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Background: Circular RNAs (circRNAs) play an important role in the progression of 
intervertebral disc (IVD) degeneration (IVDD). Using bioinformatics analysis, we have 
found that the expression of circRNA hsa_circ_0059955 was significantly downregulated 
in IVDD tissues. However, the relevant mechanism of hsa_circ_0059955 in the progression 
of IVDD remains unclear.
Methods: CCK-8 and flow cytometry assays were used to evaluate cell proliferation and 
apoptosis. In addition, Western blot assay was used to detect the expressions of ITCH, p73, 
CDK2 in nucleus pulposus (NP) cells. Moreover, a puncture-induced IVDD rat model was 
established to explore the role of hsa_circ_0059955 in IVDD.
Results: The level of hsa_circ_0059955 was significantly decreased in IVDD tissues from 
IVDD patients. Itchy E3 ubiquitin protein ligase (ITCH) is the host gene of hsa_circ_0059955, 
and downregulation of hsa_circ_0059955 significantly decreased the expression of ITCH in NP 
cells. In addition, downregulation of hsa_circ_0059955 markedly inhibited proliferation and 
induced apoptosis and cell cycle arrest in NP cells. Moreover, in vivo study illustrated that 
overexpression of hsa_circ_0059955 ameliorated IVDD in rats.
Conclusion: Downregulation of hsa_circ_0059955 could induce apoptosis and cell cycle arrest 
in NP cells in vitro, while overexpression of hsa_circ_0059955 attenuated the IVDD in 
a puncture-induced rat model in vivo. Therefore, hsa_circ_0059955 might serve as 
a therapeutic target for the treatment of IVDD.
Keywords: intervertebral disc degeneration, hsa_circ_0059955, Itchy E3 ubiquitin protein 
ligase, p73

Introduction
Low back pain (LBP) is one of the most common health problems, influencing the 
quality of people’s life, and leading to huge global economic burden.1,2 Evidence has 
been shown that intervertebral disc degeneration (IVDD) is a primary mechanical 
cause of LBP.3 In addition, IVDD is characterized by decreased extracellular matrix 
(ECM), increased cell death and fibrosis.4 As we know, intervertebral disc is composed 
of the outer fibrous annulus, cartilaginous endplate and the inner nucleus pulposus 
(NP).5 NP is crucial for stabilization of the intervertebral disc.6 During aging and 
degeneration of IVDD, senescence and apoptosis were increased in NP.7,8 Additionally, 
it has been shown that multiple factors can induce the apoptosis of NP cells including 
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infection, genetics, inflammatory cytokines, and signaling 
networks.1,9 Recently, cell, growth factor, and gene therapy 
are the main therapies for the treatment of IVDD;10 however, 
current strategies for the treatment of IVDD remains unsa
tisfying. Therefore, development of effective strategies for 
the patients with IVDD is extremely required.

Circular RNAs (circRNAs) are another kind of noncod
ing RNA which form a closed-loop structure without 5′ caps 
and 3′ tails.11 Due to the circular structure, circRNAs are 
highly conserved and stable than linear mRNAs.12 

CircRNAs are mainly located in the cytoplasm,13 and most 
of the circRNAs are generated from one or more coding 
exons via a backsplice mechanism.11 CircRNAs could pro
mote gene transcription, and function as modifiers of parental 
gene expression.14 In addition, many circRNAs involved in 
several physiological processes including apoptosis, migra
tion, invasion, and tumorigenesis.15 Moreover, circRNAs are 
participated in the pathogenesis of many human diseases, 
such as vascular diseases, cancer, and inflammatory 
diseases.16,17 Previous study indicated that circRNAs play 
an important role in the development and progression of 
IVDD.11 However, the role of circRNAs in IVDD has not 
been fully illuminated.

In the present study, Gene Expression Omnibus (GEO) 
dataset was performed to identify DEcircRNAs by compar
ing the expression profiling of circRNAs between IVDD 
tissues and normal controls. Hsa_circ_0059955 was selected 
for investigation based on the bioinformatics analysis.

Materials and Methods
Clinical Specimens
Human normal intervertebral discs were obtained from 
cadaveric donors (9 males and 6 females, the median age 
of 52, range from 43 to 64) without any spinal disease. 
Human degenerated intervertebral discs were collected 
from donors (10 males and 5 females, the median age of 
55, range from 47 to 68) undergoing spinal fusion surgery. 
This study was approved by ethics committees of China- 
Japan Union Hospital. Written informed consents were 
obtained by participants or their families.

