Original article

on
al
i

Are COL1A1 gene polymorphisms associated
with anterior cruciate ligament tear in the Indian
population? Results of a preliminary case-control
study
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Introduction: Despite the identification of various
intrinsic and extrinsic risk factors associated with
ACL tear, the exact etiopathogenesis of ACL tear
is still incompletely understood. The evidence for
association of COL1A1 gene polymorphisms with
ACL tear has been somewhat conflicting.
Objective of the study is: to determine if rs1800012
and rs1107946 polymorphisms of COL1A1 gene are
associated with ACL tear in an Indian population
study group.
Methods: Fifty clinically, radiologically and surgically-proven ACL deficient patients and 52
healthy controls were included in the study. After
isolation of DNA from peripheral blood monocytes, real time PCR was carried out to genotype
COL1A1 rs1800012 and rs1107946 polymorphisms.
Results: Both the groups were matched for age
and sex. Hardy Weinberg equilibrium was maintained for both genotypes. There was no signifi-
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cant difference in the genotype or allele distribution between the case and control groups for both
rs1800012 (p=0.516) and rs1107946 polymorphisms (p=0.971 for GT and p=0.823 for TT) in this
preliminary study.
Conclusion: The rs1800012 polymorphism of
COL1A1 gene remains the first and most extensively tested gene polymorphism for its association with ACL tear. Under-representation of the TT
genotype has been observed in Swedish and
South African Caucasian populations with ACL
tear. This has not been noted in the Polish Caucasian population and in our study. More studies
with larger study samples from different ethnic
populations are needed before COL1A1 gene
polymorphism screening tests are incorporated
into ACL tear prevention programs.
Level of evidence: III b (case-control study).
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Introduction

Anterior cruciate ligament (ACL) tear is one of the
most common ligament injuries of the knee 1,2. The
etiology of ACL tear has been proven to be multifactorial3, 4. Although various intrinsic and extrinsic risk
factors and their complex interaction have been identified and explored in great detail, the exact
etiopathogenesis of ACL tears has not yet been entirely deciphered3, 4.
Over the last decade, 33 different single nucleotide
polymorphisms (SNPs) of various genes have been
investigated for association with ACL tear5-7. COL1A1
rs1800012 polymorphism was the first specific gene
polymorphism to be positively associated with ACL
tear 3, 4. It is also the most extensively investigated
SNP in the literature with various research teams
having investigated the association between COL1A1
SNPs and ACL tear in different Caucasian population
subsets with mixed results5-8. However, till date, there
is no data from the Asian continent on the association
of COL1A1 SNPs and ACL tear7.
We conducted a genetic association, case-control
study to investigate the association between SNPs of
COL1A1 gene and ACL tear in the Indian population.
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DNA extraction
Venous blood (5 ml) was drawn into an ethylenediaminetetraacetic acid (EDTA) vaccutainer and stored
at room temperature for 2 hours to allow sedimentation of red blood cells. The upper layer was then aspirated and placed over the same amount of ficoll
paque solution (Amersham Biosciences, USA) followed by centrifugation at 1800 rpm for 30 minutes.
After centrifugation, the peripheral blood monocytes
(PBMC) settle as a thin middle layer; the PBMC were
separated and kept in a separate tube. The PBMC
was now subjected to centrifugation at 5000 rpm for 5
minutes, washed with phosphate-buffered saline
(PBS) and processed for DNA isolation. Next, the genomic DNA was isolated using commercially-available QIAGEN DNeasy kit. Ultraviolet-visible spectrophotometry (Backman Coulter) was used to quantify the DNA. Electrophoresis on 1% agarose gel (Biorad) was performed to validate the quality of DNA
(Fig. 1).

