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Abstract
Background: Osteoarthritis (OA) is among the most prev-
alent joint diseases. Reduced patient life quality and pro-
ductivity represent a major personal and community strains. 
GDF5 gene is involved in the development of bone and 
cartilage. Studies reported a clear and highly reproducible 
association between susceptibility of knee osteoarthritis 
(KOA) and GDF5. This study aims to detect GDF5 gene 
polymorphism and to evaluate its association with suscep-
tibility to KOA.

Methods: This study is a case-control carried out at the fe-
male section of College of Applied Medical Sciences, Taif 
University. 50 Samples with KOA were collected from pa-
tients at King Faisal Medical Complex (Rheumatology Clin-
ic), Taif, KSA. The body mass index (BMI) and the functional 
disability were estimated in all patients. CRP and RF were 
estimated in the serum of all included subjects by ELISA. 
ESR was determined by Westergren method. GDF5 T > C 
(rs143383) promoter polymorphism was assessed by PCR- 
RFLP.

Results: We observed a statistically significant elevation 
of CRP, RF, and ESR on the patients with KOA relative 
to the controls. Seventy-two percent of our patients have 
obesity grade I and II and 56% have severe functional 
disability on Womac index. The TT and TC genotypes of 

GDF5 gene polymorphism were statistically more frequent 
in KOA patients than in the controls. TT genotype may be a 
risk factor to KOA. The T allele was more frequent in KOA 
and C allele was more frequent in the controls. GDF5 pol-
ymorphism was not related to BMI and functional disability 
of KOA. GDF5 polymorphism was found to be significantly 
related to high ESR and CRP.
Conclusions: The present study revealed a possible ge-
netic link between KOA and GDF5 polymorphism and that 
the TT genotype may increase the risk of development of 
KOA. However, a future study with a large number of pa-
tients is needed to confirm our results.
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expression of the GDF5 protein in knee joint [22]. In Eu-
ropean and Asian populations, rs143383 polymorphism 
in the 5’-untranslated regions of GDF5 is associated with 
knee OA [23]. In this regard, studies on OA-associated 
single nucleotide polymorphism (SNP) rs143383 is a C 
to T transition located within the 5′ untranslated region 
(5′UTR) of GDF5, which codes for the extracellular si-
gnaling molecule GDF5. About the association between 
rs143383 and OA, the investigators demonstrated that 
the OA-risk T-allele of the SNP-mediated reduced mRNA 
expression relative to the C-allele in an luciferase assay 
conducted in a chondrocyte cell line; chondrocytes are 
the only cell type present in cartilage [22]. This study 
stressed rs143383 as the vital functional SNP responsi-
ble for OA. It was also shown that the T-allele was asso-
ciated with diminished production of GDF5 in cartilage 
[17].

Studies of genome-wide association (GWAS) repor-
ted a clear and highly reproducible association between 
susceptibility of knee OA and GDF5. In particular, single 
nucleotide polymorphisms (SNPs) span a length of 130 
kb comprising GDF5 and downstream UQCC1 (ubiqui-
nol-cytochrome C reductase complex assembly factor 1) 
was related with a 1.2 to 1.8-fold raise in knee OA risk 
[24].

Genetic factors are known to be important in the 
pathogenesis of osteoarthritis. The etiology of osteoar-
thritis remains complex, and the latest genetic informa-
tion indicates that susceptibility to osteoarthritis occurs 
from unique combinations of multiple gene-gene and 
gene-environment interactions. This study was carried 
out to detect GDF5 gene polymorphism and to evaluate 
its association with susceptibility to knee osteoarthritis.

Methods
This study is a case-control conducted in the fema-

le section at College of Applied Medical Sciences, Taif 
University. The study has been accepted by the ethi-
cal board of Collage of Applied Medical Sciences, Taif 
University and all participants gave informed consent 
to participate in the research.We included 50 patients 
with Knee OA (13 males and 37 females, their age ran-
ged between 25 and 66 years) who attended in King Fai-
sal Medical Complex (Rheumatology Clinic), Taif, KSA. 
Fifty healthy individuals with matched age and sex with 
the Knee OA patients and with no clinical and laboratory 
evidences of OA or other diseases were also included 
as a control group. Inclusion criteria include all patien-
ts with KOA were diagnosed according American Colle-
ge of Rheumatology [25]. Antero-posterior and lateral 
view of knee radiographs were taken to confirm the 
diagnosis of OA by Kellgren and Lawrence scores [26]. 
Exclusion criteria include patients with other rheumato-
logial diseases such as: Systemic lupus erythematosus, 
mixed connective tissue diseases, Scleroderma, and Der-
matomyositis.

Introduction
Osteoarthritis (OA) is a widespread polygenic multi-

factorial disorder accompanied by joint cartilage dege-
neration and synovial inflammatory changes [1]. OA is 
the primary cause of physical disability in the elderly, 
and is characterized by pain in the joints, inflammation, 
and rigidity [2,3]. It is among the most prevalent joint 
diseases [4]; the incidence of hip and/or knee OA with 
symptoms is about ~ 242 million worldwide [5], with 
other disorders it is Slisted as the eleventh highest inter-
national disability cause [4]. Reduced patient life quality 
and productivity represent a major personal and com-
munity strain with a universal occurrence of 3.8% [6,7].

