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Abstract: Intervertebral disc degeneration (IDD) remains a leading cause of adult disability. High mobility group box
| (HMGB1) is a nuclear DNA-binding protein and acts as a central mediator of inflammation. The purpose of this
study was to investigate the effect of HMGB1 in IDD. In our study, IDD intervertebral disc tissues were collected
and nucleus pulposus cells (NPCs) were primarily cultured. The HMGB1 expression and the effect of HMGB1 on
NPCs and extracellular matrix and autophagy were all evaluated. Results showed that HMGB1 was markedly over-
expressed in IDD (P<0.05), and upregulated expression of HMGB1 can inhibit NPC proliferation and promote NPC
apoptosis (P<0.05), promote extracellular matrix degradation, and activate cell autophagy (P<0.05). Therefore, we
concluded that HMGB1 was up-regulated in IDD and HMGB1-induced autophagy can promotes extracellular matrix
degradation and thus lead to intervertebral disc degeneration. In brief, HMGB1 may serve as a novel diagnostic
biomarker and therapeutic target for IDD.
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Introduction

Intervertebral disc degeneration (IDD) remains
a common cause of neck and low back pain
and adult disability [1]. Age and injury (including
cumulative injury) are two important factors
leading to IDD [2]. Current studies suggest that
the pathogenesis of IDD is largely due to inter-
nal disc nucleus pulposus cells (NPC) loss, and
extracellular matrix components of change,
and inflammatory factor infiltration [3]. Also
increased inflammatory factors can lead to
reduction of NPCs and degradation of extracel-
lular matrix, and in turn, apoptosis of NPCs
extracellular matrix degradation can promote
the release of inflammatory factors [4]. IDD is
also regarded as an inflammation-related dis-
eases [9D].

High mobility group (HMG) is a nuclear DNA-
binding protein and widely distributed in eukary-
otic cells, which can regulate the replication

and recombination of genes and maintain the
structural stability of nucleosomes [6]. High
mobility group box | (HMGB1) is a member of
the HMG family and is involved in DNA recombi-
nation, autophagy, and inflammatory damage
process [7]. HMGB1 contains a C-terminal that
can regulate transcription (aa186-215) and two
DNA-binding domains (A box aal-79 and B box
aa89-163). It can binds to Toll-like receptors
and regulates the release of a variety of inflam-
matory factors [8]. Recent studies [9-11] have
shown that HMGB1 is closely related to the
occurrence and development of many inflam-
matory diseases, such as septicemia, autoim-
mune diseases, and osteoarthritis. However,
the role of HMGB1 in the pathogenesis of
IDD has not been reported and still remains
unknown.

Consequently, IDD intervertebral disc tissues
were collected and nucleus pulposus cells
(NPCs) were primarily cultured. The HMGB1
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Table 1. Forward (F) and reverse (R) primer sequenc-

es for gRT-PCR

Gene Primer sequence Length

HMGB1 F 5-GATCCCAATGCACCCAAGAG-3° 150 bp
R 5-GTGATGGGATTTCCATTGAT-3’

Collagen Il F 5-CCTGAAACTCTGCCACCCAG-3° 151 bp
R 5’-CTGCAGCACGGTATAGGTGA-3’

Agrecan F 5-GCTACGGAGACAAGGATGAGT-3" 124 bp
R 5’-CGTAAAAGACCTCACCCTCCA-3’

MMP-3 F 5’-AAACCCACCTTACATAC-3’ 125 bp
R 5’-TCCATAGAGGGACTGA-3’

MMP-9 F 5-TCCCTGGAGACCTGAGAACC-3" 130 bp
R 5-GCCACCCGAGTGTAACCAT-3’

B-actin F 5-GGAGTCAACGGATTTGGT-3’ 120 bp
R 5-GTGATGGGATTTCCATTGAT-3’

expression and the effect of HMGB1 on NPCs
and extracellular matrix and autophagy were all
evaluated, respectively in our study. Our results
showed that HMGB1 was up-regulated in IDD
and HMGB1-induced autophagy can promote
extracellular matrix degradation and thus lead
to intervertebral disc degeneration. Indeed, to
the best of our knowledgeg, this is the first report
on the role of HMGBL1 in the pathogenesis of
IDD.

