can stimu-
late their own production and induce 
chondrocytes and synovial cells to pro-
duce other cytokines, such as IL-8, IL-
6, and leukocyte inhibitory factor. They 
also stimulate proteases and prostaglan-
din E2 production. Moreover, it has been 
shown that TNFα induces osteoclastic 
bone resorption in vitro, a phenomenon 
likely to play a role in the remodelling 
of OA subchondral bone (8, 9). Levels 
of these mediators are increased in ar-
ticular cartilage and synovial fl uid of OA 
(10-12).
Many studies have suggested that pri-
mary OA has an important genetic 
component and that OA is a polygenic 
disease controlled by the expression of 
genetic factors (3). Cytokine genes also 
have a relevant role in regulating the 
catabolic/anabolic balance of articular 
cartilage, and recent studies have con-
fi rmed the association of the interleukin 
(IL)-1 gene cluster and IL-1 receptor 
antagonist (IL-1RA) with OA (14-15). 
However, in our previous study, we 
found no evidence of an association of 
polymorphisms in the IL1A, IL1B and 
IL1RA genes with the susceptibility to 
or the severity of knee osteoarthritis in a 
Turkish population (16).
It has been hypothesized that TNFα, pro-
duced by macrophages and monocytes, 

plays a key role in driving the acute in-
fl ammatory response. The gene encod-
ing TNFα is located in the major histo-
compatibility complex class III region 
of chromosome 6 (6p21.3). Previous 
studies have suggested that variabil-
ity in single-nucleotide polymorhisms 
(SNPs) in the promoter and coding re-
gions of TNFα gene may modulate the 
magnitude of the secretory response of 
this cytokine (17, 18). There are sev-
eral polymorphisms of the gene coding 
for TNFα, one of which is -308 G/A 
polymorphism. This is a SNP in which 
a guanine turns into adenosine at base 
pair -308 in the promoter region, which 
results in altered TNFα expression (19-
21). It has been claimed that TNFα -
308G/A polymorphism is also associat-
ed with increased susceptibility to and 
severity of a variety of illnesses, such as 
cerebral malaria, infl ammatory bowel 
disease, systemic lupus erythematosus 
and ankylosing spondylosis (22-26). 
In addition, this polymorphism has re-
cently been reported to be involved in 
psoriatic arthritis, rheumatic heart dis-
ease, juvenile idiopathic arthritis, and 
rheumatoid arthritis (27-34).
In view of the literature, one may think 
that interindividual differences in cy-
tokine production may have a genetic 
basis, and that a proinfl ammatory cy-
tokine profi le may play a role in suscep-
tibility to or severity of diseases (35). 
To our knowledge, there have not been 
any studies on the role of the TNFα pro-
moter polymorphism in the knee OA. 
Therefore, for the fi rst time, we attempt-
ed to determine whether TNFα (-308 
G/A) gene polymorphism was a genetic 
marker of susceptibility to or severity of 
knee OA in a Turkish population. 

Materials and methods 
Participants
We recruited 151 patients presenting 
with primary knee OA to the outpatient 
clinic of Physical Therapy and Rehabil-
itation Department of Mersin Univer-
sity Hospital, Mersin, Turkey. The di-
agnosis of OA in all patients was based 
on the criteria of the American College 
of Rheumatology, which include pri-
mary OA with any symptoms and signs 
of OA, and radiographic signs of OA 
according to the Kellgren-Lawrence 
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grading. Patients with autoimmune dis-
eases, patellofemoral osteoarthritis or 
osteoarthritis secondary to other condi-
tions (including infl ammation, sepsis, 
metabolic abnormalities and trauma) 
were excluded. 
The Turkish version of the Western On-
tario and McMaster University Oste-
oarthritis (WOMAC) Index, a validated 
disease-specifi c questionnaire, dealing 
with the severity of joint pain (5 ques-
tions), stiffness (2 questions) and physi-
cal functioning (17 questions) (36) was 
used to determine functional severity 
in all patients. Anterioposterior and lat-
eral radiographs of all patients were 
obtained. Radiographs were graded 
by one expert reader according to the 
Kellgren-Lawrence grading system, a 
fi ve-point scale (stage 0-4). In addition, 
venous blood samples were taken, and 
erythrocyte sedimentation rate (ESR) 
and C-reactive protein (CRP) levels 
were determined.
Eighty-four controls presenting to the 
outpatient clinics at the Mersin Universi-
ty Hospital were recruited. Eligible par-
ticipants were aged ≥40 years and had 
never had any signs or symptoms of OA, 
other types of arthritis or joint diseases 
(pain, swelling, tenderness, or restriction 
of movement) at any sites based on their 
medical history and a through examina-
tion conducted by an experienced phy-
siatrist. Radiographs were not obtained 
for most control subjects. The control 
subjects had no relationship with the pa-
tients and no family history of OA.
All subjects were Caucasians from the 
southern part of Turkey. The study was 
approved by the ethical committee of 
the Medical Faculty of Mersin Univer-
sity and informed consent was obtained 
from all subjects.

