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Abstract: Intervertebral degenerative disc disease (IDDD) is a common disease in clinic that causes pain and heavy 
financial burden on patients with poor prognosis. However, the pathogenesis of IDDD is not clear. Long non-coding 
RNA (LncRNA) is involved in regulating various body growth and pathological processes by affecting cell proliferation, 
differentiation, and apoptosis. However, the role of lncRNAs in IDDD is rarely reported. This study aims to investigate 
the role and mechanism of lncRNA MALAT1 in the development of IDDD. The nucleus pulposus of the intervertebral 
disc were collected and the primary nucleus pulposus cells were isolated and cultured. The cells were divided into 
three groups, including IDDD group, empty plasmid group transfected by pcDNA3.1, or MALAT1 group transfected 
by pcDNA3.1-MALAT1. MALAT1 expression was detected by real-time PCR. Cell proliferation was assessed by MTT 
assay. Caspase 3 activity was tested by the activity detection kit. IL-1 and IL-6 levels were analyzed by ELISA. The 
expression of MALAT1 in IDDD nucleus pulposus cells was significantly lower than that in control group (P < 0.05). 
The expression of MALAT1 was significantly increased after transfection with pcDNA3.1-MALAT1 plasmid in IDDD 
nucleus pulposus cells, which obviously inhibited cell proliferation, enhanced Caspase 3 activity, and promoted the 
secretion of IL-1 and IL-6 compared with IDDD group (P < 0.05). MALAT1 level decreased in IDDD nucleus pulposus 
cells. Upregulation of MALAT1 expression restrained IDDD through suppressing inflammation; inhibiting nucleus 
pulposus cell apoptosis, and promoting cell proliferation.
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Introduction

Intervertebral disc degeneration disease (IDDD) 
is a common clinical disease. As a common 
bone disease, it can lead to neck and shoulder 
pain which brings severe problem to the global 
health [1, 2]. Chronic low back pain is the most 
common clinical symptom, which can be 
induced by IDDD, lumbar disc herniation, lum-
bar spondylolisthesis, and lumbar spinal steno-
sis. IDDD is the main cause of chronic low back 
pain and has gradually become one of the glob-
al public health problems [3, 4]. The incidence 
of IDDD in China increases year by year and 
exhibits the younger trend [5]. IDDD is induced 
by a variety of physical and chemical factors, as 
well as molecular biology and mechanical fac-
tors. Intervertebral disc cell structure and func-
tion changes, thereby affecting the nucleus 
pulposus cells and destroying the boundaries 

between the fiber ring and nucleus. It further 
causes the loss of water in the nucleus pulpo-
sus cells and decreases the load capacity of 
the intervertebral disc [6, 7]. Following the life-
style changes, movement reduction, aging, 
pace of human life acceleration, and long seat-
ed work, IDDD demonstrates an elevating inci-
dence [8, 9]. IDDD may lead to loss of labor 
capacity and even disability [10]. So far, how-
ever, the pathogenesis of IDDD is unclear. The 
pathogenic factors of IDDD include genetic fac-
tors, aging, nucleus pulposus immunodeficien-
cy reduction, and nucleus pulposus cell death 
[11, 12].

There are a large number of noncoding RNA 
transcripts in eukaryotes. Noncoding tran-
scripts account for the majority in the human 
genome [13], and can be divided into long non-
coding RNA (lncRNA) and small RNA (siRNA, 
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miRNA) according to the length [14]. LncRNA 
refers to transcripts that are more than 200 nt 
in length and are not involved in protein coding. 
They are initially defined as the “noise” of tran-
scripts. However, with the study in-depth, they 
are found to participate in the regulation of 
gene expression at epigenetic, transcriptional, 
and post-transcriptional level [15, 16]. LncRNA 
MALAT1 participates in the occurrence and 
development of tumor and autoimmune diseas-
es [17, 18]. However, there is still lack of reports 
about the role of lncRNAs MALAT1 in IDDD. This 
study intends to explore the role and mecha-
nism of lncRNA MALAT1 in the occurrence of 
IDDD.

