Oncotarget, 2018, Vol. 9, (No. 20), pp: 15365-15374

www.oncotarget.com

Meta-Analysis

Association between polymorphism rs12722 in COL5A1 and
musculoskeletal soft tissue injuries: a systematic review and
meta-analysis

Zheng-Tao Lv'*, Shu-Tao Gao?**, Peng Cheng!, Shuang Liang!, Si-Yi Yu3, Qing
Yang!' and An-Min Chen!

lDepartment of Orthopedics, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan,
Hubei 430030, China
2Department of Spine Surgery, The First Affiliate Hospital of Xinjiang Medical University, Urumgqi, Xinjiang 830054, China
%The 3rd Teaching Hospital, Chengdu University of Traditional Chinese Medicine, Chengdu 610075, China
“These authors contributed equally to this work
Correspondence to: Qing Yang, email: yangging@tjh.timu.edu.cn
An-Min Chen, email: anminchen@hust.edu.cn
Keywords: COL5AT; polymorphism; rs12722; tendon and ligament injury; systematic review
Received: August 05, 2017 Accepted: November 26, 2017 Epub: December 27, 2017 Published: March 16, 2018

Copyright: Lv et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License 3.0 (CC BY 3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

ABSTRACT

The rs12722 polymorphism in COL5A1 gene has been implicated in the etiology of
musculoskeletal soft tissue injuries in several association studies with limited sample
size and conflicting results. The purpose of the present systematic review and meta-
analysis was to evaluate and synthesize the currently available data on the association
between rs12722 and musculoskeletal soft tissue injuries. Five electronic databases
including Pubmed, EMBASE, ISI Web of Science, CNKI and Wanfang were searched to
identify relevant studies published before 15 May, 2017. Summary odds ratios (ORs)
and corresponding 95% confidence intervals (95% CIs) were estimated using the
RevMan 5.3 software. Nine studies comprising 1140 cases and 1410 healthy controls
met the eligibility criteria. Recessive model was confirmed to be the optimum model
(TT vs TC + CC). The results indicated that rs12722 SNP was significantly associated
with musculoskeletal soft tissue injuries (OR 1.58, 95% CI 1.33, 1.89; P < 0.00001).
When stratified by injury sites, modest but statistically significant association was
found in Achilles tendon pathology (ATP), anterior cruciate ligament injuries (ACLI)
and tennis elbow (TE). Subgroup-analysis by ethnicity suggested that TT genotype of
rs12722 was associated with tendon and ligament injuries in Caucasians (OR 1.59,
95% CI 1.33, 1.90; P < 0.00001) but not in Asians (OR 1.46, 95% CI 0.46, 4.60; P =
0.52). Our findings indicated that rs12722 of COL5A1 was positively associated with
tendon and ligament injuries, especially in Caucasian subjects. Individuals with TT
genotype were predisposed to higher risk of ATP, ACLI and TE.

guide joints through their normal range of motion [1,
2]. Typical musculoskeletal soft tissue injuries including
anterior cruciate ligament (ACL) injuries, Achilles tendon

INTRODUCTION

Tendons and ligaments, both representing dense

connective tissues and having comparably structural
and mechanical properties, are essential constructions
for the musculoskeletal system. The major duty of
tendons is to deliver force from muscles to skeletons,
causing the connected joints in locomotion, whereas the
general function of ligaments is to stabilize joints and

pathology (ATP) [3], tennis elbow, together with rotator
cuff tendon injuries usually occur to individuals who
endure large amounts of exercise. Of these injuries, ACL
injuries and ATP injuries occupy the predominant number
[3, 4]. Epidemiological studies have indicated that the
incidence of both tendon and ligament injuries are in
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an increasing trend [5—8]. The causations of tendon and
ligament injuries are habitually considered to be either
acute traumatic incidences or chronic overburdened
activities. Break of the anterior cruciate ligament and
Achilles tendon are cases of acute injuries, while Achilles
tendinopathy and tennis elbow are examples of chronic
overuse injuries.

Other than the two commonly accepted extrinsic
causations, intrinsic factors such as genetic factors in
conjunction with the gender, biomechanical, anatomic,
hormonal, neuromuscular factors are as well supposed to
contribute greatly to these injuries [9—12]. Collagens, the
foremost elements of connective tissues and extracellular
matrix, are the most abundant protein in tendons and
ligaments and comprise around 75% of their dry weight
[2]. Numerous diseases have been identified caused by
mutations in genes for collagens or collagen-processing
enzymes [13]. Type V collagen, which is a quantitatively
minor fibrillar collagen with an extensive tissue
distribution, belongs to the subtype of fibril collagens
and normally consists of two al polypeptide chain and
two a2 polypeptide chains [14]. The al chain is encoded
by alpha 1 type V collagen (COL5A1) gene. Mokone
et al. initially studied the BstUI (rs12722) and Dpnll
restriction fragment length polymorphisms (RFLPs) in
COLS5AL gene and found that BstUI RFLP was strongly
associated with ATP [15]. Since then, multiple genetic
single nucleotide polymorphisms (SNPs) of COL5A1
[15], COL1A1 [16], COL12A1 and COLI14A1 [17],
COL27A1 [18], COL11A1 and COL11A2 [19], COL3Al
and COL6A1 [20] have to date been successively studied
for the association with the susceptibility of either tendon
or ligament injuries. Of these, the COL5A1 SNPs are most
frequently studied.

Up to now, several studies focusing on the rs12722
SNP and the susceptibility of tendon and ligament injuries
in separate population have been reported, but the sample
size of individual study is limited and the findings were
inconsistent. Thus, we conducted this systematic review
and meta-analysis to investigate more accurate association
between rs12722 SNP and tendon and ligament injuries.

