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Abstract

Background: MicroRNA (miRNA) plays a vital role in the pathogenesis of intervertebral
disc degeneration (IDD). The expression and potential mechanism of miR-573 in human
nucleus pulposus (NP) remains to be elucidated. In this study, we aimed to investigate
the role of miR-573 in IDD.

Methods: Quantitative reverse transcription polymerase chain reaction (qRT-PCR)
analysis was applied to examine the expression of miR-573 and Bax in idiopathic scoliosis
tissues and IDD tissues. Human NP cells were employed for analysis. Moreover, the
proliferation and apoptosis of NP cells were detected using MTT and flow cytometry
assay respectively. The expression levels of Bcl-2, cleaved caspase-3, cleaved caspase-9,
caspase-3 and caspase-9 in degenerative NP cells were measured by Western blotting
assay. Furthermore, a luciferase reporter assay was used to verify the relationship between
miR-573 and Bax.

Results: The results revealed that the mRNA expression level of miR-573 was down-
regulated whereas Bax was up-regulated notably in degenerative NP cells. In addition,
overexpression of miR-573 increased cell viability remarkably, coupled with inhibition of
cell apoptosis. The expression level of Bcl-2 was increased while cleaved caspase-3 and
cleaved caspase-9 expression levels were decreased in miR-573 overexpression NP cells.
Additionally, the bioinformatics analysis underscored that Bax was a direct target gene of
miR-573.

Conclusion: These results suggest that overexpression of miR-573 inhibited NP cell
apoptosis by down-regulating Bax, which proved to be a novel effective strategy for IDD
therapies.

Keywords: miR-573, Bax, Nucleus pulposus cells, Intervertebral disc degeneration

Background
Intervertebral disc (IVD) degeneration (IDD) is considered to be the pathological basis

of degenerative spinal diseases, leading to intervertebral disc herniation, spinal canal

stenosis and lower back pain (LBP) [1]. IDD is depended on the interaction between

genetic and environmental factors, which triggers pathogenic responses in disc cell

apoptosis and autophagy [2–4]. Although a variety of factors (age, genetic, smoking, in-

fection, environmental) have been reported to influence its etiology, genetics is the

main risk factor for degenerative disc disease, accounting for about 70% [5–7]. How-

ever, the underlying molecular mechanism of IDD has not been fully elucidated.
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MicroRNAs (miRNAs), a kind of short (20–23 nt) noncoding RNAs, inhibit gene

mRNA expression levels by directly binding to the 3′-untranslated region (UTR) of tar-

get gene mRNAs [8]. It has been well documented that aberrant miRNAs are related to

the occurrence and progression of IDD [9–12]. It has been well documented that

miR-96 promoted NP cell proliferation by target connecting with ARID/AKT signaling

[13]. Furthermore, miR-494 induced cell apoptosis via directly combining with SOX9

in human degenerative NP cells [14]. Therefore, miRNAs might play an important role

in the development and progression of IDD through regulating NP cell proliferation

and apoptosis. However, the role of miR-573 in IDD has not been fully elucidated.

As is known to us all, the pro-apoptotic protein Bax and the anti-apoptotic protein

Bcl-2 are both members of the Bcl-2 family which regulate the mitochondrial functions

during apoptosis [15, 16]. When cells are under the status of stress, changes in the mem-

brane are generated, which leads to the release of apoptosis factors into the cytoplasm,

including cytochrome C. Then the increasing cytochrome C activates caspases (caspase-3

and caspase-9), which results in accelerated cell apoptosis [17]. Some studies have

suggested that the expression of apoptosis relevant factors including cleaved caspase-3,

cleaved caspase-9, Bax and Bcl-2 was changed in NP cells [18, 19]. Therefore, after a

search on target gene prediction websites, we discovered that Bax might be one of the

underlying target genes of miR-573, and relevant research has not been reported.

In the present study, the results revealed that overexpression of miR-573 inhibited

cell apoptosis in human degenerated NP cells. Importantly, the underlying regulatory

mechanism is negatively regulated by the target gene Bax. To the best of our know-

ledge, our findings provide a new therapeutic target for the treatment of IDD.

