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Abstract: Congenital talipes equinovarus is a common musculoskeletal deformity in newborns. Growth differenti-
ate factor (GDF)-5 is a member of (TGF)-β super families. GDF5 plays an important role in the formation of bone, 
cartilage and joint. Rs143383 is a common SNP in GDF5, which is reported to be associated with susceptibility to 
cartilage related diseases. Currently, no study reports the association between rs143383 and risk of congenital 
talipes equinovarus. We investigated the role of rs143383 in the susceptibility to congenital talipes equinovarus in 
a Chinese population. A total of 155 patients with congenital talipes equinovarus and 310 controls were collected 
in our study. The rs143383 polymorphic sequence was amplified by the polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP). In co-dominant model, we observed that individuals carrying the CC geno-
type of rs143383 had a 3.05 fold risk of congenital talipes equinovarus when compared with those with the TT 
genotype (OR=3.05, 95% CI=1.45-6.45; P=0.001). In dominant model, individuals harboring the TC+CC genotype of 
rs143383 had a significant higher risk of congenital talipes equinovarus in comparison with those with the TT geno-
type (OR=1.52, 95% CI=1.01-2.28, P=0.04). In recessive model, individuals carrying the CC genotype significantly 
increased the risk of congenital talipes equinovarus when compared with those with the TT+TC genotype (OR=2.68, 
95% CI=1.32-5.49). In conclusion, our study shows that the GDF5 rs14338 polymorphism has a significant associa-
tion with the risk of congenital talipes equinovarus in a Chinese population.
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Introduction

Congenital talipes equinovarus is a common 
musculoskeletal deformity in newborns. It is 
estimated that the incidence rate of congenital 
talipes equinovarus is about 2-8/103 in new-
borns worldwide [1, 2]. The development of 
congenital talipes equinovarus includes many 
environmental and genetic factors. Previous 
studies have shown that the skeletal dysplasia, 
neuromuscular disorders, abnormal soft tissue 
contracture, blood vessel abnormality and pre-
natal exposure to smoke and solvents play an 
important role in the risk of congenital talipes 
equinovarus [3, 4]. A previous twin study shows 
that the concordance rate of identical twins 
suffering from congenital talipes equinovarus is 
32.5%, while the concordance rate of non-iden-

tical twins is only 2.9% [5]. A recent twin study 
has reported that 30% of patients with congeni-
tal talipes equinovarus attribute to the herita- 
bility factors [6]. Thus, we hypothesized that  
the heritability played a critical role in the 
pathogenesis of congenital talipes equinovar-
us. Currently, many studies have shown that 
many genetic factors contribute to the develop-
ment of congenital talipes equinovarus, such 
as COL9A1, T-box 4, CHST3, CAND2 and WNT7a 
[7-10].

Growth differentiate factor (GDF)-5 is a mem-
ber of (TGF)-β super families, and it plays a vital 
role in the formation of bone, cartilage and 
joint. In a vivo experimental study, the GDF5 
could promote the differentiation of one pro-
genitor cells to cartilage cells [11-13]. Single 
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nucleotide polymorphism (SNP) are DNA sequ- 
ence polymorphism caused by a single nu- 
cleotide variation. The genetic polymorphisms 
could affect the expression and activities of 
proteins. Rs143383 is a common SNP in GDF5, 
which is identified to be associated with the 
risk of cartilage related diseases, such as os- 
teoarthritis and symptomatic lumbar disc her-
niation [14, 15]. Currently, no study reports the 
association between rs143383 and risk of con-
genital talipes equinovarus. Therefore, we per-
formed a 1:2 matched case-control study to 
investigate the role of rs143383 in the risk of 
congenital talipes equinovarus in a population 
of China.

Materials and methods

Each investigated subject signed an informed 
consent form prior to enrollment. This study 
was performed with the permission of Luoyang 
Orthopedic Hospital of Henan Province/Ortho- 
pedic Hospital of Henan Province the ethics 
committee of Luoyang Orthopedic Hospital of 
Henan Province/Orthopedic Hospital of Henan 
Province. The performance of this study was 
according to the Declaration of Helsinki.