Knee OA has a higher prevalence than other joints, 
with an incidence rate of approximately 45 percent, 
rising to 60.5 percent among obese individuals [8]. 
Incidence rises with each decade of age and with the 
highest annual occurrence between ages 55-65 [9]. 
Knee OA is considered to be a widespread joint dege-
nerative disorder primarily affecting the elderly [10]. It 
is characterized by destruction of the cartilage of joints 
[11]. Precise etiology for OA evolution remains lacking. 
However, age, genetic factors, environmental condi-
tions and inappropriate lifestyles are the known threa-
ts for OA [12]. The effect of certain genes is examined, 
as the genetic influence of the primary OA is high, i.e. 
40% for the knee, 60% for the hip and 65% for the hand 
joints [13]. Growth differentiation factor 5 (GDF5) gene 
is located on the chromosome 20q11.2 and it regulates 
the expression of GDF5 protein. It is classified within the 
bone morphogenetic protein group (BMP) [14]. It invol-
ves in development of bone and cartilage, particularly 
in endochondral ossification process [15]. The mutation 
of GDF5 gene associates with generalized osteoarthritis 
and skeletal related congenital diseases [16].

GDF5 is recognized also as the cartilage-derived 
morphogenetic protein of the superfamily transforming 
growth factor-β (TGF-β), have been found to play a key 
role in the growth, repair and reconstruction of cartila-
ge and bone [17]. GDF-5 binds to the transmembrane 
serine/threonine kinase type I and II receptors to acti-
vate its signaling pathway [18]. BMPR-IB (BMP receptor 
IB), BMPR-II, and activin receptor (ActR) type IIB have 
higher affinities for the GDF-5 ligand [19]. Upon GDF-
5 binding, the receptors are phosphorylated to activa-
te the downstream Smad pathway. The Smad proteins 
then translocate into the nucleus to regulate the tran-
scription of various genes [20].

Several studies have revealed that GDF5 performs a 
major role in musculoskeletal processes, influencing en-
dochondral calcification, joint development, tendon re-
pair and bone formation [17]. Defects of this gene were 
shown to be correlated to abnormal joint development 
or skeletal disorders in humans and mice [21]. Moreo-
ver, the polymorphism in GDF5 gene is related with low 
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Statistical Analysis
Using the SPSS computer software version 22.0., the 

data was recorded, tabulated and analysied. This re-
search showed qualitative data as mean and standard 
deviation, with a number and a percentage, and quanti-
tative data. Chi-square (X2) test was used for comparing 
qualitative variables. The value of P < 0.05, and Odd ra-
tio (OR) and Confidence interval (C.I.) of 95% are taken 
as important.

Results
The present study included 50 patients with knee 

osteoarthritis (KOA) and 50 healthy individuals. The 
age of the patients ranged 25 and 66 years while in 
the controls it ranged between 28 and 68 years. It 
included 13 male patients and 37 females and14 male 
and 36 females of healthy individuals, Table 1.

The C-reactive protein level (CRP) in KOA patients 
ranged between 1.01 and 8.12 mg/L with a mean va-
lue ± SD of 4.324 ± 2.045 while in the controls it ran-
ged between 0.004 and 2.03 with a mean ± SD of 0.91 ± 
0.5. The difference of CRP levels in patients and controls 
was statistically significant (t = 11.48, P < 0.0001), (Fi-
gure 1A). In patients with KOA the ESR ranged betwe-
en 3 and 20 mm/hr with a mean ± SD value of 10.48 ± 
3.52 mm/hr. In control individuals ESR ranged between 
1 and 13 mm/h with 7.68 ± 2.97 mm/h as a mean ± SD 
value. The difference between RA patients and the con-
trols was statistically significant (t = 4.299, P < 0.0001), 
(Figure 1B). The RF was assessed in the serum patients 
with KOA and the controls, in patients the serum level 
ranged between 3.45 and 12.24 IU/ml with a mean ± SD 
value of 6.5 ± 2.7 IU/ml while in the controls it ranged 
between 0.023 and 5.16 with a mean ± SD value of 2.78 
± 1.4 IU/ml. The difference between both groups was 
statistically significant (t = 8.73, P < 0.0001), (Figure 1C).

Assessment of BMI in the included patients of KOA 
showed that most of our included patients were suffe-
ring from obesity, Figure 2.

Functional disability in patients with KOA
We analyzed the functional disability in patients with 

KOA by the use of the most common indices available. 
According to the kellgren score, 44% of our patients 

The BMI was estimated for each patient using the 
equation (BMI = Weight kg/Height m2). Functional di-
sability in OA was assessed in all patients according to 
Kellgren score [26], the Western ontario and McMaster 
universities osteoarthritis index (WOMAC) [27], and the 
Lequesne index [28].

Blood samples preparation
A 10 ml peripheral venous blood sample was col-

lected from all included subjects. Five milliliters of each 
obtained sample was withdrawn in EDTA tubes for DNA 
extraction and ESR determination. The remaining sam-
ple was left for 1 hour in a serum separator collection 
tube to clot at room temperature and centrifuged 
at 3000 rpm for 5 minutes. The separated serum was 
obtained and stored in -20 °C until analysis. CRP and 
RF levels were estimated in serum samples from KOA 
patients and control subjects using Human C Reactive 
Protein ELISA Kit (CRP), abcam, Cambridge, MA, USA 
(Cat No. ab99995), and rheumatoid factor (RF), ELISA 
Kit, MyBioSource, Inc. San Diego, CA 92195-3308, USA 
(Cat No. MBS262327) respectively. ESR was determined 
using Westergren method.