Materials and methods

General information

Five IDDD patients received operation in Gansu 
Provincial people’s Hospital between Jun 2015 
and Jun 2016 were enrolled, including 3 males 
and 2 females with mean age at 36.2 ± 3.2 
(35-49) years old. Inclusion criteria: diagnosed 
as IDDD by lumbar nuclear magnetic resonance 
imaging (MRI); degenerative grade 3 according 
to Christian MRI classification criteria; younger 
than 45 years old; underwent removal of nucle-
us pulposus or resection of the intervertebral 
disc. Exclusion criteria [9]: accompanied by 
other lumbar disc lesions, the presence of 
infectious diseases, malignancies, severe dia-
betes, severe liver and kidney disease, pulmo-
nary fibrosis, bone metabolic diseases, system-
ic immune diseases, and malignant tumor 
complications. Another 6 patients with idio-
pathic scoliosis were selected, including 3 
males and 3 females with average age at 36.1 
± 3.3 (28-45) years, excluding IDDD or other 
lumbar disc disease. All the patients and their 
families had signed informed consent. The 
study was approved by the medical ethics com-
mittee in Gansu Provincial people’s Hospital.

Main reagents and instruments

Type II collagenase, Trizol reagent, and IL-10 
were purchased from Sigma (USA). RNA extrac-
tion kit, RT-PCR primer, reverse transcription 
(RT) kit, and real-time PCR reagent were pur-
chased from Axygen (USA). DMEM/F12 medi-
um, fetal bovine serum (FBS), and penicillin-
streptomycin were purchased from Hyclone 
(USA). Dimethyl sulfoxide (DMSO) and MTT pow-

der were purchased from Gibco (USA). Trypsin 
was purchased from Sigma (USA). IL-1 and IL-6 
ELISA kits were purchased from R&D (USA). 
PCR amplification kit and PCR product purifica-
tion kit were purchased from Promega (USA). 
Plasmid extraction kit and restriction enzyme 
were purchased from Roche (USA). Surgical 
microscopes were purchased from Suzhou 
medical equipment factory. Caspase 3 activity 
detection kit was purchased from Cell Signaling 
(USA). CO2 incubator was purchased from 
Sanyo (Japan). ABI7900 HT Real-time PCR was 
purchased from ABI (USA). Labsystem Ver- 
sion1.3.1 microplate reader was purchased 
from Bio-Rad (USA).

Primary nucleus pulposus cells isolation and 
cultivation

The nucleus pulposus or resected interverte-
bral disc obtained during surgery was placed in 
a sterile environment and rinsed repeatedly 
with 0.85% saline. The annulus fibrosus around 
the intervertebral disc and other non-nucleus 
connective tissue were removed in a sterile 
petri dish. Next, the specimens were rinsed 
with D-Hank solution to remove the blood. The 
nucleus pulposus was cut into pieces at l mm3 
size. The tissue was then digested by 0.1% type 
II collagenase at 37°C for 45 min. After remov-
ing the supernatant, the tissue was centrifuged 
at 1500 rpm for 5 min and seeded in flask sup-
plemented with 4 ml fresh DMEM medium. The 
LECs cells were seeded at 1 × 105 cells/cm2 in 
6-well plate containing 10% FBS, 90% high glu-
cose DMEM/F12 medium, 100 U/ml penicillin, 
and 100 μg/ml streptomycin. The cells were 
washed by D-Hanks solution and digested with 
0.25% trypsin-0.02% EDTA for 5 to 10 min for 
subculture at 1:2. The cells in 2nd-5th generation 
were used for experiment. The cells were divid-
ed into three groups, including control group, 
empty plasmid group, and MALAT1 group trans-
fected by pcDNA3.1 or pcDNA3.1-MALAT1 plas-
mid, respectively. 

MALAT1 plasmid construction and transfection

The primers of MALAT1 sequence were de- 
signed by Primer6.0 software and inserted into 
pcDNA3.1 vector. The cDNA was constructed 
using cloned cDNA library as template and 
pcDNA3.1-MALAT1 containing the cleavage 
site. The PCR product was purified and digest-
ed to connect to pcDNA3.1 plasmid. Next, the 
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recombinant plasmid pcDNA3.1-MALAT1 was 
identified by restriction enzyme digestion and 
sequencing. pcDNA3.1-MALAT1 and pcDNA3.1 
empty plasmid were added into 200 μl serum-
free medium and incubated at room tempera-
ture for 15 min, respectively. The mixed 
lipo2000 was added with pcDNA3.1-MALAT1 
plasmid or empty pcDNA3.1 plasmid and incu-
bated at room temperature for 30 min. The 
cells were washed by PBS and added with the 
mixture together with 1.6 ml FBS free DMEM 
medium. After 6 h incubation, the medium was 
changed and the cells were used for experi-
ment after another 48 h incubation. 

