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Abstract: To determine the efficacy and specific mechanism of vitamin D on intervertebral disc degeneration. The
model of intervertebral disc degeneration was established in 3-month-old mice. Furthermore, the levels of intervertebral disc degeneration in the vitamin D group and the control group were detected one month later by X-ray,
Western boltting, quantitative real-time polymerase chain reaction (qRT-PCR) and enzyme-linked immunosorbent
assay (ELISA) et al. In addition, in vitro, we cultured mouse intervertebral disc nucleus pulposus cells to verify the
effect of vitamin D on nucleus pulposus cells and study its mechanism. In vivo, compared with the control group,
mice in the vitamin D group showed dose-dependent retardation of intervertebral disc degeneration in terms of reducing inflammatory responses, antioxidant stress, inhibiting apoptosis and delaying cell aging. In vitro, compared
with the control group, collagen II was increased and collagen X was decreased in mice treated with vitamin D. In
vivo and in vitro experiments, the expression of p65 and IκB kinase α was decreased and the expression of inhibitor
of NF-κB was increased in the intervertebral disc tissue or nucleus pulposus cells of the vitamin D treatment group,
indicating that vitamin D could suppress the NF-κB pathway. Vitamin D retarded intervertebral disc degeneration
by inhibiting NF-κB pathway, which may relieve inflammatory reactions, resist oxidative stress, inhibit apoptosis and
delay cell senescence.
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Introduction
Low back pain (LBP) has become a common
disease in modern society and intervertebral
disc degeneration (IVDD) is the main factor [1].
IVDD refers to the physiological and pathological process of natural aging and degradation of
intervertebral disc [1]. It is a series of pathologic foundation of spinal degenerative diseases such as intervertebral disc herniation, spinal
canal stenosis, spinal segmental instability and
osteophyte formation and can cause neck and
shoulder pain, waist and leg pain [2]. Studies
show that 80% of adults have LBP at different
ages [3]. With the advent of aging society, cervical and lumbar spine diseases caused by IVDD
increasingly pose a threat to people’s health
and seriously affect the quality of life of
patients, especially patients over 50 years old

