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Abstract: Intervertebral disc degeneration (IDD) induces serious back, neck and radicular pain. Recently, moxibus-
tion has been suggested as an effective treatment for IDD. Thus, our study aims to investigate the molecular mecha-
nism of moxibustion in IDD. A rat model of IDD was established by moxibustion treatment. Nucleus pulposus (NP) 
cells isolated from IDD rats or IDD rats treated with moxibustion were transfected with plasmids harboring overex-
pressed hypoxia-inducible factor-1 alpha (HIF-1α) to understand the role of treatment on cell autophagy and apopto-
sis. To investigate the mechanism of moxibustion in IDD, aggrecan, cyclo-oxygenase 2 (COX-2), HIF-1α and vascular 
endothelial growth factor (VEGF) expression in NP cells was measured. The expression of aggrecan and COX-2 was 
elevated by moxibustion treatment. Moxibustion induced autophagy and suppressed apoptosis of NP cells from 
IDD rats. Compared with IDD rats, the expression of light chain 3 (LC3) II/I, Beclin-1, B-cell lymphoma-2 (Bcl-2) and 
HIF-1α was regulated significantly after moxibustion treatment, while the expression of cleaved-caspase-3, Bcl-2 
associated protein X and VEGF was downregulated. In general, moxibustion may be beneficial to IDD by enhancing 
autophagy and reducing apoptosis of NP cells via the HIF-1α/VEGF pathway.
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Introduction

Intervertebral disc degeneration (IDD) is a 
chronic age-related process in the interverte-
bral disc characterized by a decrease in the 
protein polysaccharide and water contents in 
the nucleus pulposus (NP), leading to the inabil-
ity of the disc to resist compression loads. The 
intervertebral disc is a basic component of the 
spine, which is connected to the adjacent verte-
bral space that transfers and absorbs mechani-
cal loads on the spine [1]. IDD is caused by 
complex and multifactorial processes due to 
mechanical stress, cell aging, and nutritional 
deficiencies [2, 3]. Therefore, IDD is one of the 
main causes of motor deficiency and low back 
pain [4, 5]. Because the molecular mechanisms 
of IDD remain unclear in current clinical thera-
pies, the clinical treatment mainly aims to 
relieve the symptom instead of targeting IDD 
directly. IDD is globally prevalent and therefore 
a huge economic burden to our society [6], 
highlighting the urgency of developing novel 
treatment modalities against IDD.

Moxibustion, a traditional Chinese medical in- 
tervention, is a direct or indirect application of 
Artemisia argyi at acupoints or other specific 
parts to prevent diseases [7]. Moxibustion has 
been used for treating IDD with good outcomes. 
Recently, a study has noted that warm needle 
moxibustion stimulates the sensation of merid-
ian-collateral transmission, so it exerts a better 
curative effect on IDD at lumbar intervertebral 
discs [8]. Moreover, moxibustion has protective 
effects on myocardial ischemia-reperfusion in- 
jury by decreasing the expression of hypoxia-
inducible factor-1 alpha (HIF-1α), B-cell lympho-
ma-2 (Bcl-2), and caspase-3 in rat myocardial 
cells [9]. The beneficial effects of moxibustion 
may be achieved by alleviating hypoxia-mediat-
ed apoptosis [10]. The NP is an avascular tissue 
that takes nutrition diffused from the end-
plates; therefore, cells in the NP are physiologi-
cally hypoxic [11, 12]. Changes in oxygen levels 
can activate or suppress various homeostatic 
genes for survival and accommodation of cells 
as part of the cellular adaptation. HIF-1, one of 
the key genes in this cellular adaption process, 
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can be activated in hypoxic conditions and 
acclimatize tissue functions to reduce oxygen 
levels by mediating transcription factors and 
enzymes [13]. Therefore, we determined whe- 
ther HIF-1α was associated with a beneficial 
effect of moxibustion on IDD.

Materials and methods

Ethical statement

Animal use and experimental procedures we- 
re approved by the Institutional Experimental 
Animal Ethics Committee of Dongying People’s 
Hospital (No. 201707003). Experiments were 
performed in compliance with the Guidelines 
on the Humane Treatment of Laboratory Ani- 
mals established by the Ministry of Science 
and Technology of the People’s Republic of 
China (Policy No. 2006 398).

