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Abstract. Circular RNAs (circRNAs) are relatively recently 
identified noncoding RNAs that are ubiquitously expressed 
in human tissues and serve key functions in regulating gene 
expression. However, few studies have focused on human inter-
vertebral disc degeneration (IDD) circRNAs, and the potential 
role of circRNAs in IDD has not been described in detail. In 
the present study, circRNA expression data was downloaded 
from the Gene Expression Omnibus database, and circRNAs 
in the human intervertebral disc were classified according to 
their length, indicating their uniform distribution of circRNAs 
of different lengths. Gene Ontology analysis was performed, 
which indicated that the differentially expressed circRNAs 
were mainly produced as a result of catalytic activity and 
from binding genes in the molecular function category, cell 
part genes in the cellular component category, and cellular and 
metabolic process genes in the biological process category. 
Classification analysis divided the circRNAs host genes into 
16 classes; with nucleic acid binding genes ranked as the most 
common host gene type in IDD tissue. Pathway analysis indi-
cated that >15 signaling pathways may serve different roles 
in IDD, and Wnt signaling, gonadotropin‑releasing hormone 
receptor and integrin signaling pathways may serve important 
roles. Using co‑expression analysis, 76 differentially expressed 
circRNAs and host gene pairs were identified, which were 
divided into four groups: CircRNAs and their host genes 
downregulated; circRNAs downregulated and host genes 
upregulated; circRNAs and their host genes upregulated; and 
circRNAs upregulated and host genes downregulated. Finally, 
hsa_circ_0008305 upregulation and hsa_circ_0041946 
downregulation were validated in IDD using reverse 

transcription‑quantitative polymerase chain reaction. In 
conclusion, the findings of the present study may shed light 
on the potential roles of circRNAs in IDD and the possibility 
for their use in the diagnosis and clinical treatment of IDD in 
the future.

Introduction

Intervertebral disc degeneration (IDD) is a common chronic, 
age‑related degenerative musculoskeletal disorder with a 
deleterious medical and social effect (1). Increasing evidence 
reveals that IDD incidence has been growing not only in 
elderly people but also in younger adults in the past decade (2). 
Genetic factors are the main contributing factor to IDD. 
Several studies demonstrate that single nucleotide polymor-
phisms, coding genes and noncoding RNAs serve important 
roles in IDD (3‑7).

With the development of whole‑genome sequencing 
studies, 98% of the human genome is now known to 
be transcribed into non‑coding RNAs (ncRNAs)  (8,9). 
NcRNAs can be divided into two subgroups in terms of their 
genomic function: Housekeeping and regulatory ncRNAs. 
Housekeeping ncRNAs include ribosomal RNA, transfer 
RNA, small nuclear RNAs and small nucleolar RNAs (10). 
Regulatory ncRNAs are composed of two groups based on 
the length of their transcripts. Small ncRNAs >200 nucleo-
tides include microRNAs (miRNAs), small‑interfering 
RNAs and Piwi‑interacting RNAs (11). The other category is 
long non‑coding RNAs (lncRNAs) (12,13). Circular RNAs 
(circRNAs) are a class of lncRNAs with covalently linked 
ends. Although there are not many studies on circRNAs, 
they have emerged as critical molecules in post‑transcrip-
tional regulation  (14,15). CircRNAs can interact with 
miRNAs or proteins functioning as molecular sponges. In 
addition, CircRNAs can affect their host genes via cis‑ or 
trans‑action  (16). Recently, a study demonstrated that 
circRNAs can interact with polymerase (Pol) II machinery 
as positive regulators to regulate Pol II transcription (17‑19). 
Overall, the interplay between circRNAs and the transcrip-
tional machinery provides novel insights into strategies for 
regulating gene expression.

More recently, Lan et al (20) detected a combination of 
mRNA, miRNA, circRNA and lncRNA in the human lumbar 
disc using microarray analysis. This is the first discovery 
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of circRNAs in the human lumbar disc by high‑throughput 
methods. However, the potential roles of circRNA molecules 
in IDD remain unclear. To answer this question, circRNAs 
were classified by length in the present study and it was 
identified that they distributed uniformly in the human inter-
vertebral disc. Subsequently, a functional enrichment analysis 
was performed, and confirmed tissue specific expression of 
the circRNAs host genes in IDD. Interactions of 76 pairs of 
circRNAs and their host genes were also demonstrated with 
potential to be used in the diagnosis and clinical treatment of 
IDD in the future.