[3]. It causes very heavy economic burden
and social burden. Therefore, it is vital to find
a new method to treat intervertebral disc
degeneration.
Intervertebral disc consists of the nucleus pulposus at the center, the annulus fibrosus at the
periphery and the endplate cartilage at the top
and bottom [1]. During IVDD, inflammation, oxidative stress, apoptosis, senescence and other
pathological factors are involved [4]. Current
studies have shown that IL-1β and TNF-α are
inflammatory mediators that play a major role in
the process of intervertebral disc degeneration,
which can accelerate the apoptosis of intervertebral disc cells and induce the increase of
matrix metalloproteinases (MMPs) in the nucleus pulposus [5]. Furthermore, there is NO and
its synthase in degenerative intervertebral disc
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tissue. Intervertebral disc tissue can release
NO and degenerative intervertebral disc cells
themselves produce NO at the same time to
accelerate their own apoptosis, resulting in
disc degeneration [6]. In addition, the decrease
of active cells in intervertebral disc and the
subsequent decrease of extracellular matrix
synthesis and composition are one of the factors leading to the degeneration of intervertebral disc, and the excessive apoptosis of intervertebral disc cells is the direct cause of the
decrease of the number of active cells. Gruber
first examined the apoptosis of human intervertebral disc tissue. In the degenerative intervertebral disc specimens, the apoptosis rate of
intervertebral disc cells was up to 53%~73%
[7]. Wang et al. [8] found that, with the increase
of apoptosis, the activity of intervertebral disc
cartilage endplate cells decreased and the
amount of collagen II synthesized by cells
decreased. Gruber et al. [9] confirmed the close
relationship between cellular aging and disc
degeneration by observing the corresponding
increase in senile beta galactosidase positive
cells in degenerative discs. In aging intervertebral discs, the decrease in the number of nucleus pulposus cells is common and the residual
nucleus pulposus cells are in a state of reduced
function [10]. The failure of aging nucleus pulposus cells to continue dividing will prevent the
disc from producing enough new nucleus pulposus cells to replace those lost due to necrosis
and apoptosis [11]. The accumulation of senescent cells may contribute to the pathological
changes in the intervertebral disc during aging
and degeneration. Aging nucleus pulposus
cells express a large number of inflammatory
factors and matrix degradation enzymes, which
deteriorate the living environment of surrounding cells, form a vicious cycle and produce a
huge destructive effect [12].
Vitamin D is traditionally considered to be a
group of fat-soluble secosteroids responsible
for increasing intestinal absorption of calcium,
magnesium, and phosphate, and multiple other
biological effects [13, 14]. However, recent
studies have found that vitamin D plays an
important role in antioxidant stress and antiaging. In the skin study of 1,25(OH)2D3 deficient
mice, it was found that the level of reactive oxygen species was significantly increased, the
expression and activity of antioxidant enzymes
in the skin tissue were decreased, and malondialdehyde, a lipid peroxidation metabolite, was
significantly increased [15]. The results showed
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that 1,25(OH)2D3 can up-regulate the antioxidant system, reduce the level of oxidative
stress in the body, and thus play a role in delaying skin aging. However, whether exogenous
vitamin D supplementation improves disc
degeneration is unclear. Considering the important role of the oxidative stress and senescence in IVDD, we hypothesized that PRL might
also play a role in this condition.
In this study, we determined if vitamin D could
improve intervertebral disc degeneration. We
use tail-suspension mice as a model of mice
with intervertebral disc degeneration and mice
were injected with activated vitamin D intraperitoneally. Finally, we explored the effect of vitamin D on intervertebral disc degeneration.
Materials and methods
Animals and grouping
A total of 60 male C57BL/6 mice were devoted
to the intervertebral disc degeneration model.
The mice were 3 months and weight of 25-35 g.
Mice were bred in a cage under normal environmental conditions (conventional food and drinking water, room temperature of 24°C, 12-hour
artificial circadian cycle). The experiment mice
were randomly divided in four groups (control
group, vehicle group, low dose group and high
dose group). The control group was mice without suspended tails. The vehicle group was
mice with suspended tails and injected with the
same amount of normal saline intraperitoneally. The low dose group was mice with suspended tails and injected with low doses of vitamin
D intraperitoneally. The high dose group was
mice with suspended tails and injected with
