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Introduction

Intervertebral disc degeneration (IDD) refers to the 
premature hypofunction of intervertebral disc due 
to a variety of factors and the decline in functional 
cells in intervertebral disc, whose clinical manifesta-
tions are spinal instability, protrusion of intervertebral 
disc, spinal stenosis, etc1. An epidemiological sur-
vey showed that 80% of the population suffers from 
pains in waist and legs in different degrees, showing 
a younger trend2. In recent years, the incidence rate 
of lumbar disc degeneration has also been increasing 
year by year, also showing a younger trend. Its clini-
cal symptoms are pains in waist and legs, seriously 
affecting people’s quality of life3. The mechanism of 
lumbar disc degeneration is not fully clear, which in-
volves age, obesity, heredity, smoking and other fac-
tors at present4-6. Changes in inflammatory mediators 
in intervertebral disc and activity of matrix metallo-
proteinases (MMPs) can aggravate the progression 
of intervertebral disc degeneration7,8. In this work, 
the expression levels of matrix metalloproteinase-9 
(MMP-9) and interleukin-1α (IL-1α) in degenerated 
lumbar disc tissues were observed to investigate the 
relationship between inflammatory cytokines and 
MMPs and lumbar disc degeneration and search new 
targets for the prevention and treatment of lumbar 
disc degeneration, thereby delaying the progression 
of lumbar disc degeneration.

Patients and Methods

Patients
A total of 70 participants were enrolled in 

the present study. 20 patients who received the 
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operative treatment in our Department due to 
lumbar bursting fracture were selected as the 
control (n=20), including 12 males and 8 fema-
les with an average age of 44.26±11.58 years 
old. Another 50 patients who received opera-
tive treatment due to lumbar disc herniation in 
our Department from January 2016 to January 
2017 were selected, including 28 males and 22 
females with an average age of 46.13±10.07 
years old. All patients were diagnosed with 
lumbar disc herniation via magnetic resonance 
imaging (MRI) before operation. All patients 
suffered from significant nerve compression 
symptom, and most were accompanied by low 
back pain. Patients with a history of acute and 
chronic infection or rheum immune systemic 
diseases were excluded. According to the resul-
ts of MRI, patients were divided into protrusion 
group (n=20), extrusion group (n=17) and free 
group (n=13). The degenerated intervertebral 
disc tissues were taken during operation and 
cryopreserved in liquid nitrogen. The normal 
intervertebral disc tissues were taken during 
operation and cryopreserved in liquid nitrogen. 
Inclusion criteria of patients in control group: 
patients with no histories of lumbar disc her-
niation and spinal surgery, and no history of 
spinal diseases and rheumaimmune systemic 
diseases; no lumbar disc herniation was found 
in lumbar Computed Tomography (CT) or MRI, 
and no protrusion of intervertebral disc was 
found in fracture site during operation. There 
were no significant differences in gender and 
age of patients among the four groups (p>0.05). 
The current study was approved by the Ethics 
Committee of General Hospital of the Yangtze 
River Shipping and Wuhan Brain Hospital. All 
patients signed written informed consents.

Experimental Apparatus and Reagents
Dual-energy X-ray bone densitometer 

(DEXA, New York, NY, USA); ultra-micro 
ultraviolet spectrophotometer (Thermo Fisher 
Scientific, Waltham, MA, USA); continuo-
us-wavelength multi-functional microplate 
reader (Tecan, Salzburg, Austria); Real-time 
fluorescence quantitative polymerase chain 
reaction (PCR) instrument (Eppendorf, Ham-
burg, Germany); TRIzol (Invitrogen, Carlsbad, 
CA, USA); reverse transcription kit (Toyobo, 
Osaka, Japan); IL-1α, MMP-9 and glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) 
primers (Sangon, Shanghai, China); SYBR 
Green PCR Master mix (TaKaRa, Otsu, Shiga, 

Japan); IL-1α and MMP-9 ELISA kits (R&D, 
Minneapolis, MN, USA).

Measurement of Bone Mineral Density
Bone mineral densities of all patients were me-

asured before operation.
1) Parameter setting: resolution of 1.0×1.0 

mm, scanning speed of 60 mm/s and scanning 
width of 5.0 cm.; 2) to evaluate the accuracy of 
measurement, 1 patient was randomly selected 
and the bone mineral density was measured for 
5 consecutive times at the same position; 3) the 
coefficient of variation (CV) was used to express 
the accuracy. Specimen collection: lumbar disc 
tissues were separated and removed from all 
patients enrolled and repeatedly washed with 
normal saline immediately to remove the con-
taminated blood. Then tissues were immedia-
tely cryopreserved in liquid nitrogen.