DNA extraction and analysis
Venous blood samples were drawn 
into ethylenediaminetetraacetic acid 
(EDTA) containing tubes. DNA was 
extracted from whole blood with salt-
ing out procedure (37).

Genotypic analysis of the TNFα-308 α-308 α
G/A polymorphism
Polymerase Chain Reaction-Restriction 
Fragment Length Polymorphism (PCR-
RFLP) assays was used to determine 

TNFα-308 G/A polymorphism. The ol-
igonucleotide primers were used to de-
termine -308 G/A polymorphism within 
TNFα gene (38). The primers, for-
ward 5’-AGGCAATAGGTTTTGAG-
GGCCAT-3’ and reverse 5’-TCCTC-
CCTGCTCCGATTCCG-3’ were used 
to amplify TNFα gene. PCR was per-
formed in a total volume of 25 μl con-
taining 100 ng DNA, 100 μm dNTPs, 
20 pmol of each primer, 1.5 mM MgCl2, 
1x PCR buffer with (NH4)SO4 (MBI 
Fermentas, Vilnius, Lithuania), 10 % 
DMSO and 2U Taq DNA polymerase 
(MBI Fermentas, Vilnius, Lithuania). 
Initial denaturation lasted for 2min at 
95°C; denaturation for 45s at 35 cycles 
and 95°C, annealing for 1 min at 60°C, 
extension for 90 s at 72°C and fi nal ex-
tension for 7 min at 72°C. Amplifi ca-
tion was performed on an automated 
Thermal Cycler (Techne Flexigene, 
Cambridge, UK). After the amplifi ed 
PCR products were digested with re-
striction endonuclease 10 U Nco I (MBI 
Fermentas, Vilnius, Lithuania) for 14 h 
at 37°C, the genotyping of the TNFα
gene was performed with fragment 
separation at 120 V for 40-50 min on 
a 3.5 % Agarose gel containing 0.5μg/
ml ethidium bromide. A 100 bp marker 
(50 bp DNA Ladder, MBI Fermentas) 
was used as a size standard for each gel 
lane. The gel was visualized under UV 
light with a gel electrophoresis visual-
izing system (Vilber Lourmat). The Nco 
I restricted products of TNFα-308 G/A, 
GG, GA and AA genotypes had band 
sizes of 87bp/20bp, 107bp/87bp/20bp 
and 107bp respectively. Genotyping 
was based upon independent scoring of 
the results by two reviewers who were 
unaware of case/control status. 

Statistical analyses 
Descriptive statistics were expressed in 
mean ± SD and frequencies (numbers 

and percentages) in tables. Multiple lo-
gistic regression models were used to 
compare the distribution of genotypes 
between cases and controls and to de-
termine the association between TNFα-
308 G/A polymorphism and knee OA. 
To adjust differences in age, BMI, and 
gender between the groups, these three 
variables were included into the model 
as covariate and thus relations between 
genotypes and the disease were correct-
ed in accordance with covariate effects. 
Odds ratios (ORs) for this model with 
the corresponding 95 % confi dence in-
tervals (95 % CIs) were also comput-
ed. Alleles were counted to determine 
their frequencies, and their proportions 
in samples were calculated. Pearson 
chi-squared test was used to compare 
the distribution of allelic frequencies 
between the control and OA groups. 
Fisher’s exact test was used to check 
the allele distribution in each group for 
deviations from Hardy-Weinberg equi-
librium. One way ANOVA, Kruskal-
Wallis and Pearson chi-squared tests 
were used to determine the relations 
between genotypes of TNFα-308 G/A 
polymorphism and clinical, laboratory 
and radiological characteristics of knee 
OA. 
All statistical analyses were performed 
with SPSS software, version 12. P< 
0.05 was considered signifi cant.