high doses of vitamin D intraperitoneally.
Operative procedure and treatment
First, the mice were anesthetized with 2 percent paraformaldehyde at a dose of 0.2 mL/g.
Then, the tail of the mouse was fixed with medical adhesive tape and the pulley on the top of
the cage was suspended from the tail of the
mouse. The height was controlled so that the
hind legs of the mouse were just suspended
from the ground [16]. Hang tail for one month.
The vehicle group mice were injected daily to
100 microns of normal saline. The low dose
group mice were injected daily to 100 μL of low
concentration of vitamin D solution (500 IU/
kg), and the high dose group mice were injectAm J Transl Res 2019;11(4):2496-2506
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ed daily to 100 μl of high concentration of vitamin D solution (2000 IU/kg).
Cell culture and treatment
The mouse nucleus pulposus cells (NPCs) were
purchased from Saibaikang Biotechnology. The
cells were cultured in dulbecco’s modified eagle
medium/F12 (DMEM/F12) medium (Gibco, Rockville, MD, USA) containing 10% fetal bovine
serum (FBS) (Gibco, Rockville, MD, USA) and
1% penicillin/streptomycin. When the cells grow
to the right density, they were treated with different concentrations of vitamin D. In addition,
recombinant mouse IL-1β was used to stimulate NPCs degeneration. Then, the treated cells
were used for subsequent experiments.
X-ray examination
After 4 weeks of mouse bred, 3 mice were randomly selected from each group for X-ray detection. The mice were anesthetized and placed in
a lateral position with their tails straight in an
X-ray irradiometer. Radiographs were taken at a
collimator-to-film distance of 30 cm, an exposure of 25 mAs and a penetration power of 160
kV. Disc Height Index (DHI) is used to evaluate
the degree of disc degeneration. DHI is the
ratio of the height of intervertebral height to the
sum of the height of adjacent two vertebral
bodies.
Western blotting technology
Intervertebral disc tissue or NPCs treated differently were transformed into proteins on ice
using a total protein extraction kit containing
protease inhibitors and phosphatase inhibitors.
Protein containing compounds was centrifuged
by high speed centrifuge (13000 rpm, 15 minutes) in low temperature (4°C) for the purpose
of supernatant fluid. The concentration of protein solution was determined by double bicinchoninic Acid (BCA) method (Pierce, Rockford,
IL, USA). After the concentration of protein in
each group was stabilized, protein was separated by 10% sodium dodecyl sulfate-polyacrylamide gel. Then transfer the dispersed proteins
to polyvinylidene fluoride (PVDF) membrane
(Millipore, Billerica, MA, USA) at 4°C for 2 h.
Five percent non-fatty milk was prepared with
Tris-buffered saline with Tween-20 (TBS-T) to
block the aspecific antigen for 1 h. After washed
3 times with TBST, the membrane was incubated with primary antibody (Collagen II, Abcam,
Cambridge, MA, USA, Rabbit, 1:5000; Collagen
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X, Abcam, Cambridge, MA, USA, Rabbit, 1:300;
Aggrecan, Abcam, Cambridge, MA, USA, Rabbit,
1:3000; SOD-1, Abcam, Cambridge, MA, USA,
Rabbit, 1:3000; SOD-2, Abcam, Cambridge,
MA, USA, Rabbit, 1:3000; Caspase3, Cell
Signaling Technology, Danvers, MA, USA,
Rabbit, 1:1000; Caspase8, Cell Signaling
Technology, Danvers, MA, USA, Rabbit, 1:1000;
Caspase9, Cell Signaling Technology, Danvers,
MA, USA, Rabbit, 1:1000; bcl-2, Abcam,
Cambridge, MA, USA, Rabbit, 1:2000; IL-1β,
Abcam, Cambridge, MA, USA, Rabbit, 1:1000,
TNF-α, Abcam, Cambridge, MA, USA, Rabbit,
1:1000; p16, Abcam, Cambridge, MA, USA,
Rabbit, 1:1000; p19, Abcam, Cambridge, MA,
USA, Rabbit, 1:1000; p53 Abcam, Cambridge,
MA, USA, Rabbit, 1:1000; BMI-1, Abcam,
Cambridge, MA, USA, Rabbit, 1:3000; GAPDH,
Proteintech, Rosemont, IL, USA, 1:10000) at
4°C overnight. The membrane was separated
from the primary antibody and washed 3 times.
Specifically combined with the second antibody
(Goat Anti-Rabbit IgG, YiFeiXue Biotechnology,
Nanjing, China, 1:3000), it was incubated with
the membrane at room temperature for 2 h and
washed again for 3 times. Electrochemical
luminescence (ECL) was used to display the target protein on the exposure machine.
RNA isolation and quantitative real-time polymerase chain reaction (qRT-PCR)
1 mL TRIzol (Invitrogen, Carlsbad, CA, USA) was
added to intervertebral disc tissue and homogenized after shearing. The nucleic acid protein
protein complex was completely separated
after 5 minutes at room temperature. For cells,
0.5 mL TRIzol was added to each of the six orifice plates, and the ice shaker was used for 10
minutes. 0.2 mL chloroform was added into
every 1 mL TRIzol, and the tubes were violently
shaken for 15 seconds and then left at room
temperature for 3 minutes. The mixture was
centrifuged for 15 minutes (10000 RPM, 4°C)
and then the upper water phase was sucked
out to join the isopropyl alcohol. The mixture
was vibrated and placed at room temperature