CircRNA Data Analysis and Bioinformatics
GSE67566 dataset which contains the circRNAs expression 
data of five IVDD tissues and five normal discs tissues was 
downloaded from Gene Expression Omnibus (GEO) data
base (https://www.ncbi.nlm.nih.gov/geo/). The R language 
was used to screen the DEcircRNAs. CircRNAs exhibiting 

p-values ≤0.05 and fold changes ≥2.0 were considered evi
dence of significant difference. Gene ontology (GO, http:// 
www.geneontology.org/) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG, http://www.genome.jp/kegg/) enrich
ment analysis was used to conduct the functional analysis 
and significant pathways of the host genes of circRNAs, as 
previously described.18

Cell Culture
Immortalized human nucleus pulposus cells (NP) cell line 
was obtained from ScienCell Research Laboratories, Inc. 
(https://www.sciencellonline.com/human-nucleus-pulposus- 
cells.html, Carlsbad, CA). Immortalized NP cells are capable 
of immortalization with maintenance of original NP cell 
features.19 Cells were cultured in DMEM medium (Thermo 
Fisher Scientific, Waltham, MA, USA) supplemented with 
10% fetal bovine serum (Thermo Fisher Scientific) and 100 
U/mL antibiotics (penicillin and streptomycin) at 37°C in 
a humidified atmosphere of 5% CO2. The culture medium 
was changed every two days.

Lentivirus Production and Stable Cell 
Lines Construction
Two pairs of cDNA oligonucleotides inhibiting 
hsa_circ_0059955 expression were inserted into the shRNA 
expression plasmid (GenePharma, Shanghai, China), named 
hsa_circ_0059955-shRNA1 and hsa_circ_0059955-shRNA2. 
Additionally, the hsa_circ_0059955 and ITCH sequences were 
synthesized by GenePharma (Shanghai) respectively, and then 
sub-cloned into the lentiviral expression vector. Then, 
hsa_circ_0059955-shRNA1, hsa_circ_0059955-shRNA2 
and, hsa_circ_0059955-overexpression (circRNA-OE), and 
ITCH-overexpression (ITCH-OE) plasmids were transfected 
into 293T cells. After 72 h of incubation, the supernatant was 
collected. NP cells were then infected with hsa_circ_0059955- 
shRNA1, hsa_circ_0059955-shRNA2, circRNA-OE and 
ITCH-OE supernatants, respectively, for 24 h. After that, 
cells were then incubated with puromycin (2.5 μg/mL, 
Thermo Fisher Scientific) to select stable hsa_circ_0059955 
knockdown, hsa_circ_0059955-overexpression or ITCH over
expression cells for another 48 h. The stable cell line was 
detected by RT-qPCR.

Reverse Transcription-Quantitative 
Polymerase Chain Reaction (RT-qPCR)
Total RNA was extracted from NP cells by using the TRIzol 
Regent (Thermo Fisher Scientific) according to the 
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manufacturer’s protocol. M-MLV reverse transcriptase 
(Takara Bio Inc. Shiga, Japan) was performed to synthesize 
the cDNA. Real-time PCR analysis was performed using the 
SYBR Green reagent (Thermo Fisher Scientific) on the ABI 
Real-Time PCR System (Applied Biosystems, Foster City, 
CA, USA). The thermocycler programs were as follows: 95° 
C for 3 min and 40 cycles of 95°C for 10 s, 58°C for 30 s, and 
72°C for 30 s. The primer sequences were: Actin: forward, 
5ʹ-GTCCACCGCAAATGCTTCTA-3ʹ; reverse, 5ʹ-TGCT 
GTCACCTTCACCGTTC-3ʹ. Hsa_circ_0059955: forward, 
5ʹ-CCATGCCACAGCACATAAAGA-3ʹ; reverse, 5ʹ-GACA 
CCAGAACCGGAAATACTG-3ʹ. The relative level of hsa_
circ_0059955 was normalized to β-actin according to the 
2−ΔΔCT method.20 β-actin is the calibrator.