COL1A1 genotyping
RT-PCR (real-time polymerase chain reaction) was
used to analyse SNPs and a 48-well StepOneTM (Applied Biosystems Inc, Foster City, USA) RT-PCR instrument was used for the same. RT-PCR was carFigure 1. Genomic DNA
isolated from PBMCs subjected to electrophoresis on
1% agarose gel for quality
verification.
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Recruitment of participants
Fifty patients with clinico-radiologically and surgically
proven ACL tear were enlisted into the study group
from July 2012 to December 2013. The inclusion criteria were: I) age between 18-40 years; II) no multiligament injuries or signs of knee osteoarthritis; III) no
associated comorbidities. Fifty-two subjects with normal knees with no history of ligament/tendon injuries
were recruited as control subjects. All participants underwent a thorough physical examination and completed a comprehensive proforma containing demographic details, mode of injury, relevant past, personal and family histories along with details of participation in sports. The participants who have only ACL injury were included in the study. The diagnosis was
confirmed by both MRI and intra-operatively during
diagnostic arthroscopy. Multi-ligament injuries were
excluded from the study.
Experimentations pertaining to the study were performed in Neuroscience Research Lab (NRL), Department of Neurology, PGIMER, Chandigarh, India
which follows good laboratory practices (GLP).
All experiments were performed using pre-calibrated
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This study was carried out at the Postgraduate Institute of Medical Education and Research (PGIMER),
Chandigarh, India after obtaining clearance from the
institutional ethics committee. An informed, written
consent was obtained from subjects of both case and
control groups. The study has been conducted ethically according to accepted international standards
and meets the ethical standards of the journal9.

instruments; quality assurance norms and established standard operating protocols (SOP) were adhered to. Records were maintained in Data Recording Sheets (DRS) by qualified research scholars; as
prescribed by the OECD (Organisation for economic
co-operation and development) guidelines, the investigators were blinded to the samples.
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Materials and methods
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was tested; the genotypes for each SNP were stratified for homozygosity and heterozygosity, and of the
respective allelic variant. Pearson’s chi-square test
and Cochran-Mantel-Haenszel equation were applied
for the genotyping result analysis.
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ried out for 20 μL solution (containing 10 μL master
mix, 5 μL assay, 20 ng DNA and 5 μL molecular biology grade water). All these reactions were carried out
using TaqMan®/SYBRTM Green pre-designed genotyping assays according to the manufacturers’ recommendations. Both alleles in genotyping assay were
tagged two reporter dyes namely VIC and FAM to detect the SNP changes at the particular locus. Software Step OneTM v2.0 (Applied Biosystems, Foster
City, USA) was utilised to perform amplification and
to estimate SNPs followed by importing of the fluorescence (Rn) values recorded during the plate read using the Sequence Detection System (SDS) software.
The DNA samples were genotyped for COL1A1
rs1800012 and rs1107946 SNPs using PCR amplification.

Results
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SNPs analysis of rs1800012 (Sp1 binding site) and
rs1107946 of COL1A1
Frequency of both genotypes GT and TT of rs180
0012 locus haven’t shown any significant association
with ACL tear. Similarly, frequency of T alleles
(p=0.5163) did not show any correlation with pathology. Conclusively, results of rs1800012 SNP analysis
shown no statistically significant difference in both
genotype as well as (Supplementary information
Table I) (p=0.516) between ACL and control groups
(Tab. I, Fig. 2). All groups were in Hardy Weinberg
equilibrium (HWE value=0.11).
Moreover, genotype (GT and TT p=0.9711, p=0.8226,
respectively) of rs1107946 SNP did not reveal any
association with ACL pathology as compare to controls. Additionally, genotype ad allele frequency (sup-

io
ni
In
te
r

Statistical analysis
The SPSS (Statistical Package for the Social Sciences) software (version 16.0) was used for data
analysis. Normal quantile (Q-Q) plots were constructed to check for the normality of the data distribution.
Unpaired Student’s t-test was used to test the association between cases and controls. Before proceeding
to genotyping analysis, Hardy-Weinberg equilibrium

Table I. Effect of genetic variants of rs1800012 on ACL tear phenotype
Genotype

Number
ACL
1

GT

7

TT

39

95%CI

Z- statistics

Value

Controls
0

Reference

7

*

*

*

*

43

*

*

*

*

Figure 2. Graph depicting relative frequency of
genotypes (GG, GT and
TT) for rs18000012 polymorphism of COL1A1
gene.
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ACL tear has a complex, multifactorial etiology; an interaction between predisposing genetic factors, environmental and intrinsic risk factors has been proposed by multiple research groups 3,4 . Overall, 20
genes (33 different genetic variants) have been investigated for their association with ACL tear; out of
these, 10 gene polymorphisms (SNPs) and 8 haplotypes have been linked to ACL tear5,6. Till date, four
different research groups have tested for the association of COL1A1 polymorphisms with ACL tears (Tab.
III)10-13. These studies linking gene polymorphisms to
ACL tears are essential as these tests can be used to
predict injury risk in athletes and alter clinical management protocols and training regimens in these
“high-risk” individuals.
The ACL is predominantly made up of collagen protein