Subjects

A total of 155 patients with congenital talipes 
equinovarus and 310 controls were recruited 
from the Department of Orthopaedics of Luo- 
yang Orthopedic Hospital of Henan Province/
Orthopedic Hospital of Henan Province bet- 
ween October 2013 and October 2015. The 
congenital talipes equinovarus was diagnosed 
through clinical presentation and X-ray exami-
nation. The exclusion criteria were congenital 
talipes equinovarus caused by spina bifida, 
cerebral palsy or multiple joint contractures.

The 310 control subjects were healthy indivi- 
duals, and they collected from the Luoyang 
Orthopedic Hospital of Henan Province/Ortho- 
pedic Hospital of Henan Province during the 
same time period. The controls were free of  
any food deformities. Two controls were select-
ed after recruitment of one patient with con-
genital talipes equinovarus. Two controls were 
matched with one patient by sex and years. The 
control subjects were confirmed to be free of 
congenital anomalies, congenital arthrogrypo-
sis, and myopathy as well as neuromuscular 
diseases.

The environmental risk factors and clinical fac-
tors related to congenital talipes equinovarus 
were collected from medical records and a 
questionnaire. They involved age, sex, maternal 
smoking habit, maternal drinking habit, family 
history of congenital talipes equinovarus, clini-
cal situation of this disease. Maternal drinking 
habit was defined as drinking alcohol drinking 
more than 50 ml while wine, 250 ml beer, or 50 
ml red wine per week. Maternal smoking habit 
was defined as smoking more than 20 ciga-
rettes per week.

DNA extraction and genotyping

At recruitment, five milliliters of peripheral ven- 
ous blood was obtained from each subject  
for DNA extraction. The blood samples were 
kept in vacuum tubes with 0.5 mol/L EDTA. The 
DNA was extracted from the QIAamp DNA Blood 
Mini Kit. The rs143383 polymorphic sequence 
was amplified by the polymerase chain reac-
tion-restriction fragment length polymorphism 
(PCR-RFLP). The primers of rs143383 were 
designed by Primer premier 5.0 software. The 
primers sequences of rs143383 were based 
on a previous study [15]. The forward and 
reverse primers were 5’-CAGCAATTCGCCACCA- 
TTCC-3’ and 5’-CGCTGAATGACACCTTTCACA-3’, 
respectively. PCR was amplified in a 25 μL  
reaction mixture, which contained 2.5 μL 2 
mmol/L dNTP, 2 μL 10 pmol/L each primer, 1.5 
μL 2 mmol/L MgCl2, 1.5 U Taq DNA Taq poly-
merase enzyme and 100 ng template DNA. The 
PCR amplification was done in PCR-Cycler,  
and it started with denaturation at 94°C for 5 
min; and then 35 cycles of annealing at 58°C 
for 35 s and extension at 72°C for 45 s; and a 
finally extension at 72°C for 7 min. The PCR 
products of rs143383 was confirmed through 
8% polyacrylamide gel and verified by ultravio-
let light. 

Statistical analysis

All statistical analyses were done by IBM  
SPSS Statistics for Windows, Version 19.0. 
(IBM Corp., IBM Corp., China). The continue 
data were expressed by mean and standard 
deviation, and categorical data were expressed 
by frequencies and percentage. The age, sex, 
maternal smoking status, maternal drinking 
status, family history of congenital talipes equ- 
inovarus and feet of talipes equinovarus were 
compared by Chi-square (χ2) test or student t 
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test. Whether the genotype distributions of 
rs143383 were deviation from the Hardy-
Weinberg equilibrium was evaluated by com-
paring the actual values with predicted value 
through Chi-square test. The association of rs- 
143383 genetic polymorphism with the devel-
opment of talipes equinovarus was evaluated 
through multiple logistic regression analysis, 
and the results were expressed by the odds 
ratios (ORs) and 95% confidence intervals (CI). 
The dominant, co-dominant and recessive gen- 
etic models were used to express the results. A 
P value less than 0.05 was considered as sta-
tistically significant.