Results
The demographic characteristics of the 
study population are shown in Table I. 
There were signifi cant differences be-
tween the groups in age and body mass 
index (BMI), but there was not a sig-
nifi cant difference in gender. The mean 
age of the patients and control group 
were 61.7±9.2 (range: 41-86 years) and 
52.3±6.9 (range: 41-75 years) years re-
spectively (pspectively (pspectively ( =0.0001). The mean BMI 
was 30.0±4.3 kg/m² in patients with 

Table I. Characteristics of the study population.

Characteristics Patients Control       p-values
 (n=146) (n=84)                     

Age, mean ± SD, years         61.7 ± 9.2                   52.3 ± 6.9       0.0001*

BMI, mean ± SD, kg/m²          30.0 ± 4.3       27.3 ± 6.0       0.0001*

Female/Male ratio, n 118/33 59/25 0.169



766

Knee osteoarthritis and TNFα gene polymorphism / M. Sezgin et al.

knee OA and 27.3±6.0 kg/m² in the 
control group (pcontrol group (pcontrol group ( =0.0001). In addition, 
the male/female ratio was 33/118 in pa-
tients and 25/59 in controls (ptients and 25/59 in controls (ptients and 25/59 in controls ( =0.169). 
The study population was adjusted for 
age (in years) and BMI (kg/m²) using 
multiple logistic regression model. 
The distribution of genotypes both in 
the patients with knee OA and in the 
controls did not show deviations from 

Hardy-Weinberg equilibrium (pHardy-Weinberg equilibrium (pHardy-Weinberg equilibrium ( >0.05). 
The genotype distributions and allele 
frequencies of TNFα-308 G/A poly-
morphism were compared between the 
OA patients and the control group. The 
genotype distributions of 151 patients 
with knee OA and 84 control subjects 
were 121GG, 26GA, 4AA and 72GG, 
12GA, 0AA respectively. The G allele 
was found in 92.7% of the control subjects

and in 88.7% of the patients, while the 
A allele was detected in 11.3% of the 
patients with knee OA and in 7.1% of 
the controls. There were no signifi cant 
differences between the groups in both 
the genotype distributions and allele 
frequencies of TNFα -308 gene poly-
morphism (pmorphism (pmorphism ( >0.05, Tables II and III). 
Thereafter, we compared genotype 
distributions and allele frequencies be-
tween patients and control individuals 
of the same sex for the TNFα-308 G/A 
polymorphism. There were no signifi -
cant differences between OA patients 
and controls of the same sex (pand controls of the same sex (pand controls of the same sex ( >0.05).
The relationships between the geno-
type distribution of TNFα -308 gene 
polymorphism and clinical character-
istics (such as WOMAC pain, stiffness 
and physical function scores), results 
of the laboratory investigations (ESR, 
CRP), and K&L radiological scores are 
shown in Tables IV and V. In addition, 
there was not a signifi cant difference 
between genotype distribution of the 
TNFα-308 gene polymorphism and 
clinical features, laboratory fi ndings 
and radiological scores of patients with 
knee OA.

Discussion
This is the fi rst study to evaluate the 
role of TNFα -308 G/A polymorphism 
in the pathogenesis of osteoarthritis. 
In the present study, we found no re-
lation between TNFα -308 G/A poly-
morphism and the pathogenesis of os-
teoarthritis, which suggested that the 
TNFα -308 G/A polymorphism were 
not markers of genetic susceptibility 
to knee OA in the Turkish population. 
Furthermore, this study also suggested 
that TNFα -308 G/A polymorphism 
were not associated with the severity of 
functional, radiological and laboratory 
features of knee OA. 
The observed lack of association be-
tween -308 G/A polymorphisms in 
the TNFα gene and susceptibility to 
or severity of knee osteoarthritis may 
simply indicate that this polymorphism 
has a minor or no role in the suscep-
tibility to or severity of knee osteoar-
thritis. Another possibility is that this 
polymorphism in the TNFα gene may 
be responsible for the pathogenesis of 
osteoarthritis, but this infl uence might 

.Table II..Table II..  Genotype distribution of TNFα gene -308 G/A polymorphism between groups.

