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Abstract. – OBJECTIVE: The present study
aimed to determine whether the -735 C/T polymor-
phism of the Matrix Metalloproteinase 2 (MMP2)
gene is associated with the risk and severity of
lumbar disc degeneration (LDD) in the Chinese
Han population.

PATIENTS AND METHODS: A total of 1008 pa-
tients with LDD and 906 healthy controls were en-
rolled in this study. The grade of disc degeneration
was determined according to Schneiderman’s clas-
sification for Magnetic Resonance Imaging (MRI).
The -735 C/T polymorphism of MMP2 was geno-
typed using polymerase chain reaction and the re-
striction fragment length polymorphismmethod.

RESULTS: The genotype frequency of the -735
C/T polymorphism was in agreement with the
Hardy-Weinberg equilibrium (p = 0.087). The fre-
quencies of the -735CT and TT genotypes were
significantly lower among LDD patients com-
pared with normal controls (p < 0.001); CT and
TT genotype were significantly associated with a
decreased risk of LDD compared with the CC
genotype (for TT genotype, p = 0.031; OR 0.413;
95% CI 0.184-0.924; for CT genotype, p < 0.001,
OR 0.645, 95% CI 0.506-0.822). Patients with LDD
showed significantly higher frequencies of the C
allele than normal controls (p < 0.001), T allele
was significantly associated with a decreased
risk of LDD compared with the C allele (p <
0.001; OR 0.631; 95% CI 0.508-0.783). In addition,
the -735TT and CT genotypes, as well as the T
allele were associated with lower degenerative
grades of LDD compared with CC genotype and
the C allele, respectively (both p < 0.001).

CONCLUSIONS: The -735 C/T polymorphism
of MMP2 may be associated with the risk and
severity of LDD in the Chinese Han population.
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Introduction

Lumbar disc degeneration (LDD) is the major
cause of low back pain (LBP). LBP is a major
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cause of disability and it substantially contributes
to healthcare cost1,2. The etiology and pathogene-
sis of LDD is still unclear. Various environmen-
tal risk factors, such as age, gender, occupation
(lifting heavy loads), cigarette smoking, height,
weight, and exposure to vehicular vibration are
considered to be involved in the mechanism of
LDD3. In addition, genetic factors may play an
important role in the development of LDD. Poly-
morphisms in a number of genes, such as aggre-
can4,5, interleukin 16, vitamin D receptor7, and
matrix metalloproteinase8,9, are reported to be as-
sociated with an increased risk of LDD.
The development of disc degeneration is a com-

plex, multistage process in which the degradation
of the disc matrix is one of the key steps. The
groups of matrix degrading enzyme, the matrix
metalloproteinases (MMPs), are assumed to play a
critical role in the excessive breakdown of the ex-
tracellular matrix (ECM) during disc degeneration.
MMP-2 (gelatinase A), an important member of
the MMP family, is of particular importance to in-
tervertebral discs homeostasis. Increased expres-
sion and activity of MMP-2 has been documented
in disc tissue with degenerative lesions10.
Recently, a functional single nucleotide poly-

morphism (SNP) in the promoter region of
MMP-2 was reported to influence gene transcrip-
tion and expression. The C→T transition at -735
disrupts Sp1-binding site and results in decreased
transcriptional activity, whereas the presence of
the Sp1 promoter site in the -735C allele may en-
hance transcription11,12. Therefore, MMP-2 pro-
tein expression would be higher in individuals
who carry the CC genotype than those who carry
the TT or CT genotype.
MMP-2 is known to be potentially related to

the pathophysiology of LDD, and its genetic
polymorphism is thought to influence the expres-
sion and activity of this enzyme. The objective of
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Madison, WI, USA): 5 U/µl and an appropriate vol-
ume of sterile water. The parameter for amplifica-
tion of the MMP-2 gene was pre-denatured at 95°C
for 5 min followed by 35 cycles of 94°C for 45 s,
62°C for 45 s and 72°C for 1 min and a final exten-
sion of 72°C for 10 min. PCR was performed with
a ABI 2720 PCR instrument. PCR products were
purified (Agarose Gel DNA Fragment Recovery
Kit; Takara, Osaka, Japan) and digested with the
Hinf I restriction enzyme (Ferments, Glen Burnie,
MD, USA) for 16 h at 37°C. The digested products
were electrophoresed in 2% agarose gel. Parts of
samples were for sequencing in order to validate
the result of PCR-RFLP.
Positive and negative controls were used in

each genotyping assay, and 5% of the samples
were randomly selected and run in duplicates
with 100% concordance. The results were repro-
ducible with no discrepancy in genotyping.