Model establishment of IDD in rat caudal 
spine

IDD was induced by needle puncture in the  
caudal spine of Sprague-Dawley (SD) rats, as 
described previously [14]. In brief, 42 healthy 
male SD rats (weighing 280-320 g) were divid-
ed into the sham group (n = 14) or IDD group  
(n = 28) after being acclimated for one week. 
The IDD model was established by the central 
puncture method. After pentobarbital anesthe-
sia (30 mg/kg, intraperitoneal injection), a por-
table X-ray machine was used to measure the 
intervertebral disc (IVD) level between the 6th 
and 7th caudal vertebra (Co6-7 level) and center 
of the IVD. A 21-gauge needle was inserted into 
the center of the NP through the annulus fibro-
sus at the Co6-7 level with rotation of 180° in 5 
s. The rats in each group were intraperitoneally 
injected with 200,000 U/kg penicillin sodium 
salt (800,000 U/branch, Huabei Pharmaceuti- 
cal Co., Ltd., Wuhan, China) once a day for 3 
consecutive days to prevent infection. Tissues 
from the intervertebral disc in the IDD and 
sham groups were stained with hematoxylin 
and eosin (HE), Safranin O-fast green and Sir- 
ius red after 8 weeks of standard diet feeding 
in single cages at 23-25°C.

Animal grouping and administration

The IDD group was further divided into 2 gro- 
ups: no treatment group (n = 14) or IDD + moxi-
bustion group (n = 14, rats received moxibus-
tion with moxa sticks for 20 min once a day for 
10 days as 1 course of treatment and contin-

ued for 3 courses). The sham group (n = 14) 
received a skin incision and then wound clo-
sure. After treatment, all rats were euthanized 
by CO2 inhalation. The intervertebral disc tis-
sues were collected and stored for subsequent 
experiments.

HE staining

After fixation with 10% neutral formaldehyde 
solution (pH 7.0) for 24 h, the rats’ interverte-
bral disc tissues were processed with stand- 
ard gradient alcohol dehydration, xylene clear-
ing, wax immersion and paraffin embedding. 
Tissues were sliced continuously (5 μm) and 
placed at 80°C for 1 h. After cooling down, the 
tissues were dehydrated by standard gradient 
alcohol and cleared with xylene. Next, the tis-
sues were stained with hematoxylin (H8070-5 
g, Beijing Solarbio Science & Technology Co., 
Ltd., Beijing, China) for 4 min, differentiated by 
alcohol hydrochloride for 10 s, blued by ammo-
nia for 10 min, and then stained with eosin 
(PT001, Shanghai Bogu Biological Technology 
Co., Ltd., Shanghai, China) for 2 min, followed 
by gradient alcohol dehydration, clearing and 
mounting. The pathological changes were ob- 
served under an optical microscope (DMM-
300D, Shanghai Caikang Optical Instrument 
Co., Ltd., Shanghai, China).

Immunohistochemistry

The tissue slices were blocked with normal 
goat serum blocking solution (C-0005, Shang- 
hai Haoran Biotechnology Co., Ltd., Shanghai, 
China) for 20 min, followed by the addition of 
primary anti-rabbit polyclonal antibodies for 
aggrecan (ab26861, 1:200), cyclo-oxygenase 2 
(COX-2) (ab15191, 1:500), HIF-1α (ab51608, 
1:100) and vascular endothelial growth factor 
(VEGF) (ab2349, 1:100) overnight at 4°C. Then, 
slices were treated with goat anti-rabbit immu-
noglobulin G (ab6721, 1:1000) at 37°C for 20 
min and horseradish peroxidase-labeled strep-
tavidin (0343-10000U, Yimo Biotechnology 
Co., Ltd., Beijing, China) at 37°C for 20 min. 
Antibodies were all from Abcam Inc. (Cambrid- 
ge, MA, USA). Then, slices were developed by 
diaminobenzidine (DAB) (ST033, Guangzhou 
Whiga Technology Co., Ltd., Guangzhou, China), 
stained with hematoxylin (PT001, Shanghai 
Bogu Biological Technology Co., Ltd., Shanghai, 
China) and returned to blue in color by 1% 
ammonia, dehydrated, cleared and mounted. 
Images were obtained under a microscope.
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Isolation and identification of NP cells

