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Abstract
Background : The nutrients of the intervertebral disc are mainly provided through penetration from the
cartilage endplate, and the stable functional status of the cartilage cells directly in�uences the function of
the cartilage endplate. However, there is no study on gene expression in endplate cells under varying
pressure conditions. Knowledge of anabolic/catabolic metabolic alterations of cartilage endplate cells in
response to various magnitudes and durations of compression is important to alleviate IVD degeneration
through maintenance of extracellular matrix homeostasis and the repair of endplate cartilage. The
purpose of this study was to examine the effects of compression on gene expression in vertebral
cartilage endplate cells in vitro through a hydrostatic pressure system.

Methods : Rabbit vertebral cartilage endplate cells were exposed to hydrostatic pressure at 0.1, 0.7, 2 and
4 MPa for 4 or 24 hours. Real-time polymerase chain reaction was performed to analyze the gene
expression of in�ammation (iNOS, COX-2), matrix metabolism (MMP-3), anticatabolic metabolism (TIMP-
1), and anabolic metabolism (aggrecan).

Results : Decreased magnitude and duration showed more anticatabolic/anabolic metabolism gene
expression, whereas increased duration resulted in increased catabolic gene expression.

Conclusions : Low magnitude or short duration of compression demonstrated more anabolic and
anticatabolic gene expression, while increased magnitude and duration showed more procatabolic gene
expression.

Background
Degenerative spinal diseases are frequently found in recent years. Currently, there are many studies
focused on the nucleus pulposus and the annulus tissue. Although it is well known that intervertebral disc
(IVD) degeneration is the main cause of low back pain and sciatica due to protrusion of IVD, the exact
mechanism is still unclear. Several studies have shown that IVD degeneration may originate from
endplate change [1, 2]. The cartilage endplate provide the mainly nutrients of the IVD and the metabolite
exclusion channel. The function of the cartilage endplate was in�uences by the cartilage cells while its
mechanism is still unclear. It has been reported that the cartilage endplate, bony endplate and trabecular
bone below the endplate start to show deformation under axial pressure before irreversible changes occur
in the structures. An increase in the magnitude or in the repeated load has a risk of irreversible injuries
and even a fatigue fracture of the cartilage endplate [3]. The cartilage endplate maybe plays a signi�cant
role in the nutrient supply to human IVD. Calci�cation of the cartilage endplate signi�cantly reduces the
nutrient levels and excretion of metabolites in human IVD [4]. Previous studies have shown that IVD
degeneration may originate from endplate change[5–7]. We thought the cartilage endplate was disturbed
by hydrostatic pressurization in human IVD. There is a little apparent study on the gene expression of
cartilage endplate cells with the application of hydrostatic pressurization[8, 9]. Therefore, we aimed at
anabolic/catabolic metabolic alterations of cartilage endplate cells in response to various magnitudes
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and durations of compression. By this way, we tried to alleviate IVD degeneration through the
maintenance of extracellular matrix homeostasis and repair of endplate cartilage. We initially
investigated the gene expression pro�les of in�ammatory cytokines and catabolic metabolism and
anabolic metabolism in response to various magnitudes and durations of pressure using an in vitro
model of rabbit intervertebral cartilage endplate cells to understand how mechanical signaling regulates
the expression of genes involved in IVD degeneration. We hypothesized that various pressures result in
alterations in key gene expressions of cartilage endplate cells.

Our methods are to test the gene expression in the model of rabbit intervertebral cartilage endplate cells
with hydrostatic pressurization ideally, which was �rstly used in this study. Based on the results, it might
be possible to discuss the important effect of cartilage endplate cells in IVD degeneration.

Methods
Ethical statement

We get the ethical review permission from Capital Medical University, Beijing, China and obey the
guidelines for the care and use of animals. There is a statement of the ethics committee indicating
approval of the research (2014SB-011-01). 

 

Design of the hydrostatic pressurization chamber

The hydrostatic pressurization chamber was manufactured by the company (Beijing Century Senlong
Experimental Apparatus Co., Ltd) was used in this study. The machine is a convenient and completely
used in in vitro-operated hydrostatic pressure system (Fig. 1) and the same system was used in previous
studies [10,11]. The major components include the pressure container, smart temperature control device,
pneumatic supply and pressure indicator, as well as a piston device; distilled water is also used. The
experimental system has a stable pneumatic supply, and it can monitor and regulate pressure in real time
through a pressure gauge. The designed pressure range is 0-5 MPa. This system not only has the
advantage of a general liquid chamber, but also the hydrostatic pressure can be altered as needed;
therefore it can provide conditions of hypoxia and constant temperature which are similar to that in the
human IVD, without changing ion composition and osmotic pressure in response to pressure.