for 10 minutes. After the mixture has been centrifuged for 10 minutes (10000 RPM, 4°C), we
get the RNA precipitation and discard the
supernatant. After washing RNA precipitation
with 75% ethanol, the mixture was centrifuged
(10000 RPM, 4°C) for 5 minutes. The supernatant was discard and then we add 30 μL RNase
free water to dissolve it. RNA concentrations
were measured on Nano Drop to determine
Am J Transl Res 2019;11(4):2496-2506
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absorbance at 260 nm, 230 nm and 280 nm. If
A260/A280 were between 1.8 and 2.0, the
RNA quality was considered to be up to standard and could be used in subsequent
experiments.
mRNA quantitative analysis is achieved using
Prism 7300 Sequence Detection System, 25
μL reaction System is used including SYBR
Green (12.5 μL), 10 Μm of primers (0.5 mL
each from the stock), 10.5 μL of water and 0.5
μL of template. The PCR conditions were as follows: 10 min denaturation at 95°C; 40 cycles of
denaturation at 95°C for 15 s; 60°C annealing
for 30s and 72°C extension for 30 s. The data
is analyzed by SDS software and the results are
then output to EXCEL for further analysis.
Endogenous GAPDH was used to standardize
the data. The comparative threshold cycle (Ct)
method, that is, the 2-ΔΔCt method was used to
calculate fold amplification.
Enzyme linked immunosorbent assay
Serum and intervertebral disc samples were
taken from mice. The serum was centrifuged
for 5 minutes and supernatant was collected.
After adding appropriate amount of PBS to the
intervertebral disc tissue, the mixture was
homogenized and centrifuged for 10 minutes to
collect supernatant. Standard product wells
are set on the 96-well plate and standard products of different concentrations are added successively. The samples to be tested were added
into the corresponding wells, and then the
plates were sealed with the sealing film and
incubated at room temperature for 30 minutes.
Then we discarded the liquid and filled each
well with washing solution for 30 seconds, and
repeat 5 times. Then the enzyme standard
reagent was added into each well, except blank
wells. Then, the colorant was added into each
well and we made it avoid light for 15 minutes.
The termination solution was added to terminate the reaction and the absorbance (OD
value) of each well was measured sequentially
at the wavelength of 450 nm by zeroing in the
blank hole. With the concentration of standard
product as the abscissa and OD value as the
ordinate, the standard curve was drawn to calculate the sample concentration.
Cell counting Kit-8 assay
Cell Counting Kit-8 (CCK8) assay (Dojindo,
Kumamoto, Japan) was used to determine the
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optimal concentration and time of vitamin D.
NPCs was inoculated in 96-well plates with
3000 per well, and medium containing different concentrations of vitamin D was added the
next day. Blank control group was established:
equal amount of medium was added without
cells. CCK8 solution was added into each group
for dark incubation for 1 h at 6 h, 12 h, 24 h,
and 48 h of culturing, respectively, and then
the absorbance value at the wavelength of 450
nm was determined by enzyme labelling
instrument.
Statistical analysis
Statistical Product and Service Solutions
(SPSS) 21.0 statistical software (IBM, Armonk,
NY, USA) was used to analyze the experimental
data. Measurement data is expressed as χ±s;
t-test was used for comparisons between the
two groups. Single-factor anova was used for
the comparison between groups with different
concentrations. LSD test or SNK test was used
for pairwise comparison under the condition of
homogeneity of variance. Test level α = 0.05. All
experiments were repeated 3 times.
Result
Vitamin D retards IVDD in a mouse model
To determine the efficacy of vitamin D in the
treatment of intervertebral disc degeneration,
we conducted X-ray examination on four groups
of mice and evaluated the status of the intervertebral disc in mice by DHI according to the
imaging results (Figure 1A). The results showed
that the intervertebral disc index of the vehicle
group was significantly lower than that of the
control group. After the administration of vitamin D, the DHI of mice showed a significant
increase. In the Western Blotting experiment
(Figure 1B), it was found that the collagen II and
aggrecan of the intervertebral disc of mice in
the vehicle group were significantly decreased
and the expression levels of these two proteins
were significantly increased and showed dosedependent after the treatment of vitamin D. On
the contrary, the expression of collagen X was
significantly increased in the vehicle group and
decreased in the vitamin D group. Similar
results were found at mRNA levels (Figure 1C).
This indicated that the degree of intervertebral
disc degeneration was significantly increased
in mice with suspended tail, and vitamin D can
retard this process of degeneration.
Am J Transl Res 2019;11(4):2496-2506