Genomic DNA extraction
Genomic DNA was extracted and purified using the 

QIAamp DNA mini kit (Qiagen CA, USA) from the peri-
pheral blood collected in tubes containing EDTA from 
knee osteoarthritis patients and controls. Purified DNA 
was kept at -80 °C until used for genotyping.

GDF5 T > C (rs143383) promoter polymorphism 
detection by (PCR-RFLP)

Genotyping of GDF5 T > C was performed using the 
polymerase chain reaction restriction fragment length 
polymorphism (PCR- RFLP) as described by Tulyapruek, 
et al. [29]. The PCR amplification was carried out using 
recombinant Taq polymerase master mix (Dream taq-
green, code number k1081, LOT: 00643300) (Thermo 
Fisher Scientific Ballics UAB, V A Cracino 8, LT-002241 
Vilnius, Lithuania) in a 25 µl total volume. Primer se-
quences to amplify the promoter (rs143383) of GDF5 
were: GATTTTTTCTGAGCACCTGCAGG (forward) and 
GTGTGTGTTTGTATCCAG (reverse). Initial denaturation 
for 5 minutes at 95 °C followed by amplification for 35 
cycles in thermocycler (PCR Sprint, Thermofisher, Wal-
tham, MA) and denaturation for 1 minute at 94 °C, then 
annealing for another 1 minute at 58 °C, extension for 
1 minute at 72 °C and final extension for 10 minutes at 
72 °C. Following the manufacturer’s standard, 10 µL of 
PCR sample was incubated with 3 units of BsiEI restri-
ction enzyme for 4 hours at 37 °C. The digested product 
was electrophoresed on 2% agarose gel with ethidium 
bromide staining before being visualized on a UV tran-
silluminator. The fragments lengths were 104 and 230 
bp in CC, 104, 230, and 344 bp in TC, and 344 bp in TT 
genotypes.

Table 1: Age and sex of included subjects.

Patients Controls
No % No %

Age
< 50 14 28 16 32

≥ 50 36 72 34 68

Sex

Male 13 26 14 28

Female 37 74 36 72

https://doi.org/10.23937/2378-3672/1410048
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have grade II, 36% grade I, 14% with grade III, and 6% 
was classified as grade 0. Using the Lequesne index, 
most of our included patients about 34% have a mild 
disability while extremely severe disability was recor-
ded in 6% of studied patients. The Western ontario and 
McMaster universities (WOMAC) Osteoarthritis Index, 
depends on the assessment of pain, stiffness, and fun-
ction. Sixty-five percent of our studied patients have a 
more severe WOMAC score, Table 2.

GDF5 gene polymorphism
We analyzed the frequency of GDP5 gene polymor-

phism in KOA patients; we observed that TT and TC ge-
notypes were more frequent in KOA than in the controls 
and that TT genotype may be a risk factor to OA. The 
difference in the frequency of GDP5 polymorphism ge-
notypes were statistically significant between KOA pa-
tients and the controls (P = 0.019), Table 3.
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Figure 1: Estimation of the levels of CRP, ESR, and RF in patients with KOA and controls.
A. CRP levels in patients with KOA and controls. CRP levels in KOA patients were significantly increased than in controls 
(t=11.48, P<0.0001) B. Erythrocyte sedimentation rates of both KOA patients and the controls. ESR in KOA patients was 
significantly increased than controls (t=4.299, P< 0.0001). C. Levels of RF in the sera of KOA patients and controls. The RF 
was significantly elevated in the serum of patients with KOA, compared to the controls (t= 8.73, P= 0.0001).
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Figure 2: Body Mass Index of all included patients with KOA.

Table 2: Functional disabilities in KOA patients.

Kellgren Score: 
No %

Grade 0 4 6

Grade I 17 36

Grade II 21 44

Grade III 8 14

Lequesne Index for Activity
Mild 1-4 17 34

Moderate 5-7 16 32

severe 8-10 5 10

Very severe 11-13 9 18

Extremely severe ≥ 14 3 6

Womac OA Index
Less severe ≤ median (25) 22 44

More severe > median (25) 28 56

https://doi.org/10.23937/2378-3672/1410048
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Table 3: GDF5 genotypes polymorphism in the studied groups.

OA Controls Odd ratio (95% CI) X2 P
No % No % 7.91 0.019

TT 15 30 10 20 3.67 (1.2 - 11.17)

TC 26 52 18 36 3.53 (1.32 - 9.42)

CC 9 18 22 44

Table 4: Alleles frequency of GDF5 polymorphism in the studied groups. 

OA Controls Odd ratio 95% CI P
Alleles No % No %

1.181 , 3.653 0.006T 56 56 38 38 2.077

C 44 44 62 62

Table 5: Relation between GDP5 gene polymorphism and BMI in patients with OA.

BMI

TT TC CC X2 P
No % No % No % No %

Normal 4 8 1 25 2 50 1 25 1.24 0.996

Overweight 8 16 2 25 5 62.5 1 12.5

Obese I 18 36 6 33.3 9 50 3 16.7

Obese II 18 36 5 27.8 10 55.5 3 16.7

Obese III 2 4 1 50 1 50 0 0

Table 6: GDP5 genotypes and different studied laboratory parameters.

