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Abstract: Background: Anterior cruciate ligament (ACL) rupture is the most common ligamentous injury for active
adolescents and young adults each year. However, the precise etiologies of ACL injury are not fully understood. The
present study was to investigate +104T/C polymorphism of growth differentiation factor 5 (GDF5) gene in patients
with ACL rupture, and evaluate the effects of polymorphism on GDF5 mRNA levels in ligament of patients with ACL
rupture in central China. Methods: A total of 286 Chinese patients with ACL rupture and 500healthy controls were
enrolled in this study. The +104T/C polymorphism in GDF5 gene were genotyped by DNA sequencing. GDF5 mRNA
expressions levels in ligament were determined by quantitative PCR. Results: The frequency of the TT genotype
tended to be higher in ACL rupture group than in control group (62.6% vs. 48.0%, P< 0.001, OR = 1.81, 95% CI:
1.35-2.44). T allele of the GDF5 +104T/C polymorphism was more common in ACL rupture group than in control
group (P< 0.001). Patients carrying TT genotype expressed lower levels of GDF5 mRNA than C carriers (P = 0.005)
among ACL rupture. Conclusion: Our study indicated that GDF5 +104T/C polymorphism was associated with ACL
rupture patients in central China. This is likely from decreased expressions of GDF5 mRNA. Further studies are nec-
essary to explore the functional implication of the GDF5 +104T/C polymorphism in Chinese ACL rupture patients.
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Introduction shown that single nucleotide polymorphisms
(SNP) within the COL1A1, COL5A1, COL12A1
and MMP3 genes are associated with an

increased risk of ACL rupture [8-12].

The anterior cruciate ligament (ACL) rupture is
one of the most common knee injuries in sports
and often results in joint effusion, muscle

weakness, altered movement, and reduced Growth differentiation factor 5 (GDF5), also

functional performance [1, 2]. Individuals who known as cartilage-derived morphogenetic pro-
participate in these high risk sports, such as tein 1 (CDMP1) or bone morphogenetic protein
football, basketball, and skiing, are more likely 14 (BMP14), belongs to the transforming
to suffer from ACL rupture [3]. ACL rupture growth factor -beta (TGF-B) superfamily [13]. It

:):CL:rsn rt]ta';Ly durl]rlng no:—con]EaAtz(t:I_ezys_ntrs, r?]nd has been extensively studied in literatures, and
€ longterm consequence o injury may found to be involved in musculoskeletal pro-

lead to the development of knee osteoarthritis . e

[4]. Due to the outcome and high incidence of cesses, affecting endochondral ossification,

ACL rupture, it has always been gn intense area synovial joint formation, tendon and ligament

of focus in t,he field of sports medicine [5, 6]. repair, and bone formation [13-17]. Especially,
’ GDF5 is essential for the regulation of ligament

Although intrinsic and extrinsic factors for ACL homeostasis. In rabbits ACL fibroblasts, a high-

rupture have been identified, the exact etiology
of this injury is not yet fully understood [7].
Many researchers have suggested that genetic
elements should be considered as an intrinsic
risk factor for ACL rupture [8]. Consistent with
these reports, more and more studies have

er level of GDF5 enhanced the expression of
type | collagen (the predominant protein in liga-
ments), changed the stress fiber formation and
cellular adhesion by modulating the distribution
of integrin alpha2 [18]. Brachypodism mice
exhibited developmental failure of the condyles
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Table 1. Baseline characteristics of the patients with

ACL rupture and healthy controls

ACL rupture, all of whom qualified for liga-
ment reconstruction, were enrolled in this

ACL rupture  Healthy Controls

study at the Department of Orthopaedic

Surgery, Zhongnan Hospital, Wuhan

Variable

n =286 (%) n =500 (%)
Female 103 (36%) 170 (34%)
Age (yrs) [Mean + SD] 28.7 £+ 6.6 26.2 £+8.1
BMI (kg/m?) [Mean + SD] 23.6 +5.4 229+4.8

University. Demographic characteristics
and clinical features of the patients with
ACL rupture were shown in Table 1.

Note: BMI, body mass index.

and intra-articular ligament of the knee joints
[14].