MTT assay

The cells in logarithmic phase were added with 
20 μl MTT for 4 h. Then, the plate was added 
with 150 μl DMSO for 10 min and tested at 570 
nm to obtain the absorbance value. Each exper-
iment was repeated for three times. 

ELIsA

ELISA was used to test IL-1 and IL-6 contents in 
the serum. A total of 50 μl diluted standard sub-
stance were added to each well to establish 
standard curve. Next, the plate was added with 
50 μl sample and washed for five times. Then 

fer to stop the reaction and tested at 450 nm to 
obtain the OD value. The OD value of standard 
substance was used to prepare the linear 
regression equation, which was adopted to cal-
culate the concentration of samples.

Caspase 3 activity detection

Caspase 3 activity was assessed according to 
the kit instruction. The cells were digested by 
trypsin and centrifuged at 600 g and 4°C for 5 
min. After removing the supernatant, the cells 
were lysed on ice for 15 min and centrifuged at 
20000 g and 4°C for 5 min. Next, the cells were 
treated by 2 mM Ac-DEVD-pNA and tested at 
405 nm.

Real-time PCR

Total RNA was extracted from the cells by Trizol 
and reverse transcribed to cDNA. The primers 
were designed using Primer 6.0 software and 
synthetized by Invitrogen (Shanghai, China) 
(Table 1). Real-time PCR was performed at 35 
cycles of 92°C for 30 s, 58°C for 45 s, and 
72°C for 35 s. GAPDH was selected as internal 
reference. The relative expression of mRNA 
was calculated by 2-ΔCt method. 

statistical analysis

All data analyses were performed on SPSS19.0 
software. All data were presented as mean ± 
standard deviation and compared by one-way 
ANOVA. P < 0.05 was depicted as statistical 
significance. 

Results

LncRNA MALAT1 expression in nucleus pulpo-
sus cells from IDDD

The expression of lncRNA MALAT1 in IDDD 
nucleus pulposus cells was detected by Real-
time PCR (original data in Supplementary Figure 
1). The results showed that the expression of 
lncRNA MALAT1 in IDDD nucleus pulposus cells 
was significantly lower than that in control gro- 
up (P < 0.05) (Figure 1), suggesting that lncRNA 

the plate was incubated in 50 μl conju-
gate reagent at 37°C for 30 min. After 
washed for five times, the plate was 
treated by 50 μl color agent A and B at 
37°C avoid of light for 30 min. At last, 
the plate was added with 50 μl stop buf-

Figure 1. LncRNA MALAT1 expression in nucleus 
pulposus cells from IDDD. *P < 0.05, compared with 
control. 

Table 1. Primer sequences
Gene Forward 5’-3’ Reverse 5’-3’
GAPDH ACCAGGTATCTTGGTTG TAACCATGTCAGCGTGGT
MALAT1 CAGGTCGTGTATCTCCGCCA TCATACTACCAGTCTCACAC
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MALAT1 expression was downregulated in nu- 
cleus pulposus cells during IDDD occurrence.

Regulation of lncRNA MALAT1 on MALAT1 
expression in IDDD nucleus pulposus cells

The effect of MALAT1 plasmid on the expres-
sion of MALAT1 in IDDD nucleus pulposus cells 
was further detected by real-time PCR (original 
data in Supplementary Figure 2). The results 
demonstrated that MALAT1 transfection obvi-
ously promoted the expression of MALAT1 in 
IDDD nucleus pulposus cells compared with 
IDDD group (P < 0.05) (Figure 2).

The influence of lncRNA MALAT1 on the prolif-
eration of IDDD nucleus pulposus cells

MTT assay was used to detect the effect of 
MALAT1 on the proliferation of IDDD nucleus 

pulposus cells (original data in Supplementary 
Figure 3). The results revealed that the expres-
sion of MALAT1 was up-regulated by MALAT1, 
which markedly facilitated the proliferation of 
IDDD nucleus pulposus cells compared with 
IDDD group (P < 0.05) (Figure 3). It indicated 
that regulation of lncRNA MALAT1 can affect 
the proliferation of IDDD nucleus pulposus 
cells. 