Fluorescence in situ Hybridization (FISH) 
Analysis
Cellular hsa_circ_0059955 expression was detected using 
FISH with an oligonucleotide probe specific for hsa_
circ_0059955. FISH assay was conducted using Ribo™ 
Fluorescent in situ Hybridization Kit (Ribobio Company, 
China) as described previously.21

Cell Proliferation Assay
NP cells (5 x 103 cells/well) were seed onto 96-well plates 
and incubated overnight at 37°C. Later on, cells were 
infected with hsa_circ_0059955-shRNA1 for 24, 48 and 72 
h, respectively. After that, 10 μL of the Cell Counting kit 8 
(CCK-8) reagent (Beyotime, Shanghai, China) was added 
into each well, and cells were then incubated for another 2 
h. The OD value was detected using a microplate reader 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) at 450 nm.

Ki67 Immunofluorescence Staining
NP cells (2 × 105) were seeded in six-well plates and 
incubated overnight at 37°C. Later on, cells were infected 
with hsa_circ_0059955-shRNA1 for 72 h. Then, cells 
were fixed by 4% paraformaldehyde, and then incubated 
with rabbit anti-Ki67 antibody (1:100, Abcam Cambridge, 
MA, USA) overnight at 4°C. After that, cells were incu
bated with the horseradish peroxidase-conjugated second
ary antibody at room temperature for 1 h, and then stained 
with 4ʹ,6-diamidino-2-phenylindole (DAPI) for 5 min. 
Subsequently, cells were observed with a laser confocal 
microscope (Olympus CX23 Tokyo, Japan). Ki67-positive 
cells were counted in at least five random fields.

Detection of Mitochondrial Membrane 
Potentials (MMPs)
NP cells (2 × 105) were seeded in six-well plates and incu
bated overnight at 37°C. Later on, cells were infected with 
hsa_circ_0059955-shRNA1 for 72 h. Next, NP cells were 
washed twice with phosphate-buffered saline (PBS), and 
then incubated with 1 mL JC-1 staining solution (Thermo 
Fisher Scientific) in the dark for 25 min at 37°C. After that, 
stained cells were centrifuged at 2000 rpm × 5 mins, and then 
washed twice with PBS. Subsequently, cells were resus
pended in PBS for analysis by the flow cytometer 
(FACScan™, BD Biosciences, Franklin Lakes, NJ, USA).

Flow Cytometry Assay
Cell Apoptosis Kit with Annexin V FITC and PI (cat. no. 
V13242; Thermo Fisher Scientific) was used to assess the 
cell apoptosis according to the manufacturer’s introduction. 
NP cells (2 × 105) were seeded into six-well plates and then 
infected with hsa_circ_0059955-shRNA1 for 72 h. After 
that, cells were harvested and washed with PBS, and then 
re-suspended in binding buffer. Later on, 2 × 105 cells were 
stained with 5 μL of propidium iodide (PI) and Annexin 
V-FITC (Thermo Fisher Scientific) in dark at room tem
perature for 20 min. Subsequently, the percentage of apop
totic cells was detected with a flow cytometer (BD 
Biosciences). Signals Annex-V-/IP-, Annexin-V+/PI−, 
Annexin-V+/PI+, and Annex-V-/IP+ indicated viable, 
early, late apoptotic and necrotic cells, respectively. The 
percentage of apoptotic cells was calculated as the (number 
of apoptotic cells/total number of cells) x 100.

Western Blot Assay
NP cells (2 × 105) were seeded into six-well plates and then 
infected with hsa_circ_0059955-shRNA1 for 72 h. Total 
proteins were estimated by bicinchoninic acid assay kit 
(Beyotime Institute of Biotechnology, China). Then, equal 
amounts of proteins (30 μg) were loaded on 10% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis, and then 
transferred onto polyvinylidene difluoride (PVDF) mem
brane (Thermo Fisher Scientific). After that, the membrane 
was blocked in 5% skimmed milk in trisbuffered saline 
(TBS) plus 0.1% Tween-20 (TBST) for 1 h at room tempera
ture, and then incubated in primary antibodies at 4°C over
night, including anti-BCL2-Associated X (Bax; 1:1000, 
Abcam), anti-cleaved caspase 3 (1:1000, Abcam), anti- 
B-cell lymphoma-2 (Bcl-2; 1:1000, Abcam), anti-cleaved 
caspase 9 (1:1000, Abcam), anti-β-actin (1:1000, Abcam), 
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and anti-ITCH (1:1000, Abcam), anti-p73 (1:1000, Abcam), 
anti-CDK2 (1:1000, Abcam), anti-Cyclin E1 (1:1000, 
Abcam), anti-c-Myc (1:1000, Abcam), anti-MMP2 (1:1000, 
Abcam), and aggrecan (1:1000, Abcam). Later on, blots were 
incubated with the horseradish peroxidase (HRP)-conjugated 
secondary antibody (Abcam, 1:5000) at room temperature 
for 1 h. Subsequently, the membrane was visualized using an 
electrochemiluminescence detection system (Thermo Fisher 
Scientific). β-actin acted as the internal control. Image 
J software was used for quantification of protein expression.

