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INTRODUCTION

Degeneration is a chronic disease with high inci-
dence1 and is considered to be one of the main causes 
of chronic back pain2,3. Due to the change of the 

material and structure inside the intervertebral disc, 
the disc becomes unstable and its function is changed. 
Under the action of a slight external force, the fibrous 

SUMMARY

OBJECTIVE: Nuclear factor erythroid-2 related factor 2 (Nrf2)/ antioxidant response element (ARE) is a novel defensive pathway involved 
in the oxidative and chemical stress of cells. The aim of the study was to explore the role of Nrf2 on the apoptosis of human disc nucleus 
pulpous cells induced by hydrogen peroxide (H2O2).

METHODS: The degeneration model of human intervertebral disc nucleus pulpous cells was established. The expression of Nrf2 was 
interfered with using sulforaphane (SFN); for that end, three groups were established: a blank group (H2O2-/SFN-), control group 
(H2O2+/SFN-), and an experimental group (H2O2+/SFN+). CCK8, Hoechst 33258 living cell staining was used to detect reactive oxygen 
species (ROS) content.

RESULTS: The apoptotic rates of the three groups were [(0.40±0.46)%], [(25.98±11.28)%], and [(3.83±2.06)%, respectively. The difference 
was statistically significant (p<0.05). The relative content of ROS in the three groups was [(100±7)%], [(1538±91)%], and [(818±63)%]; 
the difference was statistically significant (p<0.05). In Western blotting, Nrf2 content in the experimental group was higher than that 
in the control group.

CONCLUSION: Nrf2 exists in the nucleus pulpous cells of human intervertebral discs, which is related to the degeneration of the interver-
tebral disc. It has negative feedback regulation and can prevent the degeneration of the intervertebral disc by inhibiting the apoptosis 
of nucleus pulpous cells of human intervertebral discs caused by excessive ROS, which provides a new intervention strategy for the 
prevention and treatment of the degeneration of intervertebral discs.
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Cell culture

The human intervertebral disc nucleus pulpous 
cells were purchased from Wuhan prosaic Life Tech-
nology Co., Ltd. with the immunofluorescence identifi-
cation report attached to them. Nucleus pulpous cells 
were cultured in DMEM/F12 medium mixed with 10% 
fetal bovine serum and 1% double-antibody in a wet 
incubator at 37°C and 5% CO2.

Establishment of the cell model
Nucleus pulpous cells were seeded in 96 well plates 

at a density of 5×103 per well and cultured for 48 
hours. 3% H2O2 was diluted with DMEM/F12 medium 
gradient into 6 concentration groups of 0um, 100um, 
150um, 200um, 250um, and 300um, which stimu-
lated nucleus pulpous cells for 6 hours; the cell activity 
was detected by CCK8. The appropriate concentration 
was taken as the model to establish the concentration.

Drug interventions
The medullar cells were inoculated at a density 

of 5×103 per hole on a 96 well plate for 48 hours. The 
medullar cells established the degradation models, 
and different concentrations of SFN (0uM, 0.5 uM, 
5UM, 10UM, 15UM, 20UM) were added for 6 hours. 
CCK8 detected cell activity in each concentration 
group and screened the best concentration of cell 
activity as an experimental group. At the same time, 
a blank group (H2O2-/ SFN-) and a control group (H2O2+/ 
SFN-) were set up.

Hoechst 3258 living cell staining
The density of nucleus pulpous cells was 1.5×105 

cells per pore in the 6-well plate, cultured for 48 hours. 
After H2O2 and SFN treatment, the original solution 
was removed, PBS was washed twice, Hoechst 33258 
diluted at 1:1000 was added and placed in a wet incu-
bator at 37°C for 20 minutes. The staining solution 
was removed, PBS was washed twice, and the fluo-
rescence of cells in each group was observed by a flu-
orescence microscope.