RNA Extraction and Reverse 
Transcription of Lumbar Disc Tissues

Lumbar disc tissues were taken and added with 
appropriate amount of TRIzol (Invitrogen, Carl-
sbad, CA, USA) to extract the total RNA according 
to the instructions of TRIzol (Invitrogen, Carlsbad, 
CA, USA). The RNA concentration was determi-
ned via ultraviolet spectrophotometer, and the con-
centration and purity of RNA met the experimental 
requirements. RNA reverse transcription was per-
formed: 2 μg RNA was taken, degenerated via heat 
at 65°C for 5 min and immediately placed on ice 
for cooling; 4 μL 5×RT Master Mix was added and 
the water treated by diethylpyrocarbonate (DEPC) 
was also added until the total volume reached 20 
μL. Reaction parameters: 37°C for 15 min, 52°C 
for 5 min and 98°C for 5 min.

Detection of mRNA Expression Levels 
of IL-1α and MMP-9 in Lumbar 
Intervertebral disc via Real-time PCR

Primer sequences of IL-1α, MMP-9 and 
GAPDH are shown in Table I. Reaction system: 
2 μL cDNA, 0.5 μL forward primer and 0.5 μL 
reverse primer, 12.5 μL 2×SYBR Green PCR 
Master Mix, pure water, and the total volume of 
25 μL. Then, amplification was performed using 
the Real-time fluorescence quantitative PCR in-
strument. Reaction parameters: 95°C for 30s, 
95°C for 5 s and 60°C for 30 s, a total of 40 cycles. 
The amplification curve and Ct value of each re-
action were read. With GAPDH as the control, the 
expression difference of each gene was compared 
using the relative quantitative 2-∆∆Ct method.
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Detection of Protein Contents in IL-1α 
and MMP-9 in Lumbar Disc Tissues 
Via ELISA

The appropriate number of lumbar disc tis-
sues was taken and added with normal saline for 
homogenate, followed by centrifugation at 3000 
rpm at 4°C for 15 min. The supernatant was iso-
lated for ELISA. After the loading and treatment 
strictly according to the instructions of kit, the op-
tical density (OD) value was measured using the 
continuous-wavelength multi-functional micro-
plate reader and the standard curve was drawn. 
The protein contents in IL-1α and MMP-9 in each 
specimen were calculated.

Statistical Analysis
The experimental results were presented as̀ x 

± s, and Statistical Product and Service Solutions 
(SPSS) 20.0 statistical software (IBM, Armonk, 
NY, USA) was used for statistical analysis. The in-
dependent sample t-test was used for comparison 
between the two groups, and the one-way analysis 

of variance followed by LSD (Least Significant 
Difference) test was used for comparison among 
groups. p<0.05 suggested that the difference was 
statistically significant.

 

Results

Comparison of Bone Mineral Density 
in Each Group

The bone mineral densities of patients in pro-
trusion group, extrusion group and free group 
were significantly decreased compared with that 
in control group, and the difference was statisti-
cally significant (p<0.01); the bone mineral densi-
ty was decreased more significantly in free group 
than that in protrusion group, and the difference 
was statistically significant (p<0.01) (Table II).

Comparison of Bone Morphology 
in Each Group

Compared with those in control group, the static 
bone morphological indexes (BV/TV and Tb.N) of 
patients in protrusion group, extrusion group and 
free group were significantly decreased (p<0.01), 
but the osteoclast index (Oc.No/BV) and trabecu-
lar separation (Tb.Sp) were significantly increased 
(p<0.01). Compared with those in protrusion group, 
the static bone morphological indexes (BV/TV and 
Tb.N) of patients in free group were significantly 
decreased (p<0.01), but the osteoclast index (Oc.No/
BV) and trabecular separation (Tb.Sp) were signifi-
cantly increased (p<0.05 or p<0.01) (Table III).

Table I. Primer sequence.

 Gene  Amplification length Primer sequence 

IL-1α 147bp Forward: 5’- AGATGCCTGAGATACCCAAAACC -3’
  Reverse: 5’- CCAAGCACACCCAGTAGTCT -3’
MMP-9 139bp Forward: 5’- GGGACGCAGACATCGTCATC-3’
  Reverse: 5’- TCGTCATCGTCGAAATGGGC-3’
GAPDH 116bp Forward: 5’- TGTGGGCATCAATGGATTTGG-3’
  Reverse: 5’- ACACCATGTATTCCGGGTCAAT-3’

Table II. Comparison of bone mineral density in each group.

 Group  Case  Bone mineral density 

Control group 20 0.1579±0.010
Protrusion group 20 0.1463±0.009**

Extrusion group 17 0.1418±0.008**

Free group 13 0.1325±0.011**##

Note: Compared with control group, **p<0.01; compared 
with protrusion group, ## p<0.01.

Table III. Comparison of bone morphology in each group.

