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Genetic influence of growth and differentiation factor 
5 gene polymorphism (+104T/C) on the development 
of knee osteoarthritis and its association with disease 
severity

Introduction
Osteoarthritis (OA) is a complex chronic multifactorial age-associated disease, which has a profound effect 
on the functioning of synovial joints, primarily the knee, hip, and hands. The pathogenesis of the disease 
involves the irreversible destruction of the articular cartilage escorted by alterations in the homeostatic 
balance of chondrocyte cells and changes in other joint tissues (1). 

Although the etiology and the exact pathogenesis of OA are not fully understood, the disease is a chronic 
degenerative condition of mobile joints, which might be associated with aging, hormonal, environmental, 
and genetic factors-major factors associated with its development and onset (2, 3).

The primary reason for seeking medical care following clinically diagnosing OA is the pain and loss of artic-
ular function (4). The prevalence and incidence of OA will continue to rise in the next few decades due to 
the rise in the overall lifespan and increase in obesity levels (5).

Research has demonstrated that genetic factors contribute enormously in the etiology and pathogenesis 
of OA. Growth and differentiation factor 5 (GDF5), which is also known as cartilage-derived morphogen 
protein of the transforming growth factor-β (TGF-β) super family, was shown to play a substantial role in the 
process of development, maintenance, and repair of cartilage and bone (6). Polymorphisms in the GDF5 
gene have been involved in several skeletal developmental disorders, such as different forms of chondro-
dysplasia, symphalangism, and brachydactyly type C (7).
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Abstract

Objective: The growth and differentiation factor 5 (GDF5) gene is recognized for its role in the development, repair, and main-
tenance of cartilage and bone. The present case-control study was conducted to detect the genetic association between GDF5 
(+104T/C) single-nucleotide polymorphism (SNP) and primary knee osteoarthritis (KOA), as well as the possible association of SNP 
with the severity of KOA. 
Material and Methods: The study included 50 patients with primary KOA and 50 healthy control subjects. The severity of the dis-
ease was assessed by using the Kellgren-Laurence (K-L) grading system and aided by the Western Ontario & McMaster Universities 
Osteoarthritis Index (WOMAC) score, visual analog scale (VAS) score, and tenderness score. The genetic association of the SNP with 
primary KOA was assessed by means of the TaqMan® allelic discrimination technique. 
Results: The radiological assessment of patients according to the K-L grading system revealed a statistically significant association 
between the wild-type (TT) genotype and disease severity in both the right and left knees (p=0.049). The frequency distribution of 
patients with VAS score ≤6 was significantly higher in patients carrying the TT genotype (p=0.005) as compared to the CT and CC 
genotypes. The mean WOMAC score was significantly higher in patients carrying the TT genotype as compared to patients carrying 
the CC and CT genotypes (p=0.017). No statistically significant association was detected on comparing the frequency distribution of 
allele and genotype frequencies of the SNP in patients and healthy controls. 
Conclusion: The results of the current study revealed a possible genetic association between GDF5 (+104T/C) SNP and the severity 
of KOA, which might be of benefit for the detection of patients with a high risk for disease progression. The present study did not 
detect an association between the SNP and development of KOA.
Keywords: Knee osteoarthritis, GDF5 polymorphism, allelic discrimination, K-L grading system, WOMAC Index Score

98

1	 Department of Rheumatology and 
Rehabilitation, Beni-Suef University School 
of Medicine, Beni-Suef University Hospital, 
Beni-Suef, Egypt

2	 Department of Clinical and Chemical 
Pathology, Beni-Suef University School of 
Medicine, Beni-Suef University Hospital, 
Beni-Suef, Egypt

Address for Correspondence: 
Enas Abolkheir Abdelaleem, Department 
of Rheumatology and Rehabilitation, 
Beni-Suef University School of Medicine, 
Beni-Suef University Hospital, Beni-Suef, 
Egypt

E-mail: dr.enas2000@gmail.com

Submitted: 30 October 2016
Accepted: 25 December 2016

©Copyright by 2017 Medical Research and Education 
Association - Available online at www.eurjrheumatol.org.



The variations in genetic susceptibility in dif-
ferent ethnic groups has led us to attempt to 
examine the association between GDF5 gene 
polymorphism (rs143383) and knee osteoar-
thritis (KOA) in Beni Suef governorate in Upper 
Egypt. Further, attempts were made to detect 
an association between polymorphism and 
disease severity.

