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Abstract: Background: To explore the association of COL2A and Aggrecan polymorphisms and the susceptibility
of intervertebral disc degeneration (IVDD). Methods: IVDD patients (n = 354) in Spinal Surgery department of our
hospital between June 2010 and June 2013 were allocated to the case group. Healthy people (n = 310) were allocated to the control group. The distribution frequency of COL2A and Aggrecan were detected by using PCR-RFLP.
Haplotype analysis and spearman rank correlation analysis were conducted. Results: Statistical significance was
found in COL2A (rs2276454) between case group and control group (both P < 0.05), while no statistical significance
was found in rs2070739 (both P > 0.05); subgroup analysis on rs2070739 demonstrated the statistical significance
between the male patients and controls (both P < 0.05). Statistical significance was found in VNTR between the
two groups (all P < 0.05). The frequency of TTL was significantly lower in case group than in control group; the frequency of CTS, CCS was significantly higher in case group than in control group (all P < 0.05). COL2A (rs2276454)
was correlated with Schneiderman level, the number of degenerative segments, herniation type and the number of
herniated segments (all P < 0.05); rs2070739 was only correlated with Schneiderman level (P < 0.05); Aggrecan
polymorphism (VNTR) was associated with Schneiderman level, the number of degenerative segments and the
number of herniated segments (all P < 0.05). Conclusion: The COL2A and Aggrecan polymorphisms were associated with the susceptibility of IVDD; TTL, CTS and CCS might be the risk factors of IVDD.
Keywords: Intervertebral disc degeneration, COL2A1, aggrecan, polymorphism, haplotype analysis, correlation
analysis

Introduction
Clinical low back pain which was reported associated with intervertebral disc degeneration
(IVDD) which was considered as a chronic common symptom suffered by 70%-90% of the
population [1, 2]. IVDD involves a series of morphological and biochemical changes, leading to
spinal instability, the compression on spinal
cord and nerves [3]. IVDD remains the pathological foundation of most musculoskeletal diseases of the spine, including disc herniation,
spinal stenosis, radiculopathy and myelopathy
[4]. It was believed the IVDD was related with
environmental factors such as age, occupation,
and trauma. As previous studies showed, apart
from environmental factors, the genetic factors
could also influence the development of IVDD
[5, 6]. By now, the genes reported relevant to

IVDD included the genes related to collagen
metabolism, inflammatory factor, bone metabolism and extracellular matrix [7-9].
Type II collagen (Col2), encoded by the COL2A1
gene on human chromosome 12, it is the most
abundant extracellular protein produced cartilage-specific collagens [10]. COL2A1 was a specific proliferation gene of collagen type II which
plays a critical part in the constitution of articular cartilages and was the major matrix maintaining the function of spine and joints. In
recent years, the effect of COL2A1 expression
in the development of IVDD was concerned of
increasing value [11, 12]. Aggrecan, a protein
encoded by gene Aggrecan, is of critical importance in skeletal development, as a key molecular component of the cartilage templates in the
process of endochondral ossification [13].
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Figure 1. The comparison of MRI imaging between case group and control group. (A. Case group; B. Control group;
MRI, magnetic resonance imaging).