 

Isolation and culture of rabbit intervertebral cartilage endplate cells

Intervertebral cartilage endplate cells were isolated from the adult Japanese white rabbit, Jw-Nibs strain,
with an average weight of 2.5 kg and 50% male and 50% female (Beijing Vital River Lab Animal
Technology Co., Ltd.). We can get sample from 4 discs in every rabbit. The number of animals in each
experimental group was 2. The experiment is divided into 4 groups, each group has two times, so a total
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of 16 rabbits was required. The housing of animals is cages with wood �oor and hay. The number of
cage companions is 4. The light/dark cycle is 12 with 22℃. They were feed with fresh water and forage
in our animal center building. The animals are uthanized during the experiment by air embolization after
injecting the phenobarbital sodium in rabbit ear veins. The second generation of cartilage cells cultured in
vitro and the culture medium were randomly divided with random number table into 4 groups: the control
group (0.1 MPa), the low pressure group (0.7 MPa), the medium pressure group (2 MPa) and the high
pressure group (4 MPa). Culture medium was added to each group and then the cells were placed in the
pressure vessel (loaded with 37°C distilled water) using a 20ml-plastic injector. Hydrostatic pressure was
applied at 0.7 MPa, 2 MPa, and 4 MPa for 4 or 24 hours. The pressure vessel temperature was
maintained at 37°C during loading by using the smart temperature control device. After the experiment,
the animals are put into the special plastic bags and handed over to the animal center. Another
researchers of our team assess results of the experiment independently.

Gene expression

Immediately after pressure application, the cartilage cells were removed from the sodium citrate
dissolution. mRNA was isolated using an mRNA extraction kit (R2050; Zymo Research Corp., Irvine, CA).
According to the kit instructions, OD260/OD280 was measured and RNA was detected by 1% agarose gel
electrophoresis. For cDNA synthesis, 1 μg total RNA in each sample was used according to the
instructions of Bios Script First Strand cDNA Synthesis Master Mix (Thermo Fisher Scienti�c KK, Tokyo,
Japan). The designed primers are shown in Table 1. Real-time polymerase chain reaction (RT-PCR) was
used for the analysis of gene expression. The tested genes included markers of in�ammation (iNOS, COX-
2), matrix metabolism (MMP-3), anticatabolic metabolism (TIMP-1), structural component (aggrecan)
and reference gene (GAPDH). The ΔΔCt method was used to calculate relative gene expression. The
primary experimental outcomes are the gene expression of aggrecan and Cox-2, and the secondary
experimental outcomes are the expression of iNOS, MMP3 and TIMP.

 

Statistical analysis

The relative gene expression was calculated as a percentage in order to compare the effect of different
intervention factors on the same gene. In the �gures, the positive and negative values respectively
represent augmentation and inhibition of gene expression compared to that in the control group. Values
represent the average of three trials ± standard error, with 95% con�dence intervals calculated to
determine the statistical signi�cance. The con�dence interval was calculated based on the t distribution
due to the small sample size. One-way ANOVA was performed to compare groups. All data were analyzed
with SPSS18.0 and p<0.05 was considered as statistically signi�cant.

Results

http://mail.aliyun.com/attachpreview/aps_key_62344409_379a9004753adfb5cea4a9d8dc5fd73d.html
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Percent of gene expression was compared with control cells after exposure to 4 and 24 hours of pressure
at 0.7 MPa, 2 MPa and 4 MPa (Fig. 2). After 4 hours, gene expressions of aggrecan and COX-2 were �rst
increased and then decreased as the pressure was increased (Fig. 2a). Aggrecan gene expression reached
a peak at 2 MPa (111% higher than that at 0.7 MPa) and subsequently it was decreased at 4 MPa but
was 38.3% higher than that at 0.7 MPa (Fig. 2a); COX-2 gene expression reached a peak at 2 MPa (33.0%
higher than that at 0.7 MPa) and afterward it was decreased at 4 MPa (Fig. 2a). MMP3 and TIMP-1 gene
expressions were gradually increased with the increased in pressure, and MMP 3 gene expression
reached a peak at 4 MPa (122% higher than that at 0.7 MPa, 68.8% higher than that at 2 MPa), but the
range of TIMP-1 gene expression was not as obvious as that of MMP3 gene expression (70.4% higher
than that at 0.7 MPa, 38.9% higher than that at 2 MPa) (Fig. 2a).

At 24 hours, the variation of gene expression was distinct from those observed at 4 hours, except for
TIMP-1 gene expression. The gene expression of aggrecan and iNOS was �rst suppressed (at 0.7 MPa),
then augmented (at 2 MPa) and �nally suppressed (at 4 MPa) (Fig. 2b). While that of COX-2 and MMP3
was augmented at low magnitude and suppressed at high magnitude; TIMP-1 gene expression did not
show any change (Fig. 2b).

Discussion
After previus studies focused on IVD cells, we noticed the cartilage endplate is the vital organ for IVD
[1,2,8,9]. There are two nutritional pathways for the IVD: the annulus �brous pathway and the cartilage
endplate pathway which is much more important for nutrition supply [12,13]. Cartilage endplate is the
exchange passageway for nutrition and metabolites between the nucleus pulposus and the outside
tissues.