Variable

TT TC CC
No % No % No % No % X2 P

Anemia 12 24 3 25 8 58.3 1 8.3 4.68 0.097

High ESR 14 28 2 14.3 10 71.4 2 14.3 6.22 0.045

High CRP 37 74 12 32 20 54 5 14 6.84 0.033

Table 7: GDF5 genotypes and functional disability in KOA.

Kellgren Score: TT (15) TC (26) CC (9) X2 P
No % No % No % No %

3.7139 0.715

Grade 0 4 6 1 25 2 50 1 25

Grade I 17 36 6 35.2 8 47.1 3 17.6

Grade II 21 44 6 28.5 13 61.9 2 9.5

Grade III 8 14 2 25 3 37.5 3 37.5

Lequesne Index for Activity
Mild 1-4 17 34 7 41.2 8 47 2 11.8

4.72 0.79

Moderate 5-7 16 32 3 18.8 10 62.5 3 18.7

severe 8-10 5 10 1 20 2 40 2 40

Very severe 11-13 9 18 3 33.3 5 55.6 1 11.1

Extremely severe ≥ 14 3 6 1 33.3 1 33.3 1 33.3

Womac OA Index
Less severe ≤ median (25) 22 44 7 31.8 10 45.5 5 22.7

0.854 0.65
More severe > median (25) 28 56 8 28.6 16 57.1 4 14.3

Relation between genotypes frequency of GDF5 
gene polymorphism and the studied parameters

There was no statistically significant correlation 
between BMI and GDP5 polymorphism in our included 
patients (X2 = 1.24, P = 0.99), Table 5.

Analysis of alleles frequency of GDF5 gene polymor-
phism revealed that the T allele was more frequent in 
KOA (56%) and C allele was more in the controls (62%). 
This difference was statistically significant P = 0.006, 
Table 4.

https://doi.org/10.23937/2378-3672/1410048
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shown also that OA is a multifactorial disorder [32]. 
In addition to the above mentioned factors another 
GDF5 polymorphism in the same region (rs143384) 
may affect the GDF5 rs143383 expression; moreo-
ver, several different polymorphisms, separate from 
rs143383, which affect the GDF5 allelic expression 
were observed [33-38].

In the present study, we also studied the genetic 
influence of GDP5 polymorphism and different labo-
ratory parameters in KOA. We found a statistically 
significant correlation between GDF5 polymorphism 
especially TC genotype and high ESR and high level of 
CRP. Zhang, et al. was also previously reported that a 
significant correlation between TC genotype and high 
ESR and with high CRP [33]. In addition, the present 
study, there was no significant correlation between 
GDF5polymorphism and body mass index (BMI) in 
patients with KOA. Our results support the results of 
Mohasseb, et al. [34]. On the contrary to our results 
Zhang, et al. who reported that a significant corre-
lation between GDF5 polymorphism and increased 
body mass index [33]. We analyzed the GDF5 poly-
morphism with the functional disability in patients 
with KOA. We noted that there is no significant cor-
relation between GDF5 polymorphism and functional 
disability in KOA. Our results agree with the previous 
results reported by Zhang, et al. [33]. On the con-
trary, Mohasseb, et al. reported a significant corre-
lation between functional disability in KOA and GDF5 
polymorphism [34]. Collectivity, the current study re-
vealed a possible genetic link between KOA and GDF5 
gene polymorphism (rs143383) and that TT genotype 
may increase the risk of development of KOA. Our 
results need to be confirmed by a study with large 
number of patients.

Acknowledgements
Not applicable.

Conflict of Interest
Authors declared no conflict of interest.

References
1. Brandt KD, Dieppe P, Radin EL (2008) Etiopathogenesis of 

osteoarthritis. Rheum Dis Clin North Am 34: 531-559.

2. Collins L, Belianinov A, Somnath S, Rodriguez BJ, Balke N, 
et al. (2016) Multifrequency spectrum analysis using fully 
digital G Mode-Kelvin probe force microscopy. Nanotech-
nology 27.

3. Heidari B (2011) Knee osteoarthritis prevalence, risk fac-
tors, pathogenesis and features: Part I. Caspian J Intern 
Med 2: 205.

4. Cross M, Smith E, Hoy D, Nolte S, Ackerman I, et al. (2014) 
The global burden of hip and knee osteoarthritis: estimates 
from the global burden of disease 2010 study. Annals of the 
rheumatic diseases. 73: 1323-1330.

5. Vos T, Barber RM, Bell B, Bertozzi-Villa A, Biryukov S, et al. 
(2015) Global, regional, and national incidence, prevalen-

Assessment of the frequency of different genotypes 
of GDP5 polymorphism in relation to the presence of 
anemia in KOA patients revealed no significant relation, 
while there was a significant relation between high ESR, 
high CRP and GDP5 genotypes, P = 0.045 and 0.033 re-
spectively, Table 6.

Assessment of the functional disability in patients 
with OA according to the different GDP5 genotypes re-
vealed no significant relation between genotypes and 
Kellgren score (P = 0.715), Lesquene index (P = 0.79), 
and Womac OA index (P = 0.65), Table 7.