Preceding gene sequence analysis on Aggrecan
demonstrated repetitive sequences in a mode
of serine amino-glycine bonding existed in
repeating region CSI, which make it easier to
produce Aggrecan polymeride, influencing the
construction and function of cartilage tissue
[14]. So far, some studies have reported that
variable number of tandem repeats (VNTR)
allele polymorphism may be associated with
IVDD [15, 16]. Currently, few study investigated
the associations of COL2A and Aggrecan polymorphisms and IVDD. In our study, we used
polymerase chain reaction restriction fragment
length polymorphism (PCR-RFLP) to detect the
polymorphic locus to explore the association
between the polymorphisms of COL2A1 and
Aggrecan and the susceptibility of IVDD.
Materials and methods
Ethical statement
This study was approved by the Ethics committee of Rizhao People’s Hospital. Study protocols were based on the ethical principles for
medical research involving human subjects of
the Helsinki Declaration. All participants provided written informed consent before participating in the research.
Participants
IVDD patients (n = 354) in Department of
Orthopedics, Rizhao People’s Hospital between
June 2010 and June 2013 were allocated to
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the case group, including 281 males and 73
females (age range, 23-72; average age 51.11
± 13.04; average body mass index (BMI) 23.08
± 2.8 kg.m2). Healthy people (n = 310) who
received physical examination in our hospital
during the same period were allocated to the
control group, including 248 males and 62
females, aging from 25-70; the average age
was 48.56 ± 12.99 and the average BMI was
22.9 ± 3.1 kg.m2. The age, gender, height and
weight of both the groups were recorded.
Inclusion criteria of case group: (1) Chinese
Han people whose magnetic resonance imaging (MRI) presented lumbar IVDD or lumbar disc
herniation (LDH) and were diagnosed with IVDD
by clinical findings and examinations. (2) No
neck shoulder pain or lumbocrural pain were
reported before being diagnosed. (3) No diabetes, hypertension or other hereditary disease.
Exclusion criteria: patients with obesity, smoking, heavy work intensity and have the medical
history of spine trauma, rheumatism, rheumatoid arthritis, ankylosing spondylitis, metabolic
bone disease, unequal limb length, tumor,
spine infection or the spine deformity diagnosed in youth time. Inclusion criteria of control
group: (1) Chinese Han people whose age and
gender were matched with the patients in case
group. (2) Mild or moderate work intensity. (3)
No medical history of discogenic pain. Exclusion
criteria: patients who were diagnosed or suspected with severe organic disease, endocrine
disease, liver and renal disease, immune disInt J Clin Exp Med 2016;9(2):3885-3892
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fuged (10000 r/min), the
supernate was discarded
Gene
Sequence
and isometric phenol-chloCOL2A1 rs2070739
Forward
5’-CCAGTGTACGTGAACCTGCTA-3’
roform (1:1) was added,
Reverse
5’-ACCTACCACTGCAAGAACAG-3’
chloroform extraction was
COL2A1 rs2276454
Forward
5’-CTCCAGGTCTTCAGGGAAT-3’
conducted. Then 2 ml isoReverse
5’-TGAGAGGCTGTAACCTCAGT-3’
propanol was added, precipitated and centrifuged
Aggrecan VNTR
Forward
5’-TAGAGGGCTCTGCCTCTGGAGTTG-3’
(12000 r/min), the superReverse
5’-AGGTCCCCTACCGCAGAGGTAGAA-3’
nate was discarded. 75%
Note: VNTR, variable number of tandem repeats.
ethanol was used for washing. The sample was dried
ease and spinal or extraspinal deformity diagand dissolved by 40 μL dnase-free waster. The
nosed in youth time.
concentration and purity of DNA was detected
by ultraviolet spectrophotometer. The remainRadiographic assessment
ing sample was preserved in -30°C.
Table 1. Primer sequences of COL2A1 and Aggrecan