Material and Methods

Patients
The current case-control study included 50 
primary KOA patients and 50 age-and-sex-
matched healthy control subjects. The KOA pa-
tients (41 females and 9 males) were recruited 
from the outpatients’ clinic of the Rheumatolo-
gy and Rehabilitation department of Beni-Suef 
University Hospital, Beni Suef governorate, 
Egypt, between January 2015 and June 2015. 
The patients were diagnosed by a rheuma-
tologist according to the American College 
of Rheumatology (ACR) classification for KOA 
(8). The patients with a history of knee or hip 
surgery, secondary OA, other rheumatic dis-
eases, and knee trauma were excluded from 
the study. The healthy control subjects were 
unrelated Egyptian individuals with no family 
history of OA or other rheumatic diseases. The 
control group lived in the same geographical 
region as the patients. The patients and healthy 
control subjects included in the study were in-
formed of the purpose of the study, and their 
consents were obtained.

Clinical assessment
The patients included in the study were sub-
jected to full history taking, thorough clinical 
examination, and radiological investigations 
of both the knees. The patients were weighed 
with a calibrated beam balance to the near-
est 0.1 kg, wearing the least possible clothes. 
The patients’ standing height was measured 
in centimeters using a stadiometer. The Que-
telet index was used to record the body mass 
index (BMI). The severity of disease reflected 
on radiographs was detected using the Kell-
gren-Laurence (K-L) grading system (9). This 
severity was categorized as follows: mild (K-L 
grade 2), moderate (K-L grade 3), and severe 
(K-L grade 4). The severity of KOA symptoms 
was assessed using the Western Ontario & 
McMaster Universities Osteoarthritis Index 
(WOMAC) (10). The intensity of pain was as-
sessed by the 100-mm visual analog scale 
(VAS) (11). The patients were categorized into 
2 groups: the first group represented patients 
with a VAS score ≤6, while the second group 
represented patients with a VAS score >6 (3). 
Tenderness was assessed by the tenderness 
score (TS) (12). 

Genotyping
Approximately 2-3 mL of venous blood was col-
lected by a sterile venipuncture using a sterile 
EDTA vacutainer. Genomic DNA was extracted 
from EDTA anti-coagulated whole blood using 
QIAamp DNA Mini Kit (QIAGEN; Hilden, Germa-
ny) according to the manufacturer’s protocol.

The region of the GDF5 (+104T/C; rs143383) en-
compassing single-nucleotide polymorphism 
(SNP) was amplified using the TaqMan® 5’ allelic 
discrimination technique for amplifying and de-
tecting specific polymorphisms in purified ge-
nomic DNA samples. The sense sequence was 
(5-AGCACACAGGCAGCATTACG-3), while the 
antisense sequence was (5-CCAGTCCCATAGT-
GGAAATG-3). The TaqMan® MGB probes/exten-
sion primers were (VIC AACTCGTTCTTGAAAG-
GAGAAAGCC) to detect the allele 1 sequence 
and (6FAM ACCGCCCCCTTTCTCCTGCACAACT) 
to detect the allele 2 sequence. The total PCR 
reaction volume was 20 µL: 40 ng/uL gDNA, 10 
µL 2× Universal TaqMan master mix II (Applied 
Biosystems; Massachusetts, USA), and 0.5 µL 20× 
SNP assay mix, which was adjusted to a final vol-
ume of 20 µL using nuclease-free water.

After gDNA extraction was performed, the 
gDNA concentration was measured by means 
of NanoDrop® spectrophotometry (NanoDrop; 
Berlin, Germany).

The PCR was performed using a StepOneTM 
system (Applied Biosystems; Massachusetts, 
USA) under the following conditions: initial 
enzyme activation at 95°C for 10 min, followed 
by 40 cycles of amplification; denaturation at 
95°C for 15 s; and annealing/extension for 1 
min at 60°C. Florescence data collection was 

performed at the annealing/extension step for 
6FAM and VIC dye.

Statistical analysis
The collected data was reviewed, and coding 
and statistical analysis was done by using the 
Statistical Package for the Social Sciences pro-
gram (SPSS Inc.; Chicago, IL, USA) version 16 for 
Microsoft Windows. Mean, median, range, and 
standard deviation were calculated to measure 
the central tendency and dispersion of quanti-
tative data, while the frequency of occurrence 
was calculated to measure the qualitative data. 
Student’s t-test was used to determine the 
significance in the difference between two 
means. The chi-square (c2) test was performed 
for comparing the qualitative data, and Fisher’s 
exact test was used instead when the cell count 
was less than 5 to test the association between 
the genotype and primary KOA. The analysis of 
variance (ANOVA) test was used to determine 
the difference between more than two means. 
Multiple linear regression analysis was done to 
neutralize the effect of confounding factors on 
the WOMAC score. Genotype distributions were 
compared with those expected for samples 
from populations in the Hardy-Weinberg equi-
librium (HWE) using a χ2 test (1df ). The level of 
significance was taken at p<0.05.