Studies suggested the degeneration of IVD begin from cartilage endplate degeneration [14,15]. It seems
protect or repair cartilage endplate may help to IVD [16]. Our research focus on cartilage endplate which
was applied compression to elucidate the mechanism of disc degeneration.

It is well known that excessive pressure may result in disc degeneration, while moderate pressure is
bene�cial for the repair of intervertebral disc [5,6,17,18]. However, the signaling pathways initiated by
mechanical stress and the relevant thresholds have not been precisely elucidated. In 1981, Nachemson
reported a classical study on the in vivo measurement of intradiscal pressure [19]. The recent in vivo
measurements indicate that lying prone results in an intradiscal pressure of 0.1 MPa, and bending down
to lift a 20-kg weight results in 2.3 MPa [20]. As little as 1 MPa has been shown to have an effect on
matrix gene expression in annulus �brosus in vivo [21]. Wang et al found that during the weight lifting
extension, the L3-4 disc endured a maximum shear load of about 230 N at the �exion position and
maximum compressive load of 1500 N bodyweight at the upright position[22]. Fields et al showed that
the endplate biochemical composition has a signi�cant in�uence on its equilibrium tensile properties and
that the presence of endplate damage is associated with a diminished composition-function
relationship[23]. The data indicated that the anabolic and catabolic gene in cartilage endplate appeared
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magnitude- and duration-dependent changes in response to pressure. The present data (Fig. 2 showed
the in�ammatory response and anabolic metabolism were augmented �rstly and then inhibited with the
increase of compressive stress at 0.1 MPa for 4 hours, while the catabolic and anticatabolic metabolisms
were gradually increased. However, the increase amounts in catabolic genes were much larger than
anticatabolic genes, indicating the more catabolic metabolism than anabolic metabolism. After 24 hours,
the alteration of gene expressions was distinctly different than those observed at 4 hours. Anabolic
metabolism, in�ammatory responses and catabolic metabolism peaked at 2 MPa and were rapidly
suppressed at 4 MPa. However, the expression of anticatabolic genes was gradually augmented with the
increase of compressive stress. It was indicated that a low magnitude or short duration of compression in
anabolic and anticatabolic gene expression. Since to date there is no similar study for referral, the
innovative method of this study seems to be bene�cial.

The limitations of our study is animal model which didn’t use the mice because we need precisely to get
the cartilage endplate cell. But we don’t think rabbits are less reliable than mice and we think the rabbits
are less reliable than human beings disc cells.

This study shows that moderate pressure in favor of the matrix homeostasis, and sustained pressure is
good for the promotion of catabolic genes and is harmful to cell repair. We considered that vertebral
endplate chondrocytes have a dependency of "load-time". It provided the basis for further exploration of
the restoration of endplate cartilage that was a new idea of effective prevention of intervertebral disc
degeneration.

If we collect the samples during spinal surgery in the future, the reliability of this experiment will be
further improved.

 

Conclusions
The gene expression of cartilage endplate appeared magnitude- and duration-dependent changes in
response to pressure. That facilitate development of drugs targeted towards delaying intervertebral disc
degeneration.

 

Abbreviations
IVD: intervertebral disc; iNOS: inducible nitric oxide synthase; COX-2: cyclooxygenase-2; MMP-3: matrix
metabolism-3; TIMP-1: anticatabolic metabolism-1; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.
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Table 1 Primer sequences used
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Gene Sequence

ggrecanFor: ’-GCTACGGAGACAAGGATGAGTTC-3’

  Rev: 5’-CGTAAAAGACCTCACCCTCCAT-3’

COX-2 For: 5’-CACGCAGGTGGAGATGATCTAC-3’

  Rev: 5’-CAGGCACCAGACCAAACACTT-3’

NOS For: 5’-CCCCTTCAACGGCTGGTA-3’

  Rev: 5’-TCTGTGACGGCCTGATCTTTC-3’

MMP-3 For: 5’-AGCCAATGGAAATGAAAACTCTTC-3’

  Rev: 5’-CCAGTGGATAGGCTGAGCAAA-3’

IMP-1 For: 5’-AGCAGAGCCTGCACCTGTGT-3’

  Rev: 5’-CCACAAACTTGGCCCTGATG-3’

GAPDH For: 5’-GATGCTGGTGCCGAGTAC-3’

  Rev: 5’-GCTGAGATGATGACCCTTTTGG-3’

 

 

Figures
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Figure 1

Schematic and photograph of the hydrostatic pressurization chamber

Figure 2

Percent gene expression compared with control cells after exposure to 4 hours of compression. (a) and
24 hours of compression (b) at 0.1 MPa, 0.7 MPa, 2 MPa and 4 MPa. Data are reported relative to control
cell gene expression average ± standard error.
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