Materials and methods
Materials

Clinical specimens: Intervertebral disc tissue
of 3 cases of IDD patients and 2 cases of
spinal fracture patients were collected from
department of Spinal Surgery, Zhejiang Quhua
Hospital from November 2017 to May 2018.
The degree of intervertebral disc degeneration
was graded according to preoperative MRI
Pfirrmann classification [12], and all 3 cases of
IDD patients were grade IV. 2 cases of spinal
fracture patients had no history of low back
pain. All participants or guardians gave written
informed consent and the study was approved
by the institutional ethical review board of
Zhejiang Quhua Hospital.

Reagents and instruments: RPMI1640 DM-
EM Medium, Penicillin/Streptomycin Double
Antibody Reagent, fetal bovine serum and tryp-
sase were bought from Sigma Co. Ltd (USA).
MTT Cell Proliferation and Cytotoxicity Assay
Kit (GM01-500T), TRIzol kit (GCO01-50T), An-
nexinV-FITC/PI Apoptosis Detection Kit (GAO-
02-50T), BCA Protein Assay Kit (GM03-200T),
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Transfection reagent Lipofectamine 3000
(GCO02-50T), First Strand cDNA Synthesis
Kit (GM03-50T) were purchased from
Shanghai GEFAN Bio-chemistry Co. Ltd
(China). Rabbit polyclonal to HMGB1
(1:12000 dilution, catalogue number: ab18-
256, Abcam Co. Ltd, USA), Rabbit polyclonal
to Collagen Il (1:1000 dilution, catalogue
number: ab34712, Abcam Co. Ltd, USA),
Rabbit polyclonal to Aggrecan (1:1000 dilu-
tion, catalogue number: ab6276, Abcam
Co. Ltd, USA), Rabbit polyclonal to MMP-3
(2:500 dilution, catalogue number: ab53-
015, Abcam Co. Ltd, USA), Rabbit polyclonal
to MMP-9 (1:500 dilution, catalogue num-
ber: ab73734, Abcam Co. Ltd, USA), Rabbit
polyclonal to Beclin 1 (1:500 dilution, cata-
logue number: ab62557, Abcam Co. Ltd,
USA), Rabbit polyclonal to LC3 II/I (1:500 dilu-
tion, catalogue number: ab515204, Abcam Co.
Ltd, USA) were all bought from Abcam Co. Ltd
(USA). HMGB1 Overexpression vector (HMGB1
OE) and pcDNA3.1 empty vector, small interfer-
ing RNA targeting HMGB1 (si-HMGB1) and a
control siRNA (si-NC), were designed and syn-
thesized and purchased from Shanghai GEFAN
Bio-chemistry Co. Ltd (China). The sequence as
follows: si-HMGB1-1: 5-GGAGAUCCUAAGAAG-
CCGATT-3’; si-HMGB1-2: 5-GGGAGGAGCAUAA
GAAGAATT-3’; si-NC: 5-UUCUCCGAACGUGUCA-
CG UTT-3’; HMGB1 OE vector: 5-TCGCTGAGG-
AAAAACAACT-3’; pcDNA3.1: 5-AAAACTGCGC-
TAGAACCAACTTAT3'. The Forward (F) and re-
verse (R) primers sequence of HMGB1, Colla-
gen I, Agrecan, MMP-3 and MMP-9 for gRT-
PCR were designed and synthesized and pur-
chased from Shanghai GEFAN Biochemistry
Co. Ltd (China), the sequence showed in Table
1.