Methods
Tissue samples

We obtained IDD tissues (30 cases) and idiopathic scoliosis (IS) tissues (30 cases) from the

Hospital Affiliated to Zhejiang University of Traditional Chinese Medicine (Hangzhou,

China). All study procedures were approved by the Research Ethics Committee of the

Guang Xing Hospital Affiliated to Zhejiang University of Traditional Chinese Medicine. In-

formed consent was given by all participants. All tissue samples were collected for analysis

on obtaining informed consent from all patients. Both tissues were stored at − 80 °C.

Human NP cell culture (isolation and primary culture)

The isolation of human primary nucleus pulposus cells was described in the previous

study [20]. Firstly, after PBS washing, NP degenerated specimens were diced into small

fragments of size 2–3 mm3. These fragments were incubated in 0.25% trypsin solution

for 25 min, followed by treatment with 0.2% type II collagenase (Invitrogen, Carlsbad,

CA) at 37 °C for 12 h in DMEM (Gibco, USA) containing 10% FBS, 100 U/ml penicillin

and 100 μg/ml streptomycin (Gibco, USA) at 37 °C in an atmosphere of 5% CO2. All

experiments in this study used first- or second-generation cells.

Cell transfection

The NP cells were seeded into 6-well plates at the density of 1 × 106 cells/well. When

cell reached 70–80% confluence, cells were transfected with mimic control (miR-con)
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or miR-573 mimic (GenePharma Co., Ltd., Shanghai, China) at a concentration of 40

nM for transfection using Lipofectamine 2000 (Invitrogen, USA) according to the

manufacturers’ instructions. Successful transfection was determined by qRT-PCR. The

sequence of miR-573 was 5′-CUGAAGUGAUGUGUAACUGAUCAG-3′, miR-573

mimic was 5′-CUGAAGUGAUGUGUAACUGAUCAG-3′, and mimic control was

5′-UCACAACCUCCUAGAAAGAGUAGA-3′. Then the cells were incubated for 24 h

to continue the further analysis.

Quantitative real-time polymerase chain reaction (qRT-PCR)

Total RNA was isolated using TRIzol Reagent (Invitrogen, USA) in accordance with the

protocol of the manufacturer. cDNA was synthesized using the QuantiTect reverse tran-

scription kit (Qiagen). The Hairpin-itTM miR-573 qRT-PCR Primer Set (GenePharma

Co., Ltd., Shanghai, China) was used to determine the relative quantity of miR-573, and

the mRNA level of miR-573 was normalized to the expression of endogenous U6. Bax

was measured by SYBR green qRT-PCR assay (Takara), and GAPDH was detected as an

endogenous control. The primers used in our study were as follows: miR-573 forward,

5′-ACACTCCAGCTGGGCTGAAGTGATGTGTAA-3′ and reverse, 5′-TGGTGTCGT

GGAGTCG-3′; Bax forward, 5′- CCCGAGAGGTCTTTTTCCGAG-3′ and reverse, 5′-

CCAGCCCATGATGGTTCTGAT-3′; U6 forward, 5′- CCCCTGGATCTTATCAGGC

TC-3′ and reverse, 5′- GCCATCTCCCCGGACAAAG-3′; GAPDH forward, 5′- GGAG

CGAGATCCCTCCAAAAT-3′ and reverse, 5′- GGCTGTTGTCATACTTCTCATGG-3′.

Quantitative measurements were determined using the 2−-ΔΔCq method [21].

MTT assay

The MTT assay was applied for assessing cell viability. NP cells were divided into

untreated (control), miR-con and miR-573 mimic groups. At 24 h after transfection,

5 × 103 cells/well were seeded into 96-well plates to incubate for 48 h. Then 20 μl of

MTT was added into each well. Following incubation at 37 °C for 4 h, 200 μl of DMSO

was added to the wells. The absorbance was measured with a plate reader at 490 nm.