ROS content detection
After the cells were attached to the wall, they were 

stimulated with 200 um H2O2 for 2 hours and then 
treated with SFN for 2 hours. The original solution 
was removed, PBS was washed once, 1:3000 diluted 
DCFH-DA 1ml was added, the dye was placed in a 
37°C incubator for 20 minutes. The dye solution 
was removed, and the PBS washed three times. The 

ring of the disc is broken, the nucleus pulpous pro-
trudes the fibrous ring, and the nerve root of the spi-
nal cord is compressed, causing severe pain4. About 
20% of patients in the world suffer from chronic lower 
back pain5, 17% of them have obvious activity limita-
tions due to severe pain6, which brings huge social and 
economic burden7. Degeneration is mainly treated by 
surgery8. However, due to the complexity of patients 
with disc degeneration, there are often various com-
plications and surgical failures after the operation, and 
the reoperation rate is about 13%9. Therefore, under-
standing the molecular mechanism of the onset and 
development of degeneration and the key factors of 
regulation in its related pathways will provide a new 
strategy to prevent this condition.

It has been confirmed that oxidative stress is 
an important cause of disc degeneration. Excessive 
reactive oxygen species (ROS) can promote the apop-
tosis of functional cells of the intervertebral disc, 
accelerating the progression of degeneration10. The 
nuclear factor erythroid-2 related factor 2(Nrf2)/anti-
oxidant response element (ARE) signaling pathway 
is an important way to avoid excessive ROS dam-
age to cells11. Nrf2, as a key factor of the ARE sig-
naling pathway, plays an important role in oxidative 
stress12. Some studies have reported that Nrf2 plays 
an important role in the antioxidant damage of the 
liver, kidney, nerves, and other organs and tissues, 
inhibiting ROS-induced apoptosis13-15. However, most 
of the current studies on the relationship between 
Nrf2 and the intervertebral disc mainly focus on rat 
derived nucleus pulpous cells16-18. The effect of Nrf2 
on human intervertebral disc nucleus pulpous cells 
is still unclear.

Therefore, the purpose of this study is to explore 
the relationship and significance of Nrf2 on the hydro-
gen peroxide(H2O2)-induced apoptosis of human disc 
nucleus pulpous cells and provide a new interven-
tion strategy for the prevention and treatment of 
disc degeneration.

METHODS
Reagent

Sulforaphane (SFN, Meilun biology, China), 3% 
hydrogen peroxide (H2O2, Sigma Aldrich, USA), 
Hoechst 33258 (solar bio, China), active oxygen detec-
tion kit (solar bio, China), cell counting kit 8 (CCK8, 
Japanese colleague), double antibody (GIBCO, USA), 
fetal bovine serum (GIBCO, USA).
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expression of ROS was detected by fluorescence 
microscopy, and the fluorescence intensity was mea-
sured by enzyme labeling.

Western blotting
The cells were collected, scraped off with Ripa 

lysate (Biyuntian, China), split on ice for 30 minutes, 
vibrated once every 10 minutes, split by ultrasound 
twice, and then centrifuged. BCA protein quantitative 
Kit (Solar Bio, China) was used to detect the protein 
concentration and then balanced. 20ug protein per 
pore was separated by 10% gel, transferred to a PVDF 
membrane, sealed with 5% milk for 1 hour, then the 
membrane was cut according to the target protein 
quality (Nrf2, GAPDH), 1:1000 diluted GAPDH (cell 
signaling technology, CST, d16h11), Nrf2 (Abcam, 
ep1808y) were incubated overnight at 4°C, TBST 
washed membrane three times, a second antibody 
(Biyuntian, China) was applied for one hour, TBST 
washed membrane three times, ECL substrate, chem-
ical exposure.

Statistical analysis
All statistical analyses were carried out using 

the GraphPad Prism 6.0 Software (Analytic Tech-
nologies, Louisville, KY, USA). One way ANOVA was 
performed for comparisons between more than two 
groups. All the tests were two-sided and the value 
of p< 0.05 (two-sided) was considered to be statisti-
cally significant.

RESULTS
Establishment of the degenerated cell model

CCK8 detection shows that H2O2 in the range of 
100-300um can inhibit the activity of nucleus pulpous 
cells [(98.3 ± 4.84)%, (87.36 ± 3.41)%, (52.02 ± 9.15)%, 
(9.19 ± 1.37)%, (4.45 ± 1.07)%] in a concentration-depen-
dent manner after 6 hours of use (Figure 1A). With 
the increase of H2O2 concentration, the apoptosis of 
nucleus pulpous cells is more obvious. The activity 
of nucleus pulpous cells in the 200 uM group was 
(52.02 ± 9.15)%, which was used to model nucleus 
pulpous cells.