Materials and methods

Human nucleus pulposus (NP) sample collection. Human 
lumbar NP specimens used as normal controls were collected 
from 10 patients (4 women and 6 men; mean age, 24.5 years; 
range, 20‑36 years) that had idiopathic scoliosis and were 
undergoing deformity correction surgery. The degenerative 
human lumbar NP specimens were collected from 15 patients 
(5 women and 10 men; mean age, 37.2 years; range, 29‑62 years) 
that had IDD and were undergoing disc excision and spinal 
fusion surgery. The degree of IDD was assessed according 
to the modified Pfirrmann grading system using preoperative 
MRI scans (21). The lumbar discs of all patients with IDD were 
classified as Grade III‑V, and the discs of those with idiopathic 
scoliosis were classified as Grade I‑II. The samples were used 
in RT‑qPCR to validate the circRNAs microarray data. The 
study protocol was approved by the Clinical Research Ethics 
Committee of Huashan Hospital, Fudan University (Shanghai, 
China). Written informed consent was obtained from all 
participants.

Data source. The gene expression profile of GSE56081 and the 
circRNA expression profile of GSE67566 were downloaded 
from the NCBI GEO database (www.ncbi.nlm.nih.gov/geo).

Gene ontology (GO) analysis. Differentially expressed 
circRNAs and their host genes [which were ascertained 
using circbase database (http://circbase.org/)] were iden-
tified using the GEO database. Subsequently, the GO 
enrichment of these genes was analyzed using STRAP 
version no. 1.5 (http://www.bumc.bu.edu/cardiovascularpro-
teomics/cpctools/strap/) with the default parameter settings.

Protein classification and pathways analysis. Protein clas-
sification and pathways analysis was obtained from the 
PANTHER Classifications Database (pantherdb.org/).

RNA isolation and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). TRIspin method was used 
to isolate total RNA of NP samples (22). Subsequently, RNA 
was reversely transcribed using the TransScript One‑step 
gDNA Removal and cDNA Synthesis SuperMix kit according 
to the manufacturer's protocol (Beijing Transgen Biotech, 
Co., Ltd., Beijing, China). Expression of hsa_circ_0008305 
and hsa_circ_0041946 were analyzed on the Bio‑Rad IQ5 
multicolor detection system with Power SYBR Green PCR 
Master Mix (Takara Bio, Inc., Otsu, Japan). The thermo 
cycling conditions for the RT‑qPCR step is as follows: initial 

denaturation at 95˚C, one cycle 2 min; 40 cycles of 95˚C for 
5 sec, 60˚C, 30 sec; and final extension. The primers used 
were: Hsa_circ_0008305 forwards, 5'‑AAA​TCG​CTT​TAA​
ACC​AAC​ATC‑3' and reverse, 5'‑CGG​ACA​CAC​GCC​GTC​
TCT​G‑3'; hsa_circ_0041946 forwards, 5'‑TGT​GAT​GAT​GGT​
GAG​GAT​GGG‑3', and reverse, 5'‑GGC​CTT​GGA​ACT​CAA​
GGA​TGC‑3'; human GAPDH forwards, 5'‑GGG​AAA​CTG​
TGG​CGT​GAT‑3' and reverse, 5'‑GAG​TGG​GTG​TCG​CTG​
TTG​A‑3'. Expression levels of the two circRNAs were normal-
ized to GAPDH using the 2‑ΔΔCq method (23).

Statistical analysis. RT‑qPCR data are expressed as the 
mean  ±  standard error and evaluated with a two‑tailed 
Student's t test. P<0.05 was considered to indicate a statisti-
cally significant difference. All experiments were repeated at 
least three times.