Vitamin D retards intervertebral disc degeneration

Figure 1. Effect of vitamin D on intervertebral disc degeneration. A. Results of the difference of DHI in four
groups were calculated. B. Results of protein expression
of collagen II, aggrecan and collagen X in four groups
were determined by Western blotting. β-Actin was used
as an internal control. C. Results of mRNA expression of
collagen II and aggrecan in four groups were determined
by real time PCR. (“*” means there is a statistical difference with the control group and “#” means there is a
statistical difference with the vehicle group. N number is
all 3. Collagen-II: vehicle-control. P = 0.00002; low dosevehicle, P = 0.0005; high dose-vehicle, P = 0.00008.
Aggrecan, vehicle-control. P = 0.00006; low dose-vehicle, P = 0.0024; high dose-vehicle, P = 0.00019).

Figure 2. Vitamin D reduces inflammation in the intervertebral disc. (A) Results of protein expression of IL-1β and
TNF-α in four groups was determined by Western blotting. β-Actin was used as an internal control. (B) Results of
mRNA expression of IL-1β, IL-6 and TNF-α in four groups were determined by real time PCR. In addition, The protein expression of IL-1β (C) and TNF-α (D) was measured by Elisa. (“*” means there is a statistical difference with
the control group and “#” means there is a statistical difference with the vehicle group. N number is all 3. IL-1β:
vehicle-control. P = 0.0003; low dose-vehicle, P = 0.05; high dose-vehicle, P = 0.00156. TNF-α: vehicle-control. P =
0.00285; low dose-vehicle, P = 0.01023; high dose-vehicle, P = 0.00055).

Vitamin D inhibits inflammation of the intervertebral disc
Expression levels of IL-1β and TNF-α were
detected by Western Blotting (Figure 2A). The
2500

results showed that the expression of IL-1β and
TNF-α in the intervertebral disc of the vehicle
group mice was significantly increased and
inflammatory factors were involved in the
degeneration of the intervertebral disc. After
Am J Transl Res 2019;11(4):2496-2506
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Figure 3. Vitamin D reduces oxidative stress in intervertebral discs. A. Results of protein expression of SOD-1 and
SOD-2 in four groups was determined by Western blotting. β-Actin was used as an internal control. B. Results of
mRNA expression of SOD-1, SOD-2, GPX1 and GPX3 in four groups were determined by real time PCR. (“*” means
there is a statistical difference with the control group and “#” means there is a statistical difference with the vehicle
group. N number is all 3. SOD-1: vehicle-control. P = 0.0000007; low dose-vehicle, P = 0.00017; high dose-vehicle,
P = 0.00008. SOD-2: vehicle-control. P = 0.00004; low dose-vehicle, P = 0.0014; high dose-vehicle, P = 0.00007.
GPX1: vehicle-control. P = 0.0000017; low dose-vehicle, P = 0.00015; high dose-vehicle, P = 0.00124. GPX3:
vehicle-control. P = 0.0000007; low dose-vehicle, P = 0.00014; high dose-vehicle, P = 0.00005).