Discussion
Osteoarthritis (OA) is the most common chronic, de-

generative, and disabling joint disease worldwide [30]. 
Primary knee OA is the most prevalent type of OA that 
usually affects people over age 45. Knee OA contributes 
to functional and psychological and social dysfunction 
related to quality of life impairment [4]. The molecular 
history of primary knee OA includes several genes enco-
ding proteins that have important roles in the mechani-
sm of underlying disease. Prior researches had exami-
ned many OA-associated target genes in various com-
munities [7]. However, the results of most reports did 
not achieve a consensus on the identified OA suscepti-
bility gene. The genes involved in the pathogenesis of 
OA are not clear at the moment [15]. Many studies have 
suggested that mutations of the GDF5 gene can lead 
to this disorder but the findings of genetic correlation 
research have been conflicting due to the feasibility of 
reproducing important correlations [17].

GDF5 is a signaling molecule, which is involved in 
development of the bone and cartilage, as well as joint 
formation [15]. Genetic abnormalities in the GDF5 gene 
develop a wide spectrum of masculo-skeletal disea-
ses [31]. In the current study, we observed that GDF5 
gene polymorphism was significantly related to OA of 
the knee. The current work revealed that there was a 
significant difference in the frequency distribution of 
the GDF5gene polymorphism between KOA patients 
and controls. The TT genotype polymorphism was more 
frequent in KOA relative to controls. Also, the T allele 
was common in KOA. Our results support the results of 
several previous studies who also noted in their study 
this significant correlation [22,28,29,32]. On the con-
trary, several studies reported that there is no relation 
between GDF5 polymorphism and KOA [17,30,31].

Many reasons may be related to the variation of 
results between the studies published worldwide 
[32,33]. First it is widely recognized that gene and 
environment and their interactions are influencing 
the development of OA and all previous studies were 
carried out on different populations with different 
genetics profiles. Second, variation in patient’s recru-
itment criteria and methods of genotyping may result 
in variation of results between studies. Third, it has 

https://doi.org/10.23937/2378-3672/1410048
https://www.ncbi.nlm.nih.gov/pubmed/18687271
https://www.ncbi.nlm.nih.gov/pubmed/18687271
https://www.osti.gov/biblio/1238748
https://www.osti.gov/biblio/1238748
https://www.osti.gov/biblio/1238748
https://www.osti.gov/biblio/1238748
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3766936/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3766936/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3766936/
https://ard.bmj.com/content/73/7/1323
https://ard.bmj.com/content/73/7/1323
https://ard.bmj.com/content/73/7/1323
https://ard.bmj.com/content/73/7/1323
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60692-4/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60692-4/fulltext


ISSN: 2378-3672DOI: 10.23937/2378-3672/1410048

Alrehaili et al. Int J Immunol Immunother 2020, 7:048 • Page 7 of 7 •

associated with susceptibility to osteoarthritis. Nature gene-
tics 39: 529-533.

23. Rodriguez-Fontenla C, Gonzalez A (2015) Genetica de la 
artrosis. Reumatologiaclinica 11: 33-40.

24. Zengini E, Hatzikotoulas K, Tachmazidou I, Steinberg J, 
Hartwig FP, et al. (2017) The genetic architecture of osteo-
arthritis: Insights from UK Biobank. Europe PMC.

25. Altman R, Asch E, Bloch D, Bole G, Borenstein D, et al. 
(1986) Development of criteria for the classification and 
reporting of osteoarthritis: Classification of osteoarthritis of 
the knee. Diagnostic and therapeutic criteria committee of 
the american rheumatism association. Arthritis Rheum 29: 
1039-1049.

26. Kellgren JH, JS Lawrence (1957) Radiological assessment 
of osteo-arthrosis. Ann Rheum Dis 16: 494-502. 

27. Roos EM, M Klassbo, LS Lohmander (1999) WOMAC oste-
oarthritis index Reliability, validity, and responsiveness in 
patients with arthroscopically assessed osteoarthritis. We-
stern Ontario and MacMaster Universities. Scand J Rheu-
matol 28: 210-215.

28. Dawson J, Linsell L, Doll H, Zondervan K, Rose P, et al. 
(2005) Assessment of the Lequesne index of severity for 
osteoarthritis of the hip in an elderly population. Osteoar-
thritis Cartilage 13: 854-860.

29. Tawonsawatruk T, Changthong T, Pingsuthiwong S, Tra-
choo O, Sura T (2011) A genetic association study between 
growth differentiation factor 5 (GDF 5) polymorphism and 
knee osteoarthritis in Thai population. Journal of orthopae-
dic surgery and research 6: 47.

30. Litwic A, Edwards MH, Dennison EM, Cooper C (2013) Epi-
demiology and burden of osteoarthritis. Br Med Bull 105: 
185-199.

31. Byrnes AM, Racacho L, Nikkel SM, Xiao F, MacDonald H, 
et al. (2010) Mutations in GDF5 presenting as semidomi-
nantbrachydactyly A1. Hum Mutat 31: 1155-1162.

32. Mishra A, Sanghi D, Sharma AC, Raj S, Maurya SS, et al. 
(2013) Association of polymorphism in growth and differen-
tiation factor 5 gene with osteoarthritis knee. Am J Biochem 
Biotechnol 9: 1-7.

33. Zhang S, Wang J, Ji H, Jia H, Guan D (2019) Interaction 
between GDF5 gene polymorphisms and environment fac-
tors increased the risk of knee osteoarthritis: A case-control 
study. Biosci Rep 39.

34. Mohasseb DMF, Saba EKA, Saad NLM, Sarofeem ADH 
(2019) Genetic association between growth differentiation 
factor 5 single nucleotide polymorphism and primary knee 
osteoarthritis in a group of egyptian patients: A pilot study. 
Mediterr J Rheumatol 30: 114-122.