Methods

Immunohistochemistry: The intervertebral disc
tissues from degenerative and normal groups
were fixed with 4% polyformaldehyde and
embedded in paraffin. Gradient alcohol dewax-
ing and dehydration were used. After high tem-
perature retrieval, 5% BSA was sealed at room
temperature for 30 min. HMGB1 Rabbit anti-
Human Monoclonal antibody was added, over-
night at 4°C. Goat anti-rabbit horseradish per-
oxidase labeled second antibody was added
after rewarming and washing the next day.
Finally, the DAB stain was applied, tissue was
slightly stained with haematoxylin and followed
by neutral balata covering.
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Primary cell culture: The primary culture of
degenerated NPCs was carried out by the enzy-
matic digestion method. After thoroughly wash-
ing the intervertebral disc tissues with PBS,
they were cut by ophthalmic scissors and
digested with 2.5 g/L trypsin at 37°C for 30
min. After centrifugation and discarding the
supernatant, digested with 2 g/L collagenase I
at 37°C for 3-5 h, till the tissues features in
floc. Then, it was filtered with 200 mesh cell
sieve and centrifuged to give a cell precipita-
tion. DMEM medium containing 10% fetal
bovine serum was added to the cell precipitate
and cultured in a cell culture box containing 5%
CO, at 37°C. Primary and secondary genera-
tion cells were identified by H&E, toluidine blue,
and collagen |l staining.

Quantitative real-time PCR: Total RNA was
extracted by Trizol method and reverse tran-
scribed to cDNA. The desired gene and GAPDH
were amplified by real-time fluorescent quanti-
tative PCR. Then relative expression quantity of
objective gene mRNA was analyzed. The
expression value of the target gene mRNA was
calculated by 222°t method. Reaction condi-
tions: Pre-denaturation at 95°C for 3 min,
denaturation at 95°C for 20 s, annealing at
60°C for 30 s, extension at 72°C for 20 s, 35
cycles. The Forward (F) and reverse (R) primers
sequence of HMGBZ1, Collagen Il, Agrecan,
MMP-3 and MMP-9 for gRT-PCR were designed
and synthesized and purchased from Shanghai
GEFAN Biochemistry Co. Ltd (China).

Cell transfection: Cell transfections were per-
formed by Lipofectamine 3000 reagent (In-
vitrogen Co. Ltd, USA) according to the manu-
facturer’s instruction. The sequence of siH-
MGB1 and a control siRNA (siNC), HMGB1 over-
expression vector and empty vector pcDNA3.1
vector (pcDNA3.1) were synthesized and fur-
ther transfected by Shanghai GEFAN Bio-
chemistry Co. Ltd (China). After 48 h transfec-
tion, GFP expression of each groups were
observed through fluorescence microscopy.
The transfection efficiency was assessed with
qRT-PCR assay.

Western blotting: After washing homogenized
tissue or cells with PBS, RIPA lysate containing
PMSF was added, and total protein was col-
lected after reaction on ice for 30 min. Cell con-
centration was detected by BCA assay. 50 pg
sample was subjected to SDS-PAGE gel electro-
phoresis and transferred to PVDF membrane.
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After blocking with 5% BSA at room tempera-
ture for 1 h, and adding Rabbit polyclonal to
HMGB1 (1:1000 dilution, catalogue number:
ab18256, Abcam Co. Ltd, USA), Rabbit poly-
clonal to Collagen Il (1:12000 dilution, catalogue
number: ab34712, Abcam Co. Ltd, USA), Rabbit
polyclonal to Aggrecan (1:1000 dilution, cata-
logue number: ab6276, Abcam Co. Ltd, USA),
Rabbit polyclonal to MMP-3 (1:500 dilution,
catalogue number: ab53015, Abcam Co. Ltd,
USA), Rabbit polyclonal to MMP-9 (1:500 dilu-
tion, catalogue number: ab73734, Abcam Co.
Ltd, USA), Rabbit polyclonal to Beclin 1 (1:500
dilution, catalogue number: ab62557, Abcam
Co. Ltd, USA), Rabbit polyclonal to LC3 IlI/I
(1:500 dilution, catalogue number: ab515204,
Abcam Co. Ltd, USA) separately, at 4°C for the
night. The corresponding second antibody was
added on the 2nd day and incubated at 37 C for
1 h. Blot bands were visualized by ECL systems.
Relative protein expression was analyzed by
using chemiDoc XRS+Imaging System.