Results
In the current case-control study, the percent-
age of female patients was 82%, while the per-
centage of male patients was 18%. The mean 
age of patients was 56.52±8.09 years, while the 
mean age of the healthy control group was 
54.85±8.79 years. The clinical and demograph-
ic data of patients and healthy control subjects 
are summarized in (Table 1).

Table 1. Demographic and radiological data of patients and controls

	 Cases	 Controls	  
Variable	 N=50 (%)	 N=50 (%)	 p

Age (years)

Mean±SD	 56.52±8.09	 54.85±8.79	 0.356

Sex

Male:Female	 9/41	 9/41

Disease duration (years)    

Mean±SD	 7.04±4.40 

BMI (Kg/m2)

Mean±SD	 34.78±5.70	 28.61±3.61	 <0.0001* 

K-L score

Grades (2/3/4)	 20/19/11**

BMI: Body Mass Index; kg/m2: kilogram per meter squared; SD: standard deviation; K-L: Kellgren-Lawrence; N: number; %: percentage 
*Significance difference (p<0.05); **20 patients with K-L grade 2, 19 patients with K-L grade 3, and 11 patients with K-L 
grade 4
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The frequency distribution of GDF5 (+104T/C; 
rs143383) SNP genotypes in primary KOA pa-
tients showed deviation from HWE (p=0.013), 
while the distribution of genotype frequencies 
in the healthy control subjects conformed to 
HWE (p=0.997).

Genotype and allele frequency distribution of 
GDF5 (+104T/C) in patients and healthy con-
trol subjects did not reveal any statistically sig-
nificant differences between the two groups. 
Similarly, on categorizing both patients and 
control subjects according to gender, there 
was no statistically significant difference be-
tween males and females regarding the fre-

quency distribution of allele and genotype 
frequencies of GDF5 (+104T/C) SNP (Table 2). 

Next, we analyzed the genetic influence of 
GDF5 (+104T/C) SNP on the severity of primary 
KOA by comparing the frequency distribution 
of allele and genotype frequencies of the SNP 
in the TS, WOMAC score, K-L score, and VAS 
score for pain (Table 3).

The analysis of the association of the knee TS 
and the degree of tenderness in both the right 
and left knees in our study group revealed that 
the mean TS in the right knee was significant-
ly higher in patients carrying the TT genotype 

as compared to patients carrying the hetero-
zygous (TC) genotype and the variant (CC) 
genotype (p=0.012). Further, on analysis of the 
genetic association of GDF5 (+104T/C) SNP 
and radiological severity of primary KOA in the 
patient, according to the K-L grading scale, we 
detected that patients carrying the TT geno-
type had the highest mean K-L score in both 
the right and left knees as compared to pa-
tients carrying the CC and CT genotypes. The 
difference between the groups was statistically 
significant (p=0.049 and p=0.049, respectively) 
(Table 3).

Moreover, the analysis of the association be-
tween the WOMAC score and GDF5 gene 
SNP revealed that the patients carrying the TT 
gene had a significantly higher WOMAC score 
(p=0.017) as compared to patients carrying 
the CC and TT genotypes (Table 3). Moreover, 
a multiple linear regression analysis was per-
formed to neutralize the effects of confound-
ing factors, namely, BMI, age, and disease 
duration on the WOMAC score. The analysis 
revealed that after adjusting for BMI, age, and 
disease duration, the TT genotype of GDF5 
(+104T/C) SNP can still be used to predict the 
WOMAC score (p<0.001) (Table 4).

Finally, we analyzed the association between 
the intensity of pain in our patients repre-
sented by the VAS score and GDF5 (+104T/C) 
SNP. Our results revealed that the frequency 
of patients carrying the TT genotype was the 
highest in patients whose VAS scores were <6 
as compared to patients whose VAS scores 
were ≤6. On the other hand, the frequency 
of patients carrying the CT genotype was the 
highest among patients with pain intensity 
≤6 as compared to patients with VAS scores 
>6. The frequency of patients carrying the CC 

Table 2. Association between GDF5 (rs143383) gene polymorphism and knee osteoarthritis in all study group controls, and in males and females 
(patients and controls)

		  All study group			   Females			   Males

	 Cases	 controls	 X2 and	 Cases	 controls	 X2 and	 Cases (9)	 Controls (9)	 X2 and 
	 N=50 (%)	 N=50 (%)	 p	 N=41 (%)	 N=41 (%)	 p 	 N=9 (%)	 N=9 (%)	 p