All of the patients in case group were received
sagittal and axial lumbar MRI (1.5 T magnetic
resonance imaging system, Siemens, German).
The slice thickness was 5 mm. TR and TE value
were set at 2500 ms and 9 ms respectively and
T2 weighted image was selected. The signal of
the nuclear of each lumbar IVD was assessed
by spine surgeons to make the diagnosis of
LDH and the axial image was referenced (Figure
1). By the assessment of MRI, no one in control
group was found with IVDD or LDH and according to the Schneiderman standard [17], there
were 205 patients in the case group diagnosed
with IVDD level 2, 121 patients diagnosed with
IVDD level 3 and 28 patients diagnosed with
level 4 or beyond; There were 134 patients having 1 segment degenerated, 149 patients having 2 segments degenerated and 71 patients
having 3 segments degenerated or more.
According to the MacNab criteria [18], there
were 13 protrusion type, 28 extrusion type and
9 sequestration type LDH patients and there
were 152 patients having 1 segment herniated,
146 patients having 2 segments herniated and
57 patients having 3 segments herniated or
more.
Sample collection
Peripheral venous blood (2 ml) was collected in
the morning after the participants fasting
10-12 h, and then added into the anticoagulated vacuum tube with content of sodium citrate,
preserved in -80°C. When then experiment
started, sample was taken out and unfroze,
then 300 μL of the sample was taken and incubated in 37°C water bath after adding in 800
μL cell lysis buffer. Next, TRIS saturated phenol
was added and the sample mixture was centri-
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Primer design for COL2A and Aggrecan and
PCR-RFLP detection
COL2A and Aggrecan single nucleotide polymorphisms (SNP) was detected by PCR-RFLP.
Primer Premier 5.0 was used for the designing
and verifying the PCR primer according to each
locus of COL2A and Aggrecan. The primer was
synthesized by Shanghai Sangon biotech co.,
Ltd. The primer sequence and PCR reaction
conditions were presented in Table 1. The
COL2A1 PCR reaction mix was composed by:
4.0 μL template DNA, 14 μL 2 × Mix PCR buffer,
1.5 μL forward and reverse primers for each.
PCR conditions: Initial denaturation at 95°C/5
min and 35 cycles under the following conditions: Denaturation at 94°C/45 s, annealing at
60°C/45 s and extension at 72°C/1 min.
Aggrecan reaction mix was composed by: 9 μL
ultrapure water, 10 × M PCR buffer 2 μL, 1 μL
forward and reverse primers for each. 12 μL
Premix Taq enzyme (Takara biotech Co., Ltd,
Japan; The solution was composed by 0.2 μL
Taq DNA polymerase, 3 mmol/L Mg2+ and dNTP
substrate 2 μL) PCR conditions: Initial denaturation at 95°C/5 min and 35 cycles under the
following conditions: Denaturation at 94°C/30
s, annealing at 72°C/30 s and extension at
72°C/7 min. The digested products were run
on 15 g/L agarose gel electrophoresis, visualized by staining with ethidium bromide and
observed and imaged under ultraviolet gel
imaging system. If PvuII restriction site was not
found in COL2A1, the stripe could be observed
near 331 bp. If PvuII exist, the two stripes could
be observed near 211 bp and 120 bp. The
allele of Aggrecan could be determined according to the table presenting the corresponding
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Table 2. The frequency of COL2A1 rs2276454 in case group and control group
Genotype
rs2276454
TT
TC
CC
TC+CC
TT
C
T
rs2070739
TT
TC
CC
TT+TC
CC
T
C
C

Case group (n = 354)

Control group (n = 310)

χ2

P

50 (14.12%)
226 (63.84%)
78 (22.03%)
304 (85.88%)
50 (14.12%)
382 (53.95%)
326 (46.05%)

115 (37.10%)
142 (45.80%)
53 (17.10%)
195 (62.90%)
115 (37.10%)
248 (40.00%)
370 (60.00%)

46.462

<0.001

46.351

<0.001

3.567 (2.446-5.204)

25.741

<0.001

1.755 (1.411-2.183)

108 (30.51%)
176 (49.72%)
70 (19.77%)
284 (80.23%)
70 (19.77%)
392 (55.37%)
316 (44.63%)
316 (44.63%)

109 (35.16%)
148 (47.74%)
53 (17.10%)
257 (82.90%)
53 (17.10%)
366 (59.03%)
254 (40.97%)
254 (40.97%)

1.886

0.393

0.785

0.376

0.837 (0.564-1.242)

1.812

0.178

0.861 (0.692-1.071)

OR (95% CI)

Note: OR, odd ratio; CI, confidence interval.

relations between molecular weight and repeating times of VNTR.

Results

The frequency of genotype TC+CC was significantly higher in case group than control group
(P < 0001). The frequency of allele C was significantly higher in case group than control group
(P < 0.001) and the risk for IVDD of allele C carriers were 1.755 times than the risk of allele T
carriers (OR = 1.755; 95% CI = 1.411-2.183).
No statistical significance was found between
case group and control group in the rs2070739
polymorphism including the frequency of genotype TT, TC, or CC, genotype TT+TC or the allele
T (P > 0.393) (Table 2). The subgroup analysis
on rs2070739 polymorphism according to gender difference found statistical significance
between case group and control group in the
frequency of genotype TT, TC, CC (P = 0.029)
and the frequency of genotype TT+TC was significantly higher in case group than control
group (P = 0.008). The frequency of allele T was
significantly higher in case group than control
group (P = 0.041) and the risk for IVDD of allele
C carriers were 0.758 times than the risk of
allele T carriers (OR = 0.758; 95% CI = 0.5810.988) (Table 3).