After modeling, SFN (Nrf2 activator) with a 
concentration of 0.5-20um was added. The results 
showed that the relative activity of nucleus pulpous 
cells [(121.94 ± 3.1)%, (141.43 ± 11.54)%, (132.99 ± 
10.42)%, (126.75 ± 4.86)%, (114.6 ± 5.19)%] was higher 
than that of the 0uM Group [(100 ± 13.23)%], and the 

apoptosis of cells was significantly inhibited. 5uM 
was admitted as the drug intervention concentration 
(Figure 1B).

FIGURE 1

Cell viability detection by CCK8.(A) CCK8 was added to the nucleus pulposus cells 
treated with different concentrations of H2O2 for 6 hours. (B) The nucleus pulposus 
cells were treated with H2O2 at 200 um for 6 hours, then the SFN of different con-
centrations of the Nrf2 activator was replaced for 6 hours, and CCK8 was added to 
analyze the cell activity.

*P<0.05,**P<0.001.

Nrf2 activator can inhibit apoptosis of nucleus 
pulpous cells caused by ROS excess.

In order to better understand the inhibitory 
effect of Nrf2 on the apoptosis of nucleus pulpo-
sus cells, Hoechst 33258 was used for living cell 
staining (Figures 2A and 2B). The results showed 
that the apoptosis rates of the blank group, control 
group, and experimental group were [(0.40±0.46)%], 
[(25.98±11.28)%], [(3.83±2.06)%], respectively. Com-
pared with the control group, the nucleus pulposus 
cells in the blank group basically did not show the 
concentrated apoptosis cells. After H2O2 peroxide 
stimulation, the apoptosis rate in the control group 
was up-regulated, and the concentrated apoptosis 
cells were increased under the microscope. Com-
pared with the control group, the apoptosis of the 
experimental group was significantly inhibited after 
NRf2 activator treatment, and the concentrated 
apoptosis cells were reduced under the microscope, 
with significant statistical differences. (Figures 
2C and 2D) The content of ROS was detected by a 
DCFH-DA probe, and the fluorescence intensity was 
measured by an enzyme labeling instrument. The 
relative content of ROS in the three groups (in rela-
tion to the blank group) was [(100 ±7)%], [(1538±91)%], 
and [(818±63)%]. Compared with the blank group, 
the ROS content increased, and green fluorescence 
increased after H2O2 peroxide stimulation in the con-
trol group; compared with the control group, ROS 
content decreased and green fluorescence decreased 
after Nrf2 activator intervention in the experimental 
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and control groups. All of the above differences were 
statistically significant. H2O2 can up-regulate ROS 
content and induce apoptosis. In contrast, the Nrf2 
activator can inhibit the progress of apoptosis by 
down-regulating ROS content.

environment. The activity of CCK8 decreased by 
about 50% at the concentration of 200um. Compared 
with previous studies, the concentration of the model 
is consistent, and the model is effective19,20. CCK8 
screened the appropriate concentration of Nrf2 
activator intervention. In the experiment, it can be 
seen that Nrf2 activator can significantly inhibit the 
decline of cell viability caused by H2O2, of which the 
effect is most obvious when the concentration is 
5um. This was admitted as the appropriate concen-
tration for the next experiment.

Degeneration is one of the main causes of chronic 
low back pain. Haefeli et al.21 found in 41 routine autop-
sies (7 months to 88 years old) in 2006 that exten-
sive macroscopic changes in the disc had occurred in 
the second decade of life. Healthy people also have 
low-grade disc degeneration, which seriously affects 
human health. Oxidative stress inhibited the prolif-
eration of human nucleus pulpous cells and induced 
premature senescence22. Suzuki et al.23 believe that 
excessive ROS is the treatment target of disc degen-
eration. When the redox balance is destroyed, the 
anti-oxidation system of cells will take effect, and the 
cells will return to redox homeostasis. The mechanism 
of cytoprotection is controlled by the transcription of 
the Nrf2-ARE pathway24.

The results show that excessive ROS can induce 
apoptosis of human disc nucleus pulposus cells 
and promote the degeneration of the human disc. 
In order to explore the role of Nrf2 and ROS in the 
apoptosis of human disc nucleus pulpous cells. In 
this study, compared with the control group, the 
blank group showed a significant increase in the con-
centration of blue fluorescent cells in the Hoechst 
33258 staining control group, which were apoptotic 
human disc nucleus pulpous cells. The green fluores-
cence intensity of the DCFH-DA staining group was 
also up-regulated, and the green fluorescence was 
ROS content.