Figure 4. Vitamin D inhibits apoptosis of intervertebral disc cells. A. Results of protein expression of caspase 3,
caspase8 and bcl-2 in four groups was determined by Western blotting. β-Actin was used as an internal control. B.
Results of mRNA expression of caspase 3, caspase8, caspase9 and bcl-2 in four groups were determined by real
time PCR. (“*” means there is a statistical difference with the control group and “#” means there is a statistical
difference with the vehicle group. N number is all 3. Caspase3: vehicle-control. P = 0.00001; low dose-vehicle, P =
0.00003; high dose-vehicle, P = 0.00002. Caspase8: vehicle-control. P = 0.000003; low dose-vehicle, P = 0.00001;
high dose-vehicle, P = 0.000007. Caspase9: vehicle-control. P = 0.000002; low dose-vehicle, P = 0.000009; high
dose-vehicle, P = 0.00001. Bcl-2: vehicle-control. P = 0.00039; low dose-vehicle, P = 0.00568; high dose-vehicle,
P = 0.0008).

the intervention of vitamin D, the expression
levels of IL-1β and TNF-α decreased significantly. Similar results were found for mRNA levels
(Figure 2B). Elisa showed that vitamin D significantly reduced the expression levels of IL-1β
and TNF-α in intervertebral disc tissue, but
there was no significant difference in blood
serum (Figure 2C and 2D). This suggested that
vitamin D may retard disc degeneration by
inhibiting inflammation.

cess of oxidative stress, SOD-1 and SOD-2 are
important indicators of antioxidant stress. In
the Western blotting and real time PCR (Figure
3A and 3B), we found that the oxidative stress
level of mice in the vehicle group was significantly reduced, and the level of SOD-1 and
SOD-2 could be significantly increased by the
treatment of vitamin D. These data suggested
that vitamin D slowed disc degeneration
through antioxidant stress.

Vitamin D inhibits oxidative stress of the intervertebral disc

Vitamin D prevents the apoptosis of NPCs

Oxidative stress plays an important role in
intervertebral disc degeneration. In the pro2501

We detected the expression level of caspase 3,
caspase 8 and bcl-2, which involves the process of apoptosis by Western blotting (Figure 4A).
Am J Transl Res 2019;11(4):2496-2506
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Figure 5. Vitamin D delays the aging of intervertebral disc cells. A. Results of protein expression of p16, p19, and
BMI-1 in four groups was determined by Western blotting. β-Actin was used as an internal control. B. Results of
mRNA expression of p16, p19, p21 and BMI-1 in four groups were determined by real time PCR. (“*” means there
is a statistical difference with the control group and “#” means there is a statistical difference with the vehicle
group. N number is all 3. p16: vehicle-control. P = 0.00009; low dose-vehicle, P = 0.00099; high dose-vehicle, P =
0.00019. p19: vehicle-control. P = 0.00007; low dose-vehicle, P = 0.00113; high dose-vehicle, P = 0.00026. p21:
vehicle-control. P = 0.000005; low dose-vehicle, P = 0.000039; high dose-vehicle, P = 0.00001. BMI-1: vehiclecontrol. P = 0.00017; low dose-vehicle, P = 0.00179; high dose-vehicle, P = 0.00064).

The results showed that the expression level of
caspase3 and caspase8 in mice in the vehicle
group was higher than the control group and
the bcl-2, an antiapoptotic cytokine was opposite. However, after the administration of vitamin D, the apoptosis of NPCs was prevented
significantly. Furthermore, real-time PCR showed similar results (Figure 4B). These data indicated that vitamin D can retard IVDD by preventing the apoptosis of NPCs

mL) was used to stimulate degeneration of
NPCs. Western blotting and Real Time PCR
showed that both with and without stimulation
of IL-1β, vitamin D can effectively increase the
level of type collagen II and aggrecan, and
decrease the level of type collagen X (Figure 6B
and 6C). This suggested that vitamin D may act
directly on NPCs to retard disc degeneration.