The isolation and identification of NP cells were 
performed according to previous studies [15-
17]. Briefly, the intervertebral disc tissues were 
sliced (1 mm), detached with 0.1% collagenase 
type II at 37°C for 4 h, resuspended and seed-
ed in 6-cm culture dishes in 5% CO2 at 37°C in 
Dulbecco’s modified Eagle’s medium (DMEM)- 
F12 containing 20% fetal bovine serum (FBS). 
The medium was replaced every 48 h with 
DMEM-F12 medium containing 10% FBS. The 
cell morphology was identified under a high 
power inverted microscope. After approximate-
ly 15 days, the cells were detached with trypsin 
and passaged (1:4). The expression of HIF-1α, 
HIF-1β, collagen I, collagen II and matrix metal-
loproteinase-2 (MMP-2) in NP cells was identi-
fied by immunocytochemical staining [18-20]. 
The cells were fixed in 4% polyformaldehyde, 
treated with 0.5% Triton X-100 for 15 min and 
incubated with 3% H2O2 for 15 min at room 
temperature. Then, 0.01 mol/L sodium citrate 
was applied for repair at 95°C for 15 min. The 
cells were blocked with 5% goat serum at 37°C 
for 30 min and incubated with primary antibod-
ies (Abcam Inc., Cambridge, MA, USA) to HIF-1α 
(ab51608), HIF-1β (ab2771), collagen I (ab90- 
395), collagen II (ab185430) and MMP-2 (ab- 
37150) at 4°C overnight. Then, biotin-labeled 
secondary antibody was added and incubated 
with cells at room temperature for 30 min, fol-
lowed by color visualization using DAB and 
counterstaining by hematoxylin. Microscopic 
observation was performed after cells were 
sealed with neutral gum.

Cell treatment

NP cells were isolated from IDD rats that re- 
ceived 30-min moxibustion treatment or not 

before isolation. NP cells were detached with 
trypsin, counted, seeded in 6-well plates, dilut-
ed with DMEM, and transfected with blank 
plasmid or HIF-1α overexpression plasmid for 
24 h using Lipofectamine 2000 (Invitrogen, NY, 
CA, USA). Next, the cells were mixed, rested 
and incubated in 5% CO2 at 37°C. Cells were 
embedded with a mixture of Epon8l2 and ace-
tone (3:1) and sliced using an ultramicrotome 
(Leica, Wetzler, Germany), and ultrastructural 
changes in the cells were observed under an 
H-600IV transmission electron microscope 
(Hitachi, Japan).

Terminal deoxynucleotidyl transferase (TdT)-
mediated 2’-deoxyuridine 5’-triphosphate 
(dUTP) nick end labeling (TUNEL) staining

Forty-eight hours after transfection, cells were 
fixed with acetone for 15 min and incubated  
for 5 min in osmotic solution containing 0.2% 
Triton X-100 and 0.1% sodium citrate. The TU- 
NEL reaction mixture (11684817910, Beijing 
Solarbio Science & Technology Co., Ltd., Beijing, 
China) was added for 30 min in a wet box at 
37°C, followed by the addition of the TUNEL-
peroxidase converter (AP005, Shanghai 7sea 
Biotechnology Co., Ltd., Shanghai, China) and 
incubation in a wet box at 37°C for 30 min. 
Next, cells were incubated with DAB solution 
for 5-10 min, stained with hematoxylin (PT001, 
Shanghai Bogu Biological Technology Co., Ltd., 
Shanghai, China), differentiated by hydrochloric 
acid alcohol, returned to blue in color by tap 
water, dehydrated by alcohol, cleared by xylene, 
mounted, and analyzed under a fluorescence 
microscope.

RNA isolation and quantitation

A TRIzol kit (Invitrogen, New York, CA, USA) was 
used to extract total RNA based on the manu-
facturer’s instructions. RNA was then reverse 
transcribed into cDNA using a PrimeScriptTM 
reverse transcription (RT) reagent kit with a 
gDNA Eraser kit (TaKaRa Bio Inc., Shiga, Ja- 
pan). Reverse transcription quantitative poly-
merase chain reaction (RT-qPCR) was conduct-
ed in an ABI7500 PCR system (Applied Bio- 
systems) using the SYBR Premix Ex TaqTM kit 
(TaKaRa, Japan). β-actin served as an internal 
reference. Primers were designed and synthe-
sized by TaKaRa Biotechnology Co., Ltd., (Liao- 
ning, China) (Table 1). The fold changes were 
calculated by relative quantification (2-ΔΔCt me- 
thod) [21].