Results

Landscape of circRNA length in the human intervertebral 
disc. The study by Lan et al (20) demonstrated that circRNAs 
lengths in human intervertebral disc vary greatly, ranging from 
74‑433,729 nt. However, the distribution density of circRNA 
length is still not clear. In the current study, circRNAs from 
the GEO database were classified according to length and 
were distributed as follows in intervertebral discs: CircRNA 
containing >10,000 nt were at the highest level (29.34%), 
whereas circRNA containing 5,001‑10,000  nt were at the 
lowest (14.79%); other lengths accounted for ~20% (Fig. 1). 
The distribution density of circRNA lengths in the interverte-
bral disc was very different from other organs like the heart, 
in which the majority of circRNAs are <501 nt (unpublished 
data). This result suggested that circRNA expression in 
humans is tissue‑specific.

GO and classification analysis. To understand the potential 
roles of circRNAs, the GO categories of the host genes, 
which expressed the circRNAs were analyzed (Fig. 2). In 
the molecular function domain, the circRNA host genes 
were predominantly enriched in catalytic activity (39%) 
and binding terms (37%), and the remaining terms included 
receptor, structural molecule and transporter activity. In 
the cellular component domain, the highest host gene term 
was cell part (41%). Among the others, host genes were 
enriched in membrane, macromolecular complex, organelle 
and extracellular region terms. In biological process, host 
genes were part of the cellular (29%) and metabolic process 

Figure 1. Schematic diagram illustrating the distribution of circular RNA 
lengths in the human intervertebral disc.
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Figure 3. Protein classification of the upregulated and downregulated host genes of circular RNAs in intervertebral disc degeneration. Y‑axis represents the 
percentage of proteins categorized, and X‑axis represents the different types of proteins.

Figure 4. Signaling pathways of host genes of upregulated and downregulated circular RNAs in intervertebral disc degeneration. Y‑axis represents the 
percentage of genes categorized, and X axis represents the signaling pathway. PDGF, platelet‑derived growth factor; TGF‑β, transforming growth factor‑β; 
bZIP, basic leucine zipper domain; VEGF, vascular endothelial growth factor; CCKR, chole cysto kinin receptor.

Figure 2. Schematic diagram of the gene ontology enrichment analysis. The upregulated and downregulated host genes of circular RNA in intervertebral disc 
degeneration distributed according to their molecular function, cell component and biological process.
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Figure 5. Co‑expression of circRNAs and their host genes in IDD. (A) CircRNAs and mRNAs downregulated in IDD. (B) CircRNAs upregulated and their 
host genes downregulated in IDD. (C) CircRNAs and mRNAs upregulated in IDD. (D) CircRNAs were downregulated and their host genes were upregulated 
in IDD. CircRNA, circular RNA; IDD, intervertebral disc degeneration.
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terms (27%). In addition, the host genes were from the 
cellular component organization or biogenesis, localization, 
biological regulation, response to stimulus, developmental 
process, multicellular organismal process and immune 
system process terms.

To further understand the function of circRNAs in IDD, 
the host genes were classified on the basis of GO analysis. The 
genes were divided into 16 protein function classes and were 
ranked according to the percentage of proteins in the class 
(Fig. 3). Nucleic acid binding genes were ranked as the first 
(17.2%), and another class that included >10% of host genes 
was transcription factors (10.1%). In addition, transferases 
(9.5%), enzyme modulators (9.5%), hydrolases (8.9%) and 
transporters (8.7%) may also serve significant roles. These 
results are similar to those of the GO analysis.

Pathway analysis. To understand which signaling pathways the 
circRNAs are potentially involved in, the signaling pathways of 
host genes were analyzed. A total of 17 signaling pathways were 
obtained from the PANTHER Classifications Database (Fig. 4). 
The distribution of host genes in pathways was discrete, with the 
highest level reaching only 5.7%, which was the Wnt signaling 
pathway. The gonadotropin‑releasing hormone receptor and 
integrin signaling pathways also contained a high level of host 

Table I. Continued.