RESULTS

Literature search and study characteristics

A total of 272 potentially relevant articles were
identified by the initial literature search, including 119
from Pubmed, 24 from EMBASE, 124 from ISI Web
of Science, 2 from Wanfang and 3 from CNKI. After
the removal of 76 duplicated records, 196 studies were
subsequently screened for eligibility with abstracts and
titles. 181 records were removed because of irrelevance.
The full-text of fifteen potentially related studies were
downloaded to confirm eligibility, four of which were
excluded for irrelevance, two studies were excluded due

to unavailable data. Finally, nine case-control studies
on rs12722 in COL5A1 gene were deemed eligible
for inclusion in this met-analysis. The literature screen
process was presented in Figure 1.

Nine case-control studies [15, 20-27] comprising
a total of 1140 cases and 1410 healthy controls were
included for meta-analysis. All these studies were
performed in a single center and published from 2006
to 2017. Four studies [15, 20, 25, 26] were performed in
South Africa, the five remaining studies were conducted
in South Korea [24], China [23], Poland [27], UK [22] and
Turkey [21], respectively. Patients with musculoskeletal
soft tissue injuries were enrolled due to tennis elbow,
Achilles tendon pathology and ACL injury. All the eligible
studies provide genotypes distribution in both case groups
and control groups. Except for Mokone et al. [15], all the
studies complied with HWE. The main characteristics of
included trials were summarized in Table 1.

Quality assessment

The NOS for non-randomized controlled trials were
used to assess the risk of bias in included studies. The
results for risk of bias judgement were consistent between
two reviewers. Except for Kim et al. [24], all the studies
reported adequate definitions of cases. Musculoskeletal
soft tissue injuries were diagnosed according to the
clinical criteria and confirmed by imaging. However,
none of our included studies used random sampling
method to recruit participants with musculoskeletal soft
tissue injuries, and no study enrolled consecutive patients.
Five studies [22-24, 26, 27] used hospital controls, thus
the representativeness of controls in relevant studies was
insufficient. Regarding “Control for important factor or
additional factor”, four studies [15, 21, 22, 25] gained
two stars because they matched age and other important
confounders. The quality assessment by NOS scores
of each individual study were listed in Table 2, with an
average of 6.2 stars for each included study.

Meta-analysis and subgroup-analysis

Prior to pooling data from individual study, the
magnitude of estimate of genetic effect was assessed using
the model-free approach as recommended by Thakkinstian
[28]. The estimated OR1 (TT/CC: 1.69, 95% CI 1.34,
2.13; P <0.00001) and OR3 (TT/TC: 1.31, 95% CI 1.08,
1.59; P =0.007) turned out to be statistically significant,
whereas the OR2 (TC/CC: 1.24, 95% C1 0.92, 1.67; P =
0.15) was not significant, suggesting that recessive model
could be the most appropriate model for meta-analysis.
Using a recessive model, data for TC and CC were
collapsed and compared to TT group. Since there was no
evidence for between-study heterogeneity (P = 0.27, =
19%), the combined ORs showed that subjects with TT
genotype had a 58 percent higher risk of musculoskeletal
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Table 1: Main
and controls

characteristics of included studies and genotype distribution of rs12722 in cases

Study Country Ethnicity =~ Diagnosis Case Control HWE
TT TC CC TT TC CC
Altinisik, 2015 Turkey Caucasian TE 62 46 37 49 85 50 0.587
Brown, 2015 UK Caucasian ~ TEN, RUP 26 46 28 27 51 22 0.858
Chen, 2017 China Asian ACLI 7 38 60 4 37 49 0.659
Kim, 2015 South Korea Asian ACLI, RUP 0 15 20 0 8 31 0.775
Mokone, 2006 South Africa  Caucasian ~ TEN, RUP 78 7 16 81 9 34 <0.001
O’Connell, 2014 South Africa  Caucasian ACLI 104 165 46 103 189 82 0.965
Posthumus, 2009 South Africa  Caucasian ACLI 42 68 17 62 110 46 0.977
Raleigh, 2008 South Africa  Caucasian TEN 29 34 11 25 43 30 0.493
Stepien-Slodkowska,
2015 Poland Caucasian ACLI 48 66 24 53 91 39 0.999
TE: tennis elbow; TEN: Achilles tendinopathy; RUP: Achilles tendon rupture; ACLI: anterior cruciate ligament injury.
Table 2: Methodological quality of included studies
Item/Study Altinisik, Brown, Chen, Kim, Mokone, O’Connell, Pos;l:)l(;gms’ R;l(:ggh, Sl(?(;f([(’)ivevlsll-(a,
2015 2015 2017 2015 2006 2014 2015

Adequate definition of cases -
Representativeness of cases - - - - - - - - -
Selection of control subjects : - - - : - -
Definition of control subjects : . ) . : . ’
Control for important factor or " - ) i " ) - - -
additional factor
Exposure assessment : : : : )
Same method of ascertainment for all . . . . . . : ’ *

subjects

Non-response rate

A study could be awarded a maximum of one star for each item except for the item “Control for important factor or additional factor”.The definition/
explanation of each column of the Newcastle-Ottawa Scale is available from http://www.ohri.ca/programs/clinical _epidemiology/oxford.asp.

