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Introduction

Intervertebral disc degeneration (IDD) affects the 
fibrocartilage disc (i.e., the intervertebral disc), causing 
instability (1). IDD is decreased musculoskeletal function, 
but its pathogenesis is not fully defined (2). Therefore, 
the intervertebral disc (IVD) is the fibrocartilage tissue 
connecting the two adjacent vertebrae. The stability 
provided by the IVD is important for the whole spine, and 
the central part of the IVD is the nucleus pulposus (NP), 

forming a hydrogel-like nucleus in the IVD (3). NP is 
mainly composed of proteoglycans and collagen fibers, and 
its elastic function can be distributed in all directions (4). 
Mymyeloid cells have two cell types, chordate and mature 
myeloid cells (5). The NP is surrounded by a fiber ring (A 
nnulus Fibrosus, AF). Excessive destruction of the outer 
disc extracellular matrix (ECM), plays a crucial role in the 
development of IDD and the major catabolic enzymes 
mediating this destruction are the matrix metalloproteinases 
(MMPs). In the process of disc degeneration, the disc 
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has complex biochemistry and molecular level changes, 
including the reduction of proteoglycan content, type 
collagen to collagen I transition and NP cell density (6). 
These changes directly lead to the reduction of IVD 
machinery and eventually lead to structural damage, such 
as fiber ring rupture, NP cell protrusion, etc. In sharp 
contrast to the factors causing the extracellular matrix 
breakdown are the synthetic factors that stimulate the 
extracellular matrix, and they play a role in regeneration  
(7-9). However, the regulators of matrix metallopeptidase  
2 (MMP2) and matrix metallopeptidase 3 (MMP3) and their 
underlying mechanisms are still unknown (10). miRNA was 
formally recognized as a short-segment noncoding RNA 
in 2001 as one of the classical gene regulators in eukaryotic 
cells (11). miRNA is an endogenous small RNA that plays 
an important role in cell proliferation, development, and 
metabolism by acting on other genes (12). miRNA, as a 
single-stranded RNA in a noncoding region composed 
of 18 to 22 nucleotides, is transcribed by miRNA (13). It 
is generally believed that pri-miRNA has two sources: (I) 
genes encoded by special miRNA are transcribed by type 
RNA polymerase, and then these pri-miRNA pass more 
in the nucleus Proteins cleave together, which contain an 
anchor protein DGCR8 that contributes to pre-miRNA 
composed of about 70 nucleotides; (II) transcribed from 
intrinsic mRNA fragments, and their maturation process 
does not require Drosha/DGCR8 from lariat debranching 
enzyme (Ldbr) and co-transcribed with host protein-
coding genes to form hairpin pre-miRNA, these intrinsic 
miRNA will often appear in the same biological pathway as 
the host protein-encoded genes (14-16), and a very recent 
study found that miR-874-3p targets and inhibits MMP2 in 
non-small cell lung and gastric cancer . The role of tumor 
suppression.

With the deepening of IDD development mechanism 
research in recent years, it is found that degeneration-related 
genes could activated the development of IDD, but their 
interaction and their abnormal expression mechanism remain 
unclear. Small RNA (microRNA), as one of the important 
regulatory molecules of gene expression, has been shown to 
play a key role in multiple disease initiation and progression 
stages, so it is believed that it may also play an important role 
in disc degeneration. Current studies of miRNA affecting 
disc degeneration have found that many kinds of miRNA are 
mainly available Participate in influencing the development 
of IDD through its action on apoptosis, inflammatory 
signaling response, and ECM components.

Significant abnormalities in the expression of many 

miRNA in the nuclear medullary tissue of the degenerative 
disc, suggesting that miRNA may be involved in the 
pathophysiology of IDD (17). Although increasingly it 
is being reported that abnormal miRNA leads to nuclear 
myeloid cell decline in IDD patients, and if miR-874-
3p expression levels change in IDD (18). Whether there 
is a MMP2 alveolar pathway that also functions in the 
nuclear myeloid cells of IDD, and whether there are other 
relevant target genes are unknown (19,20). In this study, 
the correlation of disease severity in patients with IDD 
expressing miR-874-3p, and a possible protective role of 
miR-874-3p may play through inhibition of MMP2 and 
MMP3 expression were investigated.

I present the following article in accordance with 
the MDAR reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-91/rc).

Methods

Sample collection

Fifty-four clinical NP tissue samples were collected from 
either the Department of Pathology or the operating room 
with the informed consent of all subjects. Of the 54 patients, 
28 had significant disc degeneration and underwent 
laminectomy fusion. All procedures performed in this study 
involving human participants were in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Orthopaedic Clinical Research Ethics 
Committee of the Yingkou Central Hospital (2021-146) and 
informed consent was taken from all the patients.

Real-time quantitative and qualitative polymerase chain 
reaction (qRT-PCR) analysis

For mRNA detection, cDNA was obtained using a RT kit 
(Promega) with oligomeric-dt primers (21). The qRT-PCR 
analysis was performed using SYBRGreen PCRMas systems 
(Applied Biosystems) using standard protocols and GAPDH 
served as control group. miR-874-3p is significantly 
upregulated in cervical disc degeneration, and miR-874-
3p may serve as a new therapeutic target in cervical disc 
degeneration (22).

Isolation and culture of NP cells

Cel l s  were  cul tured in  medium conta ining feta l 
bovine serum (23) .  NP cel ls  from a patient  with 

https://atm.amegroups.com/article/view/10.21037/atm-22-91/rc
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immunofluorescence assay characteristics for subsequent 
experiments. Human IDD NP cells from log growth period 
were spread on 48-well cell culture plates. After overnight 
culture, appropriate Dulbecco’s modification of Eagle’s 
medium containing 10% fatal bovine serum containing 
different gradient concentrations of puromycin was added 
to each well, and fluid was changed every 48 h for 1 week to 
observe cell growth, and the concentration of all death was 
the minimum screening concentration.