Several SNPs in GDF5 gene have beenidenti-
fied to be associated with sports injury related
diseases such as osteoarthritis (OA), anterior
cruciate ligament (ACL) and tendon rupture,
and meniscus injury. However, some of these
associations have not been confirmed, and
there are even some contradictory data in
different populations [19-25]. Interesting,
GDF5 +104T/C polymorphism identified to be
associated with OA in a meta-analysis of
European and Asian cohorts was associated
with ACL rupture and was a functional polymor-
phism [26]. The +104T/C polymorphism could
alter the expression levels of GDF5 within a
wide range of connective tissues [21, 27, 28].
Andrew et al. found that GDF5 +104T/C poly-
morphismwas predicted to affect transcription
factor binding and it mighttherefore highlight a
regulatory site that could be exploited to manip-
ulate GDF5 expression and alleviate the detri-
mental effect mediated by the T-allele of
rs143383 by using reporter constructs and
electrophoretic mobility shift assays [29]. Al-
though the association studies mentioned
above suggested a role for the rs143383 vari-
ant and the predisposition to various pheno-
types, the specific biological role of GDF5 in
ligament is still not fully understood [25].

To our knowledge, there have been few studies
investigating the relationship between the
functional SNP in GDF5 and ACL rupture. The
purpose of this study is to investigate the pos-
sible association role of SNP rs143383 in
GDF5 gene and ACL rupture in Chinese Han
population.

Methods

Subjects

A total of 286 Chinese patients of Han ethnici-
ty, surgically diagnosed as primary noncontact
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A total of 500 healthy controlswere select-

ed from the medical staff of Zhongnan

Hospital, Wuhan University, as well as from
healthy volunteers in the same geographic area
of Wuhan city. Thecontrols were ethnically
matched andhad no history of ligament or ten-
don injury.Informed consent was taken from
each study subject. The study protocol was
approved by the ethics committees of Zhongnan
Hospital of Wuhan University.

DNA extraction and genotyping

A blood sample was obtained from each case
andcontrol for DNA extraction. Genomic DNA
was isolated from 5 ml EDTA anticoagulated
venous blood according to the standard proto-
col of the QiAamp DNA Blood Midi kit (Qiagen,
Hilden, Germany). The quality of DNA samples
was checked by measuring the A, ., ratio
using a fluorescence spectrophotometer
F-4500 (Hitachi, Tokyo, Japan). The ratio fell
between 1.8 and 2.0 for all samples.

The +104T/C polymorphism (rs143383) in the
GDF5 gene was genotyped and determined by
DNA sequencing analysis. The region contain-
ing +104T/C polymorphism site was amplified
using a single primer set: forward 5’-CAG CAT
TAC GCCATT CTT CC-3’ and reverse 5-CGC TGA
ATG ACA CCA AAG AGA-3’ [30]. The PCR was
performed as follows: initial denaturing at 95°C
for 5 min, followed by 35 cycles of 95°C for 30
s, 57°C for 30 s, and 72°C for 45 s, and final
extension at 72°C for 5 min. The PCR products
were purified using QIAquick PCR Purification
kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions, and the purified
PCR products were sequenced using an ABI
BigDye Terminators v3.1 Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA, USA) and
run on an ABI 3100 automatic sequencer
(Applied Biosystems, Foster City, CA, USA).

For quality control purposes, negative and posi-
tive controls were processed with each batch of
samples and all experiments were repeated
twice to ensure consistency.
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Table 2. Distribution of GDF5+104T/C (rs143383) allele and genotype frequencies in patients with
anterior cruciate ligament ruptureand healthy controls

GDF5(rs143383) allele GDF5(rs143383) genotype

N T C T TC CcC

All participants

Healthy Controls 500 705 (70.5) 295 (29.5) 240 (48.0) 225 (45.0) 35 (7.0)

ACL group 286 457 (79.9)* 115 (20.1) 179 (62.6)" 99 (34.6) 8(2.8)
Female participants

Healthy Controls 170 236 (69.4) 104 (30.6) 79 (46.5) 78 (45.9) 13 (7.6)

ACL group 103 162 (78.6)* 44 (21.4) 62 (60.2)1 38(36.9) 3(2.9)
Male participants

Healthy Controls 330 462 (70.0) 198 (30.0) 158 (47.9) 146 (44.2) 26 (7.9)

ACL group 183 261 (71.3) 105 (28.7) 94 (51.4) 73(39.9) 16 (8.7)

Note: ACL vs. healthy controls: *P< 0.001, OR = 1.67, 95% CI: 1.30-2.13; TP< 0.001, OR = 1.81, 95% Cl: 1.35-2.44; *P =

0.019, OR = 1.81, 95% Cl: 1.08-2.43; 1P = 0.028, OR = 1.74, 95% Cl: 1.06-2.86.

Quantification of GDF5 mRNA

Ligament tissue was taken from 62 patients
with ACL rupture undergoing arthroscopic-
assisted ACL reconstruction after written in-
formed consent. Total RNA was extracted from
fresh ligament tissue of ACL rupture patients,
with Trizol reagent according to the manufac-
turer’s instruction (Invitrogen, Carlsbad, CA,
USA). A total of 1 pg of RNA was reverse-tran-
scribed into cDNA using a First Strand cDNA
Synthesis Kit (Fermentas, Burlington, ON,
Canada).