TNFα -308 Patients (n, %) Controls (n,%) p-values OR 95 % CI 

GG* 121 (80.1) 72 (85.7) 0.537 (-) (-)
GA 26 (17.2) 12 (14.3) 0.533 1.3 0.5-3.1
AA 4 (2.6) 0 (0.0) 0.338 3.5 0.2-48.7

TNFα -308 Female patients Female controls p-values OR 95 % CI
 ( n %) (n %)

GG* 95 (80.5) 49 (83.1) 0.709 (-) (-)
GA 20 (16.9) 10 (16.9) 0.860 1.0 0.4-2.8
AA 3 (2.5) 0 (0.0) 0.412 3.0 0.2-44.9

TNFα -308 Male patients Male controls p-values OR 95 % CI
 ( n %) (n %)

GG* 26 (78.8) 23 (92.0) 0.498 (-) (-)
GA 6 (18.2) 2 (8.0) 0.238 4.7 0.3-63.3
AA 1 (3.0) 0 (0.0) 1.0 IR IR

OR: Odds ratio; 95% CI: 95% confi dence interval; IR: Ineffi cient results (simple size is too small); 
* Reference genotype.

Table III. Allelic frequency distribution of TNFα gene -308 G/A polymorphism between 
groups.

Alleles Patients (n %) Controls (n%) p-values

G 268 (88.7) 156 (92.9)     0.150
A 34 (11.3) 12 (7.1) 0.150

Alleles Female patients (n %) Female controls (n %) p-values

G 210 (89.0) 108 (91.5) 0.456
A 26 (11.0) 10 (8.5) 0.456

Alleles Male patients (n %) Male controls (n %) p-values

G 58 (87.9) 48 (96.0) 0.123
A 8 (12.1) 2 (4.0) 0.123

Table IV. The relationship between TNFα -308 genotypes and clinical, laboratory fi ndings 
of patients of with knee OA.

GG GA AA p-values

WPS 14.4 ± 3.7 13.1 ± 3.0 15.7 ± 4.6 0.293
WSS 4.8 ± 2.3 4.6 ± 1.8 5.7 ± 2.0 0.679
WPFS 47.3 ± 14.3 45.7 ± 11.5 48.5 ± 14.5 0.897
ESR (mm/h) 23.6 ± 16.3 19.2 ± 28.6 33.2 ± 22.5 0.393
CRP (mg/L) 3.1 ± 2.8 3.1 ± 4.0 7.7 ± 11.5 0.643

WPS: WOMAC pain subscale; WSS: WOMAC stiffness subscale; WPFS: WOMAC physical function 
subscale. 
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have been too small to be detected in 
the present study sample, and a larger 
sample size may be required. 
Alternatively, a possible association 
may have been weakened by disease 
heterogeneity, environmental factors or 
gene-environment interactions. In fact, 
linkage disequilibrium is strong in this 
area, and it may be diffi cult to study 
the role of single nucleotide polymor-
phisms in isolation (39). Moreover 
circulating TNFα levels are regulated 
at different stages: gene transcription, 
post-transcription control of mRNA 
stability, cleavage of the membrane 
form to liberate the soluble form, and 
the expression of receptors (40). 
This study has some limitations. First-
ly, the sample size was small, which 
may limit statistical power to detect 
any existing association. Secondly, ra-
diographs were not taken for all con-
trol subjects. Therefore, we cannot 
exclude the presence of asymptomatic 
osteoarthritis in the controls, which 
weakens the statistical power of the 
study as well. Thirdly, we examined 
only one polymorphism because of its 
relatively high frequency. However, 
several additional polymorphisms in 
the TNFα gene may exist and these 
polymorphisms possibly contribute to 
the susceptibility to or severity of knee 
osteoarthritis. Fourthly, the study pop-
ulation was not similar in terms of age 
and BMI, but we adjusted both groups 
for age and BMI using multiple logis-
tic regression method. Although these 
drawbacks exist in the formation of the 
study protocol, this is nevertheless the 
fi rst study in the literature performed 
to determine whether TNFα (-308 G/
A) gene polymorphism was a genetic 
marker of susceptibility to, or severity 
of knee OA in a Turkish population.
In conclusion, the obtained data sug-
gest that the -308 G/A polymorphism 
in the TNFα gene is not associated with 