Results

Comparison of the demographic and clinical 
variables between patients with congenital tali-
pes equinovarus and controls were shown in 
Table 1. When compared with the controls, 
patients with congenital talipes equinovarus 

are more inclined to have a habit of maternal 
smoking (χ2=6.06, P=0.01) and a family history 
of congenital talipes equinovarus (χ2=18.36, 
P<0.001). However, there was no significant dif-
ferences between patients with congenital tali-
pes equinovarus and controls in terms of age 
(t=1.30, P=0.10), sex (χ2=0.005, P=0.95) and 
maternal drinking habit (χ2=2.35, P=0.13). Of 
the included patients, 72 (46.45%) patients 
were reported to have single foot talipes equin-
ovarus and 83 (53.55%) patients have both 
feet talipes equinovarus.

The genotype frequencies of rs143383 in the 
two investigated groups were presented in 
Table 2. The TT, TC and CC genotypes of rs- 
143383 accounted for 51.61%, 42.58% and 
5.81% in patients with congenital talipes equin-
ovarus, respectively; and they accounted for 
41.61%, 44.52% and 13.87% in controls, res- 
pectively. A significant difference was report- 
ed to be found between the two investigated 

Table 1. Baseline information of patients with congenital talipes equinovarus and controls

Variables Patients % Controls % χ2 value 
or t value P value

Age, years 3.36 ± 1.45 3.55 ± 1.50 1.30 0.10
Sex
    Female 55 35.48 109 35.16
    Male 100 64.52 201 64.84 0.005 0.95
Maternal smoking situation
    No 138 89.03 295 95.16
    Yes 17 10.97 15 4.84 6.06 0.01
Maternal drinking situation
    No 140 90.32 292 94.19
    Yes 15 9.68 18 5.81 2.35 0.13
Family history of congenital talipes equinovarus
    No 146 94.19 310 100.00
    Yes 9 5.81 0 0.00 18.36 <0.001
Talipes equinovarus
    Single foot 72 46.45
    Both feet 83 53.55

Table 2. Genotype distributions of rs143383 between patients with congenital talipes equinovarus 
and controls

rs143383 Patients % Controls % χ2 value P value χ2 value 
for HWE P value χ2 value 

for HWE P value

In patients In controls
TT 80 51.61 129 41.61
TC 66 42.58 138 44.52
CC 9 5.81 43 13.87 8.40 0.02 0.94 0.33 0.39 0.53
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groups in terms of the genotype distributions  
of rs143383 (χ2=8.40, P=0.02). We observed 
that the genotype frequencies of rs143383 
conformed to the HWE in both patients (χ2= 
0.94, P=0.33) and controls (χ2=0.39, P=0.53).

The correlation between rs143383 polymor-
phism and risk of congenital talipes equinovar-
us was shown in Table 3. In co-dominant genet-
ic model, we observed that the CC genotype of 
rs143383 had a 3.05 fold risk of congenital 
talipes equinovarus when compared with the 
TT genotype (OR=3.05, 95% CI=1.45-6.45; 
P=0.001). In dominant model, we found that 
individuals harboring the TC+CC genotype of 
rs143383 had a higher risk of developing con-
genital talipes equinovarus in comparison with 
those with the TT genotype (OR=1.52, 95% 
CI=1.01-2.28, P=0.04). In the recessive model, 
we found that individuals carrying the CC geno-
type significantly increased the risk of congeni-
tal talipes equinovarus when compared with 
those with the TT+TC genotype (OR=2.68, 95% 
CI=1.32-5.49).

Discussion

The candidate-gene approach has been incre- 
asingly adopted to identify genes that may  
trigger the initiation and progression of con- 
genital talipes equinovarus. Single nucleotide 
polymorphism, which means the replacement, 
deletion, or insertion of a single nucleotide 
within the genome, may alter the expression 
and quantities of proteins in individuals of the 
same species. In the present study, we carried 

F5 is involved in the formation of long bone  
and joint [16, 17]. The GDF5 could promote the 
differentiation of chondral progenitor cells in 
the cartilage and joint areas to chondroblast 
through adhesiveness and aggregation, and 
regulate the growth of endochondral ossifica-
tion [18-22]. Many in vitro and in vivo studies 
have indicated that over-expression of GDF5 
could promote chondrogenesis and osteogen-
esis [22]. Many previous experimental studies 
have shown that GDF5 not only promotes the 
chondrogenesis, development of long bone and 
formation of cartilage bone and arthroplasty, 
but also is involved in repairing damaged ten-
dons, nerves, ligaments, dental tissue, blood 
vessels and intervertebral discs [23-28].