MTT assay: Transfected cells in logarithmic
growth stage were collected and seeded as
1x10° cells into a 96-well plate. After culturing
for 0, 12, 24, 48, 72 h, each group of cells was
stained with 20 pl methyl thiazolyl tetrazolium
(MTT) reagent for 4 h. After washed twice with
PBS liquid, the crystals were dissolved by 100
ul dimethyl sulfoxide (DMSO). The absorbance
value (OB) was measured and calculated at
490 nm by enzyme label.

Annexin V/Pl double staining: Cell apoptotic
rate were detected by Annexin V/Pl double
staining kit. Transfected cells in logarithmic
growth stage were collected and resuspended
1x10° cells in binding buffer at 20% cytocrit.
Then, 5 ul Annexin PE and PI dyes were added
respectively and incubated at room tempera-
ture for 15 min avoid light. The apoptotic rate
was estimated by flow cytometry.

Immunofluorescence: Transfected cells in loga-
rithmic growth stage were digested and cell
climbing sheets were collected after 24 h cul-
tured, then, the cells were fixed with 4% PFA.
Membrane was blocked with 10 g/L Triton-X100
for 30 minutes at 37°C. Inactivation of endog-
enous peroxidase was conducted by 3% hydro-
gen peroxide and blocking with 5% BSA.
Incubation was overnight at 4°C with antibody.
Fluorescent antibodies were added the next
day after washing twice with PBS liquid. After
incubated for 1 h at 37°C avoid light, Finally,
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Figure 1. HMGB1 was markedly overexpressed in IDD. (A) gRT-PCR and (B) western blot results showed that
HMGB1 was markedly overexpressed in 4 cases of IDD tissues, *P<0.05, **P<0.01 versus 2 cases of spinal
fracture tissues (n=2). IDD: Intervertebral disc degeneration. SF: spinal fracture.

DAB stain, haematoxylin slightly stain, and neu-
tral balata coverslipping. The fluorescence in-
tensity was observed and photographed under
immunofluorescence laser confocal microsco-

py.

Statistical analysis

SPSS17.0 statistics software (version 7.0) and
GraphPad Prism (version 5.01) were used in
our study. Paired t-test and independent t-test
were performed among two groups compari-
son, whereas comparisons among groups we-
re analyzed by one-way analysis of variance fol-
lowed by Tukey’s multiple comparison test. The
p values were designated as "P<0.05, *"P<0.01,
o=0.05.

Results
HMGB1 was markedly overexpressed in IDD

In this study, intervertebral disc tissue of 3
cases of IDD patients and 2 cases of spinal
fracture patients were collected. qRT-PCR and
western blot results exhibited that HMGB1
mRNA (Figure 1A, P<0.05) and HMGB1 pro-
teins (Figure 1B, P<0.05) were markedly over-
expressed in 4 cases of IDD tissues (n=4), com-
pared with 2 cases of spinal fracture tissues
(n=2).

Cell transfection

HMGB1 OE vector, pcDNA3.1 and si-HMGB1,
si-NC were transfected into NPCs. 48 h after
transfection, Bright green fluorescence was
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visualized in each group of A431 and HSC-2
cells of each groups under fluorescence micro-
scope (Figure 2A). qRT-PCR results showed
that HMGB1 mRNA were dramatically enhanced
in HMGB1 OE group and dramatically reduced
in si-HMGB1 group, compared with correspond-
ing negative control (NC) groups (Figure 2B,
both P<0.05).