soft tissue injuries than people who had TC/CC genotypes
(OR 1.58,95% CI 1.33, 1.89; P <0.00001) (Figure 2).
Although there was no evidence for heterogeneity
across included studies, we performed subgroup-analysis
according to injury sites to determine whether rs12722
affect different sites of musculoskeletal soft tissue injuries
in different ways. The estimated OR between different
injury site was similar (test for subgroup differences: P
= 048, I>’= 0%), a modest but statistically significant
association could be detected in tennis elbow (OR 2.06,
95% CI 1.29, 3.27; P =0.002), Achilles tendon pathology
(OR 1.48, 95% CI 1.03, 2.11; P =0.03) and ACL injuries
(OR 1.53, 95% CI 1.22, 1.91; P = 0.0002) (Figure 3).
In order to test whether there was an ethnicity-specific
effect we performed the subgroup-analysis by ethnicity,
the subgroup analysis (Figure 4) suggested that rs12722
was significantly associated with higher risk of ligament
and tendon injuries in Caucasians (OR 1.59, 95% CI 1.33,
1.90; P < 0.00001) but not in Asians (OR 1.46, 95% CI
0.46, 4.60; P = 0.52). However, the conclusion regarding

the association could not be drawn in Asians due to limited
number of included studies.

Sensitivity analysis and publication bias

The funnel plot presented symmetry (Figure 5), the
Egger’s test (= 0.05, P =0.960) and Begg’s test (z = 0.31,
P =10.754) also suggested no obvious publication bias. The
sensitivity analysis by removing each individual study
suggested that the results of our present study were stable
(detailed data not shown). In particular, since Mokone et
al.’s study [15] did not comply with HWE, we removed
this study to test whether the estimated OR was stable,
and the results contributed to the robustness of results (OR
1.56,95% CI 1.30, 1.88; P < 0.00001).

DISCUSSION

Despite the recognition of the accurate risk factors
for tendon and ligament injuries may benefit the design
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and implementation of appropriate therapy interventions
in addition to preventive strategies, the precise pathogeny
is not yet well ascertained. Intrinsic factors in synergy with
extrinsic factors are considered to be the potential etiology.
The collagen gene as an intrinsic genetic factor is the
focus of various studies in recent years. To the best of our
knowledge, this is the first meta-analysis of the association
between COL5A1 polymorphism and the risk of tendon
and ligament injuries. The main finding of our meta-
analysis indicated that individuals with a TT genotype for
marker rs12722 were predisposed to an increased risk of

Pubmed=119
EMBASE=24
ISI Web of Science=124
Wanfang=2
CNKI=3

A 4

musculoskeletal soft tissue injuries in the recessive model.
Similar results were detected when the subgroup-analysis
was performed by injury sites.

Collagens are a cluster of structural proteins
mainly presented in the extracellular space. Vertebrates
contain more than 19 different types of collagens and a
supplementary 10 collagen-like proteins that comprise
a heterogeneous superfamily [29]. They can be briefly
classed into fibril-forming collagens, network-forming
collagens, beaded filament-forming collagens and the
rest. Types I, II, III, V and XI collagens totally belong

Totally identified
(n=272)

Duplicates

\ 4

(n=76)

(n=196)

Records after the duplicates were removed

y

Full-text articles
assessed for eligibility

Exclusion with reasons
Unrelated=4

(n=15)

A 4

Studies included in
qualitative synthesis
(n=9)

Y

Studies included in
quantitative synthesis
(meta-analysis)
(n=9)

Figure 1: Flow chart of literature selection.
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Case Control Odds Ratio Odds Ratio

r r Events Total Events Total Weight M-H, Fix % CI M-H, Fix; % CI
Altinisik, 2015 62 145 49 184 127%  2.06[1.29,3.27] I
Brown, 2015 26 100 27 100 102%  0.95[0.51,1.78] —
Chen, 2017 7 105 4 9 21% 1.54 [0.43, 5.43] N e —
Kim, 2015 1 35 1 39 05% 1.12[0.07, 18.57]
Mokone, 2006 78 101 81 124 85% 1.80[0.99, 3.26] I
O'Connell, 2014 104 315 103 374 32.3% 1.30[0.94, 1.80] -
Posthumus, 2009 62 127 61 218 11.8%  2.45[1.56, 3.88] —_—
Raleigh, 2008 29 74 25 98  6.7% 1.88[0.98, 3.61] I
Stepien-Slodkowska, 2015 48 138 53 183 15.2% 1.31[0.81, 2.10] T
Total (95% Cl) 1140 1410 100.0%  1.58[1.33,1.89] L 4
Total events 417 404
Heterogeneity: Chiz = 9.88, df = 8 (P = 0.27); I> = 19% ’0_05 sz ; 5 20’

Test for overall effect: Z = 5.09 (P < 0.00001)

Favors control Favors injury

Figure 2: Forest plot of rs12722 for tendon and ligament injuries using a recessive model.