on
al
i

Discussion

(75%) which is encoded by different collagen genes;
each type of collagen performs diverse functions14. The
major structural collagen in ACL is type I collagen
(comprising 70% to 80% of the dry mass of ACL). Type
I collagen is a heterotrimer of two α1 and one α2
chains; these two chains are encoded by COL1A1 and
COL1A2 genes respectively15. The COL1A1 gene is located on the long arm of chromosome 17 (17q21.3q22) whereas the COL1A2 gene is located on the long
arm of chromosome 7 (7q22.1). The COL1A1 gene
consists of 52 exons and is 18kb in size16. It has been
found that the substitution of G to T at the binding site
of Sp1 (rs1800012) consequently led to enhanced expression of proteins concomitant with the increased
binding affinity of Sp1. (Fig. 4)17.
The rs1107946 SNP is located in the proximal promoter region of COL1A1 gene at position -1997 relative to the transcription start site 12 . This SNP has
been associated with bone mineral density (BMD)
and has a role in the in vitro regulation of osteoblasts18,19. It has been investigated for an association with ACL tear susceptibility by Ficek et al.12 who
reported no independent association.
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plementary information Tab. II) of the same locus has
also not shown any statistical difference between
ACL control groups (p=0.7665) (Tab. II, Fig. 3).

Table II. Effect of genotypic variants of COL1A1 rs1107946 on ACL tear phenotype.
Genotype

Number
ACL
7

GG

17

GT

23

95%CI

Z- statistics

p-value

Reference

0.306- 3.419

0.036

0.971

Control

8

19

23

1.023

1.143

0.356 - 3.673

0.224

0.823
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Figure 3. Representative
amplification plot for ACL
control and patient PBMCs from SNP genotyping
analysis for rs1107946
variant.
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Table III. Summary of all studies investigating association of COL1A1 SNPs and ACL tear.
Authors
(Year)

Population

SNP
analysed

Sample size

Salient Results of study

1

Khoschnau
et al. (11)
2008

Sweden

rs1800012

558 (233)

TT genotype of the RS was shown to be
significantly under-represented in participants with
ACL tears (Only 1 in 233 cases had this
genotype). The presence of TT genotype was
postulated to be protective against ACL tear.

2

Posthumus
et al. (10)
2009

South Africa

rs1800012

247 (117)

Under-representation of TT genotype in ACL
group (OR = 0.08 (95% CI, \0.01-1.46); p = 0.031)

3

StepienSlodkowska
et al. (13)
2013

Poland

rs1800012

366 (183)

Risk was 1.43 times lower in carriers of a minor
allele G as compared to carriers of the allele T
(p=0.045).
No under-representation of the TT genotype
noted

4

Ficek et al.
(12) 2013

Poland

rs1800012
rs1107946

234 (91)

No significant association of genotype/allele
distribution with ACL tear.
No under-representation of the TT genotype
noted

5

This study

India
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Sno

102 (50)

No significant association of genotype/allele
distribution with ACL tear
No under-representation of the TT genotype
noted
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rs1800012
rs1107946