HMGBZ1 can inhibit NPCs proliferation and pro-
mote NPCs apoptosis

MTT and Annexin V/PIl assay were used to esti-
mate the effect of HMGB1 on NPCs prolifera-
tion and apoptosis. The MTT assay results
showed that the proliferation activity were sig-
nificantly decreased in the HMGB1 OE group
and significantly increased in si-HMGB1 group,
compared to with corresponding negative con-
trol groups (Figure 3, both P<0.05). The Annexin
V/PI assay results demonstrated that the apop-
totic rate was dramatically increased in HMGB1
OE group and markedly increased in si-HMGB1
group, compared with corresponding NC groups
(Figure 4, both P<0.05). It was demonstrated
that HMGB1 can inhibit NPC proliferation and
promote NPC apoptosis.

HMGB1 promotes extracellular matrix degra-
dation

gRT-PCR assay was used to assess the effect
of HMGB1 on Collagen Il and Agrecan expres-
sion. gRT-PCR results showed that Collagen Il
and Agrecan mRNA were significantly reduced
in the HMGB1 OE group and enhanced in si-

Int J Clin Exp Pathol 2020;13(9):2240-2248
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Figure 2. HMGB1 OE vector, pcDNA3.1 and si-HMGB1, si-NC were successfully transfected into NPCs. A. Bright
green fluorescence were observed under fluorescence microscope. B. gRT-PCR results showed that HMGB1 mRNA
were dramatically enhanced in HMGB1 OE group and dramatically reduced in si-HMGB1 group. “P<0.05, **P<0.01
versus corresponding NC group.
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Figure 3. HMGB1 can inhibit NPC proliferation. MTT assay results showed that the proliferation activity were sig-
nificantly decreased in HMGBZ1 OE group (A) and significantly increased in si-HMGB1 group (B). "P<0.05, “"P<0.01
versus corresponding NC group.

HMGBZ1 group, compared with corresponding
NC groups (Figure 5, both P<0.05). Also, gRT-
PCR and western blot were used to assess the
effect of HMGB1 on MMP-3 and MMP-9 expres-
sion. On the contrary, gRT-PCR and western
blot results demonstrated that MMP-3 and
MMP-9 proteins (Figure 6A, P<0.05) and
MMP-3 and MMP-9 mRNA (Figure 6B, P<0.05)
were dramatically increased in HMGB1 OE
group and decreased in si-HMGB1 group, com-
pared with with corresponding NC groups.

HMGB1 can activate cell autophagy

In our study, western-blot assay were used to
detect the expression of Beclin 1 and LC3 Il/I
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proteins. Western-blot results demonstrated
that the relative expression of Beclin 1 protein
and the ratio of LC3 I/l were significantly
increased in the HMGB1 OE group and
decreased in si-HMGB1 group, compare with
corresponding NC groups (Figure 7, P<0.05).

Discussion

HMGB1 is a highly conserved nuclear DNA-
binding protein and regarded as a central medi-
ator of inflammation [13]. HMGB1 has two main
parts: a box (aal-79) and B box (aa89-163),
and a C terminal tail (aal86-215). B box is the
part of cytokine production induced by HMGB1,

Int J Clin Exp Pathol 2020;13(9):2240-2248
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Figure 5. HMGBJ1 can inhibit Collagen Il and Agrecan
expression. Relative expression of Collagen Il and
Agrecan mRNA. **P<0.01 versus corresponding NC
group.

and its first 20 amino acid residues are its
active regions. Recombinant B box protein can
stimulate the secretion of inflammatory cyto-
kines such as TNF-a by monocytes/macro-
phages and neutrophils, while A box protein
can antagonize the inflammation of B box pro-
tein [14]. HMGB1 can stimulate monocytes to
secrete IL-1q, IL-8, MIP-1«, IL-1B, IL-6, MIP-13
and also can stimulate neutrophils to secrete
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IL-1B, TNF-a and IL-8 [15]. Recent studies [16,
17] have shown that HMGBL1 is closely related
to the occurrence and development of many
inflammatory diseases, such as septicemia,
autoimmune diseases, osteoarthritis, and
ischemia-reperfusion.