Genotype				    Genotype

TT	 20 (40.0)	 12 (24.0)		  15 (36.59)	 10 (24.39)		  5 (55.56)	 2 (22.22)

CC	 14 (28.0)	 13 (26.0)	 X2=4.01	 11 (26.83)	 11 (26.83)	 X2=1.71  	 3 (33.33)	 2 (22.22)	 X2= 4.15 
			   p=0.134			   p= 0.425			   p= 0.125

CT	 16 (32.0)	 25 (50.0)		  15 (36.59)	 20 (48.78)		  1 (11.11)	 5 (55.56)

Allele&

T	 56 (56.0)	 49 (49.0)	 X2=0.72	 45 (54.88)	 40 (48.78) 	 X2=0.39	 11 (61.11)	 9 (50.0)	 X2=0.11

C	 44 (44.0)	 51 (51.0)	 p=0.369	 37 (45.12)	 42 (51.22)	 p=0.532	 7 (38.89)	 9 (50.0)	 p=0.745

χ2: chi-square; N: number; %: percentage -Significance difference (p<0.05); &Allele frequency was calculated according to Hardy-Weinberg equilibrium (HWE)

Table 3. Association of GDF5 (rs143383) gene polymorphism with clinical scores

					     Range		

Variable		  N	 Mean	 SD	 Min	 Max	 p

Score	 Genotype

	 CC	 14	 2.29	 0.73	 1.00	 3.00	 0.012* 
Right Knee TS	 TT	 20	 2.80	 0.41	 2.00	 3.00 
	 CT	 16	 2.13	 0.89	 1.00	 3.00

	 CC	 14	 2.14	 1.03	 1.00	 3.00	 0.541 
Left  Knee TS	 TT	 20	 2.40	 0.75	 1.00	 3.00 
	 CT	 16	 2.13	 0.72	 1.00	 3.00

	 CC	 14	 3.36	 0.74	 2.00	 4.00	 0.049* 
Right Knee K-L	 TT	 20	 3.45	 0.83	 2.00	 4.00 
	 CT	 16	 2.81	 0.83	 2.00	 4.00

	 CC	 14	 3.21	 0.89	 2.00	 4.00	 0.049* 
Left  Knee K-L	 TT	 20	 3.45	 0.83	 2.00	 4.00 
	 CT	 16	 2.75	 0.77	 2.00	 4.00

	 CC	 14	 65.87	 15.36	 41.60	 92.70	 0.017* 
WOMAC	 TT	 20	 78.51	 12.22	 41.60	 79.20 
	 CT	 16	 67.23	 14.40	 45.80	 87.50

K-L: Kellgren-Lawrence; WOMAC: Western Ontario & McMaster Universities Osteoarthritis Index; N: number; SD: standard 
deviation *Significant difference (p<0.05); TS: tenderness score
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genotype with VAS scores ≤6 was higher than 
patients with VAS scores >6. The difference be-
tween the groups was statistically significant 
(p=0.005) (Table 5).

Discussion
Several studies have delineated the association 
of diverse genetic variants with the risk of OA 
(13-15). GDF5 (+104T/C), located in the 5’ un-
translated region (5’-UTR) of the GDF5 gene, was 
one of the genetic variants that has garnered 
extensive attention as a genetic variant associat-
ed with OA. GDF5 (also known as cartilage-de-
rived morphogenic protein 1, CDMP1) is one of 
the members of the TGF-β superfamily, which 
participates in the process development, repair, 
and maintenance of cartilage, bone, and soft tis-
sues of the synovial joint (6). The GDF5 gene was 
found to be expressed in the articular cartilage 
of human adults and is involved in the processes 
of development, homeostasis, and repair of car-
tilage, bone, and articular cartilage (16).

The current case-control study revealed the 
lack of genetic influence of GDF5 (+104T/C) 

on the development of primary KOA. Our re-
sults were consistent with the results of the 
study performed by Tsuzou et al. (17), which 
conformed to the heterogeneous nature of OA 
genetic susceptibility. Tsuzou et al. (17) indicat-
ed that there were no statistically significant 
differences in the genotype and allele frequen-
cies of the +104T/C SNP of the GDF5 gene in 
patients and controls (p>0.05). In addition, on 
categorizing the cases based on gender, no 
allele or genotype differences were found in 
the frequency distribution based on gender. 
Therefore, the results of the study performed 
by Tsezou et al. (17) indicated that GDF5 
(+104T/C) SNP is not a risk factor for KOA in 
Greek Caucasians. Similarly, our results were in 
accordance with the results of the study con-
ducted by Southam et al. (6), which revealed 
the absence of significant differences in geno-
type and allele frequency distribution of SNP in 
cases and healthy control subjects (p>0.05 and 
p=0.436, respectively). Similarly, these results 
were consistent with the results of the studies 
performed on the Korean population by Shin 
et al. (15) and Cao et al. (18).