 Group  Case  BV/TV (%) Tb.N (/mm) Tb.Sp (μm) Oc.No/BV (/mm2) 

Control group 20 22.35±3.26 3.20±0.41 223.57±46.08 9.21±1.15
Protrusion group 20 15.52±3.75** 2.66±0.38** 307.16±53.91** 11.94±1.28**

Extrusion group 17 13.48±4.02** 2.41±0.46** 337.74±58.46** 13.20±1.43**

Free group 13 9.79±3.20**## 1.95±0.40**## 370.08±61.22**# 14.65±1.36**##

Note: Compared with control group, **p<0.01; compared with protrusion group, ##p<0.01.
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Comparisons of mRNA Expression Levels 
in IL-1α and MMP-9 in Each Group

The mRNA expression levels in IL-1α and 
MMP-9 in protrusion group, extrusion group and 
free group were significantly increased compared 
with those in control group (p<0.01); the mRNA 
expression levels in IL-1α and MMP-9 in extru-
sion group and free group were significantly in-
creased compared with those in protrusion group 
(p<0.05 or p<0.01). The mRNA expression levels 
in IL-1α and MMP-9 in free group were signifi-
cantly increased compared with those in extru-
sion group (p<0.01) (Figures 1-2).

Comparisons of Protein Expression 
Levels in IL-1α and MMP-9 in Each Group

The protein expression levels in IL-1α and 
MMP-9 in protrusion group, extrusion group and 
free group were significantly increased compared 
with those in control group (p<0.05 or p<0.01); the 
protein expression levels in IL-1α and MMP-9 in 
extrusion group and free group were significant-
ly increased compared with those in protrusion 
group (p<0.05 or p<0.01). The protein expression 
levels in IL-1α and MMP-9 in free group were si-
gnificantly increased compared with those in ex-
trusion group (p<0.05 or p<0.01) (Figures 3-4).

 Discussion 

The intervertebral disc is the motion segment 
of spine, responsible for the bending and twisting 
of the spine. Human lumbar intervertebral disc 
mainly consists of the outer annulus fibrosis, car-
tilage endplate on upper and lower intervertebral 
surfaces and nucleus pulposus tissue. After adul-
thood, the blood is lost directly in intervertebral 
disc, and the source of nutrition is mainly from 
the permeation of fiber ring and vertebral endpla-
te cartilage. When the bone mineral density is 
reduced, the bone strength is decreased, causing 
tiny fractures in the bone endplate and vertebral 
body, thus destroying the metabolic cycle and nu-
tritional supply of intervertebral disc, which can 
accelerate the disc degeneration9-11. This investi-
gation found that the decreased lumbar vertebral 
bone mineral density is a risk factor of IDD, and 
the vertebral bone density is significantly reduced 
in patients with lumbar disc herniation12. We also 
found that the bone mineral density is significant-
ly reduced in patients with lumbar disc degenera-
tion, which will be decreased more significantly 
with the exacerbation of disease. The levels of a 
variety of cytokines change in IDD development 

Figure 1. Comparison of mRNA expression level in IL-1α 
in each group. The results show that the mRNA expression 
levels in IL-1α in protrusion group, extrusion group and 
free group are significantly increased compared with that 
in control group (p<0.01); the mRNA expression levels in 
IL-1α in extrusion group and free group are significantly in-
creased compared with that in protrusion group (p<0.05 or 
p<0.01). The mRNA expression level in IL-1α in free group 
is significantly increased compared with that in extrusion 
group (p<0.01). **p<0.01, compared with control group; 
##p<0.01, compared with protrusion group; ∆∆p<0.01, com-
pared with extrusion group.

Figure 2. Comparison of mRNA expression level in MMP-
9 in each group. The results show that the mRNA expression 
levels in MMP-9 in protrusion group, extrusion group and free 
group are significantly increased compared with that in con-
trol group (p<0.01); the mRNA expression levels in MMP-9 
in extrusion group and free group are significantly increased 
compared with that in protrusion group (p<0.01). The mRNA 
expression level in MMP-9 in free group is significantly incre-
ased compared with that in extrusion group (p<0.01). ** p<0.01, 
compared with control group; ## p<0.01, compared with protru-
sion group; ∆∆p<0.01, compared with extrusion group.
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process, among which IL family has a close rela-
tionship with IDD13. IL-1α is one of the important 
inflammatory mediators of the human body, which 
is mainly secreted by fibroblasts, monocyte-ma-
crophages, chondrocytes and endothelial cells, 
etc. In the degenerated intervertebral disc, IL-1α 
can degrade the enzyme gene expression through 
promoting the matrix, especially in the degenera-
ted nucleus pulposus-derived cells. At the same 
time, it can reduce the expression of cellular ma-
trix molecular gene in intervertebral disc, finally 
leading to the imbalance of synthesis and degra-
dation of intervertebral disc matrix and causing 
IDD14. Rannou et al15 found that IL-1α exists in 
the intervertebral disc of patients with lumbar di-
sc-derived back pain, and IL-1α can stimulate the 
lumbar disc cells to secrete prostaglandin E2 and 
other inflammatory substances. Moreover, IL-1α 
can enhance the sensitivity of bradykinin and di-
rectly stimulate the nerve root, thus participating 
in IDD-induced nerve root pain16. It was found 
in this study that the mRNA and protein levels 
of IL-1α in patients with lumbar disc degenera-
tion were significantly increased; it is a process 
from lumbar disc herniation, lumbar disc extru-
sion to free lumbar disc with the progression of 
disease, indicating that the inflammatory cytoki-

