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Association analysis between thrombospondin-2
gene polymorphisms and intervertebral disc
degeneration in a Chinese Han population
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Abstract
The aim of this study is to determine the contribution of 2 single nucleotide polymorphisms (SNPs) in thrombospondin 2 (THBS2)
gene to the development of intervertebral disc degeneration (IDD) in a Chinese Han population.
We studied 138 patients with radiographically proven IDD and 136 healthy volunteers with no history of back problems. Magnetic

resonance images (MRIs) were obtained for all the patients and controls. Image evaluation for IDD was performed to evaluate the
severity of IDD. All patients and controls were genotyped for rs6422747 and rs6422748. Associations between genotypes and
development of IDD were analyzed.
We found that 2 SNPs in the intron region of THBS2 gene (rs6422747 and rs6422748) were associated with susceptibility of IDD.

However, they were not related with severity of IDD, including the total number of degenerative disc and level of IDD. G allele in both
SNPs was associated with a higher risk of IDD.
The 2 SNPs (rs6422747 and rs6422748) in the THBS2 gene were associated with susceptibility of IDD but not severity of IDD in a

Chinese Han population. Our results indicated that THBS2 gene polymorphisms might be the risk factors for IDD. More studies with
larger sample size need to be perfected to make sure the functions of THBS2 gene polymorphisms in IDD development.

Abbreviations: BMI = body mass index, HWE = Hardy–Weinberg equilibriums, IDD = intervertebral disc degeneration, LDD =
lumbar disc disease, LSS = lumbar spinal stenosis, MRI = magnetic resonance images, SNP = single nucleotide polymorphisms.
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1. Introduction

Lumbar disc disease (LDD) mainly caused by intervertebral disc
degeneration (IDD) is a common and frequently-occurring
disease of orthopedics, including lumbar disc herniation, lumbar
spinal stenosis, lumbar spondylolisthesis, lumbar instability,
lumbar degenerative lateral convexity. Patients often suffer from
lower back pain and lower limbs pain and numbness, which leads
to poor quality of life. Early onset of IDD causes not only the loss
of individual labor but also the consumption of a large number of
medical resources.[1,2] The etiology and pathophysiology under-
lying IDD remain poorly understood.[1,3] Various environmental
factors increase the risk of IDD, such as smoking, age, sex, and
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mechanical load. However, it is hypothesized that up to 74% of
the etiology of IDD is due to heritability.[4,5] With an improved
understanding of the genetic variants associated with IDD, it is
potential to provide personalized care and targeted therapies.
Thrombospondin proteins (THBSs) are a class of glycoproteins

those bind to collagen and tissue and participate in cell-to-cell and
cell-to-matrix interactions during tissue development and
repair.[6,7] They have a variety of different functions in the
extracellular matrix (ECM) and regulate the level of matrix
metalloproteinase-2 (MMP-2) and MMP-9, which play impor-
tant roles in IDD. Mice lacking THBS2 showed abnormal
curvature of the spine. THBS-2 knockout mice showed increased
MMP-2 levels after injury.[8] It has been reported that some
functional polymorphisms in THBS2 were associated with
lumbar disk herniation and lumbar spinal stenosis in the
Japanese and Korean population. However, few studies on the
genetic association of single nucleotide polymorphisms (SNPs)
with progression of IDD in the Chinese Han population have
appeared.
In this study, we collected the peripheral blood of IDD patients

who have been diagnosed and controls and genotyped the 2
THBS2 SNPs to determine the contribution of them to the
progression of IDD in a Chinese Han population.
2. Methods

2.1. Study design

We recruited 138 IDD patients diagnosed in Qilu Hospital of
Shandong University (Qingdao) between July 2015 and July
2016. All the patients met the following criteria: diagnosis of IDD
by magnetic resonance imaging (MRI) according to the
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evaluation standard of Schneiderman et al ; a history of typical
IDD symptoms, such as ischialgia, osphyalgia, lower limb
numbness, and so on. Exclusion criteria included: the presence of
a spinal tumor, infection, tuberculosis, or other disease; body
mass index (BMI) ≥28kg/m2 to eliminate the effect of weight;
heavy smoker (smoking index ≥400) to eliminate the effect of
smoking; the presence of genetic related diseases, such as
ankylosing spondylitis, diabetes, hypertension. The control
group consisted of 136 healthy volunteers who also met the
exclusion criteria. IDDwas excluded in all the healthy controls by
MRI. Written informed consent was obtained from each
participant in this study.
2.2. Ethics approval