Table 1. Primer sequences for RT-qPCR
Genes Primer sequences
HIF-1α F: 5’-TCAAGTCAGCAACGTGGAAG-3’

R: 5’-TATCGAGGCTGTGTCGACTG-3’
VEGF F: 5’-CAATGATGAAGCCCTGGAGT-3’

R: 5’-TTTCTTGCGCTTTCGTTTTT-3’
β-actin F: 5’-CCGTGAAAAGATGGACCCAGAT-3’

R: 5’-GGACAGTGAGGCCAGGATAGA-3’
Note: RT-qPCR, reverse transcription quantatitive 
polymerase chain reaction; HIF-1α, hypoxia-inducible 
factor-1 alpha; VEGF, vascular endothelial growth factor; 
F, forward; R, reverse.
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Western blot analysis

Cells were lysed, and total protein was extract-
ed and quantified with a bicinchoninic acid kit 
(Thermo Fisher Scientific, Waltham, MA, USA). 
Next, a total of 30 μg of protein was separa- 
ted by polyacrylamide gel electrophoresis and 
transferred to polyvinylidene fluoride membra- 
nes (Amersham, Piscataway, NJ, USA). The me- 
mbranes were blocked in 5% skim milk for 1 h 
and then incubated with primary antibodies: 
VEGF (NB100-664, 1:1000, Bio-Techne Corpo- 
ration, Minneapolis, MN, USA), HIF-1α (ab113- 
642, 1:2000, rat antibody), light chain protein 
3B (LC3B) (ab51520, 1:1000, rabbit antibody), 
Beclin-1 (ab207612, 1:2000, rabbit antibody), 
cleaved-caspase-3 (ab2302, 1:1000, rabbit 
antibody), Bcl-2 (ab32124, 1:1000, rabbit anti-
body), Bcl-2 associated protein X (Bax) (ab32- 
503, 1:5000, rabbit antibody), and GAPDH 
(ab8245, 1:1000, rat antibody). The next day, 
the membranes were washed 3 times with Tris-
buffered saline Tween 20 and incubated with 
secondary goat anti-rabbit (ab6721, 1:2000)  
or goat anti-rat (ab6785, 1:10,000) antibodies 
accordingly at 37°C for 1 h. All antibodies ex- 
cept for VEGF were purchased from Abcam Inc. 
(Cambridge, MA, USA). Enhanced chemilumi-
nescence reaction solution (GK342011, Gene 
Tech Co., Ltd., Shanghai, China) was used for 
development and observation. Relative protein 
levels were identified using Image Pro Plus 6.0 
(Media Cybernetics, Silver Spring, MD, USA).

Statistical analysis

SPSS 21.0 (IBM Corp. Armonk, NY, USA) was 
used for data analysis and statistics. Normal 
distribution was tested for all data. Data are 
expressed as the mean ± standard deviation, 
with equality of variances tested. Comparisons 

As shown in the HE staining in Figure 1, the 
lumbar intervertebral space was wide, the ar- 
rangement of fibrous rings was regular, and the 
number of NP cells and interstitial cells did not 
decrease significantly in the sham-operated 
rats. In contrast, IDD rats had more hyperplas-
tic cartilage lacunae in the inferior lamina of 
the endplate, suggesting that the IDD animal 
model was successfully established.

Moxibustion treatment alleviates IDD

HE staining was then used to investigate the 
role of moxibustion in IDD. After treatment with 
moxibustion, the fibrous rings were arranged  
in an orderly fashion in IDD rats, with incre- 
ment in the NP cells and extracellular matrix 
(Figure 2A). Furthermore, the expression of 
aggrecan and COX-2 in intervertebral disc tis-
sues was also determined by immunohisto-
chemistry (Figure 2B). The results showed that 
the expression of aggrecan and COX-2 signifi-
cantly decreased in IDD rats when compared 
with that in the sham-operated rats, while that 
of IDD rats treated with moxibustion increased 
significantly (P < 0.05). These results showed 
that moxibustion treatment was beneficial to 
IDD in rats.