susceptibility to or severity of knee os-
teoarthritis in the Turkish population 
and, therefore, cannot be regarded as 
a major cause of osteoarthritis. This 
fi nding will require replication in dif-
ferent ethnic populations with larger 
samples.

References
1. ZHANG Y, HUNTER DJ, NEVITT MC et al.: As-

sociation of squatting with increased preva-
lence of radiographic tibiofemoral knee os-
teoarthritis. Arthritis Rheum 2004; 50: 1187-
92.

2. REGINSTER JY: The prevalence and burden 
of osteoarthritis. Rheumatology 2002; 41 
(Suppl. 1): 3-6.

3. POLA E, PAPALEO P, P, P POLA R et al.: Inter-
leukin-6 gene polymorphism and risk of os-
teoarthritis of the hip: a case-control study.
Osteoarthritis Cartilage 2005; 13: 1025-8. 

4. JIN SY, HONG SJ, YANG HI et al.: Estrogen re-
ceptor-alpha gene haplotype is associated with 
primary knee osteoarthritis in Korean popula-
tion. Arthritis Res Ther 2004; 6: 415-21.Arthritis Res Ther 2004; 6: 415-21.Arthritis Res Ther

5. VALDES AM, HART DJ, JONES KA et al.: As-
sociation study of candidate genes for the 
prevalence and progression of knee osteoar-
thritis. Arthritis Rheum 2004; 50: 2497-507.

6. CARON JP, P, P FERNANDES JC, MARTEL-PELLE-
TIER J et al.: Chondroprotective effect of in-
traarticular injections of interleukin-1 recep-
tor antagonist in experimental osteoarthritis: 
Suppression of collagenase-1 expression. 
Arthritis Rheum 1996; 39: 1535-44.

7. VAN DE LOO FA, JOOSTEN LA, VAN LENT PL, 
ARNTZ OJ, VAN DEN BERG WB: Role of in-
terleukin-1, tumour necrosis factor alpha, 
and interleukin-6 in cartilage proteoglycan 
metabolism and destruction: Effect of in situ 
blocking in murine antigen- and zymosan-
induced arthritis. Arthritis Rheum 1995; 38: 
164-72.

8. BERTOLINI DR, NEDWIN GE, BRINGMAN TS, 
SMITH DD, MUNDY GR: Stimulation of bone 
resorption and inhibition of bone formation 
in vitro by human tumour necrosis factors. 
Nature 1986; 319: 516-8.

9. PELLETIER JP, MARTEL-PELLETIER J, 
ABRAMSON SB: Osteoarthritis, an infl am-
matory disease: potential implication for the 
selection of the new therapeutic targets. Ar-
thritis Rheum 2001; 44: 1237-47. 

10. SMITH MD, TRIANTAFILLOU S, PARKER A, 
YOUSSEF PP, COLEMAN M: Synovial mem-
brane infl ammation and cytokine production 
in patients with early osteoarthritis. J Rheu-
matol 1997; 24: 365-71.matol 1997; 24: 365-71.matol

11. AMIN AR, ATTUR M, PATEL RN et al.: Su-
perinduction of cyclooxygenase-2 activity 
in human osteoarthritis-affected cartilage. 
Infl uence of nitric oxide. J Clin Invest 1997; 
99: 1231-7.

12. AMIN AR, ABRAMSON SB: The role of nitric 
oxide in articular cartilage breakdown in os-
teoarthritis. Curr Opin Rheumatol 1998; 10: Curr Opin Rheumatol 1998; 10: Curr Opin Rheumatol
263-8.

13. LEPPÄVUORI J, KUJALA U, KINNUNEN J et 
al.: Genome scan for predisposing loci for 
distal interphalangeal joint osteoarthritis: 
evidence for a locus on 2q. Am J Hum Genet 
1999; 65: 1060-7. 