ne IL-1α is closely related to the occurrence and 
development of lumbar disc degeneration. MMP 
is a class of proteolytic enzyme that contains Ca2+ 
and Zn2+ in the structure, which is an important 
enzyme that regulates the dynamic balance of ex-
tracellular matrix. It is derived from neutrophils, 
macrophages, chondrocytes and osteoclasts, etc., 
and can degrade almost all extracellular matrixes 
other than polysaccharides, playing an important 
role in the degradation and destruction of extra-
cellular matrix17. MMP-9, also known as gelati-
nase B, is the 92KD gelatinase, and its molecu-
lar weight after activation is 82KD. MMP-9 is a 
key enzyme of extracellular matrix metabolism, 
which can not only directly degrade the proteo-
glycan and collagen in extracellular matrix, but 
also cause the “waterfall activation” of MMPs18. 
Sedowofia et al19 first discovered gelatinase, neu-
tral collagenase and elastase in human nucleus 
pulposus and fibrous ring of lumbar intervertebral 
disc, and found that there are significant differen-
ces in the activity of various enzymes in different 
regions of intervertebral disc. In the occurrence 
and development of IDD, the activity of MMPs is 
significantly increased, and extracellular matrix 
of intervertebral disc tissues is destroyed and de-
composed, breaking the balance of extracellular 

Figure 3. Comparison of protein level in IL-1α in each 
group. The results show that the protein levels in IL-1α in 
protrusion group, extrusion group and free group are si-
gnificantly increased compared with that in control group 
(p<0.05 or p<0.01); the protein levels in IL-1α in extrusion 
group and free group are significantly increased compared 
with that in protrusion group (p<0.05 or p<0.01). The pro-
tein level in IL-1α in free group is significantly increased 
compared with that in extrusion group (p<0.01). *p<0.05, 
**p<0.01, compared with control group; #p<0.05, ##p<0.01, 
compared with protrusion group; ∆∆p<0.01, compared with 
extrusion group.

Figure 4. Comparison of protein level in MMP-9 in each 
group. The results show that the protein levels in MMP-9 
in protrusion group, extrusion group and free group are si-
gnificantly increased compared with that in control group 
(p<0.01); the protein levels in MMP-9 in extrusion group 
and free group are significantly increased compared with 
that in protrusion group (p<0.01). The protein level in IL-
1α in free group is significantly increased compared with 
that in extrusion group (p<0.05). **p<0.01, compared with 
control group; ## p<0.01, compared with protrusion group; 
∆p<0.05, ∆∆p<0.01, compared with extrusion group. 
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matrix, causing the loss of elasticity and water of 
nucleus pulposus, decreasing the biomechanics 
of intervertebral disc and promoting the develop-
ment of IDD20,21. A number of studies have shown 
that the severity of intervertebral disc degene-
ration is positively correlated with the MMP-9 
expression22,23. It was found in this paper that the 
mRNA and protein levels in MMP-9 in patients 
with lumbar disc degeneration were significantly 
increased, and it is a process from lumbar disc 
herniation, lumbar disc extrusion to free lumbar 
disc with the progression of disease, indicating 
that MMP-9 is closely related to the occurrence 
and development of lumbar disc degeneration.

 

Conclusions

We showed that with the occurrence and progres-
sion of lumbar disc degeneration, the bone mineral 
density in patients was decreased gradually, and the 
expression levels of inflammatory cytokines, IL-1α 
and MMP-9, were gradually increased, suggesting 
that the degree of lumbar disc degeneration has 
a certain correlation with the level of bone mine-
ral density. With the development and progression 
of lumbar disc degeneration, many inflammatory 
cytokines accumulate in the lumbar disc tissues and 
the inflammatory response occurs. Meanwhile, the 
overexpression of MMP-9 leads to the damage of 
extracellular matrixes, resulting in decline in biome-
chanics of intervertebral disc and a series of clinical 
symptoms. IL-1α and MMP-9 levels can be used as 
indexes to judge the severity of lumbar disc degene-
ration, prognosis and drug efficacy.
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