Flow cytometry assay

NP cell apoptosis was performed with the Annexin V-allophycocyanin (APC) apoptosis

detection kit (BD Pharmingen, San Diego, CA) according to the manufacturer’s proto-

col. Cells were collected and suspended with 500 μl of Annexin V binding buffer con-

taining 5 μl of APC-labeled Annexin V at the density of 1 × 105 cells/ml. 5 μl of

7-aminoactinomycin-D (7-AAD) was added subsequently and incubated for 15 min in

the dark at room temperature. The samples were detected using a flow cytometer

(FACSCalibur, BD Biosciences). FlowJo software (Treestar, San Carlos, CA) was applied

for analysis.

Western blot analysis

NP cells were collected and lysed for 25 min in cold RIPA lysis buffer (Beyotime bio-

technology, China). The protein concentration was detected using the BCA protein

assay (Nanjing Jiancheng Bioengineering Institute, Nanjing, China). Equal amounts of

proteins were separated by 10% SDS-PAGE gels, and then transferred to PVDF
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membranes. After being blocked with 5% non-fat milk for 2 h at room temperature,

these membranes were incubated overnight at 4 °C with primary antibodies. Then the

membranes were incubated with the goat anti-rabbit horseradish peroxidase-conjugated

IgG secondary antibodies (1:1000; cat. no. A0208; Beyotime Institute of Biotechnology,

Haimen, China) at room temperature for 1 h. The protein bands were visualized using

an ECL Chemiluminescence kit (Millipore, Billerica, MA, USA). Anti-Bax (1:1000; cat.

no. 5023 T), anti-Bcl-2 (1:1000; cat. no. 4223 T), anti-cleaved caspase-3 (1:1000; cat. no.

9661 T), anti-cleaved caspase-9 (1:1000; cat. no. 9509 T), anti-caspase-3 (1:1000; cat.

no. 9665 T), anti-caspase-9 (1:1000; cat. no. 9508 T) and anti-GAPDH (1:500; cat. no.

5174S) antibodies were purchased from Cell Signaling Technology (Boston, MA, USA).

GAPDH was considered as the internal control.

Luciferase reporter assay

NP cells were seeded in 96-well plates and incubated for 24 h at 37 °C. miR-573 bind

sites Bax 3′-UTR-Luc vector with wild type (WT) or mutant (MUT) was established.

Vectors were co-transfected with miR-573 mimics or mimic control using Lipofecta-

mine 2000. After 48 h, NP cells were accessed and examined with a luciferase reporter

assay system. The transfection efficiency was corrected by a Renilla luciferase vector.

Statistical analysis

All experiments were repeated at least three times. Data were presented as the mean ±

standard deviation. Statistical analysis was carried out using the SPSS 20.0 software

(SPSS, Chicago, IL, USA). Differences in mean values between groups were analyzed

using Student’s t test or analysis of variance (ANOVA). P < 0.05 was considered to indi-

cate a statistically significant difference.

Results
Expression levels of miR-573 and Bax in patients with IDD and idiopathic scoliosis tissues

To explore the role of miR-573 and Bax in IDD, the expression levels of both in IDD

and idiopathic scoliosis tissues (Normal group) were evaluated by qRT-PCR assay. As

shown in the results, the expression of miR-573 was down-regulated whereas Bax

expression was up-regulated in IDD tissues compared with normal idiopathic scoliosis

tissues (Fig. 1a and b). Moreover, we found that the protein expression levels of Bax

was elevated notably in IDD tissues (Fig. 1c). Importantly, according to the correlation

analysis, there was a negative correlation between the mRNA levels of miR-573 and

Bax in IDD patients (Fig. 1d, r2 = 0.9424). These findings demonstrated that both

miR-573 and Bax participate in the development and progression of IDD.

Overexpression of miR-573 attenuates the expression of Bax in degenerative NP cells

The degenerative NP cells were transfected with miR-573 mimic or mimic control, and

the relative expression of miR-573 was verified by qRT-PCR. As shown in Fig. 2a, the

miR-573 expression was increased remarkably following overexpression of miR-573

compared with the mimic control group. In addition, the expression of Bax was mea-

sured by qRT-PCR and Western blot (Fig. 2b and c). From the results, we found that
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the mRNA and protein expression levels of Bax were decreased significantly in the

miR-573 overexpression group.