Previous studies have reported a significant 
association between GDF5 rs143383 polymor-
phism and many cartilage related diseases, 
such as lumbar disc herniation and knee osteo-
arthritis [14, 15, 29-31]. Tawonsawatruk et al. 
done a study with 90 knee osteoarthritis and 
103 controls in Thai population, and reported 
that the TT genotype of GDF5 rs143383 poly-
morphism conferred an increased risk of knee 
osteoarthritis in Thai people [29]. Williams et 
al. performed a study in 5 population cohorts 
from Northern Europe, and reported that GDF5 
rs143383 gene was a risk factor for lumbar 
disc degeneration in women [30]. Mu et al. 
reported that the GDF5 rs143383 polymor-
phism increased the susceptibility to lumbar 
disc herniation in the Chinese Han population 
[15]. However, some studies reported negative 
association of GDF5 rs143383 with the risk of 

Table 3. Correlation between rs143383 polymorphism and risk of 
congenital talipes equinovarus

rs143383 Patients % Controls % Adjusted OR 
(95% CI)1 P value

Co-dominant
    TT 64 41.61 160 51.61 1.0 (Ref.) -
    TC 69 44.52 132 42.58 1.31 (0.85-2.01) 0.20
    CC 22 13.87 18 5.81 3.05 (1.45-6.45) 0.001
Dominant
    TT 64 41.61 160 51.61 1.0 (Ref.) -
    TC+CC 91 58.39 150 48.39 1.52 (1.01-2.28) 0.04
Recessive
    TT+TC 133 86.13 292 94.19 1.0 (Ref.) -
    CC 22 13.87 18 5.81 2.68 (1.32-5.49) 0.002
1Adjusted for maternal smoking situation and family history of congenital talipes 
equinovarus.

out a case-control study to 
investigate the role of rs14- 
3383 polymorphism in the 
risk of congenital talipes 
equinovarus, and the rs14- 
3383 polymorphism show- 
ed a significantly increased 
risk of congenital talipes 
equinovarus in all genetic 
models.

GDF5 is located at chromo-
some 20q11.2 with a leng- 
th of 488 kb, including 502 
amino acids. The GDF5 is  
a cartilage tissue factor in 
osteogenesis, and it induc-
es and promotes the carti-
lage formation [16, 17]. GD- 
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cartilage related diseases [31-33]. Syddall et 
al. indicated that individuals with the rs143383 
T allele was correlated with risk of osteoarthri-
tis in comparison to those carrying the C allele 
[14]. Shin et al. performed an investigation of 
725 subjects, and reported that the GDF5 
rs143383 could not influence the risk of osteo-
arthritis in the Korean population [32]. Bijster- 
bosch et al. reported that GDF5 rs143383 was 
not associated with the progression of hand 
osteoarthritis [31]. Raleigh et al. reported that 
the GDF5 rs143383 variant could not influence 
the risk of anterior cruciate ligament rupture 
[33]. 

Up to now, no study reported their associ- 
ation between GDF5 rs14338 and congenital 
talipes equinovarus. Our study firstly reported 
that the CC genotype and TC+CC genotype of 
rs143383 were correlated with the risk of this 
disease. Further studies are greatly required to 
confirm our results. Two limitations should be 
considered in this study. First, the patients and 
controls were recruited from only one hospital, 
which may not be sufficiently representative  
of other population. The selection bias cannot 
be avoided in this study. Second, other genes 
except for GDF5 rs14338 may contribute to  
the risk of congenital talipes equinovarus, and 
the possibility of gene-gene or SNP-SNP inter-
actions or linkage disequilibrium between poly-
morphisms should be taken into analysis in 
further studies. Third, this study had limited 
statistical power because of the relative small 
sample size of our study. 

In conclusion, our study shows that the GDF5 
rs14338 polymorphism has a significant as- 
sociation with the risk of congenital talipes 
equinovarus in a Chinese population, suggest-
ing that the GDF5 rs14338 is a potential genet-
ic risk factor in the etiology of congenital talipes 
equinovarus.
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