Expression levels of GDF5 mRNA in ligament
tissue were detected by quantitative PCR anal-
ysator with a Rotor-Gene 3000 system (Corbett
research, Concorde, NSW, Australia) using the
Quantitect SYBR Green PCR Kit (Takara, Shiga,
Japan) following the manufacturer’s guidelines,
employing the B-actin gene as a reference
gene. The following primer pairs were used:
GDF5 forward 5-CTG TGA TTC CAG GAG TGC
AG-3’, and reverse 5’-ATC CTC TTC ATT GAC TCT
GCC-3’ [31], B-actin forward 5-CGA GAT CGT
GCG GGA CAT-3’ and reverse 5-CAG GAA GGA
GGG CTG GAA C-3’ [32]. The quantitative PCR
reaction was carried out in a 25 yl volume con-
taining 2 x SYBR® Premix Ex Tag™ (Takara,
Shiga, Japan) 12.5 ul, 0.2 yM of each primer,
and 1 pl cDNA. PCR conditions were as follows:
an initial denaturation at 95°C for 10 min, fol-
lowed by 45 cycles of 95°C for 15 s, 56°C for
15 s, and 72°C for 15 s, and final extension at
72°C for 10 min. Gene expressions of GDF5 in
all samples were analyzed by applying the 2-24¢t
relative quantification method [33].
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Statistical analysis

The statistical analysis was done by SPSS 18.0
software (SPSS Inc., Chicago, USA). The com-
parisons of the genotype and allelic frequen-
cies were performed using the chi-square (x3)
test with Yates' correction or Fisher's exact
test. Odds ratios (OR) and 95% confidence
intervals (Cl) were calculated for the disease in
carriers of the specific alleles. Bonferroni mul-
tiple corrections were used for the corrected P
(Pc) by multiplying the P value by the number of
the statistical tests in order to avoid the al
error. Continuous variables were reported as
means * standard deviation, and statistical
comparisons were performed with the two-
tailed, Student’s t-test and one-way ANOVA
analysis. A P value < 0.05 was considered to be
significant.

The statistical power to detect genetic associa-
tion study was calculated using the QUANTO
software (http://hydra.usc.edu/gxe). At the
0.05 level of significance with the two-sided
test for GDF5 +104T/C polymorphism, our
study had 87% power to detect an effect with a
relative risk of 2.0 in the group of ACL rupture
patients and healthy controls.

Results

Distribution of GDF5 allele and genotype fre-
quencies in patients with ACL rupture and in
healthy controls

In all participants, genotype distributions were
in Hardy-Weinberg equilibrium for the +104T/C
(rs143383) polymorphisms (P = 0.190 in ACL
rupture and 0.067 in controls). The sex ratio
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GDF5 and anterior cruciate ligament rupture

-
W
J

P <0.05

-
nN
1

n=28

o o
@ )
1 1

Relative GDF5 mRNA expression
e
w
1

o
o
[l

TC+CC TT

Figure 1. Relative expression levels of GDF5 mRNA
in ligament tissue in patients with ACL rupture after
stratification by +104T/C genotypes, utilizing arbi-
trary units. GDF5 mRNA expression levels were nor-
malized to the expression in individuals for TT geno-
type in which GDF5 mRNA expression levels were set
arbitrary as 1.0. Data are expressed as means + SD.

and age distribution did not differ between ACL
rupture and controls (P = 0.568; P = 0.849,
respectively).

The distribution of allele and genotype frequen-
cies of +104T/C (rs143383) in GDF5 gene in
patients with ACL rupture and in controls was
shown in Table 2. The prevalence of the TT gen-
otype tended to be higher in ACL rupture than in
controls, reaching a significant difference
(62.6% vs. 48.0%, P< 0.001, OR = 1.81, 95%
Cl: 1.35-2.44). Similarly, the frequency of the T
allele was increased in ACL rupture cases com-
pared to the controls (79.9% vs. 70.5%, P<
0.001, OR = 1.67, 95% CI: 1.30-2.13).

A significant association was found when the
patients were divided into subgroups according
to gender (Table 2). In female participants, the
frequencies of T allele and TT genotype of
+104T/C were significantly higher in ACL rup-
ture than in controls (78.6% vs. 69.4%, P =
0.019, OR = 1.81, 95% CI: 1.08-2.43; 60.2%
vs. 46.5%, P = 0.028, OR = 1.74, 95% CI: 1.06-
2.86, respectively). In male participants, the
distribution of +104T/C allele and genotype fre-
quencies did not differ between ACL rupture
and the healthy controls.