The frequency distribution of COL2A1 polymorphism

The frequency distribution of Aggrecan polymorphism

Statistical significance was found between
case group and control group in the frequency
of TT, TC, CC which were the three polymorphism of COL2A1, locus rs2276454 (P < 0001).

In present study, 12 different alleles of
Aggrecan VNTR were detected and the segments repeating times ranged from A21 to A32.
The frequency of A27 (25.42%) was found the

Statistical analysis
Statistical analysis was processed on SPSS
19.0 (SPSS Inc, Chicago, IL, USA). Enumeration
data were presented in the form of percentage
or ratio. Chi-square test was used to detect the
difference between gene distributions of each
group and find if the gene distribution accorded with the Hardy-Weinberg equilibrium. Measurement data were presented as mean ± standard deviation (SD). T-test was used to detect
the difference between the two groups. The
risk of each genotype for getting IVDD was presented with odds ratio (OR) or 95% confidence
interval (95% CI). The haplotype analysis of
COL2A1 and Aggrecan was processed on the
software Shesis. Spearman rank correlation
was used for the correlation analysis. P value
less than 0.5 was considered statistically
significant.
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Table 3. The frequency of COL2A1 rs2070739 in subgroup of gender
rs2070739

Women
Case group

Control group

Men
χ2

P

Case group

Control group
65 (34.39%)

χ2

P

OR (95% CI)

TT

23 (31.50%) 44 (36.36%) 2.384 0.304

85 (29.93%)

TC

34 (46.58%) 43 (35.54%)

145 (51.06%) 105 (55.56%)

CC

16 (21.92%)

54 (19.01%)

TT+TC

57 (78.08%)

87 (71.90%)

CC

16 (21.92%)

34 (28.10%)

T

80 (54.79%) 131 (54.13%) 0.016 0.899 315 (55.46%) 235 (62.17%) 4.201 0.041 0.758 (0.581-0.988)

C

66 (45.21%) 111 (45.87%)

34 (28.10%)
0.904

0.34

7.052 0.029

19 (10.05%)

230 (80.99%) 170 (89.95%) 6.982 0.008 0.476 (0.272-0.833)
54 (19.01%)

19 (10.05%)

253 (44.54%) 143 (37.83%)

Note: OR, odd ratio; CI, confidence interval.

Table 4. The frequency of Aggrecan VNTR in case group and control
group
Type
21
22
23
24
25
26
27
28
29
30
31
32

The length of PCR products (bp)
1231
1288
1345
1402
1459
1516
1573
1630
1687
1744
1801
1858

Case group
19 (5.37%)
21 (5.93%)
5 (1.41%)
19 (5.37%)
64 (18.08%)
74 (20.90%)
90 (25.42%)
45 (12.71%)
17 (4.80%)
0 (0.00%)
0 (0.00%)
0 (0.00%)

Control group
20 (6.45%)
7 (2.26%)
6 (1.94%)
7 (2.26%)
48 (15.48%)
47 (15.16%)
82 (26.45%)
65 (20.97%)
17 (5.48%)
5 (1.61%)
3 (0.97%)
3 (0.97%)

Note: VNTR, variable number of tandem repeats; PCR, polymerase chain reaction.