Case Control Odds Ratio Odds Ratio
-H. Fi o, -H. Fi o

1.1.1 Tennis elbow
Altinisik, 2015 62 145 49 184 12.7% 2.06[1.29, 3.27] -
Subtotal (95% Cl) 145 184 12.7%  2.06[1.29, 3.27] -
Total events 62 49
Heterogeneity: Not applicable
Test for overall effect: Z = 3.05 (P = 0.002)
1.1.2 ACL injuries
Chen, 2017 7 105 4 90 21% 1.54 [0.43, 5.43] N
Kim, 2015 1 35 1 39 0.5% 1.12[0.07, 18.57]
O'Connell, 2014 104 315 103 374 323% 1.30 [0.94, 1.80] il
Posthumus, 2009 62 127 61 218 11.8% 2.45[1.56, 3.88] -
Stepien-Slodkowska, 2015 48 138 53 183 152% 1.31[0.81, 2.10] I
Subtotal (95% CI) 720 904 61.9% 1.53 [1.22,1.91] L 4
Total events 222 222
Heterogeneity: Chi = 5.57, df = 4 (P = 0.23); I> = 28%
Test for overall effect: Z = 3.67 (P = 0.0002)
1.1.3 Achilles tendon pathology
Brown, 2015 26 100 27 100 10.2% 0.95[0.51, 1.78] -1
Mokone, 2006 78 101 81 124 8.5% 1.80 [0.99, 3.26] -
Raleigh, 2008 29 74 25 98 6.7% 1.88[0.98, 3.61] -
Subtotal (95% CI) 275 322  25.4% 1.48 [1.03, 2.11] N
Total events 133 133
Heterogeneity: Chi2 = 2.85, df = 2 (P = 0.24); I = 30%
Test for overall effect: Z = 2.15 (P = 0.03)
Total (95% Cl) 1140 1410 100.0% 1.58 [1.33, 1.89] *
Total events 417 404 ) )

Heterogeneity: Chi2 = 9.88, df = 8 (P = 0.27); I? = 19% '0 05
Test for overall effect: Z = 5.09 (P < 0.00001) :
Test for subarounp differences: Chiz = 1.47_df = 2 (P = 0.48). = 0%

0.2
Favors control

5 20
Fovors injury

Figure 3: Subgroup-analysis by injury sites.

Experimental Control Odds Ratio Odds Ratio

udy or Subg Even ota en H. Fixed. 95% ixed, 959
1.2.1 Asian
Chen, 2017 7 105 4 90 2.1% 1.54 [0.43, 5.43] -1
Kim, 2015 1 35 1 39 0.5% 1.12[0.07, 18.57]
Subtotal (95% CI) 140 129 2.5% 1.46 [0.46, 4.60] 0
Total events 8 5
Heterogeneity: Chi? = 0.04, df = 1 (P = 0.84); I? = 0%
Test for overall effect: Z = 0.64 (P = 0.52)
1.2.2 Caucasian
Altinisik, 2015 62 145 49 184 12.7% 2.06[1.29, 3.27] -
Brown, 2015 26 100 27 100 10.2% 0.95[0.51, 1.78] -1
Mokone, 2006 78 101 81 124 8.5% 1.80[0.99, 3.26] -
O'Connell, 2014 104 315 103 374 32.3% 1.30[0.94, 1.80] Bl
Posthumus, 2009 62 127 61 218 11.8% 2.45[1.56, 3.88] -
Raleigh, 2008 29 74 25 98 6.7% 1.88[0.98, 3.61] |
Stepien-Slodkowska, 2015 48 138 53 183 15.2% 1.31[0.81, 2.10] 1T
Subtotal (95% CI) 1000 1281 97.5% 1.59 [1.33, 1.90] L 2
Total events 409 399
Heterogeneity: Chi? = 9.82, df = 6 (P = 0.13); I = 39%
Test for overall effect: Z = 5.05 (P < 0.00001)
Total (95% CI) 1140 1410 100.0% 1.58 [1.33, 1.89] ’
Total events 417 404
Heterogeneity: Chi2 = 9.88, df = 8 (P = 0.27); I2 = 19% ’0'05 052 j 5 20’

Test for overall effect: Z = 5.09 (P < 0.00001)
Test for subaroun differences: Chi2 = 0.02. df =1 (P = 0.89). I?= 0%

Figure 4: Subgroup-analysis by ethnicity.
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to fibril-forming collagens, and they have a similar gene
structures [29]. They were synthesized and secreted to the
extracellular gaps and assembled into fibril architecture
in a massive specific tissues such as tendon, ligament,
cornea, cartilage, dermis. Type V collagen is a minor
collagen that constitutes less than 5% of total fibril
collagen content. Although minor in quantity, it is essential
for life. Researchers illustrated that COL5A 17" mice could
not survive in utero, as well as COL5A 1" mice present
extremely flawed collagen fibril formation with deficiency
of type V collagen reactivity and highly irregular cross-
sectional shapes [30].

Type V collagen plays an important role in forming
tiny diameter fibrils and appears in tissues where type
I collagen is expressed [14]. A previous meta-analysis
concluded that the TT genotype of rs1800012 in type I
collagen gene was associated with a decreased risk of
ligament and tendon injuries [31]. Studies have shown
that type V collagen collaborates with type I collagen to
generate hybrid fibrils, so as to limit the growth of type
I collagen fibrils into thicker fibrils [32, 33]. Type V
collagen has several isoforms, most of which contain an
alpha chain encoded by COL5A1 gene. The gene has been
mapped on chromosome 9q34.2-q34.3, a locus which is
associated with tendon injury susceptibility [34]. COL5A1
gene mutations are also strongly linked to classic Ehlers-
Danlos syndrome, a severe heritable connective tissue
disease presents with laxity and fragility of connective
tissues, especially tendons and ligaments [35, 36].