Overexpression of miR-573 increases cell viability and suppresses cell apoptosis in

degenerative NP cells

To investigate the roles of miR-573 in cell viability of degenerative NP cells, the MTT

assay was employed in our study. As shown in Fig. 3a, overexpression of miR-573

markedly increased NP cell viability. At the same time, cell apoptosis was measured by

flow cytometry assay. From the results, we observed that the cell apoptosis level was

inhibited significantly after miR-573 overexpression, as exhibited in Fig. 3b and c.

Collectively, transfection with miR-573 mimics inhibited cell apoptosis in degenerative

NP cells.

Overexpression of miR-573 increases Bcl-2 expression level accompanied with decreasing

levels of cleaved caspase-3 and cleaved caspase-9 expression in degenerative NP cells

As shown in Fig. 4, overexpression of miR-573 remarkably attenuated the expression

levels of the anti-apoptotic gene Bcl-2 while inhibiting levels of pro-apoptotic genes

cleaved caspase-3 and cleaved caspase-9 in degenerative NP cells. These results

Fig. 1 Expression levels of miR-573 and Bax in IS tissues (Normal group) and IDD tissues (IDD group) and
the negative correlation between them. Relative expression levels of miR-573 (a) and Bax (b) were
determined by qRT-PCR in human IDD tissues and IS tissues. c Protein expression level of Bax in both
human IDD tissues and IS tissues. d Correlation analysis of mRNA levels between miR-573 and Bax in IDD
tissues. ***P < 0.001 versus Normal. IS, idiopathic scoliosis; IDD, intervertebral disc degeneration
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indicated that overexpression of miR-573 suppressed cell apoptosis by regulating Bcl-2/

caspase-9/caspase-3 pathways.

Bax is a target gene of miR-573

The TargetScan database was used to verify the potential target mRNA of miR-573 in

our study (Fig. 5a). The results suggested that Bax was an assumptive target gene of

miR-573. To explore the targeting relationship between miR-573 and Bax, a

dual-luciferase activity assay was used in the present study. The results revealed that

transfection with miR-573 mimics increased luciferase activity in the MUT 3′-UTR of

Bax compared with that of WT (Fig. 5b). To the best of our knowledge, these data indi-

cate that Bax is a direct target gene of miR-573.

Discussion
Accumulating evidence has suggested that miRNAs play vital roles in diverse patho-

logical and biological processes by impacting on cell proliferation and apoptosis. The

functional role of miRNAs in human IDD has been reported as well [22]. For example,

miR-494 inhibition protects nucleus pulposus cells by targeting JunD from

TNF-α-induced apoptosis [23]. Epigenetic knockdown of miR-143 regulated cell apop-

tosis in IDD by targeting Bcl-2 [24]. Furthermore, low expression of miR-125a was

found in IDD by targeting pro-apoptotic Bcl-2 antagonist killer 1 [25]. However, the

Fig. 2 Expression levels of miR-573 and Bax in degenerative NP cells. Cells were transfected with miR-573
mimic, or mimic control for 48 h. Relative expression levels of miR-573 (a) and Bax (b) were measured by qRT-
PCR. c Protein expression levels of Bax were measured by Western blot. **P < 0.01, ***P < 0.001 versus miR-con
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roles of miR-573 in the progression of IDD, especially the effects on cell apoptosis and

target gene regulation, have not been elucidated yet.

In this study, we found that the expression of miR-573 was decreased in human IDD

tissues whereas that of Bax was increased oppositely. More importantly, there was a

negative correlation between the mRNA levels of miR-573 and Bax in IDD tissues.

Moreover, overexpression of miR-573 decreased the mRNA and protein levels of Bax,

which indicated a potential regulatory relationship between miR-573 and Bax. Further-

more, miR-573 overexpression increased cell viability and suppressed cell apoptosis in

degenerative NP cells. In addition, there have been no reports regarding the relation-

ship between miR-573 and Bax. Transfection with miR-573 mimics increased luciferase

Fig. 3 miR-573 modulates cell viability and apoptosis in degenerative NP cells. Cells were transfected with
miR-573 mimic, or mimic control for 48 h. a Overexpression of miR-573 markedly increased cell viability
in degenerative NP cells measured by MTT assay. b Overexpression of miR-573 significantly inhibited cell
apoptosis in degenerative NP cells by flow cytometry assay. c Cell apoptosis was quantified. *P < 0.05, **P < 0.01
versus miR-con

Wang et al. Cellular & Molecular Biology Letters            (2019) 24:2 Page 7 of 10



activity in the MUT 3′-UTR of Bax compared with that of WT. Taken together, our

present study suggested that miR-573 negatively regulated Bax, which demonstrated

that Bax was a direct target of miR-573.