14. MOOS V, RUDWALEIT M, HERZOG V, HOHLIG 
K, SIEPER J, MULLER B: Association of geno-
types affecting the expression of interleukin-
1beta or interleukin-1 receptor  antagonist 
with osteoarthritis. Arthritis Rheum 2000; 
43: 2417-22.

15. LOUGHLIN J, DOWLING B, MUSTAFA Z, 
CHAPMAN K:Association of the interleukin-
1 gene cluster on chromosome 2q13 with 
knee osteoarthritis. Arthritis Rheum 2002; 
46: 1519-27.

16. SEZGIN M, ERDAL ME, ALTINTAS ZM et al.:
Lack of association polymorphisms of the 
IL1RN, IL1A, and IL1B genes with knee 
osteoarthritis in Turkish patients. Clin Invest 
Med 2007; 30: 86-92. Med 2007; 30: 86-92. Med

17. BOUMA G, CRUSIUS JB, OUDKERK POOL M,
et al.: Secretion of tumour necrosis factor 
and lymphotoxin alpha in relation to poly-
morphisms in the TNF genes and HLA-DR 
alleles. Relevance for infl ammatory bowel 
disease. Scand J Immunol 1996; 43: 456-63.Scand J Immunol 1996; 43: 456-63.Scand J Immunol

18. KROEGER K, CARVILLE KS, ABRAHAM LJ: 
The -308 tumour necrosis factor-alpha pro-
moter polymorphism effects transcription. 
Mol Immunol 1997; 34: 391-9. Mol Immunol 1997; 34: 391-9. Mol Immunol

19. UGLIALORO AM, TURBAY D, PESAVENTO 
PAPAP et al.: Identifi cation of three new single 
nucleotide polymorphisms in the human tu-
mour necrosis factor-alpha gene promoter. 
Tissue Antigens 1998; 52: 359-67.

20. WILSON AG, SYMONS JA, MCDOWELL TL, 
MCDEVITT HO, DUFF GW: Effects of a poly-
morphism in the human tumour necrosis 
factor alpha promoter on transcriptional ac-
tivation. Proc Natl Acad Sci USA 1997; 94: 
3195-9.

21. UDALOVA IA, NEDOSPASOV SA, WEBB GC, 
CHAPLIN DD, TURETSKAYA RL: Highly in-
formative typing of the human TNF locus 
using six adjacent polymorphic markers. Ge-
nomics 1993; 16: 180-6.

22. WILSON AG, DI GIOVINE FS, DUFF GW: Ge-
netics of tumour necrosis factor-alpha in 
autoimmune, infectious, and neoplastic dis-
eases. J Infl amm 1995; 45: 1-12.

23. MCGUIRE W, HILL AV, ALLSOPP CE, GREEN-
WOOD BM, KWIATKOWSKI D: Variation in 
the TNF-alpha promoter region associated 
with susceptibility to cerebral malaria. Na-
ture 1994; 371: 508-10.

24. LOUIS E, PEETERS M, FRANCHIMONT D et 
al.: Tumour necrosis factor (TNF) gene poly-
morphism in Crohn’s disease (CD): infl uence 
on disease behaviour? Clin Exp Immunol
2000; 119: 64-8.

25. BOUMA G, XIA B, CRUSIUS JB et al.: Distri-
bution of four polymorphisms in the tumour 

Table V. The relationship between TNFα -308 genotypes and radiological fi ndings of pa-
tients with knee OA.

K&L score GG GA AA p-values

Grade 1 (% ) 19.8 29.4 50 0.395
Grade 2 (%) 43 35.3 0 0.395
Grade 3 (%) 29.1 35.3 50 0.395
Grade 4 (%) 8.1 0 0 0.395



768

Knee osteoarthritis and TNFα gene polymorphism / M. Sezgin et al.

necrosis factor (TNF) genes in patients with 
infl ammatory bowel disease (IBD). Clin Exp 
Immunol 1996; 103: 391-6.

26. ROOD MJ, VAN KRUGTEN MV, V, V ZANELLI E et 
al.: TNF-308A and HLA-DR3 alleles con-
tribute independently to susceptibility to sys-
temic lupus erythematosus. Arthritis Rheum 
2000; 43: 129-34.