Association of +104T/C polymorphism with
GDF5 mRNA expression levels in patients with
ACL rupture

As illustrated in Figure 1, the +104T/C polymor-
phism seemed to affect GDF5 mRNA expres-
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sion levels in patients with ACL rupture. The
GDF5 mRNA expression levels were lower in TT
genotype of +104T/C (n = 34) than those in
subgroups of C carrier (n = 28, P = 0.005).

Discussion

Although there has been an emerging interest
in the role of GDF5 as the new target in the reg-
ulation of progress in sports injury related dis-
eases, relatively limited information exists to
date on the relationship between ACL rupture
and GDF5 genetic polymorphisms. This study
provided the evidence for the association
between the +104T/C polymorphism in GDF5
gene and ACL rupture in the Han Chinese popu-
lation in Central China. We found that the fre-
quencies of Tallele and TT genotype of +104T/C
were significantly higher in ACL rupture group
than in control group. Moreover, a significant
association was found when the patients were
further divided into subgroups according to
gender. Our results suggested that in female
participants the frequency of TT genotype of
+104T/C were significantly higher in ACL rup-
ture group than in control group, and GDF5
+104T/C polymorphism was likely to have some
effect on disease prevalence in female
subjects.

No other studies in the Chinese population
regarding the +104T/C polymorphism in rela-
tion to ACL rupture have been published so far
to compare our data. However, there were sev-
eral studies showed similar results in connec-
tive tissue pathologies: it was worth mentioning
that the GDF5 rs143383 TT genotype was pre-
viously associated with a 2-fold increase in risk
of Achilles tendon ruptures and chronic tendi-
nopathy [34]. The study in Asian populations
and Japanese population indicated that the
+104T/C polymorphism in GDF5 gene showed
significant association with osteoarthritis [28].
Williams et al. found that the frequency of the
TT genotype of +104T/C was significantly
increased in patients with lumbar disc degen-
eration than in healthy controls [35]. Raleigh et
al. showed that GDF5 rs143383 variant had no
association with ACL rupture in Caucasians
[25]. This difference might be explained by the
limited power, as well as by ethnicity or gene -
environment interactions present in Central
China but not in Caucasians.

The current study found that individuals with
ACL rupture who had TT genotype expressed

Int J Clin Exp Med 2015;8(12):22484-22490



GDF5 and anterior cruciate ligament rupture

lower levels of GDF5 mRNA compared with sub-
jects who had C carriers (TC+CC). Our findings
corroborated those of Egli et al. and Dodd et al.
[13, 29]. GDF5 rs143383 has recently been
reported to be associated with OA susceptibili-
ty, with lower expression of the risk-associated
T allele observed in vitro and in vivo. The in vivo
studies were performed on cartilage tissue
from OA patients. A luciferase reporter assay in
the Asian study demonstrated a direct function-
al effect of the rs143383 on the expression of
a reporter construct in a chondrogenic cell line,
with the OA associated T allele showing reduced
expression relative to the C allele [28]. Our find-
ings suggested that a slight reduction in the
expression of GDF5 in ACL tissue increased the
individual’s risk of developing ACL rupture.

Some studies have shown that ACL rupture may
be linked to the transmission of heritable fac-
tors [36, 37]. Recently, the gene encoding
GDF5 was shown to associate with Achilles ten-
don pathology (both ruptures and chronic tendi-
nopathy) [34]. GDF-5 expression is an impor-
tant regulator of ligament homeostasis, higher
levels of GDF-5 stimulate the production of type
| collagen (the predominant protein in liga-
ments) subunit genes in rabbit ACL by modulat-
ing integrin a2 activity [18]. So, the GDF5 gene
has been proposed to affect ligament biology
and as it associates with other musculoskeletal
soft tissue injuries.

In conclusion, our study suggests that the T
allele of +104T/C polymorphism in GDF5 gene
were associated with patients with ACL rupture
in the Han Chinese population in central China.
Patients carrying TT genotype expressed lower
levels of GDF5 mRNA than C carriersamong
ACL rupture. Our results suggested that the T
allele of +104T/C may be a risk factor for ACL
rupture patients. This is likely from decreased
expressions of GDF5 mRNA. We recognized
that our current study had limitations of small
sample size and lack of functional characteriza-
tion of the T mutation at this position in the pro-
moter activity and T cell activation. Therefore,
further studies with a larger sample size in
independent cohorts from the same ethnic
group are necessary to determine the relation
of the GDF5 +104T/C polymorphism with ACL
patients, and to investigate the function of the
GDF5 gene polymorphism.
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