However, the results of the current study were 
inconsistent with the results of the studies 
performed by Tawonsawtruk et al. (3) on the 
Thai population and the study performed by 
Mishara et al. (19) on the North Indian popu-
lation, which revealed an association between 
rs143383 and the risk of KOA.

Generally, the GDF5 (+104T/C) SNP was found 
to be associated with the risk of developing 
human OA and degenerative disc diseases (20). 
However, the results of the current study re-
garding the lack of association between GDF5 
(+104T/C) SNP and the susceptibility to KOA 
might imply that other polymorphic loci in the 
GDF5 gene might play a role in the suscepti-
bility to KOA. Egli et al. (21) reported the de-
tection of a second GDF5 polymorphism in the 
5’-UTR region (rs143384) that could modulate 
the expression of GDF5 rs143383. Further, they 
identified a new polymorphism 2250ct that 
could have an influence on the GDF5 allelic ex-
pression, independent of rs143383. The effect 
of 2250ct on the allelic expression of GDF5 was 
corresponding to the effect of rs143383, i.e., a 
steady but moderate relative reduction in the 
expression of the order of 20%-25% (21).

Furthermore, the discrepancy between the re-
sults of the current study and previous studies 
conducted worldwide might be attributable 
to several factors. Reynard et al. (22) pointed 
out that the genetic effect of the rs143383 SNP 
was under the regulation of the epigenome 
at the DNA methylation level. They indicated 
that DNA methylation modulates the rate of 
the GDF5 expression in human cell lines and 
hypomethylation of the GDF5 locus is asso-
ciated with augmentation in rs143383 allele 
imbalance. Moreover, Sub1, SP1, and SPP3 and 
DEAF trans-activating proteins bind two alleles 
of rs143383 and repress their transcription (23), 
resulting in the allelic imbalance between the 
rs143383 alleles. Therefore, methylation regu-
lates GDF5 expression in cartilage and regulates 
the functional effect of rs143383 by altering the 
binding of SP1 and SPP3 and DEAF transcrip-
tional repressors (5). In addition, differences in 
the levels of methylation in different joint tissues 
could result in differences in the odds ratio (OR) 
in different pathologies associated with GDF5 
(+104T/C) SNP. In the meta-analysis conducted 
by Zhang et al. (2), it was revealed that the test 
of heterogeneity for rs143383 conducted on 
different populations was significant, proposing 
potential genetic heterogeneity between differ-
ent populations. Taken together, ethnic differ-
ences in GDF5 methylation due to differences 
in environmental and other associated genetic 
factors might be the cause of such disparity in 
the results of different studies performed on 

Table 4. Multiple linear regression analysis of confounding factors affecting the WOMAC score 

	 Regression 	 Standard		  95% CI of 
Variable	 Coefficient	 Error	 t^	 Regression Coefficient	 p	 R2&

Genotype

TT/CC	 16.139	 3.859	 4.183	 8.25-24.03	 <0.001*

BMI	 1.237	 0.417	 2.967	 0.38-2.09	 0.006*	 0.594

Disease	 0.944	 0.520	 1.816	 0.12-2.01	 0.08*

Duration

Age	 0.0646	 0.245	 2.635	 0.14-1.147	 0.013*

Genotype

TT/CT	 16.603	 3.594	 4.619	 9.27-23.93	 <0.001*	 0.505

BMI	 0.610	 0.303	 2.014	 -0.01-1.84	 0.053

Disease	 0.933	 0.444	 2.100	 0.03-1.84	 0.044*

Duration

Age	 0.685	 0.232	 2.954	 0.21-1.16	 0.006*

BMI: Body Mass Index; CI: confidence interval; t^: statistic test used for null hypothesis showing that there is no linear relationship 
between the independent variables (genotype, BMI, age, and disease duration) and the dependent variable (WOMAC score); &R2: 
goodness-of-fit measure of a linear model *Significance level (p<0.05)

Table 5. Association of GDF5 (+104T/C) genotypes with VAS Score

		  Genotype

	 CC	 TT	 CT

VAS Score	 N=14 (%)	 N=20 (%)	 N=16 (%)		  X2 and p

VAS ≤6	 6 (42.9%)	 3 (15.0%)	 11 (68.8%)	 X2=10.77		   p=0.005*

VAS >6	 8 (57.1%)	 17 (85.0%)	 5 (31.2%)

VAS: visual analog scale; N: number; %: percentage; χ2: chi-square *Significance level (p<0.05)
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GDF5 (+104T/C) SNP in different populations 
(5). Finally, differences in genotyping methods 
and differences in patient’s inclusion criteria 
might be other factors yielding inconsistent re-
sults in different studies.