The study protocol was approved by the Ethics Committee of
Qilu Hospital of Shandong University.
2.3. Grading of IDD

MRI was performed using a 1.5T scanner (Gyroscan Intera
Achieva; Philips Healthcare, Amsterdam) and a Synergy Spine
Coil (Philips Healthcare). Each subject was placed in the supine
position with a cushion under both knees. T2-weighted fast spin-
echo sagittal and axial images were obtained (TR/TE: 3500/120;
slice thickness, 4mm; slice gap, 0.4mm). The level of IDD was
assessed by evaluation standard of Schneiderman et al[9]: Level 0,
normal height and signal intensity; Level 1, intermediate loss,
speckled pattern, or heterogeneous decreased signal intensity;
Level 2, marked loss, diffuse loss of signal; Level 3, absent signal
(Fig. 1). All MR images were examined both clinically and
radiologically to confirm the degree of IDD.

2.4. Genotyping

Genomic DNA for sequencing was isolated from peripheral
blood cells of patients and controls using the Genomic DNA kit
(Sangon Biotech, Shanghai, China) according to the manufac-
turer’s instructions. Genotypes of SNPs (rs6422747 A>G,
rs6422748 C>G) were determined by polymerase chain reaction
Figure 1. MRIs of different levels of intervertebral disc degeneration (IDD) accord
height and signal intensity. (B) Level 1 means intermediate loss, speckled pattern
diffuse loss of signal. (D) Level 3 means absent signal.
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(PCR) using sequence-specific primers to amplify fragments of
315bp. Primer sequences were as follows: Forward: 50-
ACACCGTCATTGTCATCGTCATCAT-30 and reverse: 50-
TCGTGAGTAGTGGTGACATAATTTC-30. A 30mL reaction
system was used and contained 21.5mL H2O, 1mL dNTP, 1mL
PCR forward primer, 1mL PCR reverse primer, 0.5mL Taq DNA
polymerase, 3mL DNA template, and 2mL MgCl2. The
amplification protocol consisted of 1 cycle of Taq polymerase
activation at 95 °C for 5minutes, 35 cycles of denaturation at 94 °
C for 60seconds, annealing at 58 °C for 30seconds, and
extension at 72 °C for 30seconds, and 1 cycle of a 10-minute
extension at 72 °C. DNA sequencing was assessed by Sangon
Biotech (Shanghai, China) to confirm the genotyping. Sequencing
method was based on Sanger reaction. Sequence primer was: 50-
ACACCGTCATTGTCATCGTCATCAT-30. BigDye Termina-
tor v3.1 Cycle Sequencing Kit and 3730xl DNA Analyzer
(Thermo Fisher Scientific, Waltham, MA) was used.
2.5. Statistical analysis

All the statistical analyses were performed using SPSS 18.0
software (SPSS, Inc., Chicago, IL). Hardy–Weinberg equilibriums
(HWE) were assessed using a web tool (http://www.oege.org/
software/hwe-mr-calc.shtml). Chi-square (x2) test was used to
examine the differences in allele frequencies between IDD
patients and controls and the relationship between IDD grade
and genotype information. The level of significance was P< .05.
3. Results

We recruited 138 IDD patients (71 [51.45%] female; mean±SD
age=47.6±12.3 years; mean±SD body mass index [BMI]=
22.5±2.7kg/m2). The control group consisted of 136 healthy
volunteers (66 [58.53%] female; mean±SD age=43.6±15.3
years; mean±SD BMI=22.5±3.5kg/m2). In our study, we
selected and genotyped 2 SNPs (rs6422747 and rs6422748),
which showed minor allele frequencies >20% based on
information in the HapMap database (International HapMap
Consortium). These 2 selected SNPs covered most haplotypes
and >80% of the THBS2 alleles with r2 values of ≥0.8.
ing to evaluation standard of Schneiderman et al.[9] (A) Level 0 means normal
or heterogeneous decreased signal intensity. (C) Level 2 means marked loss,
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Figure 2. The representative sequencing data of rs6422747 and rs6422748 in THBS2 gene. (A) AA, AG, and GG genotypes of rs6422747. (B) CC, CG, and GG
genotypes of rs6422748.