3’-untranslated regions (3°’UTR) of mRNAs are
of great importance for post-transcriptional regulation.
Evidence is mounting to suggest that SNPs including

rs12722 located in 3’UTR are involved in many
diseases [37]. Rs12722 SNP could affect the secondary
structure of 3'UTR. This may influence the stability of
COL5A1 mRNA, subsequently results in variation of
fibrillogenesis as well as their function and characteristics
[38]. In addition, individuals who inherit the haplotype
including rs12722 and other loci with modified miRNA
recognition site may lead to inaccurate binding of the
specific miRNA and translation of COL5A1 [39]. This
was potential to influence the proportion of type V and
type I collagen expression levels, which was pivotal in
impacting fibril strength and diameter. Besides, the C
allele represents the wild type sequence appearing more
frequent in asymptomatic controls, while the T allele
was generally identified in ATP subjects. In situ studies
also indicated that T functional forms of 3’-UTR might
increase mRNA stability and level, thus increasing
the production of a-chain, which might change the
structure of collagen fibrils [40]. This is consistent with
our result that individuals with a TT genotype are more
susceptibility to soft tissue injuries. Two of our included
studies [23, 27] reported information of SNPs that were
in linkage disequilibrium (LD) with rs12722. Stepien-
Slodkowska and coworkers [27] reported that rs13946 in
COLS5AI was in high LD with rs12722 (D’ = 0.98, r*=
0.52), while Chen et al. [23] replicated this initial finding.
However, distinguishing between causal variant and
SNPs in LD with the true causal variant is challenging
and might require resequencing of candidate region, dense
genotyping of all available SNPs. Additionally, further
functional studies to confirm the role of COL5A1 gene in
ligament and tendon injuries are warranted.
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Figure 5: Funnel plot of rs12722 for tendon and ligament injuries.
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Genetic association studies assessing the risk of
a disease relevant to a specific gene polymorphism are
often statistically underpowered due to relatively small
sample sizes. Thus, evidence synthesis based on multiple
molecular association studies could provide a possible
solution to this problem by increasing the statistical
power. A significant strength of our current study is that
we applied a genetic-model free approach to combine
evidence instead of assuming the mode of inheritance
in advance. Prior to pooling data from individual study,
checking for HWE and checking for between-study
heterogeneity were made (OR1: I?= 0%, OR2: I>= 44%,
OR3: I2=0%). According to the estimate of the magnitude
of effect of a molecular association between rs12722 and
musculoskeletal soft tissue injuries, the combined data
“dictated” that the recessive model should be assumed
for statistical analysis. Since the recessive model was
identified as the best-matching genetic model, three
genotypes were collapsed into two groups to obtain
the pooled results. Before we accepted the estimate of
combined data, the between-study heterogeneity was
re-checked. Our conclusions were also strengthened by
statistically non-significant heterogeneity (I>= 19%, P
= 0.27). The results indicated a statistically significant
association between COL5A1 polymorphism rs12722 and
sport-related or occupational-related ligament and tendon
injuries, supported by the sensitivity analysis results.
Another apparent advantage of the present study is the
inclusion of studies from different ethnicities. No language
restriction was imposed when establishing the inclusion
and exclusion criteria for the retrieval of potentially
relevant studies. As a result, seven studies written in
English, one study written in Chinese and another in
Korean were included for meta-analysis. And the test of
publication bias also suggested no statistically significant
publication bias among our included studies.

Tendons and ligaments are collagenous tissues with
similar composition and hierarchical structures. How
the rs12722 polymorphism affects tendon and ligament
injuries in different body sites remains unknown. Based
on the magnitude of estimate of the association between
rs12722 and different injury sites, we cautiously suggest
that rs12722 polymorphism in COLS5A1 affects the
strength and fragility of ligaments and tendons through the
same mechanism, evidenced by non-statistically significant
subgroup differences (I*>= 0%, P = 0.48). However, this
hypothesis should be confirmed by future studies.

Several limitations to our study shouldn’t be
ignored when interpreting the results. First, although we
included nine case-control studies in our quantitative
analysis, only two of them were conducted within Asian
population, rendering the subgroup-analysis by ethnicity
almost unfeasible. Future studies focusing on other
ethnicities will help validate the molecular association
between rs12722 and musculoskeletal soft tissue injury
in other populations. Second, both non-modifiable, such

as specific polymorphism, and modifiable risk factors
including training load are implicated in the etiology of
musculoskeletal soft tissue injuries. The cases enrolled
in our present study were from different sport groups,
and characteristics of different motion groups could lead
to an overestimation or underestimation of the drawn
conclusion. Thus the association between rs12722 and
ligament and tendon injuries could be biased by the
above confounder. Third, the mechanism underlying the
association we observed remains unknown, additional
studies of such molecular mechanisms are needed.

MATERIALS AND METHODS

This systematic review and meta-analysis was
conducted following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.

Literature search strategy

Five electronic databases including Pubmed,
EMBASE, IST Web of Science, CNKI and Wanfang were
systematically searched to identify genetic association
studies concerning the polymorphism in COL5A1 gene
published before 15 May, 2017. No restriction on language
was imposed. A combination of free terms and Medical
Subject Headings (MeSH) was used to retrieve all the
potentially eligible publications. The search strategy
for English databases were as follow: (“Collagen Type
V”’[Mesh] OR Collagen Type V Alpha I OR Collagen Type
V Alphal OR Collagen Type 5 Alpha 1 OR Collagen Type
V al OR Collagen Type 5 al OR Type 5 Collagen al
OR Type V Collagen a1 OR Collagen 5al OR COL5A1)
and (“Polymorphism, Single Nucleotide”[Mesh] OR
Single Nucleotide Polymorphism OR SNP OR SNPs OR
mutation OR variation OR polymorphism OR rs12722)
and (Injury or injuries or rupture or tendinopathy or
dislocation or sprain or strain or muscle tear or Achilles
tendon pathology OR Achilles tendinopathy OR Achilles
tendon rupture OR Achilles tendon pathologies OR
“Anterior Cruciate Ligament Injuries”[Mesh] OR Anterior
Cruciate Ligament Injuries OR ACL Injuries OR ACL
Injury OR Anterior Cruciate Ligament Injury OR Anterior
Cruciate Ligament Tear OR ACL Tears OR ACL Tear OR
Anterior Cruciate Ligament Tears OR tennis elbow OR
“Tennis Elbow”[Mesh] OR Lateral Epicondylitis). For
Chinese academic databanks, we used “ji yin duo tai xing”
and “COL5A1” to increase the sensitivity of our literature
search. The bibliographic lists of relevant reviews were
also manually searched for additional related studies.