Rat IVDD Model
SD rats weighting 225–250 g were obtained from the Animal 
Center of the Chinese Academy of Sciences (Shanghai, 
China). Rats were randomly divided into three groups: control 
group, IVDD model group without treatment, and IVDD 
model with the treatment of hsa_circ_0059955-shRNA1 len
tivirus (IVDD + shRNA1). Animals were kept under standard 
animal room conditions with a 12 h light/dark cycle and fed 
a standard laboratory food and water. The experimental pro
tocol was approved by the Animal Care Committee of the 
China-Japan Union Hospital. Rats were weighed and injected 
intraperitoneally with 2% (w/v) pentobarbital (40 mg/kg). 
Then, the surgical procedure was performed as described 
previously.22 Briefly, the area between the eighth and ninth 
coccygeal vertebrae (Co8–Co9) was punctured using a needle 
of 20-gauge. After surgery, the intervertebral disc was pierced 
with a needle of 27-gauge, followed by injection of 
hsa_circ_0059955-shRNA1 lentivirus. The rats were sacri
ficed at 4 weeks after surgery.

Histopathology Analysis
Rat tail disc tissue (Co7/8) was isolated, decalcified, and then 
fixed in 4% paraformaldehyde. After that, the sections were 
embedded in paraffin and then cut into 5 μm sections. Later on, 
the sections were stained with hematoxylin-eosin (HE) and 
images were observed with a microscope. The cellularity and 
morphology of nucleus pulposus and fibrous annulus were 
examined by another group of experienced histology research
ers using a microscope as described previously.22–24 The his
tologic score was five for normal disc, 6–11 for moderately 
degenerated disc, 12–14 for severely degenerated disc.

Measurement of Cytokines by ELISA in vivo
The TNF-α (cat. no. H052) or IL-1β (cat. no. H002) 
content in serum of the rats was measured with ELISA 
kits (Nanjing Jiancheng Bioengineering Institute, Jiangsu, 
China) according to the manufacturer’s protocol.

Statistical Analysis
Each group performed at least three independent experi
ments and all data were expressed as mean ± standard 
deviation (S.D.). The comparisons among multiple groups 
were made with one-way analysis of variance (ANOVA) 
followed by Tukey’s tests. P < 0.05 was considered to 
indicate a statistically significant difference.

Results
Identification of DEcircRNAs in IVDD
We analyzed the data GSE67566 from the GEO database 
containing five IVDD tissues and five normal discs tissues. 
Hierarchical clustering analysis revealed distinguishable 
circRNA expression profiles between IVDD tissues and 
normal discs tissues (Figure 1A). In addition, the average 
level of each circRNA in both groups was revealed in the 
scatter plot in Figure 1B. A total of 503 circRNAs were 
differentially expressed in the IVDD tissues compared to 
the normal disc tissues, consisting of 281 up-regulated and 
222 down-regulated circRNAs. All these DEcircRNAs 
were displayed in the volcano plot (Figure 1C).

GO Enrichment and KEGG Pathway 
Analyses
The host genes of DEcircRNAs were analyzed using GO 
and KEGG analysis. The GO results showed that 
DEcircRNAs were mainly enriched in “Ubiquitin-like pro
tein transferase activity” and “Ubiquitin-protein transfer
ase activity” (Figure 2A). In addition, KEGG analysis 
results indicated that DEcircRNAs were mainly enriched 
in “Ubiquitin mediated proteolysis” (Figure 2B). The data 
found that 11 DEcircRNAs were associated with ubiquitin 
mediated proteolysis process. These DEcircRNAs were 
hsa_circ_0000507, hsa_circ_0018478, hsa_circ_0028190, 
hsa_circ_0041555, hsa_circ_0043947, hsa_circ_0004789, 
hsa_circ_0050531, hsa_circ_0003923, hsa_circ_0059955, 
hsa_circ_0062426, hsa_circ_0006716, and Circular RNA 
Interactome dataset (https://circinteractome.nia.nih.gov) 
indicated that the corresponding host genes of these 
DEcircRNAs were CUL4A, HERC4, ANAPC7, 
UBE2G1, BRCA1, SMURF2, UBA2, UBE2F, ITCH, 
PPIL2, UBE2D2 (Figure 2C). Moreover, the relative fold 
change of circRNAs expression of the eleven genes was 
compared between IVDD group and normal group using 
R language. The lowest expression level of 
hsa_circ_0059955 was observed in IVDD tissues 
(Figure 2D). RT-qPCR results indicated that the level of 
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hsa_circ_0059955 was significantly downregulated in the 
IVDD tissues from patients compared to the normal disc 
tissues (Figure 2E). Thus, hsa_circ_0059955 was selected 
for the subsequent experiments.