Yuan et al. Medicine (2018) 97:2 www.md-journal.com
3.1. The associations between rs6422747, rs6422748
polymorphisms in THBS2 gene and susceptibility of IDD

In total, 138 patients with IDD and 136 controls were involved in
this study. HWE test showed P> .05 in both patient group and
control group. Figure 2 showed the representative sequencing
data of SNPs in THBS2 gene. Table 1 showed the distribution of
rs6422747 and rs6422748 polymorphisms. For rs6422747, a
higher percentage of AG, GG, and AG+GG genotypes were
observed in the patients compared with the controls (P= .07, .01,
and .02, respectively). G allele might be a risk factor for IDD
susceptibility (P= .01). G allele was associated with a higher risk
of IDD (Odds ratio [OR], 1.261; 95% confidence interval [CI],
3

1.055–1.506). For rs6422748, the results were similar. Based on
the above, our study indicated that the G allele in rs6422747 and
rs6422748 might be the risk factors for IDD.

3.2. The associations between rs6422747, rs6422748
polymorphisms in THBS2 gene and severity of IDD

The level of IDD was assessed by evaluation standard of
Schneiderman et al.[9] The associations between rs6422747,
rs6422748 polymorphisms, and total number of degenerative
disc, level of IDDwere shown in Table 2. The results showed that
the 2 SNPs were not associated with total number of degenerative
disc and level of IDD (P> .05).
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Table 1

Distribution of rs6422747 and rs6422748 polymorphisms in THBS2 gene in intervertebral disc degeneration patients and controls.

Patients No. (%) Controls No. (%) P OR (95% CI)

rs6422747
Allele A 142 (51.45) 170 (62.50) – –

G 134 (48.55) 102 (37.50) .01 1.261 (1.055–1.506)
Genotype AA 31 (22.46) 48 (35.29) – –

AG 80 (57.97) 74 (54.41) .07 1.264 (.993–1.610)
GG 27 (19.57) 14 (10.30) .01 1.779 (1.123–2.820)
AG+GG 107 (77.54) 88 (64.71) .02 1.346 (1.064–1.704)

rs6422748
Allele C 142 (51.45) 169 (62.13) – –

G 134 (48.55) 103 (37.87) .01 1.250 (1.047–1.493)
Genotype CC 32 (23.19) 48 (35.29) – –

CG 78 (56.52) 73 (53.68) .09 1.241 (.973–1.583)
GG 28 (20.29) 15 (11.03) .01 1.720 (1.101–2.686)
CG+GG 106 (76.81) 88 (64.71) .03 1.323 (1.044–1.675)

CI= confidence interval, No=number, OR= odds ratio.
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4. Discussion
Over 80% of all people will experience lower back pain in their
lifetime.[2–4] About 5% of people will suffer from IDD with
sciatica as the main manifestation.[10] Genetic factors play an
important role in the progression of IDD. Some research studies
have investigated genes with SNPs associated with IDD and their
proteins. The genes with SNPs and their proteins cover a variety
of protein system, including structural protein (collagens,
aggrecan, etc.),[11–13] structural support protein (carbohydrate
sulfotransferase, vitamin D receptor),[14,15] cytokines (Interleu-
kin-1a, Interleukin-6),[16] extracellular matrix-degrading
enzymes (matrix metalloproteinases),[17,18] apoptotic factors
(TNF [tumor necrosis factor-related apoptosis-inducing ligand,
death receptor 4, caspase-9],[19,20] growth factors [growth
differentiation factor 5],[19] and pain mediators [cyclooxygenase
2, catechol-O-methyltransferase]).[12,21] Understanding of genet-
ic polymorphisms associated with IDD can provide patients with
personalized and targeted therapeutics.
THBS2 belongs to the thrombospondin family. It is a disulfide-