Osteoarthritis diagnosis is based on both clin-
ical and radiological disease assessments and 
X-ray is considered to be the gold standard 
used to confirm the diagnosis and is the main 
standard used in OA disease grading (24, 25). 
The grading of OA is based on the radiological 
classification of the K-L score and is usually aid-
ed by other general or specific joint clinical and 
functional scores (26-27).

In the present case-control study, radiological 
severity of KOA based on the K-L grading sys-
tem revealed that the patients carrying the TT 
genotype had the highest K-L scores in both the 
right and left knees when compared to patients 
carrying the CC and CT genotypes (p=0.049).

Furthermore, we analyzed the WOMAC score, 
VAS score, and TS to detect the genetic influ-
ence of GDF5 (+104T/C) SNP on the degree of 
severity of primary KOA. Regarding the WO-
MAC score, the patients carrying the TT gen-
otype had the highest mean WOMAC score 
when compared to patients carrying the CC 
and CT genotypes (p=0.017). Similarly, the 
frequency of patients with VAS scores >6 was 
higher among patients carrying the TT geno-
type when compared to patients carrying the 
CT and GG genotypes (p=0.005).

Our results regarding the association between 
GDF5 (+104T/C) SNP and the severity of KOA 
were consistent with the results of the study 
conducted by Valdes et al. (28) that reported 
a significant association between the T allele 
and tibiofemoral K-L grade and rs143383 SNP 
(p=0.0011). Our results were also consistent 
with the results of the study conducted by Mi-
nafra et al. (26) that indicated the presence of 
an association between the presence of the TT 
genotype and radiological severity of KOA rep-
resented by the K-L score (p=0.02).

The association between rs143383 and the 
progression of disease severity could be at-
tributed to the results revealed in the original 
study conducted by Miayamoto et al. (16) that 
pointed out the influence of T allele on the 
transcription of the GDF5 gene with the re-
sultant reduction in the transcriptional activi-
ty. This might imply that rs143383 SNP might 
influence the biological processes that are in-
volved in joint damage that might be caused 
by its relation with the progression of the dis-
ease (16, 28).

The results of the current study revealed a 
possible genetic association between GDF5 
(+104T/C) SNP and severity of KOA, which 
might facilitate the detection of patients with 
high risk for disease progression. The present 
study did not detect an association between 
the SNP and KOA development in Egyptian 
Caucasians in the Beni Suef governorate. Nev-
ertheless, the current study should be regard-
ed as hypothesis testing with its limitations. 
Further longitudinal studies using a larger 
number of patients are needed to define the 
association of GDF5 (+104T/C) SNP and the se-
verity of KOA.

Ethics Committee Approval: Ethics committee ap-
proval was received for this study from the ethics 
committee of Beni-Suef University School of Med-
icine.

Informed Consent: Written informed consent was 
obtained from patients who participated in this 
study.

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept - M.I.A., E.A.A., R.A.M.; 
Design - M.I.A., E.A.A., R.A.M.; Supervision - M.I.A., 
E.A.A., R.A.M.; Resources - M.I.A., E.A.A., R.A.M.; Ma-
terials - M.I.A., E.A.A., R.A.M.; Data Collection and/or 
Processing - M.I.A., E.A.A., R.A.M.; Analysis and/or In-
terpretation - M.I.A., E.A.A., R.A.M.; Literature Search 
- M.I.A., E.A.A., R.A.M.; Writing Manuscript - E.A.A., 
R.A.M.; Critical Review - E.A.A., R.A.M.

Acknowledgements: The authors would like to thank 
Dr. Ayman Eid Girges for his contribution on the sta-
tistical analysis of this work.

Conflict of Interest: No conflict of interest was de-
clared by the authors.

Financial Disclosure: The authors declared that this 
study has received no financial support.

