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Abstract: Intervertebral disc degeneration (IDD) is associated with the nucleus pulposus (NP) cells inflammation
and apoptosis. Previous studies have shown that glycyrrhizin (GL) is a valid inhibitor of the high-mobility group box-1
gene (HMGB1) which expressed much higher in an inflammatory condition. However, it is not known whether GL
protects against IDD by the inhibition of HMGB1. To study the effect and mechanism of glycyrrhizin on intervertebral
disc degeneration. We analyzed the expression of HMGB1 in different degree of degenerate disc tissues. Interleukin
1 beta (IL-1β) was used in stimulating the NP cells to degeneration. We used recombined human HMGB1 to resist
the function of GL to explore whether GL acted via the target of HMGB1. Our study showed that the expression
of HMGB1 markedly increased in severely degenerated disc tissues. IL-1β promoted the progress of IDD, and the
stimulation of GL could reverse the effects of IL-1β. Moreover, p38 and p-JNK were significantly suppressed by GL
stimuli. These results suggested that GL prevented NP degradation via restraining inflammation and cell apoptosis
by inhibition of HMGB1 via p38/p-JNK signaling pathway. GL may become a novel cytokine for the therapy of IDD
in the future.
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Introduction
Intervertebral disc degeneration (IDD) is a pathological process change in both biochemical
composition and architecture, which can lead
to disk herniation and low back pain [1-3]. IDD
can cause catabolism of the extracellular
matrix (ECM) leading to reduced water content
and a loss of the disc height [4, 5]. Nucleus
pulposus (NP) cells are the main cells in the
intervertebral disc, which are helpful in retaining water and the creation of the ECM [6]. The
vitality of the NP cells has a meaningful effect
on disc stability. In the progress of disc metabolism, proinflammatory cytokines are reported to
take an important role in ECM breakdown.
Levels of interleukin (IL)-1β, IL-6 and tumor
necrosis factor (TNF)-α have been found to significantly arise with IDD [7, 8]. Therefore, a better understanding of the molecular mechanisms of the cells vitality and inflammation of
the IDD is essential for clinic treatment.