Table 5. The frequency of Aggrecan in case group and control group
Type
S
L

Case group (n = 354)
202 (57.06%)
152 (42.94%)

Control group (n = 310)
135 (43.55%)
175 (56.45%)

Note: S, short sequence (A21-A26); L, long sequence (A26-A30).

highest and the next were A26 (20.90%) and
A28 (12.71%) (Table 4). No statistical significance was found between case group and control group in the allele of Aggrecan VNTR
according to the results of chi-square test (P >
0.05). After regrouping the alleles according to
the VNTR repeating times, we found statistical
significance in short sequenced VNTR alleles
(A21-A26) and long sequenced VNTR alleles
(A27-A32) between case group and control
group (χ2 = 12.29, P = 0.001) (Table 5).
Haplotype analysis
The haplotype frequency distribution of the
COL2A1 locus rs2276454, rs2070739 and
3889

χ2
12.29

P
0.001

Aggrecan VNTR was presented in Table 6. The software Shesis was used for
the haplotype analysis of
different loci on COL2A1
and Aggrecan. The haplotypes whose frequency
were both less than 3%
were neglected. The frequency of haplotype CTS
and CCS was significantly
higher in case group than
control group (χ2 = 9.01
and 10.78; P = 0.003 and P
= 0.001, respectively); No
statistical significance was
found between case group
and control group in the frequency of haplotype TTL,
TTS. TCL, TCS, CTS, CCL
and CCS (all P > 0.05).
Correlation analysis

The correlation analysis on
the risk factors of the loci
of COL2A and Aggrecan
demonstrated that locus rs2276454 of COL2A
polymorphism was positively correlated with
Schneiderman level, the number of degenerative segments, herniation type and the number
of herniated segments (r = 0.193, 0.213,
0.236, 0.174, respectively; all P < 0.05), but not
correlated with age, gender or BMI (all P >
0.05). Locus rs2070739 of COL2A polymorphism was positively correlated with Schneiderman level (r = 0.160, P < 0.05) but not correlated with every other factors (all P > 0.05).
VNTR of Aggrecan polymorphism was positively
correlated with Schneiderman level, the number of degenerative segments and the number
of herniated segments (r = 0.258, 0.179,
Int J Clin Exp Med 2016;9(2):3885-3892
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Table 6. The haplotype analysis on COL2A1 and Aggrecan in case group and control group
COL2A1
rs2276454
T
T
T
T
C
C
C
C

Haplotype
COL2A1
rs2070739
T
T
C
C
T
T
C
C

Aggrecan
VNTR
L
S
L
S
L
S
L
S

Case group
(n = 354)

Control group
(n = 310)

χ2

P

OR (95% CI)

39 (11.02%)
51 (14.41%)
31 (8.76%)
42 (11.86%)
45 (12.71%)
60 (16.95%)
37 (10.45%)
49 (13.84%)

62 (20.00%)
48 (15.48%)
43 (13.87%)
33 (10.65%)
41 (13.23%)
32 (10.32%)
29 (9.35%)
22 (7.10%)

5.209
0.151
4.365
0.245
0.039
6.08
0.222
7.874

0.023
0.698
0.037
0.621
0.844
0.014
0.637
0.005

0.568 (0.347-0.927)
0.919 (0.803-2.705)
0.596 (0.365-0.972)
1.130 (0.697-1.833)
0.956 (0.607-1.504)
1.773 (1.120-2.807)
1.131 (0.678-1.887)
2.103 (1.240-3.567)

Note: VNTR, variable number of tandem repeats; short sequence (A21-A26); L, long sequence (A26-A30); OR, odd ratio; CI,
confidence interval.

evidence indicates that
heredity was taken as the
COL2A1
COL2A1
Aggrecan
main cause of IVDD with
rs2276454 rs2070739
VNTR
the combination of environAge
0.127*
0.121*
0.054
mental conditions [20]. By
Gender
-0.005
0.062
0.046
researching the mechaBMI
0.105*
0.104
0.014
nism of genetic polymorSchneiderman level
0.154*
0.122*
0.153*
phism, genetic biotherapy
Number of degenerative segments
0.108*
0.081
0.137*
methods could be developed basing on the interHerniation type
0.126*
0.150*
0.139*
vention of gene expression
Number of herniated segments
0.165*
0.150*
0.109*
regulation. Consequently,
Note: VNTR, variable number of tandem repeats; BMI, body mass index; *means P <
the pathologic progress of
0.05.
IVD could be reversed or
corrected and the IVDD
0.109, respectively; all P < 0.05), but not corcould be cured [21]. The aim of our study is to
related with age, gender, BMI or herniation type
discuss the correlation between the polymor(all P > 0.05) (Table 7).
phism of COL2A1 and Aggrecan and the susceptibility of IVDD by our analysis on the experiLogistic regression analysis of the risk factors
mental data. Our study results suggested that
of IVDD
COL2A and Aggrecan polymorphisms were
associated with the susceptibility of IVDD; TTL,
The onset of IVDD was taken as dependent
CTS and CCS might be the risk factors of IVDD.
variable and age, BMI, locus rs2276454 and
Table 7. The correlation analysis on COL2A1 and Aggrecan