35. Tsezou A, Satra M, Oikonomou P, Bargiotas K, Malizos 
KN (2008) The growth differentiation factor 5 (GDF5) core 
promoter polymorphism is not associated with knee osteo-
arthritis in the Greek population. J Orthop Res 26: 136-140.

36. Cao Z, Lee HS, Song JH, Yoon JW, Park YK, et al. (2010) 
Growth differentiation factor 5 (GDF5) core promoter poly-
morphism is not associated with susceptibility to osteoar-
thritis of the knee in the Korean population. Korean J Pathol 
44: 404.

37. Madry H, Cucchiarini M (2013) Advances and challenges 
in gene based approaches for osteoarthritis. The journal of 
gene medicine 15: 343-355.

38. Egli RJ, Southam L, Wilkins JM, Lorenzen I, Pombo Sua-
rez M, et al. (2009) Functional analysis of the osteoarthritis 
susceptibility-associated GDF5 regulatory polymorphism. 
Arthritis Rheum 60: 2055-2064.

ce, and years lived with disability for 301 acute and chronic 
diseases and injuries in 188 countries, 1990-2013: A sy-
stematic analysis for the Global Burden of Disease Study 
2013. The Lancet. 386: 743-800.

6. Antony B, Jones G, Jin X, Ding C (2016) Do early life fac-
tors affect the development of knee osteoarthritis in later 
life: A narrative review. Arthritis Res Ther 18: 202.

7. Kiadaliri AA, Lamm CJ, de Verdier MG, Engstrom G, Tur-
kiewicz A, et al. (2016) Association of knee pain and dif-
ferent definitions of knee osteoarthritis with health-related 
quality of life: A population-based cohort study in southern 
Sweden. Health Qual Life Outcomes 14: 121.

8. Murphy L, Schwartz TA, Helmick CG, Renner JB, Tudor G, 
et al. (2008) Lifetime risk of symptomatic knee osteoarthri-
tis. Arthritis Rheum 59: 1207-1213.

9. Driban JB, McAlindon TE, Amin M, Price LL, Eaton CB, et 
al. (2018) Risk factors can classify individuals who develop 
accelerated knee osteoarthritis: Data from the osteoarthritis 
initiative. J Orthop Res 36: 876-880.

10. Ganji R (2019) Aromatherapy massage: A promising 
non-pharmacological adjuvant treatment for osteoarthritis 
knee pain. Korean J Pain 32: 133.

11. Hao SW, Jin QH (2013) Association between the + 104T/C 
polymorphism in the 5’UTR of GDF5 and susceptibility to 
knee osteoarthritis: A meta-analysis. Mol Med Rep 7: 485-
488.

12. Poornima SK, Ali I, Khan G, Sumanlatha, Q Hassan (2018) 
Genetic association of GDF5, COG5 and CYBA gene poly-
morphisms with primary knee osteoarthritis in South Indian 
population. Gen Mol Biol Res 5.

13. Kerkhof HJ, Lories RJ, Meulenbelt I, Jonsdottir I, Valdes 
AM, et al. (2010) A genome wide association study iden-
tifies an osteoarthritis susceptibility locus on chromosome 
7q22. Arthritis Rheum 62: 499-510.

14. Buxton P, Edwards C, Archer CW, Francis-West P (2001) 
Growth/differentiation factor-5 (GDF-5) and skeletal deve-
lopment. JBJS 83: S23-S30.

15. Francis-West PH, Abdelfattah A, Chen P, Allen C, Parish J, 
et al. (1999) Mechanisms of GDF-5 action during skeletal 
development. Development 126: 1305-1315.

16. Hatakeyama Y, Tuan RS, Shum L (2004) Distinct functions 
of BMP4 and GDF5 in the regulation of chondrogenesis. J 
Cell Biochem 9: 1204-1217.

17. Southam L, Rodriguez-Lopez J, Wilkins JM, Pombo-Suarez 
M, Snelling S, et al. (2007) An SNP in the 5′-UTR of GDF5 
is associated with osteoarthritis susceptibility in Europeans 
and with in vivo differences in allelic expression in articular 
cartilage. Hum Mol Genet 16: 2226-2232.

18. Heldin CH, Miyazono K, Ten Dijke P (1997) TGF-β signal-
ling from cell membrane to nucleus through SMAD proteins. 
Nature 390: 465-471.

19. Heinecke K, Seher A, Schmitz W, Mueller TD, Sebald W, 
et al. (2009) Receptor oligomerization and beyond: A case 
study in bone morphogenetic proteins. BMC biology 7: 59.

20. Hata A, Seoane J, Lagna G, Montalvo E, Hemmati-Bri-
vanlou A, et al. (2000) OAZ uses distinct DNA-and pro-
tein-binding zinc fingers in separate BMP-Smad and Olf 
signaling pathways. Cell 100: 229-240.

21. Masuya H, Nishida K, Furuichi T, Toki H, Nishimura G, et 
al. (2007) A novel dominant-negative mutation in Gdf5 ge-
nerated by ENU mutagenesis impairs joint formation and 
causes osteoarthritis in mice. Human molecular genetics 
16: 2366-2375.