Identification of NP cells from rats

The morphology of isolated rat NP cells was 
observed by microscope. NP cells were spin- 
dle-shaped or angular in shape under high-
power microscope, with long cytoplasmic pro- 
tuberances (Figure 3A). The results of immu- 
nocytochemical staining revealed that NP cells 
expressed HIF-1α, HIF-1β, collagen I, collagen II 
and MMP-2 and that the expression of HIF-1α, 
HIF-1β, collagen I and MMP-2 increased while 
collagen II decreased with cell passages (Figure 
3B). These findings confirmed the successful 
isolation of NP cells from rats.

Figure 1. Representative images showing the lumbar intervertebral space 
after HE staining in sham-operated and IDD rats (× 100).

among multiple groups were 
analyzed using one-way anal-
ysis of variance (ANOVA), with 
Tukey’s post hoc test used  
for pairwise comparison be- 
tween two groups. A value of 
P < 0.05 was considered sta-
tistically significant.

Results

Establishment of the IDD 
model
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Moxibustion induces autophagy and suppress-
es apoptosis of rat NP cells

Autophagy levels were determined by transmis-
sion electron microscope in isolated NP cells. 
Autophages or autophagic vesicles, which were 

presented as bilayer membrane vesicles con-
taining fragments of damaged organs or poly-
meric proteins, were detected in the cytoplasm 
of NP cells. IDD rats had lower levels of autoph-
agy than the levels in sham-operated rats (Fig- 
ure 4A). TUNEL staining further revealed that 

Figure 2. Moxibustion treatment relieves degeneration of intervertebral discs. A. Micrographs showing histopatho-
logical changes in intervertebral discs after HE staining in IDD rats after moxibustion treatment (scale bar = 100 
µm). B. Micrographs showing immunohistochemistry of aggrecan and COX-2 in intervertebral discs of IDD rats after 
moxibustion treatment. *P < 0.05 vs. sham-operated rats; #P < 0.05 vs. IDD rats. The measurement data were ex-
pressed as the mean ± standard error. Comparisons among multiple groups were analyzed using one-way ANOVA. 
Three parallel experiments were repeated; n = 14.

Figure 3. Micrographs identifying rat NP cells (× 200; 
scale bar = 50 µm). A. The rat NP cells observed under an 
inverted microscope. B. The expression of HIF-1α, HIF-1β, 
collagen I, collagen II and MMP-2 identified by immunocy-
tochemical staining.
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the IDD rats had increased apoptosis of NP 
cells, while that was reduced by moxibustion 
treatment in IDD rats (Figure 4B).

To further validate the above results, the ex- 
pression of autophagy and apoptosis-related 
genes was identified using western blot analy-
sis (Figure 4C). Compared with the NP cells 
from sham-operated rats, the expression of 
LC3 II/I, Beclin-1 and Bcl-2 was downregulated 
in the NP cells from IDD rats (P < 0.05). However, 
cleaved-caspase-3 and Bax were upregulated 
in the NP cells from IDD rats when compared 
with expression in the NP cells from sham-oper-
ated rats (P < 0.05). After treatment with moxi-
bustion, the expression of LC3 II/I, Beclin-1 and 
Bcl-2 increased significantly in IDD rats, and 
cleaved-caspase-3 and Bax expression was re- 

duced in NP cells (P < 0.05). Thus, moxibustion 
may improve the degeneration of the interver-
tebral disc by inducing autophagy and reducing 
apoptosis of NP cells.

Moxibustion elevates the expression of HIF-1α 
but reduces that of VEGF in NP cells of rats 
with IDD

Previous studies have shown that HIF-1α is 
involved in IDD [16, 17]. To further verify this, 
immunohistochemistry was used to assess the 
expression of HIF-1α and VEGF in intervertebral 
disc tissues. HIF-1α was poorly expressed while 
VEGF was highly expressed in the NP cells from 
IDD rats when compared with expression in the 
NP cells from sham-operated rats (P < 0.05, 
Figure 5A). After treatment with moxibustion, 