As is well known, apoptosis is a kind of programmed cell death that is stimulated by

oxidative stress, DNA damage and inflammatory [26, 27], and it has also been found in

IDD [28]. Bcl-2 is an apoptosis inhibitor that plays a critical role in a variety of cell

systems through controlling mitochondrial membrane permeability and functions

together with caspases and other proteins in a feedback loop system to regulate cell

Fig. 4 Overexpression of miR-573 markedly increased the expression of Bcl-2 and decreased the expression
of cleaved caspase-3 and cleaved caspase-9 in degenerative NP cells. Protein expression levels of Bcl-2,
cleaved caspase-3, cleaved caspase-9, caspase-3 and caspase-9 in degenerative NP cells were evaluated
using Western blotting assay. ***P < 0.001 versus miR-con

Fig. 5 Bax is a target gene of miR-573. a Predicted miR-573 target sequence in the 3′-UTR of Bax. b Luciferase
activity of control, miR-con and miR-573 group in degenerative NP cells. *P < 0.05 versus 3′-UTR-MUT
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death [29, 30]. Bax is a member of the Bcl-2 family. It has been well documented that

increased Bcl-2 expression and decreased Bax expression reduced mitochondrial mem-

brane permeability and suppressed the release of apoptotic activators including cyto-

chrome c, which then attenuates activation of caspase-3 and caspase-9 and leads to

inhibition of cell apoptosis [31]. Our results showed that Bax expression was

up-regulated in human IDD tissues. After overexpression of miR-573, the protein

expression levels of Bcl-2 were elevated while those of cleaved caspase-3 and

cleaved caspase-9 were reduced in degenerative NP cells. These results indicated

that miR-573 overexpression suppressed cell apoptosis by regulating Bcl-2/cas-

pase-9/caspase-3 pathways.

Conclusion
Our study revealed that down-regulation of miR-573 and up-regulation of Bax in IDD

tissues and miR-573 overexpression increased cell viability and attenuated cell apop-

tosis of degenerative NP cells via targeting inhibition of Bax. Collectively, these findings

indicated that specific regulation of miR-573 might be a novel therapeutic strategy in

the development of IDD.

Abbreviations
IDD: Intervertebral disc degeneration; IS: Idiopathic scoliosis; IVD: Intervertebral disc; LBP: Lower back pain; miR-con: Mimic
control; miRNA: microRNA; MUT: Mutant type; NP: Nucleus pulposus; UTR: Untranslated region; WT: Wild type

Acknowledgements
Not applicable.

Funding
Not applicable.

Availability of data and materials
The datasets used and analyzed during the current study are available from the corresponding author on reasonable
request.

Authors’ contributions
RW designed and performed the study, analyzed and interpreted the data, and drafted the manuscript. BPW revised
the manuscript. DS approved of the version of the manuscript sent for publication. All authors read and approved the
final manuscript.

Ethics approval and consent to participate
This study was approved by the Ethics Committee of the Hospital Affiliated to Zhejiang University of Traditional
Chinese Medicine for all experimental procedures including human tissue samples and cell lines. The number of the
Ethic Committee decision is No. 2015LL016 and the date of approval is 20, Nov, 2015. All of the procedures were
performed in accordance with the Declaration of Helsinki and relevant policies in China.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Author details
1Department of Massage and Physiotherapy, Guang Xing Hospital, Zhejiang University of Traditional Chinese Medicine,
No. 453, Tiyuchang Road, Xihu District, Hangzhou, Zhejiang 310007, People’s Republic of China. 2Department of
Rehabilitation, Western Theater General Hospital, Chengdu, Sichuan 610011, People’s Republic of China.