The high-mobility group box-1 gene (HMGB1)
produces a protein which acts as a cytokine,
can be released from nucleus to cytosol and
even extracellular space upon inflammatory
and other stimulation to mediate inflammation
in multiple injury models [9, 10]. HMGB1 stimulates the release of tumor necrosis factor (TNF)
and other products of activated macrophages
[11]. On the other hand, monocytes release
HMGB1 with the activation of inflammatory
stimuli [12]. HMGB1 also can be released in
injured or necrotic situations, which is a major
stimulus of necrosis induced inflammation [13].
Recently, HMGB1 has been investigated to be
highly expressed in a lipopolysaccharide-induced rat IDD model [14]. However, it remains previously unknown the thorough mechanism of
HMGB1 in the progress of IDD.
The upregulation of HMGB1 is directly associated with the pathogenesis of various human
diseases. It is believed that the control of
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inflammation could downregulate the tissue
damage inflicted by inflammatory mediators.
Therefore, it is considered as a promising therapeutic target. For inhibiting HMGB1 activity,
glycyrrhizin (GL) a natural triterpene acts as an
effective and direct inhibitor of HMGB1, which
has been routinely used in several in vitro and
in vivo models [15-18]. Based on these preliminary findings, this project aimed to explore the
use of GL in anti-inflammation of the progress
in IDD and the potential mechanism of the way
it affects HMGB1. This study may supply a
novel target in the therapeutic strategy with the
intervertebral disc disease.
Materials and methods
Patient tissue samples
Human disc tissue samples were collected
from patients undergoing disc herniation surgery. This project was approved by the Ethics
Committee of The Affiliated Hospital of Xuzhou
Medical University. We obtained informed consent from all the patients or relatives before the
surgeries. Degenerative disc tissues were
donated by 15 patients (mean age, 47; age
range, 37-63; 8 males, 7 females) in total. We
just took the NP non-detached with the endplates. We divided the samples into two groups
according to the Pfirrmann score of disc degeneration [19]. Grade II or III belong to the Mild
group, and Grade IV or V belong to the Severe
group. Tissues were conserved in liquid nitrogen for the following protein or RNA isolations.
Cells culture and drug treatment
The tissues were minced and washed three
times with a phosphate-buffered saline solution (PBS), and digested for 30 minutes in
0.25% trypsin solution at 37°C. Next, the samples were incubated in 0.15% type II collagenase at 37°C overnight. Transfer the cell solution onto a cell strainer with 100 µm pore sizes
and resuspended in Dulbecco’s modified
Eagle’s medium and Ham’s F-12 medium
(DMEM/F12, Thermo Fisher, USA) containing
10% fetal bovine serum (FBS, Gibco, USA). The
cells were seeded in six-well plates at 1 × 105
cells per well. The degeneration NP cells model
is established by IL-1β (5 ng/ml, Biochrom AG)
stimulus. After the cells attached to the culture plate, we explored the optimize concentration by using different concentrations of glycyr-
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rhizin (0, 10 µM, 50 µM, 100 µM, 200 µM,
Selleck), and optimize stimulus time by different time pots (0, 1 d, 2 d, 3 d). Recombined
human HMGB1 (h-HMGB1, 0.23 µg/ml, Sigma)
was used as an antagonist to counteract the
function of glycyrrhizin.
Cell viability assay
NP cell viability was determined to utilize the
CCK8 assay. Cells were seeded (1 × 104 cells/
well) in 96-well plates and treated with different concentrations of GA (0-200 μM) for 24 h or
different time ports (0-3 d, 100 μM). Subsequently, cell viability was determined using a
CCK8 cell viability/cytotoxicity assay kit (C0009,
Beyotime, China) according to the manufacturer’s instructions. Absorbance was then measured using a microtiter plate reader (Labsystems Multiskan, MS, Finland) at 570 nm.
Colony formation assay
NP cells (5 × 103 cells /well) in 24-well culture
plates were incubated for 14 days when the
colonies were visible. Crystal violet staining
was performed, and the number of colonies
was counted.
Reverse transcription-polymerase chain reaction (RT-PCR)
Total RNA was isolated from NP tissues or cells
with TRIzol reagent (Invitrogen, USA) according
to the manufacturer’s instructions. After that,
RNA was reverse transcribed to cDNA with
PrimeScript™ RT Master Mix (Applied Biosystems, USA). RT-PCR was performed to quantify
HMGB1, type II collagen, TNF-α, IL-6/8, iNOS,
caspase 3/8, and Glyceraldehyde phosphate
dehydrogenase (GAPDH) mRNA expression levels. RT-PCR was conducted using SYBR Green
Master Mix (Applied Biosystems, USA). GAPDH
was used for normalization. The primers used
for RT-PCR are shown in Table 1. Relative mRNA
expression levels were calculated by the 2-ΔΔCt
methods.
Western blot (WB) analysis
Tissues and NP cells were harvested in RIPA
lysis buffer. Proteins were isolated using a
Nuclear/Cytosol Fractionation Kit (Beyotime,
China) according to the manufacturer’s instructions. Protein concentrations were measured
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Table 1. Primer sequences of the genes for RT-PCR
Gene name
HMGB1
Collagen II
TNF-α
IL-6
IL-8
iNOS
Caspase 3
Caspase 8
GAPDH

Forward (5’>3’)
TATGGCAAAAGCGGACAAGG
TGGACGATCAGGCGAAACC
CTACCATCACCGCACTGAGAT
ACTCACCTCTTCAGAACGAATTG
AGCCCAGAACACTGGTCTC
TTCAGTATCACAACCTCAGCAAG
GCCATCGTGGCTAAACAGGTA
CTGGAAGATGGTCGTACCCTG
ACAACTTTGGTATCGTGGAAGG

Reverse (5’>3’)
CTTCGCAACATCACCAATGGA
GCTGCGGATGCTCTCAATCT
GGTCACTTCACCATAGTGGACA
CCATCTTTGGAAGGTTCAGGTTG
ACTCAGGATTTCAATGGTGCC
TGGACCTGCAAGTTAAAATCCC
GTTGGTGTTCATCCGCTTGC
GGTCTTGCCAGTGAGTGTCT
GCCATCACGCCACAGTTTC