rs2070739 of COL2A1, Aggrecan VNTR as
independent variables. As the logistic regression analysis presented, correlation could be
found between IVDD and BMI, locus rs2276454,
locus rs2070739 and Aggrecan VNTR (P <
0.001, OR (95% CI) = 0.578 (0.525-0.637); P <
0.001, OR (95% CI) = 8.827 (5.533-14.082); P
< 0.001, OR (95% CI) = 0.358 (0.191-0.669); P
= 0.004, OR (95% CI) = 1.916 (1.234-2.977),
respectively), which were considered as the
independent risk factors of IVDD (Table 8).
Discussion
As a process demonstrating the aging of human
tissues, IVDD is regarded as the foundation
and basis for the research of LDH [19]. Current
3890

COL2A1 is a gene contributes to the regulation
of the synthesis of type II collagen [22]. The
declination of COL2A1 expression would imbalance the stability between type II collagen and
proteoglycan, loosening the inner collagen
fibers of vertebral pulp which results in
destroyed biodynamic of vertebral pulp and
finally causing IVDD [23]. The length of COL2A1
is 31538 bp, including 54 exons, encoding the
N terminal region of type II collagen, the core
region of the DNA triplex structure and the C
terminal region. The intron of COL2A1 is 4105
bp in length, including two polymorphic loci,
regulating the transcription of COL2A1 [24]. In
present study, we respectively allocated 354
IVDD patients and 310 healthy people into
Int J Clin Exp Med 2016;9(2):3885-3892
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Aggrecan might be associated with IVDD. As the hapRegression coefficient
P
OR
95% CI
lotype analysis of our study
Age
0.172
0.012
0.995-0.030
presented, The frequency
BMI
0.001
0.578
0.525-0.637
of TTL was significantly
COL2A1 rs2276454
0.001
8.827
5.533-14.082
lower in case group than
control group and the freCOL2A1 rs2070739
0.001
0.358
0.191-0.669
quency of CTS, CCS was
Aggrecan VNTR (L/S)
0.004
1.916
1.234-2.977
significantly higher in case
Note: IVDD, intervertebral disc degeneration; BMI, body mass index; OR, odd ratio; CI,
group than control group,
confidence interval; VNTR, variable number of tandem repeats.
manifesting the association between TTL, CTS, CCS
case group and control group and two different
and IVDD. The further analysis on genetic locus
polymorphic loci were located and studied. The
and regression analysis demonstrated the posresult demonstrated genotype TC+CC of
itive correlation between the VNTR polymorCOL2A1 rs2276454 was higher in case group
phism of Aggrecan and some evaluation index
than control group, inferring the polymorphism
of IVDD, including the Schneider man level,
might be associated with IVDD. Besides, the
number of degenerative segments, herniation
analysis on the polymorphism of rs2070739
type and the number of herniated segments.
indicted the frequency of genotype TT+TC in
The result of our study indicated the associamale participants was higher in case group
tion between the polymorphisms of COL2A1
than control group, inferring rs2070739 might
and Aggrecan and the susceptibility of IVDD.
be associated with IVDD in male populations.
Haplotype TTL, CTS and CCS might be the risk
Furthermore, we proved our deduction by using
factors of IVDD. However, the mechanism of
Spearman rank correlation and regression
the process in which COL2A1 and Aggrecan
analysis. As the results presented, rs2276454
contribute to IVDD still remains to discover.
and rs2070739 of COL2A1 were both related
predisposing factor of IVDD. Rs2276454 was
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