Downregulation of hsa_circ_0059955 
Inhibited Proliferation of NP Cells
To validate the existence of hsa_circ_0059955 in NP cells, 
FISH assay was performed. As shown in Figure 3A, 
hsa_circ_0059955 was found to be mainly distributed in the 

cytoplasm of NP cells. Next, to investigate the role of 
hsa_circ_0059955 in NP cells, we used two shRNAs 
(hsa_circ_0059955 shRNA1, hsa_circ_0059955 shRNA2) 
to downregulate hsa_circ_0059955 in NP cells. As shown 
in Figure 3B, hsa_circ_0059955 shRNA1 downregulated 
hsa_circ_0059955 more significantly than hsa_circ_0059955 
shRNA2 in NP cells. Thus, hsa_circ_0059955-shRNA1 was 
utilized in the following experiments. In addition, CCK-8 
and Ki67 immunofluorescence assays indicated that down
regulation of hsa_circ_0059955 markedly inhibited 

Figure 1 CircRNAs are differentially expressed in IVDD tissues and normal controls. (A) Hierarchical clustering heat map showing the circRNA expression profiles of 
IVDD tissues (P group) and normal controls (N group) according to P value, which downloaded from GSE67566 dataset. (B) Scatter plot revealed the normalized circRNA 
expression in patient group and normal group. The y-axis represented the circRNA level in patient group. The x-axis represented the circRNA level in normal group. (C) 
Volcano plot of DEcircRNAs in GSE67566. The red spots represented high-expressed circRNAs, and the blue spots represented low-expressed circRNAs. P-value <0.05 
(-log10 p-value > 1.3) and |log2 Fold Change| > 2 were set as the threshold.
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proliferation of NP cells (Figure 3C-E). These data suggested 
that downregulation of hsa_circ_0059955 could inhibit the 
proliferation of NP cells.

Downregulation of hsa_circ_0059955 
Induced Apoptosis of NP Cells
To further explore whether hsa_circ_0059955 knockdown 
could affect mitochondrial function in NP cells, JC-1 
staining assay was performed. As indicated in Figure 4A, 
silencing of hsa_circ_0059955 significantly decreased the 
MMP in NP cells (Figure 4A). In addition, downregulation 
of hsa_circ_0059955 notably induced apoptosis of NP 
cells, compared with the blank group (Figure 4B and C). 
Moreover, downregulation of hsa_circ_0059955 markedly 
increased the expressions of Bax, cleaved caspase 3 and 
cleaved caspase 9, and notably decreased the expression of 

Bcl-2 in NP cells (Figure 4D-H). All these results indi
cated that hsa_circ_0059955 knockdown could induce 
apoptosis of NP cells.

Downregulation of hsa_circ_0059955 
Induced G0/G1 Phase Arrest in NP Cells
Evidence has been shown that circRNAs can regulate the 
progression of human cancers through regulating transcrip
tion of their host genes.25 However, the regulatory role of 
hsa_circ_0059955 in the expression of ITCH in NP cells 
remains unclear. Thus, Western blot assay was used to detect 
the expression of ITCH in hsa_circ_0059955-knockdown 
NP cells. As indicated in Figure 5A and B, downregulation 
of hsa_circ_0059955 notably decreased the level of ITCH in 
NP cells. In addition, hsa_circ_0059955 knockdown signifi
cantly downregulated the levels of CDK2, Cyclin E1 and 