Inclusion and exclusion criteria

Studies satisfying the following criteria were
included: (1) enrolled cases should be patients diagnosed
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as musculoskeletal soft tissue injuries (ACL injury, ATP,
Achilles tendon rupture, tennis elbow, and so forth); (2)
control groups should consist subject without any history
of ligament and tendon injuries; (3) observational studies
(case control or cohort studies) on humans that analyzed
polymorphism in COL5A1 gene; (4) included articles
should report sufficient data to estimate an odds ratio
(ORs) with 95% confidence interval (95% CI).

Studies were excluded for following reasons: (1)
animal studies, case report or case series, expert opinion;
(2) studies failed to provide sufficient data to calculate
OR and the associated 95% CI; (3) studies duplicated for
retrieval. The most comprehensive study was selected if
data reported were duplicated or had been reported for
more than once.

Data extraction and quality assessment

Two investigators (Z. Lv and S. Gao) screened each
article independently and were blinded to the findings
of the other reviewer. According to the predetermined
inclusion criteria, two reviewers conducted a strict
screening to identify qualified articles independently,
and they extracted data from these eligible papers using
a standardized data collection sheet, which included
first author, year of the publication, country, ethnicity
of enrolled subjects, diagnosis of cases, genotypes
distribution of cases and controls, Hardy-Weinberg
equilibrium (HWE). Discrepancies between the two
reviewers were resolved through discussion until a
consensus could be reached. The third review author (P.
Cheng) was consulted if a consensus could not be reached.

The Newcastle-Ottawa Scale (NOS) [41] for the
assessment of observational studies was employed to
assess the methodological quality of eligible studies.
Three broad perspectives including selection of cases and
controls, comparability of the groups and ascertainment of
outcome of interest were evaluated using the Star system
(http://www.ohri.ca/programs/clinical_epidemiology/
oxford.asp). Two reviewers assessed the methodological
qualities of included studies independently, the results of
risk of bias judgement were compared afterwards.

Statistical analysis

The goodness of fit of HWE was assessed using the
Chi-square test in control subjects of each included study.
The association between rs12722 and musculoskeletal
soft tissue injuries was indicated as OR and 95% CI.
To determine the most appropriate genetic model for
COLSA1 polymorphism in the risk of ligament and tendon
injuries, we used a genetic model-free approach [28]. In
brief, no prior assumptions regarding the genetic model
for meta-analysis were made. OR1, OR2 and OR3 were
calculated for genotypes TT versus CC, TC versus CC, TT
versus TC for each polymorphism that selected for meta-
analysis to capture the magnitude of genetic effect. The

best matching genetic model was then identified according
to the relationships between the following three pairwise
comparisons:

(1)Recessive model: if OR1 =OR3 # 1 and OR2 = 1;

(2)Dominant model: if OR1=0R2 # 1 and OR3 = 1;

(3)Complete over-dominant model: if OR1 = 1,
OR2=1/OR3 #1;

(4)Codominant model: if OR1 > OR2 > 1 and OR1
>OR3>1,0or OR1 <OR2<1and OR1 <OR3 < 1.

Once the best-matching genetic model was
identified, three genotypes were collapsed into two groups
to obtain the pooled results. The heterogeneity between
studies was determined using the Q-statistical test and
I test. The random-effect model and fixed-effect model
were used for data combination in the presence (P < 0.1,
I*> 50%) or absence of heterogeneity (P > 0.1, I>’< 50%
indicates acceptable heterogeneity) respectively. In case
of statistically significant heterogeneity across studies,
subgroup-analysis by injury sites was performed to test
whether rs12722 affects different sites of musculoskeletal
soft tissue injuries in different ways, subgroup-analysis
by ethnicity was performed to test whether there is an
ethnicity-specific effect. Sensitivity analysis was conducted
by removing each study at a time and reevaluating the
resulting effect on pooled data. Egger’s regression test and
Begg’s rank correlation test were employed to estimate the
potential publication bias (Stata version 12.0, Stata Corp
LP, USA). Funnel plots were generated using RevMan 5.3
software (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014).

CONCLUSIONS

Achilles tendon pathology, ACL injuries and tennis
elbow along with other musculoskeletal soft tissue injuries
are major health concerns affecting different levels of
athletes and physically active individuals, making the
genetic studies in sport increasingly important. Based
on the findings of our current study, the polymorphism
rs12722 of COL5A1 was positively associated with tendon
or ligament injuries, individuals with TT genotype were
predisposed to higher risk of Achilles tendon pathology,
ACL injuries and tennis elbow. Genetic risk factors should
be taken into account when developing multifactorial
models to understand the molecular mechanisms underlying
musculoskeletal soft tissue injuries. A further understanding
of the relationship between gene variants and sport-related
or occupational related soft tissue injuries will help
clinicians and athletes to optimize the training programs,
and thus effectively reduce the overall risk of injury.

Abbreviations

ACLI: anterior cruciate ligament injury, ATP:
Achilles tendon pathology, TE: tennis elbow, TEN: Achilles
tendinopathy, RUP: Achilles tendon rupture, RFLP:

www.oncotarget.com

15372

Oncotarget



restriction fragment length polymorphism, SNP: single
nucleotide polymorphism, OR: odds ratio, 95% CI: 95%
confidence interval, NOS: The Newcastle-Ottawa Scale.