	 circRNA		  Gene
circRNA	 expression	 Host gene	 expression

hsa_circ_0009244	 ‑2.07	 SDF4	 2.69
hsa_circ_0001614	 ‑2.42	 SENP6	 3.71
hsa_circ_0006352	 2.81	 SETDB1	 ‑2.90
hsa_circ_0055201	 ‑2.93	 SFXN5	 3.79
hsa_circ_0004699	 2.10	 SFXN5	 3.79
hsa_circ_0068850	 ‑2.25	 SLBP	 2.13
hsa_circ_0002311	 2.17	 SLC1A5	 3.09
hsa_circ_0046123	 2.37	 SLC38A10	 3.14
hsa_circ_0005623	 2.75	 SLC7A6	 ‑6.67
hsa_circ_0002069	 3.65	 SNX11	 3.19
hsa_circ_0035875	 ‑8.27	 SPG21	 5.18
hsa_circ_0012107	 ‑2.34	 ST3GAL3	 3.89
hsa_circ_0002383	 2.87	 STARD10	 8.08
hsa_circ_0078150	 ‑2.43	 STXBP5	 ‑2.22
hsa_circ_0081873	 2.18	 SYPL1	 2.70
hsa_circ_0068641	 2.33	 TM4SF19	 2.87
hsa_circ_0012634	 2.72	 TMEM59	 2.95
hsa_circ_0000894	 ‑2.73	 TNPO2	 5.68
hsa_circ_0062682	 ‑2.09	 TPST2	 2.82
hsa_circ_0041555	 2.20	 UBE2G1	 4.17
hsa_circ_0017713	 ‑4.05	 UPF2	 4.39
hsa_circ_0018909	 ‑3.41	 VDAC2	 2.42
hsa_circ_0068895	 2.05	 WHSC1	 4.29
hsa_circ_0005394	 2.71	 ZC3H7A	 2.42
hsa_circ_0000691	 ‑2.91	 ZNF646	 6.45
hsa_circ_0044413	 ‑9.04	 ZNF652	 2.22

Table I. A total of 76 differentially expressed circRNAs and 
their host genes in intervertebral disc degeneration.

	 circRNA		  Gene
circRNA	 expression	 Host gene	 expression

hsa_circ_0074269	 ‑2.51	 ANKHD1	 6.12
hsa_circ_0028173	 7.59	 ATP2A2	 2.34
hsa_circ_0000253	 3.19	 BLNK	 2.81
hsa_circ_0002075	 2.17	 BMP1	 3.51
hsa_circ_0060194	 2.65	 C20orf24	 2.45
hsa_circ_0002191	 ‑2.44	 C9orf3	 2.20
hsa_circ_0055412	 2.40	 CAPG	 2.07
hsa_circ_0000288	 ‑2.76	 CAPRIN1	 ‑2.29
hsa_circ_0023696	 ‑2.02	 CLNS1A	 5.23
hsa_circ_0067260	 2.41	 COPG	 7.93
hsa_circ_0063331	 ‑2.44	 DDX17	 4.13
hsa_circ_0007527	 ‑2.24	 DPP8	 ‑2.70
hsa_circ_0012185	 3.22	 EIF2B3	 2.48
hsa_circ_0068462	 4.66	 EIF4A2	 5.40
hsa_circ_0004619	 ‑2.30	 FAF1	 2.81
hsa_circ_0020080	 2.13	 FAM160B1	 ‑2.87
hsa_circ_0032253	 ‑7.26	 GPHN	 2.65
hsa_circ_0031258	 2.34	 HAUS4	 2.52
hsa_circ_0006932	 ‑4.08	 HINFP	 ‑2.03
hsa_circ_0001013	 2.76	 KIAA1841	 3.35
hsa_circ_0001234	 ‑2.32	 L3MBTL2	 2.02
hsa_circ_0085013	 ‑2.19	 LAPTM4B	 ‑3.90
hsa_circ_0033010	 ‑3.13	 LGMN	 ‑19.14
hsa_circ_0003759	 ‑2.63	 LPP	 4.84
hsa_circ_0082892	 ‑2.20	 LRRC61	 ‑2.72
hsa_circ_0006446	 3.69	 LSM14A	 4.05
hsa_circ_0091570	 ‑7.10	 MBNL3	 4.92
hsa_circ_0002696	 3.62	 METTL9	 2.11
hsa_circ_0092278	 2.39	 MINK1	 2.84
hsa_circ_0000788	 4.04	 MSI2	 2.07
hsa_circ_0069977	 ‑2.46	 MTHFD2L	 ‑3.21
hsa_circ_0038885	 2.60	 NFATC2IP	 ‑2.11
hsa_circ_0086645	 2.92	 NFX1	 2.55
hsa_circ_0007279	 2.62	 NRG1	 ‑2.06
hsa_circ_0047288	 2.07	 OSBPL1A	 3.17
hsa_circ_0002039	 2.32	 OSBPL9	 2.68
hsa_circ_0005770	 ‑2.08	 PDLIM5	 ‑2.22
hsa_circ_0002513	 ‑3.17	 PICALM	 ‑3.64
hsa_circ_0035381	 5.74	 PIGB	 2.77
hsa_circ_0041252	 2.58	 PITPNA	 2.17
hsa_circ_0013912	 ‑4.66	 POLR3C	 ‑2.04
hsa_circ_0000958	 2.33	 PPP1R12C	 2.20
hsa_circ_0079040	 ‑2.28	 PRKAR1B	 6.09
hsa_circ_0092288	 2.51	 QRICH1	 ‑11.97
hsa_circ_0007750	 2.51	 RABGGTA	 4.39
hsa_circ_0047378	 2.72	 RNF138	 6.73
hsa_circ_0092337	 2.89	 RPL13	 6.05
hsa_circ_0092360	 3.09	 RPL23A	 2.09
hsa_circ_0092328	 3.00	 RPL7A	 2.14
hsa_circ_0029340	 ‑2.84	 SCARB1	 2.34
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genes. In addition, the p53 pathway was associated with the 
lowest number of genes of the pathways investigated.