Annexin V-FITC and propidium iodide (PI) in the dark for
30 minutes. Cells were analyzed using a fluorescenceactivated cell sorting flow
cytometer (BD Biosciences,
San Jose, California, USA).
Statistical analysis

All data are normality displayed by the means ± standard deviations. Data comRT-PCR, quantitative reverse-transcription polymerase chain reaction.
pared between the two groups were analyzed using Stuwith the Enhanced BCA Protein Assay Kit
dent’s t-test. Comparison between multiple
(Beyotime, China). After blocking with 5% skim
groups was done using One-way ANOVA test folmilk for 1 hour at room temperature and probed
lowed by Post Hoc Test (Least Significant
overnight with anti-HMGB1 (Abcam, USA,
Difference). P values < 0.05 were considered
1:1000), anti-caspase 3/8 (Abcam, USA, 1:
statistically significant.
1000), anti-type II collagen (Millipore, USA, 1:
Results
1000), anti-p38 (Millipore, USA, 1:2000), antip-JNK (Abcam, USA, 1:1000), anti-TNF-α (AbExpression of HMGB1 in human NP tissues
cam, USA, 1:3000), anti-IL-6/8 (Abcam, USA,
with Pfirrmann grades
1:1000), anti-iNOS (Abcam, USA, 1:1000), and
anti-β-actin (Cell Signaling Technology, USA,
We isolated the protein and RNA from the
1:2000). After washing with PBST, the mempatients’ disc tissues, carried out Western blot
brane was incubated with secondary antibody
to measure the type II collagen and HMGB1
(Abcam, USA, 1:2000) for 2 h at room temperaprotein expression with different grades of disc
ture. Protein bands were visualized and detectdegeneration. In addition, RT-PCR was taken to
ed using the enhanced chemiluminescence
measure the mRNA expression of type II collasystem. β-Actin were used as the controls.
gen and HMGB1 in the disc samples. We chose
4 samples from each patients group randomly,
Immunocytofluorescence (IF) staining
and the results showed that the type II collagen
protein was significantly decreased in the
Cultured NP cells (1 × 105/well) in each group
Severe group (Figure 1A). Meanwhile, HMGB1
were washed three times with PBS, fixed with
gene was markedly upregulated in the Severe
4% formaldehyde for 15 min at room temperagroup compared to the Mild group (Figure 1).
ture, and then blocked with 5% BSA for 30 min.
Sequences of primers used for RT-PCR are
Subsequently, the cells were incubated overshown in Table 1. These results showed that
night at 4°C with a primary antibody against
the HMGB1 expression increased with the disc
HMGB1 (Abcam, USA, 1:500) or type II collagen
got into much severe degeneration.
(Abcam, USA, 1:500), followed by Cy3conjugated goat anti-rabbit IgG antibody
Effect of GL on cell viability
(Abcam, USA, 1:200) for 2 h at room temperature. Nuclei were counterstained with DAPI
We next considered whether GL might enhance
(Beyotime, China, 1:500), and the cells were
the proliferated properties of NP cells. CCK8
visualized using a fluorescence microscope
assay was used to measure the cells viability
(Zeiss, Germany).
under the different concentration and time
ports GL stimulation. The result showed that
Flow cytometry analysis
100 µM of GL obviously promoted the highest
cells viability, meanwhile, cells cultured without
The apoptosis was determined using the
GL seen as the control one (Figure 2A). But, we
Apoptosis Detection Kit (KeyGEN, Nanjing,
found no statistical differences among the difChina) based on the procedures provided by
ferent time ports after stimulation (Figure 2B).
the manufacturer. NP cells were stained with
5107
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Figure 1. Expression of HMGB1 in human NP tissues with different Pfirrmann grades. A. Results of protein expression of collagen II and HMGB1 in human NP tissues with different Pfirrmann grades were determined by Western
blotting. B. Results of mRNA expression of HMGB1 was determined by RT-PCR. All the data in Mild group are significantly different from the Severe group, and P value < 0.05.