Vitamin D delays the senescence of NPCs

NF-κB pathway plays an important role in IVDD,
so we determined the activity of NF-κB pathway
in mice intervertebral discs of the four groups
and NPCs. The results showed that the expression of p65 and IκB kinase α (IKKα) were significantly increased and the expressions of
inhibitor of NF-κBα (IκBα) were significantly
decreased in the vehicle group compared with
the control group. After the administration of
vitamin D, the expressions of p65 and IKKα
were decreased and the expressions of IκBα
were increased (Figure 7A and 7B). In vitro
experiments, the expressions of p65 were
lower in the vitamin D group than those in the
control group and were decreased when stimulated with vitamin D (Figure 7C and 7D). This
suggested that vitamin D inhibited the NF-κB
pathway.

Western blotting results showed that a large
amount of p16 and p19 was expressed in the
intervertebral discs of mice in the vehicle
group. After the intervention of vitamin D, these
senescence related molecules were significantly reduced. Bmi-1, as an anti-aging molecule,
showed an opposite trend (Figure 5A). Similar
results were found in real-time PCR (Figure 5B).
These results suggested that vitamin D can
effectively delay the aging of nucleus pulposus
cells in intervertebral disc, thereby improving
the degeneration of intervertebral disc.
Vitamin D retards NPCs degeneration in vitro
We detected the optimal concentration and the
optimal time of cultured NPCs with vitamin D
through CCK8 experiment and found that the
highest cell viability was reached when culturing NPCs with vitamin D at 10 -8 M for 24 hours
(Figure 6A). Recombinant mouse IL-1β (10 ng/
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Vitamin D represses the NF-κB pathway

Discussion
Traditional treatments for disc degeneration
include operative treatments and expectant
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Figure 6. Vitamin D retarded NPCs degeneration in vitro. IL-1β (10 ng/ml) was uesd to promote NPCs degeneration.
A. The optimal concentration and time of vitamin D were determined by CCK8 assay. B. Results of protein expression
of collagen II and collagen X were determined by Western blotting. C. Results of mRNA expression of collagen II and
aggrecan were determined by real time PCR. (“*” means there is a statistical difference with the control group and
“**” means there is a statistical difference with the IL-1β group. N number is all 3. Collagen II: vitamin D-control. P
= 0.00125; IL-1β+vitamin D-IL-1β, P = 0.0015. Aggrecan: vitamin D-control. P = 0.00012; IL-1β+vitamin D-IL-1β, P
= 0.00129).
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Figure 7. Vitamin D retarded IVDD by inhibiting NF-κB pathway. Results of protein expression of p65, IKKα and
IκBα in vivo was determined by Western blotting (A) and real time PCR (B). Results of expression of p65 in vitro
was determined by Western blotting (C) and real time PCR (D). (“*” means there is a statistical difference with the
control group, “#” means there is a statistical difference with the vehicle group and “**” means there is a statistical difference with the IL-1β group. N number is all 3. p65: vehicle-control. P = 0.000002; low dose-vehicle, P =
0.00032; high dose-vehicle, P = 0.00001. IKKα: vehicle-control. P = 0.000004; low dose-vehicle, P = 0.00032; high
dose-vehicle, P = 0.00008. IκBα: vehicle-control. P = 0.00041; low dose-vehicle, P = 0.01042; high dose-vehicle, P
= 0.00526. p65: vitamin D-control. P = 0.0001; IL-1β+vitamin D-IL-1β, P = 0.00024).