Wang et al. Cellular & Molecular Biology Letters            (2019) 24:2 Page 9 of 10



Received: 27 August 2018 Accepted: 11 December 2018

References
1. Sudo H, Yamada K, Iwasaki K, Higashi H, Ito M, Minami A, Iwasaki N. Global identification of genes related to nutrient

deficiency in intervertebral disc cells in an experimental nutrient deprivation model. PLoS One. 2013;8:e58806.
2. Hangai M, Kaneoka K, Kuno S, Hinotsu S, Sakane M, Mamizuka N, et al. Factors associated with lumbar intervertebral disc

degeneration in the elderly. Spine J. 2008;8:732–40.
3. Roberts S, Evans H, Trivedi J, Menage J. Histology and pathology of the human intervertebral disc. J Bone Joint Surg

Am. 2006;88(Suppl 2):10–4.
4. Battie MC, Videman T. Lumbar disc degeneration: epidemiology and genetics. J Bone Joint Surg Am. 2006;88(Suppl 2):3–9.
5. Battie MC, Videman T, Kaprio J, et al. The twin spine study: contributions to a changing view of disc degeneration.

Spine J. 2009;9:47–59.
6. Jiang W, Zhang X, Hao J, Shen J, Fang J, Dong W, et al. SIRT1 protects against apoptosis by promoting autophagy in

degenerative human disc nucleus pulposus cells. Sci Rep. 2014;4:7456.
7. Power KA, Grad S, Rutges JP, Creemers LB, van Rijen MH, O'Gaora P, et al. Identification of cell surface-specific markers

to target human nucleus pulposus cells: expression of carbonic anhydrase XII varies with age and degeneration. Arthritis
Rheum. 2011;63:3876–86.

8. Mirzamohammadi F, Papaioannou G, Kobayashi T. MicroRNAs in cartilage development, homeostasis, and disease. Curr
Osteoporos Rep. 2014;12:410–9.

9. Hu B, Xu C, Tian Y, Shi C, Zhang Y, Deng L, et al. Inflammatory microRNA-194 and -515 attenuate the biosynthesis of
chondroitin sulfate during human intervertebral disc degeneration. Oncotarget. 2017;8:49303–17.

10. Zhang B, Guo W, Sun C, Duan HQ, Yu BB, Mu K, et al. Dysregulated MiR-3150a-3p promotes lumbar intervertebral disc
degeneration by targeting Aggrecan. Cell Physiol Biochem. 2018;45:2506–15.

11. Chen B, Huang SG, Ju L, Li M, Nie FF, Zhang Y, et al. Effect of microRNA-21 on the proliferation of human degenerated
nucleus pulposus by targeting programmed cell death 4. Braz J Med Biol Res. 2016;49:6.

12. Liu G, Cao P, Chen H, Yuan W, Wang J, Tang X. MiR-27a regulates apoptosis in nucleus pulposus cells by targeting PI3K.
PLoS One. 2013;8:e75251.

13. Tao B, Yi J, Huang C, Qin C, Chen L, Chen J, et al. microRNA96 regulates the proliferation of nucleus pulposus cells by
targeting ARID2/AKT signaling. Mol Med Rep. 2017;16:7553–60.

14. Kang L, Yang C, Song Y, Zhao K, Liu W, Hua W, et al. MicroRNA-494 promotes apoptosis and extracellular matrix
degradation in degenerative human nucleus pulposus cells. Oncotarget. 2017;8:27868–81.

15. Upreti M, Chu R, Galitovskaya E, Smart SK, Chambers TC. Key role for Bak activation and Bak-Bax interaction in the
apoptotic response to vinblastine. Mol Can Ther. 2008;7:2224–32.

16. Pardo J, Urban C, Galvez EM, Ekert PG, Muller U, Kwon-Chung J. The mitochondrial protein Bak is pivotal for gliotoxin-
induced apoptosis and a critical host factor of aspergillus fumigatus virulence in mice. J Cell Biol. 2006;174:509–19.