Interactions between circRNAs and their host genes. A recent 
study demonstrated that circRNAs could affect their host genes: 
Frequently there is a decrease in expression of linear mRNAs 
when the majority of transcribed exons are circularized, leading 
to a negative correlation between linear and circRNAs (24). 
Therefore, the co‑expression of circRNAs and their host genes 
were analyzed. A total of 76 pairs of circRNAs and their host 
genes that were both differentially expressed in IDD were 
identified from the GEO databases (Fig. 5; Table I). They were 
divided into four classes of co‑expression: Both circRNAs and 
their host genes downregulated, circRNAs upregulated and 
host genes downregulated, both circRNAs and their host genes 
upregulated, and circRNAs downregulated and host genes 
upregulated were detected. In the group with circRNAs and their 
host genes downregulated, there were 11 pairs of RNAs, and the 
majority were downregulated <5‑fold (Fig. 5A). However, the 
Legumain mRNA was downregulated >15‑fold (Fig. 5A). In the 
group with circRNAs upregulated and host genes downregu-
lated, there were six pairs of RNAs, and all the RNAs, except 
glutamine‑rich protein 1 (11.97‑fold) and solute carrier family 
7 member 6 (6.67‑fold), were downregulated <3‑fold (Fig. 5B). 
In addition, there were 36 pairs of RNAs in the group with 
both circRNAs and their host genes upregulated. The majority 
were upregulated <5‑fold, but two circRNAs (circATP2A2 and 
circPIGB) and five mRNAs (coatomer protein complex subunit 
γ, eukaryotic translation initiation factor 4A2, ring finger protein 
138, ribosomal protein L13 and StAR related lipid transfer 
domain containing 10) were upregulated by >5‑fold (Fig. 5C). 
Additionally, 23 pairs of RNAs were in the group with circRNAs 
downregulated and host genes upregulated. All pairs of RNAs 
except for SPG21maspardin (13.46‑fold), muscleblind‑like 
splicing regulator 3 (12.02‑fold) and zinc finger protein 652 
(11.26‑fold) were differentially expressed <10‑fold (Fig. 5D). 
These results suggested that these 76 circRNAs may serve vital 
roles in regulating mRNAs in IDD (Table I).

RT‑qPCR validation. To validate the circRNAs microarray, 
one upregulated circRNA (hsa_circ_0008305) and one 
downregualted circRNA (hsa_circ_0041946) was selected 

randomly for further evaluation. RT‑qPCR demonstrated 
that circ_0008305 was significantly upregulated (P<0.05) in 
degenerative disc samples compared with normal samples 
(Fig. 6A). Furthermore, hsa_circ_0041946 expression was 
reduced (P<0.05) in degenerative samples compared with 
control samples (Fig. 6B). This result suggested the circRNAs 
microarray data was credible.