Figure 2 GO enrichment and KEGG pathway analyses. (A) Overlapping DEcircRNAs were measured by GO enrichment analysis. (B) Overlapping DEcircRNAs were 
measured by KEGG pathway analysis. (C) The top 11 DEcircRNAs was identified using R language. DEcircRNAs’ host genes were obtained from online bioinformatics 
analysis tool circular RNA interactome. (D) 11 dysregulated circRNAs from IVDD tissues and normal controls were identified using R language. (E) The level of 
hsa_circ_0059955 in the IVDD tissues from patients and in normal disc tissues from cadaveric donors was detected using qRT-PCR. **P < 0.01, compared with the normal 
group.
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c-Myc, and upregulated the level of p73 in NP cells (5A, 5C, 
5D, 5E and 5F). In addition, cell cycle distribution of NP 
cells in each group was assessed using flow cytometry. The 
data indicated that cells in the G0-G1 stage of the hsa_
circ_0059955-shRNA1 group were increased, while cells in 
the S stage were relatively decreased, compare with vector- 
ctrl group (Figure 5G and H). These data suggested that 
downregulation of hsa_circ_0059955 could induce G0/G1 
phase arrest in NP cells.

Downregulation of hsa_circ_0059955 
Inhibited Proliferation of NP Cells via 
Inhibition of ITCH
We further investigated whether hsa_circ_0059955 knock
down could inhibit the proliferation of NP cells by down
regulating the expression of ITCH. As shown in Figure 6A 
and B, the expression of ITCH was significantly upregulated 

in NP cells after transfected with ITCH-OE plasmids. CCK-8 
and Ki67 immunofluorescence assays indicated that knock
down of hsa_circ_0059955 markedly suppressed prolifera
tion of NP cells; however, these changes were reversed by 
ITCH overexpression (Figure 6C-E). These data indicated 
that downregulation of hsa_circ_0059955 could inhibit pro
liferation of NP cells via inhibition of ITCH.

Overexpression of hsa_circ_0059955 
Ameliorated IVDD of Rats in vivo
To explore the role of hsa_circ_0059955 in rat IVDD 
model, hsa_circ_0059955-OE lentivirus was injected into 
the rat intervertebral disc to overexpress hsa_circ_0059955 
after IVDD surgery. As shown in Figure 7A, NP cells 
gradually reduced and were replaced by fibrous tissue 
and the orderly arrangement of fibrous annulus was frac
tured and destroyed in the IVDD group. However, 

Figure 3 Downregulation of hsa_circ_0059955 inhibited proliferation of NP cells. (A) The cellular localization of hsa_circ_0059955 in NP cells was analyzed using FISH 
assay. (B) The level of hsa_circ_0059955 in NP cells infected with hsa_circ_0059955-shRNA1 or hsa_circ_0059955-shRNA2 was detected using qRT-PCR. The experiment 
was repeated triply. (C) NP cells were infected with hsa_circ_0059955-shRNA1 for 0, 24, 48 and 72 h. CCK-8 assay was applied to determine the cell viability, and the 
experiment was performed in quintuplicate. (D, E) NP cells were infected with hsa_circ_0059955-shRNA1 for 72 h. Representative immunofluorescence images showing 
ki67 (in red), DAPI (in blue) and the merged panel with ki67 and DAPI in NP cells. Arrow in the merged panel indicates a ki67-positive cell (pink color) in NP cells. Scale bar, 
50 μm. The experiment was repeated triply. **P < 0.01, compared with the blank group.
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overexpression of hsa_circ_0059955 obviously alleviated 
the destruction of disc structure compared with the IVDD 
group (Figure 7A). In addition, the histologic score of the 
IVDD + circRNA-OE group was significantly lower than 
that of the IVDD group (Figure 7B). Moreover, the levels 
of TNF-α and IL-1β were significantly increased in the 
serum of a rat IVDD model, compared with those of the 
control group; however, these changes were reversed by 
hsa_circ_0059955 OE (Figure 7C and D). Meanwhile, the 
expression of matrix metalloproteinases 2 (MMP2) was 
notably upregulated and the level of aggrecan was signifi
cantly decreased in the degenerated disc compared with 
those of the control group; however, these changes were 
reversed by hsa_circ_0059955 OE (Figure 7E-G). All 
these data indicated that overexpression of hsa_
circ_0059955 could ameliorate IVDD in rats in vivo.