Author contributions

Zheng-tao Lv and An-min Chen produced the
idea to this analysis and made the final version of
this paper. Shu-tao Gao and Zheng-tao Lv did the
literature search and evaluated the data, they both
contributed equally to this work. Shuang Liang, Peng
Cheng and Si-Yi Yu critically revised this manuscript.
Qing Yang was involved in revising the manuscript,
including some important intellectual contents and the
grammatical mistakes in our original study. An-min
Chen had full access to all of the data in the study and
takes responsibility for the integrity of the data and the
accuracy of the data analysis.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of
interest.

FUNDING

This research was supported by Natural Scientific
Foundation of China (No. 81601951and No. 81672168)
and the Fundamental Research Funds for the Central
Universities (No. 2016YXMS120).

REFERENCES

1. Birch HL, Thorpe CT, Rumian AP. Specialisation of
extracellular matrix for function in tendons and ligaments.
Muscles Ligaments Tendons J. 2013; 3:12-22.

2. Frank CB. Ligament structure, physiology and function. J
Musculoskelet Neuronal Interact. 2004; 4:199-201.

3. Jarvinen TA, Kannus P, Maffulli N, Khan KM. Achilles
tendon disorders: etiology and epidemiology. Foot Ankle
Clin. 2005; 10:255-266.

4. Rees JD, Wilson AM, Wolman RL. Current concepts in the
management of tendon disorders. Rheumatology (Oxford,
England). 2006; 45:508-521.

5. Kammerlander C, Braito M, Kates S, Jeske C, Roth T,
Blauth M, Dallapozza C. The epidemiology of sports-related
injuries in older adults: a central European epidemiologic
study. Aging Clin Exp Res. 2012; 24:448-454.

6. Nyyssonen T, Luthje P, Kroger H. The increasing incidence
and difference in sex distribution of Achilles tendon rupture
in Finland in 1987-1999. Scand J Surg. 2008; 97:272-75.

7. Ganestam A, Kallemose T, Troelsen A, Barfod KW.
Increasing incidence of acute Achilles tendon rupture and a
noticeable decline in surgical treatment from 1994 to 2013.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

A nationwide registry study of 33,160 patients. Knee Surg
Sports Traumatol Arthrosc. 2016; 24:3730-37.

Huttunen TT, Kannus P, Rolf C, Fellander-Tsai L, Mattila
VM. Acute achilles tendon ruptures: incidence of injury and
surgery in Sweden between 2001 and 2012. Am J Sports
Med. 2014; 42:2419-2423.

Griffin LY, Albohm MJ, Arendt EA, Bahr R, Beynnon
BD, Demaio M, Dick RW, Engebretsen L, Garrett WE Jr,
Hannafin JA, Hewett TE, Huston LJ, Ireland ML, et al.
Understanding and preventing noncontact anterior cruciate
ligament injuries: a review of the Hunt Valley II meeting,
January 2005. Am J Sports Med. 2006; 34:1512—-1532.
Gould S, Hooper J, Strauss E. Anterior Cruciate Ligament
Injuries in Females: Risk Factors, Prevention, and
Outcome. Bull Hosp Jt Dis (2013). 2016; 74:46-51.

Shultz SJ, Schmitz RJ, Benjaminse A, Collins M, Ford
K, Kulas AS. ACL Research Retreat VII: An Update
on Anterior Cruciate Ligament Injury Risk Factor
Identification, Screening, and Prevention. J Athl Train.
2015; 50:1076-1093.

Murphy DF, Connolly DA, Beynnon BD. Risk factors
for lower extremity injury: a review of the literature. BrJ
Sports Med. 2003; 37:13-29.

Myllyharju J, Kivirikko KI. Collagens and collagen-related
diseases. Ann Med. 2001; 33:7-21.

Birk DE. Type V collagen: heterotypic type I/V collagen
interactions in the regulation of fibril assembly. Micron.
2001; 32:223-237.

Mokone GG, Schwellnus MP, Noakes TD, Collins M. The
COLS5AT1 gene and Achilles tendon pathology. Scand ] Med
Sci Sports. 2006; 16:19-26.

Khoschnau S, Melhus H, Jacobson A, Rahme H, Bengtsson
H, Ribom E, Grundberg E, Mallmin H, Michaelsson K.
Type I collagen alphal Spl polymorphism and the risk of
cruciate ligament ruptures or shoulder dislocations. Am J
Sports Med. 2008; 36:2432-2436.

September AV, Posthumus M, van der Merwe L, Schwellnus
M, Noakes TD, Collins M. The COL12A1 and COL14A1
genes and Achilles tendon injuries. Int J Sports Med. 2008;
29:257-263.

Saunders CJ, van der Merwe L, Posthumus M, Cook J,
Handley CJ, Collins M, September AV. Investigation of
variants within the COL27A1 and TNC genes and Achilles
tendinopathy in two populations. J Orthop Res. 2013;
31:632-637.

Hay M, Patricios J, Collins R, Branfield A, Cook J, Handley
CJ, September AV, Posthumus M, Collins M. Association of
type XI collagen genes with chronic Achilles tendinopathy in
independent populations from South Africa and Australia. Br
J Sports Med. 2013; 47:569-574.

O'Connell K, Knight H, Ficek K, Leonska-Duniec
A, Maciejewska-Karlowska A, Sawczuk M, Stepien-
Slodkowska M, O'Cuinneagain D, van der Merwe W,
Posthumus M, Cieszczyk P, Collins M. Interactions between

www.oncotarget.com

15373

Oncotarget



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

collagen gene variants and risk of anterior cruciate ligament
rupture. Eur J Sport Sci. 2015; 15:341-350.