Statistical Analysis
Statistical analyses were performed using SPSS

version 19.0 software (SPSS Inc., Chicago, IL,
USA). The characteristics of LDD patients and
controls were compared with chi square or Stu-
dent’s t test according to the variable types. Chi
square test was performed to assess Hardy-Wein-
berg equilibrium. Comparison of genotype and al-
lele frequencies between cases and controls was
carried out in terms of the chi square test. The risk
associated with individual alleles and genotypes
was calculated as the Odds Ratio (OR) with 95%
confidence intervals (CI) using unconditional lo-
gistic regression. The severity of disc degenera-
tion of different genotypes among LDD patients
was analyzed using chi square. All statistical tests
were two-sided, and p < 0.05 for the differences
was considered statistically significant.

Results

Baseline Parameters
No significant differences in age and gender

were found between LDD patients and normal
controls. The characteristics of the two groups
are presented in Table I.
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Characteristics Patients with LDD Normal controls p value

Age (years) 50.12 ± 8.65 49.54 ± 8.35 0.504
Gender (male/female) 652/356 555/351 0.469

Table I. The characteristics between patients with LDD and normal controls.

this study was, therefore, to investigate the possi-
ble association of MMP-2 gene -736C/T poly-
morphism with the occurrence and the clinical
characteristics of LDD.

Patients and Methods

Patients
A total of 1008 patients with LDD were enrolled

in this study. The cases were all symptomatic pa-
tients with surgically- or radiologically-proven
LDD. Patients with synovial cysts, spondylolisthe-
sis, spinal tumor, spondylosis, trauma and inflam-
matory disease were excluded. The grade of disc
degeneration was determined according to Schnei-
derman’s classification for Magnetic Resonance
Imaging (MRI)13. The control sample consisted of
906 healthy check-up examinees who matched to
the cases by age and gender. They had no history
of back problems and had negative MRI findings.
Individuals with familial relation to any of the cas-
es and a history of seeking medical attention for
back pain or sciatica were excluded. All the sub-
jects were unrelated Han Chinese.
This study was approved by the Ethics Com-

mittee of Peking Union Hospital, and informed
consent was obtained from all participants.

Genotyping
Genomic DNA from all the subjects was extract-

ed from peripheral blood leukocytes using a DNA
isolation kit following the manufacturer’s instruc-
tions (Invitrogen, Carlsbad, CA, USA). The -735
C/T polymorphism of the MMP2 gene was deter-
mined by polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) meth-
ods. The specific primer for detecting C(-735)T
polymorphism in the MMP-2 gene was 5’-
ATAGGGTAAACCTCCCCACATT-3’ (forward)
and 5’-GGTAAAATGACCCTGAGACCTG-3’
(reverse), synthesized by Invitrogen (subgroup in
Shanghai, China). PCR was performed in a 25 µl
volume containing 0.1 µg of DNA, 2.5 µl of 10 ×
buffer, 1 µl of 25 mM MgCl2, 0.5 µl of 10 mM
dNTP, 0.5 µl of 20 µM primers (forward and re-
verse), 0.5 µl Taq DNA polymerase (Promega,
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LDD group Control group

Genotype n % n % p* OR (95% CI) p#

CC 860 85.3 710 78.4 < 0.001 1.00 (reference)
CT 139 13.8 178 19.7 0.645 (0.506-0.822) < 0.001
TT 9 0.9 18 2 0.413 (0.184-0.924) 0.031
C 1859 92.2 1598 88.2 < 0.001 1.00 (reference)
T 157 7.8 214 11.8 0.631 (0.508-0.783) < 0.001

Table II. The genotype and allele distributions of -735 C/T polymorphism in the LDD and control groups.

Note: *p value was calculated by Chi test among all the different genotypes; #p value was calculated by unconditional logistic re-
gression.

Genotype n Grade 2 Grade 3 Grade 4 p value

CC 860 129 (15.0%) 216 (25.1%) 515 (59.9%) < 0.001
CT 139 38 (27.3%) 36 (25.9%) 32 (46.8%)
TT 9 7 (77.8%) 1 (11.1%) 1 (11.1%)
C 1859 286 (15.4%) 467 (25.1%) 1106 (59.5%) < 0.001
T 157 59 (37.6%) 36 (22.9%) 62 (39.5%)

Table III. The association of different genotypes and alleles of -735 C/T polymorphism with the severity of LDD.

The Association Between -735 C/T
Polymorphism of the MMP2 Gene and
the Risk of LDD
The genotype and allele distributions of the -

735 C/T polymorphism of the MMP2 gene in the
LDD and control groups are shown in Table II.
The genotype distribution of the -735 C/T poly-
morphism in controls was in with the Hardy-
Weinberg equilibrium (p = 0.087). There were
significantly lower frequencies of the -735CT
and TT genotypes in patients with LDD com-
pared with normal controls (p < 0.001). Patients
with LDD showed a significantly lower frequen-
cy of the T allele than normal controls (p <
0.001). Unconditional logistic regression analysis
revealed that the T allele was significantly asso-
ciated with the decreased risk of LDD compared
with the C allele (p < 0.001; OR 0.631; 95% CI
0.508-0.783), and CT and TT genotype were sig-
nificantly associated with a decreased risk of
LDD compared with the CC genotype (for TT
genotype, p = 0.031; OR 0.413; 95%CI 0.184-
0.924; for CT genotype, p < 0.001, OR 0.645,
95% CI 0.506-0.822).