17. Luthi AU, Martin SJ. The CASBAH: a searchable database of caspase substrates. Cell Death Differ. 2007;14:641–50.
18. Shi L, Teng H, Zhu M, Li C, Huang C, Chen K, et al. Paeoniflorin inhibits nucleus pulposus cell apoptosis by regulating

the expression of Bcl-2 family proteins and caspase-9 in a rabbit model of intervertebral disc degeneration. Exp Ther
Med. 2015;10:257–62.

19. Yang SD, Bai ZL, Zhang F, Ma L, Yang DL, Ding WY. Levofloxacin increases the effect of serum deprivation on anoikis of
rat nucleus pulposus cells via Bax/Bcl-2/caspase-3 pathway. Toxicol Mech Methods. 2014;24:688–96.

20. Wang S, Li J, Tian J, Yu Z, Gao K, Shao J, Li A, et al. High amplitude and low frequency cyclic mechanical strain
promotes degeneration of human nucleus pulposus cells via the NF-κB p65 pathway. J Cell Physiol. 2018;233:7206–16.

21. Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time quantitative PCR and the 2(−Delta
Delta C(T)) method. Methods. 2001;25:402–8.

22. Li Z, Yu X, Shen J, Chan MT, Wu WK. MicroRNA in intervertebral disc degeneration. Cell Prolif. 2015;48:278–83.
23. Wang T, Li P, Ma X, Tian P, Han C, Zang J, et al. MicroRNA-494 inhibition protects nucleus pulposus cells from TNF-

alpha-induced apoptosis by targeting JunD. Biochimie. 2015;115:1–7.
24. Zhao K, Zhang Y, Kang L, et al. Epigenetic silencing of miRNA-143 regulates apoptosis by targeting BCL2 in human

intervertebral disc degeneration. Gene. 2017;628:259–66.
25. Liu P, Chang F, Zhang T, Gao G, Yu C, Ding SQ, et al. Downregulation of microRNA-125a is involved in intervertebral

disc degeneration by targeting pro-apoptotic Bcl-2 antagonist killer 1. Iran J Basic Med Sci. 2017;20:1260–7.
26. Zhang F, Zhao X, Shen H, Zhang C. Molecular mechanisms of cell death in intervertebral disc degeneration (review). Int

J Mol Med. 2016;37:1439–48.
27. Vo NV, Hartman RA, Patil PR. Molecular mechanisms of biological aging in intervertebral discs. J Orthop Res. 2016;34:

1289–306.
28. Jiang L, Zhang X, Zheng X, Ru A, Ni X, Wu Y, et al. Apoptosis, senescence, and autophagy in rat nucleus pulposus cells:

implications for diabetic intervertebral disc degeneration. J Orthop Res. 2013;31:692–702.
29. Llambi F, Green DR. Apoptosis and oncogenesis: give and take in the BCL-2 family. Curr Opin Genet Dev. 2011;21:12–20.
30. Nehra R, Riggins RB, Shajahan AN, Zwart A, Crawford AC, Clarke R. BCL2 and CASP8 regulation by NF-kappaB

differentially affect mitochondrial function and cell fate in antiestrogen-sensitive and -resistant breast cancer cells.
FASEB J. 2010;24:2040–55.

31. Dong X, Ni B, Fu J, et al. Emodin induces apoptosis in human hepatocellular carcinoma HepaRG cells via the
mitochondrial caspasedependent pathway. Oncol Rep. 2018;40:1985–93.

Wang et al. Cellular & Molecular Biology Letters            (2019) 24:2 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Tissue samples
	Human NP cell culture (isolation and primary culture)
	Cell transfection
	Quantitative real-time polymerase chain reaction (qRT-PCR)
	MTT assay
	Flow cytometry assay
	Western blot analysis
	Luciferase reporter assay
	Statistical analysis

	Results
	Expression levels of miR-573 and Bax in patients with IDD and idiopathic scoliosis tissues
	Overexpression of miR-573 attenuates the expression of Bax in degenerative NP cells
	Overexpression of miR-573 increases cell viability and suppresses cell apoptosis in degenerative NP cells
	Overexpression of miR-573 increases Bcl-2 expression level accompanied with decreasing levels of cleaved caspase-3 and cleaved caspase-9 expression in degenerative NP cells
	Bax is a target gene of miR-573

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