The impact of lncRNA MALAT1 on the activity 
of Caspase 3 in IDDD nucleus pulposus cells

The effect of lncRNA MALAT1 plasmid transfec-
tion on the activity of Caspase 3 in nucleus 
pulposus cells was assessed by Caspase 3 
activity kit (original data in Supplementary 
Figure 4). The results exhibited that the expres-
sion of MALAT1 was upregulated after lncRNA 
MALAT1 transfection, which significantly inhib-
ited the activity of Caspase 3 in nucleus pulpo-
sus cells compared with IDDD group (P < 0.05) 
(Figure 4). The results showed that regulation 
of lncRNA MALAT1 expression affected IDDD 
nucleus pulposus cell apoptosis, thereby influ-
encing cell proliferation.

The influence of lncRNA MALAT1 on the 
expression of inflammatory factors in nucleus 
pulposus cells

The expression of IL-1 and IL-6 in the superna-
tant of nucleus pulposus cells was detected by 
ELISA (original data in Supplementary Figure 5). 
The results showed that upregulation of 
MALAT1 obviously suppressed the expression 
of IL-1 and IL-6 in the nucleus pulposus cells 
compared with IDDD group (P < 0.05) (Figure 

Figure 2. Regulation of lncRNA MALAT1 on MALAT1 
expression in IDDD nucleus pulposus cells. *P < 
0.05, compared with IDDD group.

Figure 3. The influence of lncRNA MALAT1 on the pro-
liferation of IDDD nucleus pulposus cells. *P < 0.05, 
compared with IDDD group.

Figure 4. The impact of lncRNA MALAT1 on the activ-
ity of Caspase 3 in IDDD nucleus pulposus cells. *P 
< 0.05, compared with IDDD group.
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5). The above results suggested that regulation 
of lncRNA MALAT1 restrained the secretion of 
inflammatory factors in IDDD nucleus pulposus 
cells, thereby regulating the progression of 
IDDD.

Discussion

LncRNA is the most transcribed non-protein 
coding sequence in the genome [19]. It was 
found that lncRNA can be regulated at gene 
level and participates in physiological activities 
in a variety of ways, including chromatin modifi-
cation, genomic blotting, intranuclear trans-
port, chromosomal gene silencing, transcrip-
tional activation, etc. [20]. LncRNA regulates 
the normal and pathological states of cells, 
such as growth, proliferation, cell cycle, and 
apoptosis. Therefore, lncRNA is an important 
regulatory factor in the development and pro-
gression of human disease [20, 21]. LncRNA 
MALAT1 has been shown to be expressed in 
many normal tissues, but significantly reduced 
in a wide range of diseases, including tumors 
and diabetes [18]. However, the role and mech-
anism of lncRNA MALAT1 in IDDD has not been 
reported. This study confirmed that lncRNA 
MALAT1 obviously declined in nucleus pulpo-
sus cells of IDDD patients, suggesting that 
lncRNA MALAT1 involved in the occurrence and 
development of IDDD.

In this study, we further observed that after 
transfecting pcDNA3.1-MALAT1 plasmid to 
IDDD nucleus pulposus cells markedly upregu-
lated MALAT1 expression, inhibited cell prolif-

eration, increase the activity of Caspase 3, 
facilitated inflammatory factors IL-1 and IL-6 
secretion. Most studies revealed that nucleus 
pulposus cell as one type of the chondrocytes 
play a significant role in the intervertebral disc 
lesions. Nucleus pulposus cells account for 
more than half of the intervertebral discs [22]. 
During the IDDD lesions, inflammatory factors 
participate in the metabolism of extracellular 
matrix and cell proliferation. Increased secre-
tion of inflammatory factors cause the cell 
matrix cannot supply nutrition, leading to nucle-
us pulposus damage, nucleus pulposus cells 
reduce and structural injury, decreased nucle-
us pulposus elasticity, and abnormal disc func-
tion [23, 24]. The proteoglycan (GAG) and type 
II collagen in the nucleus pulposus of the inter-
vertebral discs can maintain the elasticity of 
the intervertebral disc nucleus and ensure the 
intervertebral disc tolerance [25, 26]. Enhanced 
secretion of inflammatory factors leads to 
inflammation, induces nucleus pulposus cells 
apoptosis, and promotes nucleus pulposus 
damage [27, 28]. This study investigated the 
expression and role of lncRNA MALAT1 in nucle-
us pulposus cells of IDDD patients, while its 
specific mechanism needs further exploration.