Therefore, we choose two days’ 100 µM GL
stimulation in the following experiment.
Effect of GL on HMGB1 in senescent NP cells
in vitro
IL-1β (10 ng/ml) was applied into the establishment of NP cells degeneration model according
to the previous method [20]. We explored the
type II collagen expression to analyzed the
senescent degree of NP cells, and HMGB1
expression both in protein and mRNA levels.
The results showed that IL-1β significantly
decreased the type II collagen expression and
increased the HMGB1 expression at the same
time compared to the control group (Figure 2C,
2D). On the contrary, GA-treated cells showed
significantly higher type II collagen expression
and lower HMGB1 expression compared to the
IL-1β group (Figure 2C-E). However, h-HMGB1
could also reverse this protective effect of GL
(Figure 2C-E). From the colony formation assay,
GL showed the ability in enhancing the proliferation of NP cells compared with the IL-1β group
(Figure 2F).
GL suppresses inflammation on senescent NP
cells in vitro
We analyzed the TNF-α, IL-6, IL-8 and iNOS
expression with western blot and RT-PCR. We
found that these inflammatory cytokines
expression increased in senescent NP cells
compared with the control one. The results
showed the GL could suppress the inflammation in the NP cell degenerated model (Figure
3). In order to test whether HMGB1 is the target
of GL, r-HMGB1 was used to resist the function
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of GL. Hopefully, obtained data showed the
inflammatory effect of GL vanished by the addition of r-HMGB1.
GL suppresses apoptosis on senescent NP
cells in vitro
The p38/p-JNK signal has been accepted as an
important pathway to mediate apoptosis during
cell fate. Figure 4 shows that the expression of
p38, p-JNK, as well as the apoptosis-associated gene caspase 3/8, decreased significantly
with the GL simulation compared to the IL-1β
group. The flow cytometry result showed the GL
group had a less number of total apoptosis
cells compared with the IL-1β group. And the
ex0genous r-HMGB1 played an adverse role in
the anti-apoptosis progress of GL stimulation in
the degenerated NP cells.
Discussion
IDD is one of the most universal degenerative
diseases among aging populations, in which
intervertebral discs usually undergo both morphological and biomechanical changes [21].
The NP seen as a most important structure in
the intervertebral disc maintains the stability of
the intervertebral disc and buffering the impact
of external force on the spine, as well as to produce the extracellular matrix and secrete proinflammatory cytokines. IDD is associated with
NP cells change, including increased cell death
and degradation of the extracellular matrix [4].
Numbers of causes have been proved to play a
role in the pathogenesis of IDD, such as calcification of endplate, excessive mechanical loading, spine infection, and aging. For the compli-
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Figure 2. Effect of GL treatment on IL-1β-induced senescent NP cells in vitro. A. Cells were treated with GL (0, 10, 50,
100, 200 μM) for 24 h. Viability was determined by CCK8 assay. B. Cells were treated with GL (100 μM) for various
time (0, 1, 2, 3 d). Viability was determined by CCK8 assay. C. Results of protein expression of collagen II, HMGB1
and β-actin in four groups were determined by Western blotting. D. Results of mRNA expression of collagen II and
HMGB1 in four groups were determined by RT-PCR. E. Cell IF was performed to determine the expression of HMGB1
in cells of the four groups. F. Cell proliferation was analyzed by colony formation assay in four groups (“*” means
there is a statistical difference with the two groups, P value < 0.05).
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Figure 3. GL treatment suppresses inflammation on IL-1β-induced senescent NP cells in vitro. A. Results of protein
expression of TNF-α, IL-6, IL-8, iNOS and β-actin in four groups were determined by Western blotting. B. Results of
mRNA expression of TNF-α, IL-6, IL-8, and iNOS in four groups were determined by RT-PCR. C. Cell IF was performed
to determine the expression of TNF-α in cells of the four groups (“*” means there is a statistical difference with the
two groups, P value < 0.05).