Altinisik J, Meric G, Erduran M, Ates O, Ulusal AE, Akseki
D. The BstUI and Dpnll Variants of the COL5A1 Gene Are
Associated With Tennis Elbow. Am J Sports Med. 2015;
43:1784-89.

Brown KL, Seale KB, El Khoury LY, Posthumus M,
Ribbans WJ, Raleigh SM, Collins M, September AV.
Polymorphisms within the COL5A1 gene and regulators of
the extracellular matrix modify the risk of Achilles tendon
pathology in a British case-control study. J Sports Sci. 2017,
35:1475-1483.

Chen H, Shi L, Zhang J, Zhao DH, Shi L, Lu QN, Zhang
Q, Duan QH. Association of COL1A1, COL5A1 and
COLI12A1 genes with anterior cruciate ligament injury.
Chinese Journal of Tissue Engineering Research. 2017;
21:1849-1854.

Kim H, Lee JK. The Distributions of Genetic
Polymorphisms in COL5A1 and GDF5 Genes on Male
Sports Injury Group. The Korean Society of Sports Science.
2015; 24:1205-1217.

Posthumus M, September AV, O’Cuinneagain D, van der
Merwe W, Schwellnus MP, Collins M. The COL5A1 gene is
associated with increased risk of anterior cruciate ligament
ruptures in female participants. Am J Sports Med. 2009;
37:2234-40.

Raleigh SM, van der Merwe L, Ribbans WJ, Smith RK,
Schwellnus MP, Collins M. Variants within the MMP3
gene are associated with Achilles tendinopathy: possible
interaction with the COL5A1 gene. Br J Sports Med. 2009;
43:514-20.

Stepien-Stodkowska M, Ficek K, Kaczmarczyk M,
Maciejewska-Kartowska A, Sawczuk M, Leonska-Duniec
A, Stepinski M, Zietek P, Krol P, Chudecka M, Cigszczyk
P. The Variants Within the COL5A1 Gene are Associated
with Reduced Risk of Anterior Cruciate Ligament Injury in
Skiers. J Hum Kinet. 2015; 45:103—11.

Thakkinstian A, McElduff P, D'Este C, Dufty D, Attia J. A
method for meta-analysis of molecular association studies.
Stat Med. 2005; 24:1291-1306.

Prockop DJ, Kivirikko KI. Collagens: molecular biology,
diseases, and potentials for therapy. Annu Rev Biochem.
1995; 64:403-434.

Wenstrup RJ, Florer JB, Davidson JM, Phillips CL, Pfeiffer
BJ, Menezes DW, Chervoneva I, Birk DE. Murine model

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

of the Ehlers-Danlos syndrome. col5al haploinsufficiency
disrupts collagen fibril assembly at multiple stages. J Biol
Chem. 2006; 281:12888-12895.

Wang C, Li H, Chen K, Wu B, Liu H. Association of
polymorphisms rs1800012 in COL1A1 with sports-
related tendon and ligament injuries: a meta-analysis.
Oncotarget. 2017; 8:27627-27634. https://doi.org/10.18632/
oncotarget.15271.

Birk DE, Fitch JM, Babiarz JP, Doane KJ, Linsenmayer TF.
Collagen fibrillogenesis in vitro: interaction of types I, V
collagen regulates fibril diameter. J Cell Sci. 1990; 95 (Pt
4):649—-657.

Adachi E, Hayashi T. In vitro formation of hybrid fibrils of
type V collagen and type I collagen. Limited growth of type
I collagen into thick fibrils by type V collagen. Connect
Tissue Res. 1986; 14:257-266.

Kannus P, Natri A. Etiology and pathophysiology of tendon
ruptures in sports. Scand J Med Sci Sports. 1997; 7:107-112.

Malfait F, De Paepe A. Molecular genetics in classic Ehlers-
Danlos syndrome. Am J Med Genet C Semin Med Genet.
2005; 139C:17-23.

Malfait F, Wenstrup RJ, De Paepe A. Clinical and genetic
aspects of Ehlers-Danlos syndrome, classic type. Genet
Med. 2010; 12:597-605.

Conne B, Stutz A, Vassalli JD. The 3' untranslated region of
messenger RNA: A molecular 'hotspot' for pathology? Nat
Med. 2000; 6:637-641.

Abrahams Y, Laguette MJ, Prince S, Collins M.
Polymorphisms within the COL5A1 3'-UTR that alters
mRNA structure and the MIR608 gene are associated with
Achilles tendinopathy. Ann Hum Genet. 2013; 77:204-214.
September AV, Cook J, Handley CJ, van der Merwe L,
Schwellnus MP, Collins M. Variants within the COL5A1
gene are associated with Achilles tendinopathy in two
populations. Br J Sports Med. 2009; 43:357-365.

Laguette MJ, Abrahams Y, Prince S, Collins M. Sequence
variants within the 3'-UTR of the COL5A1 gene alters
mRNA stability: implications for musculoskeletal soft tissue
injuries. Matrix Biol. 2011; 30:338-45.

Wells GA, Shea B, O’Connell D, Peterson J, Welch V,
Losos M, Tugwell P. The Newcastle-Ottawa Scale (NOS)
for assessing the quality of nonrandomised studies in meta-
analyses. Available: http://www.ohri.ca/programs/clinical
epidemiology/oxford.asp.

www.oncotarget.com

15374

Oncotarget