Discussion

IDD is one of most common chronic and age‑related degen-
erative musculoskeletal disorders, and one of the key factors 
leading to IDD is genetics (1‑7). One class of recently discov-
ered ncRNAs is circRNAs, which have been reported to be 
involved in IDD (20). In the present study, circRNAs were 
classified according to lengths, and it was demonstrated that 
different circRNA lengths were homogeneously distributed 
in the human intervertebral disc. Using functional enrich-
ment analysis, the tissue‑specific expression of circRNAs host 
genes in IDD was confirmed. By performing co‑expression 
analysis, 76 pairs of differentially expressed circRNAs 
and their host genes were identified. Finally, RT‑qPCR was 
performed to confirm hsa_circ_0008305 upregulation and 
hsa_circ_0041946 downregulation in IDD compared with 
normal lumbar NP specimens.

It has been reported that circRNAs have spatio‑temporal 
features. Xia et al  (25) identified >300,000 circRNAs in 
humans and mice, and 10.4% of human circRNAs and 34.3% 
of mouse circRNAs were tissue‑specific. Werfel et al (26) 
identified 16,427 circRNAs in the human heart; however, 
only 2,202 of these were homologous to mouse circRNAs. The 
present analysis identified that circRNAs in the intervertebral 
disc are very different from heart circRNAs and that their 
lengths in the intervertebral disc are distributed uniformly. The 
results of the present study indicate that circRNAs may serve a 
key role in tissue development or disease occurrence. 

In the process of IDD, extracellular matrix (ECM) metabo-
lism becomes dysfunctional and the expression of growth 
factors and cytokines leads to inflammation (27). Subsequently, 
the ECM is degraded by catabolic factors (28). The GO data 
demonstrated that the circRNAs that interact with catalytic 
activity and binding genes are differentially expressed in IDD. 

Figure 6. Relative expression of circular RNAs in human intervertebral disc samples. (A) Relative expression of hsa_circ_0008305 in human intervertebral 
disc. (B) Relative expression of hsa_circ_0041946 in human intervertebral disc, as assessed by reverse transcription‑quantitative polymerase chain reaction. 
Data are presented as the mean ± standard error obtained from three independent experiments. *P<0.05 vs. normal.
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The protein classification analysis illustrated that circRNAs 
that associated with genes that encode nucleic acid binding 
proteins, transferases, enzyme modulators and hydrolases 
maybe involved in IDD. All these results suggest that circRNAs 
may participate in ECM metabolism. However, the underlying 
molecular mechanisms need to be explored further.

Several signaling pathways have been reported to be 
involved in IDD, including the Wnt/β‑catenin, the P53/P21, the 
interleukin, and the tumor growth factor‑β pathways (26,29-33). 
These signaling pathways have important roles in regulating 
IDD. Notably, many host genes of the differentially expressed 
circRNAs in IDD are part of these pathways. For example, the 
circRNAs that bind mRNAs with roles in the Wnt signaling 
pathways were expressed in high levels. This result suggests that 
not only the mRNAs, but circRNAs in these signaling pathways 
serve key roles in IDD.

An important function of circRNAs is thought to be the 
regulation of mRNA expression. circRNAs may counteract 
miRNA‑mediated repression or suppression of mRNA expres-
sion by competing with linear splicing (17,34). In total, 76 pairs 
of circRNAs and their host genes that could interact with each 
other were identified in IDD samples. Fas ligand, which mediates 
the apoptosis, was expressed in NP cells in IDD processes (35). 
Capping actin protein gelsolin like, a Fas apoptosis pathway 
gene, and its circRNA (hsa_circ_0055412) were both upregu-
lated in IDD. However, the mRNA of another Fas pathway gene, 
Fas associated factor 1, was upregulated in IDD but its circRNA 
(hsa_circ_0004619) was downregulated. Growth factors serve 
important roles in IDD (36). Neuregulin 1 (NRG1) is a member 
of the epidermal growth factor receptor pathway that mediates 
cell‑cell signaling and serves a critical role in growth and devel-
opment (37). NRG1 mRNA was downregulated in IDD, but its 
circRNA (hsa_circ_0007279) was upregulated. Bone morpho-
genetic protein 1 (BMP 1) is another growth factor (38). BMP1 
mRNA and circRNA (hsa_circ_0002075) were upregulated in 
IDD. These differentially expressed circRNAs may serve key 
roles in IDD and have the potential to be used in the diagnosis 
and clinical treatment of IDD in the future.
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