linked homotrimeric glycoprotein that mediates cell-to-cell and
cell-to-matrix interactions.[6,7] Protein encoded by THBS2 gene
has been shown to function as a potent inhibitor of angiogenesis. It
can suppress the proliferation andmigration of endothelial cell and
inhibit the activity of many pro-angiogenic factors.[22] THBS2
regulated the expression of MMP-2 and MMP-9, which played
important roles in IDD.[23] It has been reported that 2
polymorphisms of THBS2 were associated with degrees of
Table 2

Association between rs6422747, rs6422748 polymorphisms and level

Total number of degenerative disc

1 2 ≥3 P

rs6422747
AA 12 13 6
AG 42 16 22 .18
GG 15 7 5

rs6422748
CC 13 13 6
CG 41 16 21 .29
GG 15 7 6

∗
The level of intervertebral disc degeneration was assessed by evaluation standard of Schneiderman et al

marked loss, diffuse loss of signal; Level 3, absent signal.
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Kellgren–Lawrence classification. The polymorphism of CD36
which was thrombospondin receptor was related to osteophyte
and height of intervertebral disc.[24] All these studies indicated that
THBS2 might play important roles in the progression of IDD.
In our study we found that 2 SNPs, rs6422747 and rs6422748,

in the intron region of THBS2 gene were associated with
susceptibility of IDD but not severity of IDD, including the total
number of degenerative disc and level of IDD. It is worth
mentioning that in our study we chose evaluation standard of
Schneiderman et al[9] rather than Pfirrmann classification[25] or
modified one.[26] Pfirrmann classification could apply well to
young IDD patients. However, for >80% elder IDD patients it
could not make a distinction between level C and level D.
Modified Pfirrmann classification divided IDD to 8 levels. It was
too complex in the clinical application. So, we chose standard of
Schneiderman to evaluate the severity of IDD. The functions of
rs6422747 and rs6422748 in progression of lumbar spinal
stenosis (LSS) have been studied in the Korean population.[27]

However, it was reported that the 2 SNPs might play a protective
role against LSS development which was inconsistent with our
results. This might be related to some reasons. Firstly, the study
objects of the 2 studies were different. In our study, we chose a
Chinese Han population with IDD while the published paper
researched the Korean population with LSS. Different nationali-
ties and not exactly the same disease could lead to different
results. In addition the numbers of patients in our study and
Korean study were a little small (138 vs 148). More studies with
of intervertebral disc degeneration.

Level of intervertebral disc degeneration
∗

1 2 3 P

18 7 6
47 13 20 .94
16 5 6

19 7 6
45 13 20 .93
17 5 6

[9]: Level 1, intermediate loss, speckled pattern, or heterogeneous decreased signal intensity; Level 2,



[11] Toktas ZO, Eksi MS, Yilmaz B, et al. Association of collagen I, IX and
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larger sample size or meta-analysis need to be perfected to make
sure the functions of the 2 SNPs.
rs6422747 and rs6422748 both located in the intron region of

THBS2gene.The intronsused tobe regardedasnonsense segments
and did not participate in encoding the protein. However,
Mattick[28] indicated that introns could function as transposable
elements and nuclear introns derived from self-splicing group II
introns which then evolved in partnership with the spliceosome.
The introns maybe were the exons for other specified genes. As a
result, the mutations in the introns might have an effect on the
mRNA splicing and processing and contribute to the expression of
the genes as well as the function of the protein. Our study showed
that the 2 SNPs in the intron region of THBS2 gene might be
associated with IDD, which might provide some clues for
researches of intron functions in THBS2 gene.
In summary we found that 2 SNPs (rs6422747 and rs6422748)

in the THBS2 gene were associated with susceptibility of IDD but
not severity of IDD in a Chinese Han population. Our results
indicated that THBS2 gene polymorphisms might be the risk
factors for IDD. More studies with larger sample size need to be
perfected to make sure the functions of THBS2 gene polymor-
phisms in IDD development.
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