Discussion
CircRNAs are ubiquitously expressed in human tissues, 
including human intervertebral disc tissue.26 However, the 
specific function of most circRNAs in IVDD remains lar
gely unclear. Using bioinformatics analysis, we have iden
tified 503 DEcircRNAs between IVDD tissues and normal 
discs tissues using R language. KEGG analysis results 
indicated that DEcircRNAs were mainly enriched in ubi
quitin mediated proteolysis process. Jin et al indicated that 
ubiquitin pathways participated in cell proliferation and cell 
apoptosis in the progression of IVDD.27 From the above 
analysis, 11 DEcircRNAs were identified including 7 

upregulated circRNAs and 4 downregulated circRNAs, 
which were associated with ubiquitin mediated proteolysis 
process. The lowest expression level of hsa_circ_0059955 
was observed in IVDD tissues. Thus, hsa_circ_0059955 
was selected for the subsequent experiments.

IVDD is characterized by decreased cell proliferation 
and increased cell death.28 In this study, downregulation of 
hsa_circ_0059955 significantly inhibited proliferation, and 
induced apoptosis of NP cells. These data indicated that 
decreased expression of hsa_circ_0059955 may contribute 
to IVDD progression. In addition, mitochondrial dysfunc
tion is closely related to the development and progression of 
IVDD.29 Moreover, mitochondrial-mediated cell apoptosis 
generally participated in the progression of IVDD.30 The 
mitochondrial apoptosis pathway is induced mainly by 
apoptotic signals.31 Apoptotic signals could lead to the 
loss of MMP, and cause the release of cytochrome c from 
the mitochondria into the cytosol.31,32 Bcl-2 family proteins 
could maintain the mitochondrial integrity, including pro- 
apoptotic protein Bax, and anti-apoptotic protein Bcl-2.33 

Bax could trigger the release of cytochrome c into the 
cytosol via regulation of the mitochondrial permeability.34 

After that, cytochrome c recruits caspase-9 to form the 
apoptosome, and then induces caspase-3 activation and 
induces apoptosis.35 In this study, downregulation of 
hsa_circ_0059955 decreased the MMP in NP cells. 
Meanwhile, downregulation of hsa_circ_0059955 downre
gulated the level of Bcl-2, and upregulated the expressions 
of Bax, cleaved caspase 9 and cleaved caspase 3 in NP cells. 

Figure 4 Downregulation of hsa_circ_0059955 induced apoptosis of NP cells. NP cells were infected with hsa_circ_0059955-shRNA1 for 72 h. (A) Changes in MMP 
evaluated via JC-1 staining and flow cytometry. (B) Apoptotic cells were detected with Annexin V and PI double staining. (C) The apoptotic cell rates were calculated. (D) 
Expressions of Bax, cleaved caspase 3, Bcl-2 and cleaved caspase 9 in NP cells were detected with Western blotting. (E–H) The relative expressions of Bax, cleaved caspase 
3, Bcl-2 and cleaved caspase 9 in NP cells were quantified via normalization to β-actin. These experiments were repeated triply. **P < 0.01, compared with the blank group.
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Ding et al indicated that compression could induce the 
apoptosis of NP cells via decreasing the MMP and down
regulation of Bax.36 These data indicated that downregula
tion of hsa_circ_0059955 could induce apoptosis of NP 
cells via the mitochondrial apoptotic pathway.

Inflammation response plays vital roles in the initiation 
and exacerbation of IVDD.37 Evidence has been shown that 
IL-1β and TNF-α levels are highly expressed in degenerative 
IVD tissues.38 In this study, we found that the levels of TNF- 
α and IL-1β were significantly increased in the serum of a rat 
IVDD model; however, these changes were reversed by 
hsa_circ_0059955 overexpression. Moreover, increased 
levels of IL-1β and TNF-α in NP can induce an imbalance 
between anabolic and catabolic activities of NPs, including 
increased expression of catabolic factors (eg, MMPs) and 
decreased generation of anabolic factors (eg, aggrecan).11 In 
this study, we found that the level of MMP2 was increased, 
while the expression of aggrecan was decreased in the 

degenerated disc in a puncture-induced rat model; however, 
these changes were reversed by hsa_circ_0059955 overex
pression. These data suggested that overexpression of 
hsa_circ_0059955 could alleviate inflammatory response, 
and recover the balance between anabolic and catabolic 
processes within the NP microenvironment.