Figure 4. Treatment with moxibustion restrains apoptosis and induces autophagy in NP cells. A. Micrographs show-
ing autophagy of NP cells observed under transmission electron microscope. B. Apoptosis of NP cells detected by 
TUNEL staining (scale bar = 25 µm). C. The protein expression of autophagy and apoptosis-related genes LC3 II/I, 
Beclin-1, cleaved-caspase-3, Bcl-2 and Bax normalized to GAPDH in NP cells measured using western blot analysis. 
*P < 0.05 vs. sham-operated rats; #P < 0.05 vs. IDD rats. The measurement data were expressed as the mean ± 
standard error. Comparisons among multiple groups were analyzed using one-way ANOVA (Tukey’s post hoc test). 
Three parallel experiments were repeated.
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HIF-1α expression increased and VEGF expres-
sion decreased in the NP cells from the IDD 
rats. Further, western blot analysis confirmed 
the findings above (Figure 5B). These results 
indicated that moxibustion increased HIF-1α 
expression and reduced VEGF expression in 
the NP cells from rats with IDD.

Moxibustion affects autophagy and apoptosis 
of NP cells in IDD rats through the HIF-1α/
VEGF pathway

Moxibustion affected the expression of HIF-1α 
and VEGF. Here, we explored whether moxibus-
tion could function through the HIF-1α/VEGF 
pathway. The expression of HIF-1α and VEGF 
was measured using RT-qPCR (Figure 6A) and 
western blot analysis (Figure 6B) in NP cells 
after moxibustion treatment or HIF-1α overex-
pression. In contrast to IDD rat NP cells trans-
fected with blank plasmids, HIF-1α expression 
increased but VEGF expression declined signifi-
cantly in IDD rat NP cells transfected with over-

expressed HIF-1α or NP cells from IDD rats 
treated with moxibustion alone or in combina-
tion (P < 0.05). The combination of HIF-1α over-
expression and moxibustion treatment exhibit-
ed the most significant changes (P < 0.01).

TUNEL staining (Figure 6C) was used for the 
detection of cell apoptosis. After treatment 
with moxibustion or HIF-1α overexpression 
alone or together, apoptosis in NP cells de- 
creased (P < 0.05), with the most significant 
changes mediated by treatment with overex-
pressed HIF-1α and moxibustion together (P < 
0.01). To further validate the above results, the 
expression of autophagy- and apoptosis-relat-
ed genes was assessed (Figure 6D). It was 
found that the expression of LC3 II/I, Beclin-1 
and Bcl-2 was enhanced after administration  
of moxibustion or HIF-1α overexpression, while 
cleaved-caspase-3 and Bax expression was 
diminished (P < 0.05). The combination of mo- 
xibustion treatment and HIF-1α overexpress- 
ion contributed to the most effective changes 

Figure 5. Treatment with moxibustion results in increased HIF-1α expression and reduced VEGF expression in rats 
with IDD. A. Expression of HIF-1α and VEGF in intervertebral disc tissues was identified by immunohistochemistry 
(scale bar = 100 µm). B. Western blot analysis was used to detect the expression of HIF-1α and VEGF normalized to 
GAPDH in NP cells. *P < 0.05 vs. sham-operated rats; #P < 0.05 vs. IDD rats. The measurement data were expressed 
as the mean ± standard error. Comparisons among multiple groups were analyzed using one-way ANOVA (Tukey’s 
post hoc test). Three parallel experiments were repeated; n = 14.
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Figure 6. Treatment with moxi-
bustion and HIF-1α overexpres-
sion restrains apoptosis and 
induces autophagy in NP cells. 
A. Expression of HIF-1α and 
VEGF in NP cells determined 
by RT-qPCR. B. Expression of 
HIF-1α and VEGF normalized to 
GAPDH in NP cells determined 
by western blot analysis. C. 
Apoptosis in NP cells assessed 
using TUNEL staining (scale 
bar = 25 µm). D. Expression of 
the autophagy and apoptosis-
related genes LC3II/I, Beclin-1, 
cleaved-caspase-3, Bcl-2 and 
Bax normalized to GAPDH mea-
sured by western blot analysis. 
*P < 0.05 vs. IDD rat bearing 
NP cells transfected with blank 
plasmid; #P < 0.05 vs. IDD rat 
bearing NP cells transfected 
with blank plasmid. The mea-
surement data were expressed 
as the mean ± standard error. 
Comparisons among multiple 
groups were analyzed using 
one-way ANOVA (Tukey’s post 
hoc test). Three parallel experi-
ments were performed.