There are some strengths and limitations to this 
study. The strength was that the results suggested 
that Nrf2 can inhibit apoptosis of nucleus pulpous 
cells induced by ROS. The alternative signaling 
pathways which may be involved in the apoptosis of 
human disc nucleus pulpous cells induced by H2O2 
include p38, STAT3, and interferon regulatory fac-
tor. Therefore, we can’t exclude the possibility that 
another signaling pathway was also involved in the 
H2O2-induced apoptosis of human disc nucleus pul-
pous cells.

FIGURE 2

Hoechst 33258 staining. (A)The dark blue in the picture is an apoptotic cell. (B) The 
apoptotic rate of the blank group is significantly higher than that of the control group, 
and the apoptotic rate of the experimental group is significantly lower than that of the 
control group, with statistical significance (P < 0.001). (C) The content of ROS was 
measured by DCFH-DA. Under a fluorescence microscope, (D) fluorescence intensity 
was detected by the fluorescence enzyme. The content of ROS in the experimental 
group was lower than that in the control group (P < 0.001). Note: Apoptosis rate = 
number of apoptotic cells/total number of visual field cells; ROS content% = absor-
bance value of each sample/average absorbance value of the blank group. Note: apop-
tosis rate = number of apoptotic cells/total cells.

Nrf2 activator SFN up-regulates Nrf2 expres-
sion in nucleus pulposus cells
Western blotting (Figure 3) showed that Nrf2 was 

present in normal nucleus pulposus cells, and Nrf2 
activator could up-regulate the expression of Nrf2 pro-
tein in the nucleus pulposus cells. A grayscale analysis 
showed that Nrf2 in the experimental group increased 
from 57% to 82%.

FIGURE 3

Effect of H2O2 and SFN on Nrf2 and GAPDH protein expression. The expression of 
Nrf2 and GAPDH protein was analyzed by Western blot after 6 hours of treatment 
with 200um H2O2 and 5um SFN.

DISCUSSION

In this experiment, H2O2 was used to stimulate 
the cells of the nucleus pulpous of human inter-
vertebral discs to create an imbalance of the redox 
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CONCLUSION

Nrf2 can regulate the antioxidant system in the 
human disc nucleus pulpous cells.
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RESUMO

OBJETIVO: O fator 2 relacionado a NF-E2 (Nrf2)/elemento de resposta antioxidante (ARE) é uma nova via defensiva envolvida no estresse 
oxidativo e químico das células. O objetivo deste estudo foi explorar o papel do Nrf2 na apoptose das células do núcleo pulposo do disco 
humano induzida pelo peróxido de hidrogênio (H2O2).

MÉTODOS: O modelo de degeneração das células do núcleo pulposo do disco intervertebral humano foi estabelecido. A expressão do 
Nrf2 foi interferida utilizando-se sulforafano (SFN). Para isso foram estabelecidos três grupos: um grupo vazio (H2O2-/SFN-), um grupo 
de controle (H2O2+/SFN-), e um grupo experimental (H2O2+/SFN+). Utilizando CCK8 e Hoechst 33258, o conteúdo de espécies reativas 
de oxigênio (ERO) foi detectado.

RESULTADOS: As taxas de apoptose dos três grupos foram [(0,40 ± 0,46)%], [(25,98 ± 11,28%)] e [(3,83 ± 2,06)%], respectivamente. A 
diferença apresentou significância estatística (p < 0,05). O conteúdo relativo de ERO nos três grupos foi [(100±7)%], [(1538±91%)], e 
[(818±63%); a diferença foi estatisticamente significativa (p < 0,05). O método de Western blotting indicou um maior conteúdo de Nrf2 
no grupo experimental do que no grupo de controle.

CONCLUSÃO: O Nrf2 existe em células do núcleo pulposo do disco intervertebral humano, que estão relacionadas à degeneração do disco 
intervertebral. Ele apresenta regulação por feedback negativo e pode evitar a degeneração do disco intervertebral inibindo a apoptose 
de células do núcleo pulposo do disco causada por excesso de ERO. Essa informação proporciona uma nova estratégia de intervenção 
para a prevenção e o tratamento da degeneração do disco intervertebral.

PALAVRAS-CHAVE: Fator 2 relacionado a NF-E2. Degeneração do disco intervertebral. Doenças da coluna vertebral. Núcleo pulposo.
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