Circular RNA interactome (https://circinteractome.nia. 
nih.gov) revealed that the host gene of hsa_circ_0059955 is 
ITCH. Ubiquitylation could regulate protein substrates via 
posttranslational protein modifications.39 ITCH, a kind of 
ubiquitin ligases, could promote the ubiquitylation and 
degradation of p73.40 The protein p73 is a homologue of 
p53, which could induce cell apoptosis and cell cycle 
arrest.41 Meanwhile, upregulation of p73 could increase 
the proportion of cells in G1 stage, and decrease the propor
tion of cells in S stage, indicating that p73 could induce G1 
arrest.41 In this study, downregulation of hsa_circ_0059955 
significantly reduced the expression of ITCH, and increased 

Figure 5 Downregulation of hsa_circ_0059955 induced G0/G1 phase arrest in NP cells. NP cells were infected with hsa_circ_0059955-shRNA1 for 72 h. (A) Expressions 
of ITCH, p73, CDK2, Cyclin E1 and c-Myc in NP cells were detected with Western blotting. (B–F) The relative expressions of ITCH, p73, CDK2, Cyclin E1 and c-Myc in NP 
cells were quantified via normalization to β-actin. (G, H) Cell cycle distribution was detected with PI staining. These experiments were repeated triply. **P < 0.01, compared 
with the blank group.
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the level of p73 in NP cells. In addition, downregulation of 
hsa_circ_0059955 induced G0/G1 phase arrest in NP cells 
via downregulation the levels of CDK2, cyclin E1 and 
c-Myc. These data indicated that downregulation of ITCH 
in NP cells reduced ITCH-mediated p73 ubiquitylation, and 
inhibited p73 degradation. The release of p73 induced cell 
cycle arrest and then triggered apoptosis in NP cells. 
Previous study indicated that protoporphyrin IX could 
induce the apoptosis in TP53-deficient cancer cells via 
inhibition of p73 degradation by ubiquitin ligase ITCH, 
which was consistent with our results.42 Collectively, 
downregulation of hsa_circ_0059955 inhibited the growth 
of NP cells via downregulation of ITCH, and then inhibition 
of the degradation p73, finally inducing cell cycle arrest.

Song et al found that circularRNA_104670 could regulate 
the progression of IVDD via a ceRNA-mediated mechanism, 
in which circularRNA_104670 functions as an endogenous 

miR-17-3p sponge.43 Unlike the classical ceRNA mechanism, 
zhou et al found that circRNA-ENO1 could promote tumor 
growth and metastasis in lung adenocarcinoma via regulating 
its host gene ENO1.44 In addition, Li et al found that 
circITGA7 could inhibit growth and metastasis in colorectal 
cancer cells through upregulating transcription of its host gene 
ITGA7.25 According to the data in the circular RNA interac
tome dataset, hsa_circ_0059955 may interact with multiple 
proteins. In this study, we found that hsa_circ_0059955 could 
regulate the expression of its host gene, ITCH, via affecting 
gene transcription; however, further studies are needed to 
verify this hypothesis. In addition, our data indicated that 
hsa_circ_0059955 level was significantly downregulated in 
the IVDD tissues from patients; however, the correlation 
between the expression of hsa_circ_0059955 and disc degen
eration grade remains unclear. Therefore, further studies are 
needed to clarify whether the expression of hsa_circ_0059955 

Figure 6 Downregulation of hsa_circ_0059955 inhibited the growth of NP cells via inhibition of ITCH. (A, B) The level of ITCH in NP cells infected with ITCH-OE was 
detected using Western blot. (C) NP cells were infected with hsa_circ_0059955-shRNA1 or hsa_circ_0059955-shRNA1 plus ITCH-OE for 72 h. CCK-8 assay was applied 
to determine the cell viability. (D, E) Representative immunofluorescence images showing ki67 (in red), DAPI (in blue) and the merged panel with ki67 and DAPI in NP cells. 
Arrow in the merged panel indicates a ki67-positive cell (pink color) in NP cells. Scale bar, 50 μm. These experiments were repeated triply. **P < 0.01, compared with the 
blank group. ##P < 0.01, compared with the shRNA1 group.
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is correlated with disc degeneration grade. Moreover, our data 
indicated that overexpression of ITCH in NP cells reversed the 
anti-proliferation effect of hsa_circ_0059955 knockdown, 
indicating that ITCH might promote proliferation of NP 
cells. However, the exact role and regulatory mechanism of 
ITCH in IVDD should be further explored.

Conclusion
In summary, downregulation of hsa_circ_0059955 induced 
apoptosis and cell cycle arrest in NP cells via inhibition of 
ITCH. Therefore, hsa_circ_0059955 might be 
a therapeutic target for the treatment of IVDD.
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