References
1.	 Houard X, Goldring MB, Berenbaum F. Homeo-

static mechanisms in articular cartilage and role 
of inflammation in osteoarthritis. Curr Rheuma-
tol Rep 2013; 15: 375. [CrossRef ]

2.	 Zhang R, Yoa J, Xu P, Ji B, Luck VJ, Chin B, et al. 
A comprehensive meta-analysis of the associa-
tion between genetic variants of GDF5 and os-
teoarthritis of the knee, hip and hand. Inflamm 
Res 2015; 64: 405-14. [CrossRef ]

3.	 Mishara A, Sanghi D, Chandra Sharma A, Raj S, 
Shanker Maurya S, Avasthi S, et al. Association 
of polymorphism in growth and differentiation 
factor5 with osteoarthritis knee. Am J Biochem 
Biotech 2013; 9: 1-7. [CrossRef ]

4.	 Muoh O, Malemud CJ, Askare AD. Clinical sig-
nificance and implications of genetic and ge-
nomic studies in patients with osteoarthritis. 
Advances in Genomics and Genetics 2014; 4: 
193-206.

5.	 Reynard LN, Bui C, Syddall CM, Loughlin J. CPG 
methylation regulates allelic expression of 
GDF5 by modulating binding of SP1 and SP3 
repressor proteins to the osteoarthritis suscep-
tibility SNP rs 143383. Hum Genet 2014; 133: 
1059-73. [CrossRef ]

6.	 Southam l, Lopez JR, Wilkins M, Pombo-Su-
arez M, Snelling S, Gomez-Reino JJ, et al. An 
SNP in the 5’-UTR of GDF5 is associated with 
osteoarthritis in Europeans and within vivo 
differences in allelic expression in articular 
cartilage. Hum Mol Genet 2007; 16: 2226-32. 
[CrossRef ]

7.	 Nickel J, Kotzsch A, Sebald W, Mueller TD. A sin-
gle residue of GDF-5 defines binding specificity 
to BMP receptor IB. J Mol Biol 2005; 349: 933-47. 
[CrossRef ]

8.	 Altman R, Asch E, Bloch D, Bole G, Borenstein 
D, Brandt K, et al. Develpoment of criteria for 
classification of osteoarthritis of the knee and 
reporting of osteoarthritis; classification of os-
teoarthritis of the knee. Diagnostic and Thera-
peutic Criteria Committee of American Rheu-
matism Association. Arthritis Rheum 1986; 29: 
1039-49. [CrossRef ]

9.	 Kellgren JH and Lawrence JS. Radiological as-
sessment of osteoarthritis. Ann Rheum Dis 
1957; 16: 494-501. [CrossRef ]

10.	 Bellamy N. Pain assessment in osteoarthritis: 
Experience with WOMAC osteoarthritis index. 
Semin Arthritis Rheum 1989; 18(Suppl 2): 14-17. 
[CrossRef ]

11.	 Jensen MP, Karoly P, Braver S. The measurement 
of clinical pain intensity: a comparison of six 
methods. Pain 1986; 27: 117-26. [CrossRef ]

12.	 Lequesne M. Indices of severity and disease ac-
tivity for osteoarthritis. Semin Arthritis   Rheum 
1991; 20: 48-54. [CrossRef ]

13.	 Miyamoto Y, Shi D, Nakajima M, Ozaki K, Sudo 
A, Kotani A, et al. Common variants in  DVWA 
on chromosome 3p24.3 are associated with 
susceptibility to knee osteoarthritis. Nat Genet 
2008; 40: 994-8. [CrossRef ]

14.	 Valdes AM, Spector TD, Doherty S, Wheeler M, 
Hart DJ, Doherty M. Association of the DVWA 
and GDF5 polymorphisms with osteoarthritis in 
UK populations. Ann Rheum Dis 2009; 68: 1916-
20. [CrossRef ]

15.	 Shin MH, Lee SJ, Kee SJ, Song SK, Kweon SS, Park 
DJ, et al. Genetic association analysis of GDF5 
and ADAM12 for knee osteoarthritis. Joint Bone 
Spine 2012; 79: 488-91. [CrossRef ]

16.	 Miyamato Y, Mabouchi A, Shi D, Kubo T, Takatori 
Y, Saito S, et al. A functional polymorphism in 
the 5’ UTR of GDF5 is associated with suscepti-
bility to osteoarthritis. Nat Genet 2007; 39: 529-
33. [CrossRef ]

17.	 Tsezou A, Satra M, Oikonomou P, Bargiotas K, 
Malizos KN. The growth differentiation factor 
5 (GDF5) core promoter polymorphism is not 
associated with knee osteoarthritis in the Greek 
population. J Orthop Res 2008; 26: 136-40. 
[CrossRef ]

18.	 Cao Z, Lee HS, WSong JH, Yoon J, Park YK, Nam 
SW, et al. Growth differentiation factor 5 (GDF5) 
core promoter polymorphism is not associated 
with susceptibility to osteoarthritis of the knee 