Figure 4. Diagrammatic representation of COL1A1 gene locus on chromosome 17, and functional polymorphism at the Sp1
site from guanine (G) to thymidine (T).
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of SNPs and sports-related ligament and tendon
COL1A1 injuries (like ACL tear, Achilles tendinopathy, tennis elbow and should dislocation). They observed that the rare TT genotype may be protective
against these sports-related ligament/tendon injuries 7. Apart from sports injuries, the rs18000012
SNP of COL1A1 gene has most notably been linked
to osteoporosis; various other complex disorders of
connective tissue, including, myocardial infarction,
lumbar disc disease and stress urinary incontinence
have also shown association with this SNP26-29.
Our study showed that COL1A1 rs1800012 and
rs1107946 polymorphisms were present in the Indian population, follow the Hardy-Weinberg equilibrium but do not seem to be associated with ACL tear.
This is similar to the results obtained by Ficek et
al.12 in the Polish population. There was no underrepresentation of the TT genotype in patients with
ACL tear in the Indian population subset as noted by
Posthumus et al.10 and Khoschnau et al.11 in South
African and Swedish Caucasian populations respectively.
This is the first study from Asia to test the association
between ACL tear and COL1A1 gene polymorphisms.
Malila et al.30 have conducted the only other Asian
genetic association study for ACL tear. They studied
the association between matrix metalloproteinase
(MMP) genes and ACL tears and observed no significant association 30 . It is to be noted that all other
COL1A1 genetic association studies have been performed on Caucasian study subjects10-13. There are,
however, a few limitations of this study. Most of the
patients are from the northern region of India and the
results could vary significantly if patients from other
parts of the country are tested. The sample size is
relatively small compared to similar studies; however,
this is a preliminary study of a larger ongoing research project. Also, the number of female participants in the study was less; however, the primary objective of the study was not to look for gender-specific
association.
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Although a familial predisposition to ACL tear was
postulated by Harner et al. 20 and Flynn et al. 1 ,
Khoschnau et al.11 were the first to investigate for a
specific gene polymorphism linked to ACL tear. They
reported that the TT genotype of the rs1800012 polymorphism was significantly under-represented in
patients with cruciate ligament tears and shoulder
dislocations 11. Posthumus et al. have investigated
the genetic association of rs1800012 (COL1A1) in
117 Caucasian ACL individuals (surgically diagnosed) and 113 controls. Results have demonstrated the lack of TT genotype in ACL participants (zero in 117 ACL individual) as compared to controls
(6 in 113 individuals) (p=0.031). The results have
suggested the imperative role of TT genotype in
ACL pathology.
Stepien-Slodkowska et al.13 tested 321 male skiers
(138 cases and 183 controls) for the association of
rs18000012 polymorphism with ACL tear. Results
showed 1.43 times lower risk of ACL tear was observed in G allele as compared to T allele in the ACL
individuals (p=0.045). However, they did not observe
under-representation of the TT genotype in the ACL
group unlike the previous two studies10, 11.
Ficek et al.12 tested both rs1800012 and rs1107946
SNPs for their association with ACL tear in 377 male
Polish soccer players (234 cases and 143 controls).
They observed that both these SNPs were not significantly associated with ACL tear (p=0.228 for
rs1107946 and p=0.138 for rs1800012 polymorphism). However, on performing a further haplotype
analysis of these two SNPs, they noted that a higher
frequency of the COL1A1 G-T (rs1800012 and
rs1107946) haplotype expression was significantly
associated with decreased risk of ACL tear (haplotype score, -1.98; p= 0.048)12. It is to be noted that
both these Polish studies were exclusively limited to
male populations and therefore it was not possible to
ascertain gender-specific association unlike Posthumus et al.10.
Due to a non-Mendelian inheritance pattern, the association between COL1A1 SNPs and ACL tear is
quite complex unlike the Mendelian-inherited genetic
diseases of COL1A1 gene (e.g.: osteogenesis imperfecta)15,17,21. Complex gene-gene and gene-environment interactions alter the severity of the phenotype
in non-Mendelian pattern inherited conditions like ACL
tear7, 21. Recently, Yao et al. linked the rs1107946 polymorphism to the geometric size of ACL in the Chinese population 22 . Bell et al. 23 have linked the
rs1800012 polymorphism to increased knee joint laxity. Both geometric size of ACL and joint laxity are individual intrinsic risk factors for ACL tear; therefore,
COL1A1 SNPs may predispose a person to an ACL
tear in more ways than one.
It is also interesting to note that, COL1A1 SNPs have
also been associated with other sports injuries like
Achilles tendinopathy, tennis elbow and shoulder dislocations11,17,23,25. Wang et al. examined association
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Conclusion

In conclusion, this study found that there is no significant association between rs1800012 and rs11079846
polymorphism frequencies with ACL tear in the Indian
population unlike most other Caucasian studies. Genetic research studies and tests will pave the way for
customised preventive measures and personalised
nutrition, training regimens to help reduce the incidence of ACL tears31. However, we believe that larger studies in different ethnic populations are needed
across the world to define the association of this specific sequence variant with ACL tear before incorporating these genetic screening tests in an ACL tear
preventive model.
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