27. RUDWALEIT M, SIEGERT S, YIN Z et al.: Low 
T cell production of TNF aplha and IFN 
gamma in ankylosing spondylitis: its relation 
to HLA-B27 and infl uence of the TNF-308 
gene polymorphism. Ann Rheum Dis 2001; 
60: 36-42.

28. DANIS VAANIS VAANIS V , MILLINGTON M, HYLAND V, V, V
LAWFORD R, HUANG Q, GRENNAN D: In-
creased frequency of the uncommon allele of 
a tumour necrosis factor alpha gene polymor-
phism in rheumatoid arthritis and systemic 
lupus erythematosus. Dis Markers 1995; 12: 
127-33.

29. HÖHLER T, GROSSMANN S, STRADMANN-
BELLINGHAUSEN B et al.: Differential asso-
ciation of polymorphisms in the TNF alpha 
region with psoriatic arthritis but not psoria-
sis. Ann Rheum Dis 2002; 61: 213-8.

30. SALLAKCI N, AKCURIN G, KÖKSOY S et al.: 
TNF-alpha G-308A polymorphism is associ-

ated with rheumatic fever and correlates with 
increased TNF-alpha production. J Autoim-
mun 2005; 25: 150-4.

31. OZEN S, ALIKASIFOGLU M, BAKKALOGLU 
A et al.:  Tumour necrosis factor alpha G--
>A -238 and G-->A -308 polymorphisms in 
juvenile idiopathic arthritis. Rheumatology
(Oxford) 2002; 4: 223-7.

32. NEMEC P, P, P PAVKOVA-GOLDBERGOVA M, 
STOURACOVA M, VASKU A, SOUCEK M, 
GATTEROVA J: Polymorphism in the tumor 
necrosis factor-alpha gene promoter is asso-
ciated with severity of rheumatoid arthritis in 
the Czech population. Clin Rheumatol 2007; l 2007; l
[Epub ahead of print].

33. CVETKOVIC JT, WALLBERG-JONSSON S, 
STEGMAYR B, RANTAPAA-DAHLQVIST S, 
LEFVERT AK: Susceptibility for and clinical 
manifestations of rheumatoid arthritis are 
associated with polymorphisms of the TNF-
alpha, IL-1beta, and IL-1Ra genes. J Rheu-
matol 2002; 29: 212-9.

34. REZAIEYAZDI Z, AFSHARI JT, SANDOOGHI 
M, MOHAJER F: Tumour necrosis factor a -
308 promoter polymorphism in patients with 
rheumatoid arthritis. Rheumatol Int 2007; t 2007; t
[Epub ahead of print].

35. MEULENBELT I, SEYMOUR AB, NIEUWLAND 

M et al.: Association of the interleukin-1 
gene cluster with radiographic signs of oste-
oarthritis of the hip. Arthritis Rheum 2004; 
50: 1179-86.

36. TUZUN EH, EKER L, AYTAR A, DASKAPAN A, 
BAYRAMOGLU M: Acceptability, reliability, 
validity and responsiveness of the Turkish 
version of VOMAC osteoarthritis index. Os-
teoarthritis Cartilage 2005; 13: 28-33.

37. MILLER SA, DYKES DD, POLESKY HF: A 
simple salting out procedure for extracting 
DNA from human nucleated cells. Nucleic 
Acids Res 1988; 16: 1215.

38. BOIN F, F, F ZANARDINI R, PIOLI R, ALTAMURA 
CA, MAES M, GENNARELLI M: Association 
between -G308A tumour necrosis factor al-
pha gene polymorphism and schizophrenia. 
Mol Psychiatry 2001; 6: 79-82.

39. BRINKMAN BM, ZUIJDEEST D, KAIJZEL EL, 
BREEDVELD FC, VERWEIJ CL: Relevance of 
the tumour necrosis factor alpha (TNF alpha) 
-308 promoter polymorphism in TNF alpha 
gene regulation. J Infl amm 1995-1996; 46:  
32-41.

40. HAJEER AH, HUTCHINSON IV: Infl uence of 
TNF alpha gene polymorphisms on TNF al-
pha production and disease. Hum Immunol
2001; 62: 1191-9.