The Association of -735 C/T
Polymorphism with the Severity of LDD
The association between the genotype and al-

lele distribution of the -735 C/T polymorphism
and the severity of LDD are displayed in Table
III. LDD patients with the -735CT and TT geno-

types, as well as the T allele showed significantly
lower grades of disc degeneration compared with
those with the -735CC genotypes and the C al-
lele, respectively (both p < 0.001).

Discussion

The exact mechanism of LDD is still un-
known. Recent studies have focused on the role
of genetic factors in the etiology of LDD, and epi-
demiologic studies suggest that heredity is the
largest single determinant of disc degeneration14.
Biochemical mediators of tissue degradation, espe-
cially MMPs, have been identified as significant
factors15,16. Previous studies demonstrate that
MMP family plays important roles in the patholo-
gy of LDD. Our study has shown that the MMP-2
promoter genotype was associated with LDD de-
generation in the big population of Han Chinese.
The frequency of the MMP-2 -735CC genotype
was significantly higher in patients with LDD than
in the healthy population. Subjects with the CC
genotype had a nearly 2.5 folds increased risk for
LDD compared to TT genotype. In addition, this
genotype was found to correlate with more severe
grades of disc degeneration observed on MRI.
Biochemically, disc degeneration is character-

ized by enhanced breakdown of the matrix. The
main components of disc ECM, collagens and
proteoglycans, are degraded by a specific class of



proteolytic enzymes known as the MMPs. Sever-
al lines of evidence show that MMPs play a piv-
otal role in regulation of intervertebral disc home-
ostasis. Among the MMP family members,
MMP-2 is of particular importance due to its
broad spectrum of proteolytic activity toward
ECM components including gelatin, proteogly-
cans, fibronectin, elastin and laminin et al17.
MMP-2 was expressed in cultured disc tissue at
both cervical and lumbar levels18-20. The presence
of MMP-2 within normal and degenerative nucle-
us pulposus and annulus fibrosus cells was also
demonstrated in several immunohistochemical
studies21-23. Enhanced expression of MMP-2 has
been found in aging and degenerative discs21,24,
and MMP-2 production appears to increase when
disc cells are exposed to abnormal physical
stresses25,26. Furthermore, in situ zymography
confirmed that gelatinolytic activity was localized
in area close to tissue clefts where MMP-2 was
expressed at elevated levels10. In addition, Kozaci
et al27 reported that Pro-MMP-2 levels were high-
er at early stages of the degenerative disc disease,
which were negatively correlated with the colla-
gen content in herniated disc material.
Although the activity of MMP-2 is known to

be regulated by posttranscriptional mechanisms,
inclusion of the activation of proenzyme and in-
hibition of tissue inhibitor of metalloproteinases
(TIMPs) and transcriptional regulation also play
a major role. Recently, Price et al28 reported a
functional SNP of the MMP-2 gene. The -
735C→T transition in the promoter region of
MMP-2 disrupts an Sp1-binding site (CCACC
box), leading to a strikingly lower promoter ac-
tivity with the T allele. In contrast, the presence
of the Sp1 promoter site in the MMP-2 -735C al-
lele may enhance transcription. Therefore,
MMP-2 protein expression would be higher in
individuals who carry the CC genotype than
those who carry the TT or CT genotype. This
polymorphism has been associated with a variety
of diseases, including rheumatoid arthritis29.
How the functional polymorphism of the MMP-

2 gene contributes to the clinical syndrome is un-
clear, but numerous studies have shown that
MMP-2 is crucially involved in the pathophysiolo-
gy of LDD30-32. As mentioned above, MMP-2 was
expressed commonly in intervertebral disc tissue,
and its expression and activity was up-regulated as
disc degeneration progressed. Increased expression
of MMP-2 may contribute to the formation of tis-
sue clefts and the resorption of disc material, lead-
ing to accelerated disc degeneration. In addition,

MMP-2 has been shown to interact with and acti-
vate other MMPs and cytokines. Therefore, we hy-
pothesize that individuals carrying the -735CC
genotype might have higher MMP-2 levels, which
may predispose to the development of LDD with
high possibility. The studied polymorphism might
not be the direct cause of LDD, but could instead
be a genetic marker that is in linkage disequilibri-
um with a true disease predisposing locus nearby.
There are also some criticisms in the present study,
one of them is because all the subjects are Chinese
individuals, the results should be interpreted with
caution and need to be confirmed in larger and eth-
nically divergent population samples.

Conclusions

We found that MMP-2 -735C/T polymor-
phism may be a genetic risk factor associated
with the susceptibility to LDD in Han Chinese
individuals. The relation between the mutation of
this gene and LDD warrants further investiga-
tion.
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