Current studies suggest that the pathogenesis
of IDD is largely due to internal disc nucleus
pulposus cells (NPCs) loss, extracellular matrix
components of change, and the inflammatory
factors infiltration [18]. IDD is regarded as an
inflammation-related disease. Also, the severity
of IDD had a positive correlation with the inflam-
mation factor level [18]. However, the role of
HMGBL1 in the pathogenesis of IDD has not
been reported and still remains unknown. In
our study, we found that HMGBZ1 was markedly
overexpressed in IDD; upregulated expression
of HMGB1 could inhibit NPC proliferation and
promote NPC a apoptosis. It was indicated that
HMGBZ1 important role in the pathogenesis of
IDD.

A normal intervertebral disc consists of a nucle-
us pulposus tissue rich in extracellular matrix.
Extracellular matrix has strong hydration ability
and can play a role in carrying and buffering
normal spinal physiological stress. Therefore,
the degradation of extracellular matrix will lead
to the disc being unable to withstand physiolog-
ic loads and the spine losing its stability [19].

Int J Clin Exp Pathol 2020;13(9):2240-2248
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The main components of extracellular matrix
are Collagen Il and Aggrecan. The Collagen I
and Aggrecan content directly affect the ho-
meostasis of extracellular matrix. Also, extra-
cellular matrix is regulated By Matrix metallo-
proteinases (MMPs). MMPs can target and
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degrade extracellular matrix
proteins [20]. Very limited data
are available found about the
effect of HMGB1 on extracellu-
lar matrix. Ojo et al. [21] report-
ed that HMGB1 can promotes
extracellular matrix synthesis
and wound repair in human
bronchial epithelial cells. In our
study, upregulated expression of
HMGB1 could cause the reduc-
tion of Collagen Il and Aggrecan
content, and the increase in
MMP-3 and MMP-9 expression.
It was suggested that HMGB1
can promote extracellular matrix
degradation in IDD by the regula-
tion of Collagen Il, Aggrecan
MMP-3, and MMP-9.

Autophagy is a lysosome-depen-
dent degradation pathway in
eukaryotic cells which plays
important parts in the develop-
ment, differentiation, reconstitu-
tion of organism and various cell
physiologic and pathologic pro-
cesses [22]. Studies [23, 24]
have found that autophagy also
participates in the pathogenesis
of IDD. Also, studies [25] have shown that
HMGBL1 is a novel Beclin 1-binding protein and
shared considerable sequence homology with
Beclin 1, so HMGB1 plays a important role in
sustaining autophagy and HMGB1 can regulate
autophagy under conditions of oxidative stress.

Int J Clin Exp Pathol 2020;13(9):2240-2248
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Tang et al. [26] reported that HMGB1 release
and redox can regulate cell autophagy in can-
cer cells. In cancer cells, anti-cancer agents
enhanced autophagy as well as HMGB1 re-
lease. HMGB1 release may be a pro-survival
signal for residual cells following various cyto-
toxic cancer treatments. Liu et al. [27] found
that HMGBZ1-induced autophagy promotes
chemotherapy resistance in leukemia cells.
Autophagy-mediated HMGB1 release antago-
nizes apoptosis of gastric cancer cells induced
by vincristine by transcriptional regulation of
Mcl-1. Liu et al. [28] found that HMGB1-DNA
complex-induced autophagy limits AIM2 inflam-
masome activation through RAGE. In our study,
upregulated expression of HMGB1 could acti-
vates cell autophagy. After extensive literature
review, this study appears to be the first about
HMGB1- induced autophagy in the pathogene-
sis of IDD.

In summary, we first determined that HMGB1
was up-regulated in IDD. Upregulated expres-
sion of HMGB1 can inhibit NPCs proliferation
and promote NPC apoptosis, promote extracel-
lular matrix degradation, and activate cell
autophagy. This study provides the first evi-
dence that HMGB1-induced autophagy can pro-
mote extracellular matrix degradation and thus
lead to intervertebral disc degeneration. In
brief, HMGB1 may serve as a novel diagnostic
biomarker and therapeutic target for IDD.
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