22. Miyamoto Y, Mabuchi A, Shi D, Kubo T, Takatori Y, et al. 
(2007) A functional polymorphism in the 5′ UTR of GDF5 is 

https://doi.org/10.23937/2378-3672/1410048
https://www.semanticscholar.org/paper/A-functional-polymorphism-in-the-5%E2%80%B2-UTR-of-GDF5-is-Miyamoto-Mabuchi/2ee84002b4d3f8330588160a2a4650d244bbbe09
https://www.semanticscholar.org/paper/A-functional-polymorphism-in-the-5%E2%80%B2-UTR-of-GDF5-is-Miyamoto-Mabuchi/2ee84002b4d3f8330588160a2a4650d244bbbe09
https://www.reumatologiaclinica.org/en-estadisticas-S1699258X14001247
https://www.reumatologiaclinica.org/en-estadisticas-S1699258X14001247
https://europepmc.org/article/ppr/ppr25820
https://europepmc.org/article/ppr/ppr25820
https://europepmc.org/article/ppr/ppr25820
https://www.ncbi.nlm.nih.gov/pubmed/3741515
https://www.ncbi.nlm.nih.gov/pubmed/3741515
https://www.ncbi.nlm.nih.gov/pubmed/3741515
https://www.ncbi.nlm.nih.gov/pubmed/3741515
https://www.ncbi.nlm.nih.gov/pubmed/3741515
https://www.ncbi.nlm.nih.gov/pubmed/3741515
https://www.ncbi.nlm.nih.gov/pubmed/13498604
https://www.ncbi.nlm.nih.gov/pubmed/13498604
https://www.ncbi.nlm.nih.gov/pubmed/10503556
https://www.ncbi.nlm.nih.gov/pubmed/10503556
https://www.ncbi.nlm.nih.gov/pubmed/10503556
https://www.ncbi.nlm.nih.gov/pubmed/10503556
https://www.ncbi.nlm.nih.gov/pubmed/10503556
https://www.ncbi.nlm.nih.gov/pubmed/16126417
https://www.ncbi.nlm.nih.gov/pubmed/16126417
https://www.ncbi.nlm.nih.gov/pubmed/16126417
https://www.ncbi.nlm.nih.gov/pubmed/16126417
https://go.gale.com/ps/anonymous?id=GALE%7CA268987795&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=1749799X&p=HRCA&sw=w
https://go.gale.com/ps/anonymous?id=GALE%7CA268987795&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=1749799X&p=HRCA&sw=w
https://go.gale.com/ps/anonymous?id=GALE%7CA268987795&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=1749799X&p=HRCA&sw=w
https://go.gale.com/ps/anonymous?id=GALE%7CA268987795&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=1749799X&p=HRCA&sw=w
https://go.gale.com/ps/anonymous?id=GALE%7CA268987795&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=1749799X&p=HRCA&sw=w
https://www.ncbi.nlm.nih.gov/pubmed/23337796
https://www.ncbi.nlm.nih.gov/pubmed/23337796
https://www.ncbi.nlm.nih.gov/pubmed/23337796
https://www.ncbi.nlm.nih.gov/pubmed/20683927
https://www.ncbi.nlm.nih.gov/pubmed/20683927
https://www.ncbi.nlm.nih.gov/pubmed/20683927
https://thescipub.com/abstract/10.3844/ajbbsp.2013.1.7
https://thescipub.com/abstract/10.3844/ajbbsp.2013.1.7
https://thescipub.com/abstract/10.3844/ajbbsp.2013.1.7
https://thescipub.com/abstract/10.3844/ajbbsp.2013.1.7
https://www.ncbi.nlm.nih.gov/pubmed/30777926
https://www.ncbi.nlm.nih.gov/pubmed/30777926
https://www.ncbi.nlm.nih.gov/pubmed/30777926
https://www.ncbi.nlm.nih.gov/pubmed/30777926
https://www.ncbi.nlm.nih.gov/pubmed/32185351
https://www.ncbi.nlm.nih.gov/pubmed/32185351
https://www.ncbi.nlm.nih.gov/pubmed/32185351
https://www.ncbi.nlm.nih.gov/pubmed/32185351
https://www.ncbi.nlm.nih.gov/pubmed/32185351
https://www.ncbi.nlm.nih.gov/pubmed/17676627
https://www.ncbi.nlm.nih.gov/pubmed/17676627
https://www.ncbi.nlm.nih.gov/pubmed/17676627
https://www.ncbi.nlm.nih.gov/pubmed/17676627
https://www.jpatholtm.org/upload/pdf/kjp-44-4-404.pdf
https://www.jpatholtm.org/upload/pdf/kjp-44-4-404.pdf
https://www.jpatholtm.org/upload/pdf/kjp-44-4-404.pdf
https://www.jpatholtm.org/upload/pdf/kjp-44-4-404.pdf
https://www.jpatholtm.org/upload/pdf/kjp-44-4-404.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1002/jgm.2741
https://onlinelibrary.wiley.com/doi/abs/10.1002/jgm.2741
https://onlinelibrary.wiley.com/doi/abs/10.1002/jgm.2741
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6860363/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6860363/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6860363/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6860363/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60692-4/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60692-4/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60692-4/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60692-4/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/27623622