cated mechanism of IDD, inflammation and cell
apoptosis are widely accepted as the specific
features during its process [22].
High serum levels of HMGB1 have been found
in many inflammatory events, such as rheumatoid arthritis [23], chronic kidney disease [24],
and systemic lupus erythematosus [25]. A previous study has reported that HMGB1 can pro5110

mote the inflammatory cytokines release via
TLR signaling in human intervertebral disc cells
[26]. So we hypothesis, inhibiting the activity of
HMGB1 may minish pro-inflammatory signaling
loops directly. Besides, we also want to probe
into the effect of cell apoptosis by using the
inhibitor of HMGB1. Interestingly but not surprisingly, well-known medicinal herbs have
been proved as effective molecules inhibiting
Am J Transl Res 2019;11(8):5105-5113
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Figure 4. GL treatment suppresses apoptosis on IL-1β-induced senescent
NP cells in vitro. A. Results of protein expression of p38, p-JNK, caspase 3,
caspase 8 and β-actin in four groups were determined by Western blotting.
B. Results of mRNA expression of caspase3 and caspase8 in four groups
were determined by RT-PCR. C. Apoptosis levels in cells of four groups were
detected by flow cytometry (“*” means there is a statistical difference with
the two groups, P value < 0.05).

HMGB1 pathological activity. The first candidate in this group is glycyrrhizin (GL)-a natural
triterpene found in Glycyrrhiza glabra and
known for its anti-inflammatory and antiviral
properties. GL was found to attenuate the transient spinal cord ischemic injury in rats by inhibiting the release of HMGB1 and decreasing
inflammatory cytokines [18], to alleviate rat
myocardial I/R-induced injury via direct inhibition of extracellular HMGB1 cytokine activity
[27], and to reduce myocardial inflammation in
mice [28].
From the result of the different expressions of
HMGB1 gene in both Mild and Severe group, it
is obviously that disc samples with much more
degeneration have higher HMGB1 expression
and the lower type II collagen expression.
Regarding the NP cells culture, CCK8 assay is
used to explore the optimized concentration
and stimulation time of the GL. The result indi5111

cated the GL had an ability to
promote the proliferation of
NP cells with an optimized
concentration. IL-1β was widely used to mimic the pathophysiology of IDD in vitro [29].
So we used this cells degenerated model to text several targets corresponding to the
inflammation and cell apoptosis. It was shown that the
inflammation markers level
such as TNF-α, IL-6/8, and
iNOS specifically increased
with the IL-1β stimuli compared with the control one.
However, it came to a reversion under the treatment of
GL. As we expected, the antiinflammatory function of GL to
the NP cells crippled with the
addition of r-HMGB1. Recent
evidences have suggested
that the exogenous HMGB1 is
a potential proinflammatory
cytokine in the progress of NP
cells degeneration and the GL
is an efficient inhibitor of it.

NP cell apoptosis is another
factor in IDD. Thus, inhibiting
the excessive apoptosis of NP
cells may be a potential way to
alleviate IDD. Ast the beginning of this project, it was proved that GL could
promote NP cells proliferation. We wondered
whether GL both have the capacity to suppress
cell apoptosis. So we analyzed p38 and p-JNK,
which are two key factors in the regulation of
apoptosis. Previous studies have shown that
JNK and p38 can participate in apoptosis by
regulating oxidative stress and inflammatory
response [30]. HMGB1 has been proved as a
novel regulator of apoptosis via the JNK/p38
pathway in several fields [31, 32]. Our findings
also lead to strong support to the view that
p38/p-JNK signaling pathway is activated by
the increased expression of HMGB1. Hopefully,
GL is a super inhibitor that suppresses the influence of HMGB1 to reduce the NP cells apoptosis in the IDD. In the next step, we have planned
to explore a deeper mechanism that underlines
the interaction between HMGB1 and p38/pJUK signaling pathway in intervertebral disc
degeneration.
Am J Transl Res 2019;11(8):5105-5113
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In conclusion, it would be interesting to find a
molecule that works by suppressing inflammation and cell apoptosis via inhibition of HMGB1
to attenuate the IDD. We systematically evaluated the role of GL treatment on the IDD model
established by the NP cells IL-1β stimuli. Together, these results revealed a knowledge
facilitating investigations that GL may be a useful method to treat the intervertebral disc diseases. We look forward to future studies which
will explore this possible role of GL in vivo.
Conclusion
These results suggested that GL prevented NP
degradation via restraining inflammation and
cell apoptosis by inhibition of HMGB1 via p38/
p-JNK signaling pathway. GL may become a
novel cytokine for the therapy of IDD in the
future.
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