Conclusion

MALAT1 level decreased in IDDD nucleus pulp-
osus cells. Upregulation of MALAT1 expression 
restrained IDDD through suppressing inflam-
mation, inhibiting nucleus pulposus cell apop-
tosis, and promoting cell proliferation.
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Original Data

Figure 1 CT value
Relative fold

Repeat MALAT1 GAPDH
Control 1 26.12 26.32 26.88 17.59 17.09 17.1 1.041494

2 26.12 26.32 25.88 16.68 17.38 16.52 0.994462
3 25.58 25.38 24.02 16.25 15.25 15.55 0.95175

IDDD 1 28.86 27.36 28.44 17.82 17.32 17.38 0.359814
2 29.55 30.05 29.55 15.95 16.45 15.15 0.040442
3 27.2 27.59 28.7 16.96 16.46 17.14 0.299782

Figure 2 CT value
Relative fold

Repeat MALAT1 GAPDH
IDDD 1 27.91 28.11 27.59 17.07 17.07 16.63 1.026458

2 26.79 27.19 26.11 15.98 16.58 15.22 1.089356
3 27.02 27.52 27.78 16.92 16.82 16.98 0.990577

Empty plasmid 1 27.18 27.88 26.92 17.36 16.96 16.54 1.025393
2 28.42 29.02 28.48 18 17.72 17.88 0.991051
3 27.8 28.22 28.03 17.37 17.07 17.73 0.962775

MALAT1 1 27.45 27.55 26.75 18.77 18.17 18.03 1.007765
2 27.33 27.73 27.47 18.22 18.82 18.88 0.996822
3 26.24 26.94 26.86 17.89 17.29 17.91 0.965382

Figure 3 OD value Cell proliferation
Normalized control 1 0.788 0.804 0.776 100.00%

2 0.755 0.715 0.823 100.00%
3 0.817 0.852 0.777 100.00%

IDDD 1 0.719 0.714 0.698 89.99%
2 0.619 0.595 0.621 80.03%
3 0.696 0.702 0.682 85.04%

Empty 1 0.652 0.685 0.747 88.01%
2 0.599 0.595 0.617 78.98%
3 0.642 0.650 0.592 77.02%

MALAT1 1 1.188 1.206 1.111 148.02%
2 1.128 1.120 1.008 142.00%
3 1.135 1.088 1.129 137.04%



LncRNA MALAT1 in IDDD

2 

Figure 4 OD value Caspase activity
Normalized control 1 0.063 0.053 0.056 100.00 

2 0.061 0.057 0.063 100.00 
3 0.064 0.059 0.056 100.00 

IDDD 1 0.290 0.294 0.278 501.16 
2 0.321 0.311 0.311 520.99 
3 0.327 0.333 0.325 550.28 

Empty 1 0.296 0.291 0.310 521.51 
2 0.289 0.288 0.311 490.61 
3 0.278 0.274 0.290 470.39 

MALAT1 1 0.190 0.193 0.187 331.40 
2 0.175 0.180 0.188 300.00 
3 0.164 0.162 0.157 269.83 

Figure 5 IL-1 
Standard pg/ml

OD value
IDDD 1 0.579 0.607 0.557 pg/ml OD 547

2 0.545 0.522 0.601 0 0 522
3 0.571 0.562 0.502 18.64 0.047 511

Empty 1 0.544 0.544 0.520 37.92 0.084 502
2 0.553 0.561 0.443 76.5 0.173 485
3 0.439 0.467 0.597 153.85 0.346 467

MALAT1 1 0.245 0.310 0.291 319.36 0.658 248
2 0.251 0.236 0.245 627.8 1.312 210
3 0.219 0.247 0.317 1258.75 2.42 227

Figure 5 IL-6 
Standard pg/ml

OD value
IDDD 1 0.508 0.514 0.550 pg/ml OD 445

2 0.454 0.582 0.482 0 0 427
3 0.488 0.516 0.448 17.82 0.089 405

Empty 1 0.501 0.534 0.432 36.37 0.14 410
2 0.506 0.445 0.465 78.24 0.218 393
3 0.516 0.434 0.400 155.5 0.356 371

MALAT1 1 0.321 0.300 0.342 310.39 0.587 242
2 0.270 0.287 0.268 604.91 1.152 196
3 0.311 0.319 0.288 1127.7 1.978 227