https://www.ncbi.nlm.nih.gov/pubmed/27623622
https://www.ncbi.nlm.nih.gov/pubmed/27623622
https://www.ncbi.nlm.nih.gov/pubmed/27565135
https://www.ncbi.nlm.nih.gov/pubmed/27565135
https://www.ncbi.nlm.nih.gov/pubmed/27565135
https://www.ncbi.nlm.nih.gov/pubmed/27565135
https://www.ncbi.nlm.nih.gov/pubmed/27565135
https://www.ncbi.nlm.nih.gov/pubmed/18759314
https://www.ncbi.nlm.nih.gov/pubmed/18759314
https://www.ncbi.nlm.nih.gov/pubmed/18759314
https://www.ncbi.nlm.nih.gov/pubmed/28776751
https://www.ncbi.nlm.nih.gov/pubmed/28776751
https://www.ncbi.nlm.nih.gov/pubmed/28776751
https://www.ncbi.nlm.nih.gov/pubmed/28776751
https://www.ncbi.nlm.nih.gov/pubmed/31091513
https://www.ncbi.nlm.nih.gov/pubmed/31091513
https://www.ncbi.nlm.nih.gov/pubmed/31091513
https://www.ncbi.nlm.nih.gov/pubmed/23151597
https://www.ncbi.nlm.nih.gov/pubmed/23151597
https://www.ncbi.nlm.nih.gov/pubmed/23151597
https://www.ncbi.nlm.nih.gov/pubmed/23151597
https://www.imedpub.com/articles/genetic-association-of-gdf5-cog5-and-cyba-gene-polymorphisms-with-primaryknee-osteoarthritis-in-south-indian-population.php?aid=22667
https://www.imedpub.com/articles/genetic-association-of-gdf5-cog5-and-cyba-gene-polymorphisms-with-primaryknee-osteoarthritis-in-south-indian-population.php?aid=22667
https://www.imedpub.com/articles/genetic-association-of-gdf5-cog5-and-cyba-gene-polymorphisms-with-primaryknee-osteoarthritis-in-south-indian-population.php?aid=22667
https://www.imedpub.com/articles/genetic-association-of-gdf5-cog5-and-cyba-gene-polymorphisms-with-primaryknee-osteoarthritis-in-south-indian-population.php?aid=22667
https://www.ncbi.nlm.nih.gov/pubmed/20112360
https://www.ncbi.nlm.nih.gov/pubmed/20112360
https://www.ncbi.nlm.nih.gov/pubmed/20112360
https://www.ncbi.nlm.nih.gov/pubmed/20112360
https://journals.lww.com/jbjsjournal/Abstract/2001/00001/Growth_Differentiation_Factor_5__GDF_5__and.4.aspx
https://journals.lww.com/jbjsjournal/Abstract/2001/00001/Growth_Differentiation_Factor_5__GDF_5__and.4.aspx
https://journals.lww.com/jbjsjournal/Abstract/2001/00001/Growth_Differentiation_Factor_5__GDF_5__and.4.aspx
https://dev.biologists.org/content/126/6/1305
https://dev.biologists.org/content/126/6/1305
https://dev.biologists.org/content/126/6/1305
https://www.ncbi.nlm.nih.gov/pubmed/15048875
https://www.ncbi.nlm.nih.gov/pubmed/15048875
https://www.ncbi.nlm.nih.gov/pubmed/15048875
https://www.ncbi.nlm.nih.gov/pubmed/17616513
https://www.ncbi.nlm.nih.gov/pubmed/17616513
https://www.ncbi.nlm.nih.gov/pubmed/17616513
https://www.ncbi.nlm.nih.gov/pubmed/17616513
https://www.ncbi.nlm.nih.gov/pubmed/17616513
https://www.ncbi.nlm.nih.gov/pubmed/9393997
https://www.ncbi.nlm.nih.gov/pubmed/9393997
https://www.ncbi.nlm.nih.gov/pubmed/9393997
https://bmcbiol.biomedcentral.com/articles/10.1186/1741-7007-7-59
https://bmcbiol.biomedcentral.com/articles/10.1186/1741-7007-7-59
https://bmcbiol.biomedcentral.com/articles/10.1186/1741-7007-7-59
https://www.cell.com/fulltext/S0092-8674(00)81561-5
https://www.cell.com/fulltext/S0092-8674(00)81561-5
https://www.cell.com/fulltext/S0092-8674(00)81561-5
https://www.cell.com/fulltext/S0092-8674(00)81561-5
https://academic.oup.com/hmg/article/16/19/2366/2356129
https://academic.oup.com/hmg/article/16/19/2366/2356129
https://academic.oup.com/hmg/article/16/19/2366/2356129
https://academic.oup.com/hmg/article/16/19/2366/2356129
https://academic.oup.com/hmg/article/16/19/2366/2356129
https://www.semanticscholar.org/paper/A-functional-polymorphism-in-the-5%E2%80%B2-UTR-of-GDF5-is-Miyamoto-Mabuchi/2ee84002b4d3f8330588160a2a4650d244bbbe09
https://www.semanticscholar.org/paper/A-functional-polymorphism-in-the-5%E2%80%B2-UTR-of-GDF5-is-Miyamoto-Mabuchi/2ee84002b4d3f8330588160a2a4650d244bbbe09

	Title
	Corresponding author
	Abstract 
	Keywords
	Abbreviations
	Introduction
	Methods
	Blood samples preparation 
	Genomic DNA extraction 
	GDF5 T > C (rs143383) promoter polymorphism detection by (PCR-RFLP) 

	Statistical Analysis 
	Results
	Functional disability in patients with KOA 
	GDF5 gene polymorphism 
	Relation between genotypes frequency of GDF5 gene polymorphism and the studied parameters 

	Discussion
	Acknowledgements
	Conflict of Interest 
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7