(P < 0.01). Thus, apoptosis was reduced and 
autophagy was promoted after moxibustion 

and HIF-1α overexpression, therefore improving 
IDD.
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Discussion

IDD causes spinal motion segment instability, 
stenosis, and deformity, resulting in low back 
pain and motor deficiency [4, 5]. IDD is com-
mon around the globe and is therefore a huge 
economic burden to our society [6]. Despite 
this, the molecular mechanisms of IDD are not 
fully elucidated. The current study explored the 
in vivo effects of moxibustion on the occur-
rence and progression of IDD by establishing 
an IDD model in rats. Moreover, the findings 
from the present study suggest that moxibus-
tion improves IDD, and moxibustion combined 
with HIF-1α overexpression may have more be- 
neficial effects on IDD than moxibustion alone.

Based on the theory of traditional Chinese 
medicine, a possible reason for how moxibus-
tion works is that heat regulates the functions 
of meridians and viscera by stimulating acu-
points, thus increasing the circulation of qi and 
alleviating qi stagnation [21]. However, moxi-
bustion is not risk free, as it may cause aller-
gies, burns and infections [8]. The current study 
focused on the effects of moxibustion on IDD 
regarding the involvement of the HIF-1α/VEGF 
pathway. We found that moxibustion improves 
IDD by inducing autophagy and inhibiting apop-
tosis of NP cells in IDD. Apoptosis and autopha-
gy are two main programmed cell death pat-
terns [22], which are closely linked, and auto- 
phagy can either suppress or delay apoptosis 
[23]. In the present study, the expression of 
LC3 II/I, Beclin-1 and Bcl-2 increased and the 
expression of cleaved-caspase-3 and Bax was 
reduced. In addition to their importance as bio-
logical phenomena, defective apoptotic proce- 
sses or excessive autophagy is also involved  
in a wide range of diseases, including IDD, and 
the increase in apoptosis or excessive autoph-
agy of intervertebral disc cells is related to the 
pathogenesis of IDD [24].

Moxibustion increased the expression of LC3 
II/I, Beclin-1 and Bcl-2, which are related to 
autophagy. Autophagy involves a multistep pro-
cess, which is highly regulated by the autopha-
gy-related gene LC3. Cytoplasmic tubule-asso-
ciated protein LC3-I is lipid-modified and trans-
formed into LC3-II and thus capable of translo-
cating through the autophage membrane, mak-
ing the transformation from LC3-I to LC3-II and 

the accumulation of LC3 a marker of autopha-
gy. Beclin-1 is a Bcl-2 homology 3 member of 
the Bcl-2 gene family that can drive autophagy 
in mammalian cells [25]. Apoptosis can be 
induced by variant upstream stimuli, including 
caspase-3, which can be activated by cyto-
chrome C released from mitochondria that is 
enhanced by Bax or suppressed by Bcl-2 [26, 
27]. Consistent with our findings, 3-methylade-
nine has been reported to promote autophagy 
in annulus fibrosus cells under serum depriva-
tion in vitro, with increased Beclin-1 and LC3 
II/I and Bax/Bcl-2, which are associated with 
mitochondrial function [28]. Thus, moxibustion 
may be beneficial to IDD by enhancing the 
autophagy of NP cells in IDD.

Subsequently, it was found that moxibustion 
induced HIF-1α expression and activated the 
HIF-1α/VEGF pathway to affect IDD. A combina-
tion treatment of moxibustion and HIF-1α over-
expression exerted better effects at reducing 
apoptosis and enhancing autophagy. HIF-1α is 
implicated in the degeneration of human inter-
vertebral discs when the expression of HIF-1α 
is correlated with the progression of the condi-
tion [29]. Additionally, it has been shown that 
HIF-1α is expressed in NP cells in rat interver- 
tebral discs [30]. HIF-1α is implicated in hypox-
ia-induced autophagy [31], which decreases 
apoptosis and increases autophagy by remov-
ing damaged organelles in metabolic stress 
conditions such as hypoxia [32]. Recent find-
ings have suggested that modification of VEGF 
in mesenchymal stem cells exerts angiogenetic 
and paracrine effects [33]. Thus, we may con-
clude that overexpressed HIF-1α exerted bene-
ficial effects on IDD. These findings underscore 
that the role of moxibustion in IDD may be re- 
lated to apoptosis and autography via the HIF-
1α/VEGF pathway.
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