Figure 8. Vitamin D inhibits the NF-κB signaling pathway and thus retards
IVDD. This role mainly includes relieving inflammatory reactions, resisting
oxidative stress, inhibiting apoptosis and delaying cell senescence.

treatments. Non-steroidal anti-inflammatory
drugs are the most commonly used drugs [4,
17]. However, these drugs do not have the
effect of radical cure or prevention. Our study is
the first to demonstrate the protective effect of
vitamin D on intervertebral disc degeneration.
Furthermore, vitamin D is commonly used in
clinical medicine and has few side effects, so it
is a promising and safe drug [18].
Vitamin D is a derivative of steroids. In human
skin, cholesterol dehydrogenation can produce
7-dehydrocholesterol, namely vitamin D progenitor, which is isomerized into vitamin D
under ultraviolet radiation [19]. Vitamin D was
firstly discovered due to its function on regulating calcium and phosphorus metabolism and
maintaining normal blood calcium level [20]. In
recent years, more and more studies have
found that vitamin D has functions other than
calcium and phosphorus regulation [21].
Grunwald et al. [22] demonstrated a causeeffect relationship between vitamin D deficiency and oxidative stress. They found a differential effect of vitamin D on cardiovascular risk
factors such as oxidative stress and insulin
resistance. In addition, vitamin D regulates a
large number of cyclin-related proteins such
as cyclines and cyclin-dependent kinases.
Senescence associated genes such as p16,
p19, p21 and p27 are also regulated by vitamin
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D [23]. Therefore, antioxidant
stress and anti-aging may be
the main aspects of vitamin D
in the treatment of intervertebral disc degeneration. In our
study, vitamin D also reduced
levels of inflammation and
apoptosis in the intervertebral
disc. This revealed that vitamin D improves disc degeneration in many ways and factors influence each other in
the process of disc degeneration.

Multiple signaling pathways are involved in disc
degeneration such as Wnt/β-catenin signaling
pathway, MAPK signaling pathway, JNK signaling pathway, NF-κB signaling pathway, Notch
signaling pathway and so on [24]. Among them,
NF-κB signaling pathway is a very classical signal pathway involving intervertebral disc degeneration. Degenerative intervertebral discs are
characterized by increased levels of inflammatory factors and matrix metallase, suggesting
that the regulation of inflammatory responses
plays a key role in the degenerative process of
intervertebral discs [25]. Studies have confirmed that inflammatory factors closely related
to the occurrence and development of intervertebral disc degeneration mainly include IL-1β,
IL-6, IL-8 and IL-10, and NF-κB is an important
transcription factor in the inflammatory response [26]. NF-κB can be activated by different exogenous and endogenous stimuli in
degenerative intervertebral discs [27]. At rest,
NF-κB binds to the inhibitory protein IκBα in an
inactive state in the cytoplasm, preventing
NF-κB from entering the nucleus. After being
stimulated by many inductive factors or IκBα is
phosphorylated, the subunit of NF-κB p65
translocates into the nucleus and binds to the
MMP promoter region containing the binding
site of NF-κB, thereby exerting transcriptional
regulation. Activation of NF-κB induces up-regulation of MMPs and inflammatory factors, which
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in turn can further activate and up-regulate
MMPs, thereby forming a positive feedback
cascade signaling pathway and aggravating
the inflammatory reaction [26]. Therefore, the
inflammatory response of the body depends to
a large extent on the activation of NF-κB in
cells. In our study, the expression of NF-κB signaling pathway related molecules in mice treated with vitamin D was significantly decreased
and similar results were obtained in vitro, suggesting that vitamin D can inhibit NF-κB signaling pathway.
In summary, our study demonstrated the effect
of vitamin D on intervertebral disc degeneration and this is mainly due to the inhibitory
effect of vitamin D on NF-κB signaling pathways
(Figure 8). This finding could be of great help
in the clinical treatment of intervertebral disc
degeneration.
Conclusions
Vitamin D inhibits NF-κB signaling pathways,
reduces the level of inflammation and oxidative
stress in the intervertebral disc, delays cell
aging, and inhibits apoptosis. Therefore, vitamin D can greatly improve intervertebral disc
degeneration.
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