102

Elazeem et al. GDF5 gene polymorphism in knee OA Eur J Rheumatol 2017; 4: 98-103

https://doi.org/10.1007/s11926-013-0375-6
https://doi.org/10.1007/s00011-015-0818-9
https://doi.org/10.3844/ajbbsp.2013.1.7
https://doi.org/10.1007/s00439-014-1447-z
https://doi.org/10.1093/hmg/ddm174
https://doi.org/10.1016/j.jmb.2005.04.015
https://doi.org/10.1002/art.1780290816
https://doi.org/10.1136/ard.16.4.485
https://doi.org/10.1016/0049-0172(89)90010-3
https://doi.org/10.1016/0304-3959(86)90228-9
https://doi.org/10.1016/0049-0172(91)90027-W
https://doi.org/10.1038/ng.176
https://doi.org/10.1136/ard.2008.102236
https://doi.org/10.1016/j.jbspin.2011.10.016
https://doi.org/10.1038/2005
https://doi.org/10.1002/jor.20634


in the Korean population. Korean J Pathol 2010; 
44: 404-9. [CrossRef ]

19.	 Tawonsawatruk T, Chang T, Pingsuthiwong S, 
Trachoo O, Sura T, Wajanavisit W. A genetic as-
sociation study between growth differentiation 
factor 5 (GDF5) polymorphism and knee osteo-
arthritis inThai population. J Orthop Surg Re. 
2011; 6: 47. [CrossRef ]

20.	 Daans M, Luyten FP, Lories RJ. GDF5 deficiency 
in mice is associated with instability-driven joint 
damage, gait and subchondral bone changes. 
Ann Rheum Dis 2011; 70: 208-13. [CrossRef ]

21.	 Egli RJ, Southam L, Wilkins JM, Lorenzen I, 
Pombo-Suarez M, Gonzalez A, et al. Functional 
analysis of the osteoarthritis susceptibility-asso-
ciated GDF5 regulatory polymorphism. Arthritis 
Rheum 2009; 60:2055-64. [CrossRef ]

22.	 Reynard LN, Bui C, Canty-Laird EG, Young DA, 
Loughlin J. Expression of the osteoarthritis-as-
sociated gene GDF5 is modulated epigenetical-
ly by DNA methylation. Hum Mol Genet 2011; 
20: 3450-60. [CrossRef ]

23.	 Syddall CM, Reynard LN, Young DA, Lough-
lin J. The identification of trans-acting fac-
tors that regulate the expression of GDF5 
via the osteoarthritis susceptibility SNP 
rs143383. PLoS Genet 2013; 9: e1003557. 
[CrossRef ]

24.	 Braun HJ, Gold GE. Diagnosis of osteoarthritis: 
imaging. Bone 2012, 51: 278-88. [CrossRef ]

25.	 Gaballah A, Hussein NA, Risk M, Elsaway N, Ela-
basiry S. Correlation between synovial vascular 
endothelial growth factor, clinical, functional 
and radiological manifestations in knee osteo-

arthritis. The Egyptian Rheumatologist 2016; 38: 
29-34. [CrossRef ]

26.	 Minafra L, Bravatà V, Saporito M, Cammarata 
FP, Forte GI, Caldarella S, et al. Genetic, clinical 
and radiographicsigns in knee osteoarthritis 
susceptibility. Arthritis Res Ther 2014; 16: R91. 
[CrossRef ]

27.	 Valdes AM, Doherty S, Muir KR, Zhang W, Ma-
ciewicz RA, Wheeler M, et al. Genetic contribu-
tion to radiographic severity in osteoarthritis 
of the knee. Ann Rheum Dis 2012; 71: 1537-40. 
[CrossRef ]

28.	 Haider HM, Amin IR, Ahmed KA. Plasma and 
synovial osteopontin levels, are they associated 
with primary knee osteoarthritis in Egyptian 
patients? The Egyptian rheumatologist 2015; 
37: 29-34. 

103

Elazeem et al. GDF5 gene polymorphism in knee OAEur J Rheumatol 2017; 4: 98-103

https://doi.org/10.4132/KoreanJPathol.2010.44.4.404
https://doi.org/10.1186/1749-799X-6-47
https://doi.org/10.1136/ard.2010.134619
https://doi.org/10.1002/art.24616
https://doi.org/10.1093/hmg/ddr253
https://doi.org/10.1371/journal.pgen.1003557
https://doi.org/10.1016/j.bone.2011.11.019
https://doi.org/10.1016/j.ejr.2015.01.002
https://doi.org/10.1186/ar4535
https://doi.org/10.1136/annrheumdis-2012-201382