Lentiviral infection 

m i R - 8 7 4 - 3 p  i n h i b i t o r y  l e n t i v i r a l  v e c t o r  ( LV ) 
contained the anti-miR-874-3p target  sequences 
(TCGGTCCGGGGCAG) (24). Human IDD NP cells 
prepared and stored in this laboratory were stored in 6-well 
plates for cell growth at 37 ℃ and 5% CO2 overnight. When 
cells grew to about 75% the next day, GV369-miRNA-326 
lentiviral medium and human IDD NP cells for 8 h, changed 
to culture for 2 d and observed green fluorescent label 
expression under a fluorescence microscope.

Carrier construct and double-luciferase assay

The pmiR-report vector construct that amplified the MMP3 
gene and cloned the downstream luciferase gene. We again 
performed the reporter gene activity measurements using 
the dual-luciferase assay system (Promega). The target 
fragments were amplified by polymerase chain reaction 
(PCR), digested and purified using a gel recycling kit. 
Connecting the linearized lentiviral expression vector 
GV369, transformed into E. coli competent cell DH5, 
coated with LB plates with puromycin resistance, colonies 
were picked for identification, then positive clones were 
expanded in culture after plasmid extraction.

Apoptosis detection and cell counting kit-8 (CCK-8) 
detection

CCK-8 is a rapid and highly sensitive Kit based on WST-
8 that is widely used in Cell activity and cytotoxicity 
detection. We also examined apoptosis using flow 
cytometry. Cell proliferation or cell viability (CCK-8 assay) 
(Beyotime, China) was analyzed.

Cellular immunoassay analysis

Human IDD NP cells infected with lentivirus were collected, 

and total protein was extracted from the cells by using the 
SD-001/SD-002 Animal Cell/Tissue Total Protein Extraction 
Kit, and were subjected to SDS-PAGE gel electrophoresis, 
transferred to a polyvinylidene difluoride membrane and 
blocked with a blocking solution containing 5% bovine 
serum albumin for 2 h at room temperature. Membranes 
were washed three times in Phosphate Buffer Saline Tween 
(PBST) for 10 min each, supplemented with HRP-labeled 
sheep anti-rabbit IgG secondary antibody, incubated at room 
temperature for 2 h, counterstained with PBST, washed with 
ECL, and photographed with dark chamber exposure.

Statistical analysis

Our study analyzed relevant experimental data by SPSS 
software (23.0), measurement data were expressed as mean 
± standard deviation (x±s), one-way ANOVA, LSD-t test for 
pairwise comparisons, P<0.05 was statistically significant.

Results

Expression of miR-874-3p and MMP2 in IDD

The level of miR-874-3p differed from those in normal 
subjects, the qRT-PCR results suggested that in IDD 
patients compared with the controls, the expression level 
of miR-874-3p were obviously decreased. The MMP2 
expression levels in the IDD and control patients were 
also evaluated and the results showed they were elevated 
in the IDD patients as compared with the control group. 
There was also a significant increase in MMP3 as another 
important enzyme for ECM degradation in the IVD, lower 
expression levels of MMP2 and MMP3 (Figure 1).

Downregulation of MMP2 in IDD 

 The experimental results showed that the cells had the 
markers. Lentivirus expressing miR-874-3p, lentivirus 
with miR-874-3p inhibition and negative control (NC) 
lentivirus were generated and activated by the infected 
NP cells’ response, ensuring that infection efficiency was 
sufficiently high. By qRT-PCR analysis, lentiviral infection 
with miR-874-3p led to significantly downregulated level of 
expression of MMP2 (Figure 2).

Downregulation of MMP3 in IDD

miR-874-3p is an extremely important regulator of gene 
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expression regulation, which is involved in various aspects 
of cell function such as development, aging and disease. 
miRNAs work by regulating mRNA expression levels. 
Abnormalities of immune system are closely related to 
miRNA, which can lead to the occurrence and development 
of a variety of diseases. Two homologous miRNAs, 
MMP3 and miR-874-3p, were found to play an important 
role in maintaining joint homeostasis and inhibiting the 
pathogenesis of osteoarthritis. At present, it is quite clear 
that miRNA will intervene in the occurrence, development 
and maintenance of diseases in a variety of ways, which is 
of great help for us to master and treat diseases. It is known 
from the latest research progress that the regulatory network 
of MMP3 is extremely complex and penetrates into all 
aspects of the body response. It is extremely difficult to fully 
identify target-related regulatory genes in IDD (Figure 3).

Role of abnormal miR-874-3p expression in IDD 
pathology

Decomposition of the polymerization glue and collagen, 
which mainly correlates. After finding that miR-874-3p 

can regulate cell death and that there is decreased miR-
874-3p in IDD patients, whether miR-874-3p affects the 
development of IDD was further explored using western 
blot, which found that overexpression of miR-874-3p 
increases aggregated protein levels in NP cells. On the 
other hand, the inhibition of miR-874-3p reduced the 
expression of Aggr in NP tissue. More importantly, no 
significant degradation of collagen was found. It is precisely 
because the reporter gene test results are affected by a 
variety of factors, such as carrier state, cell state, transfection 
quantity, transfection efficiency, lysis efficiency, sample 
addition accuracy, and detection process, that improper 
processing of a certain detail may lead to experimental 
failure or inaccurate results. In this study, the results of the 
dual-luciferase reporter gene test to detect the effect of 
miR-874-3p on MMP2 were not ideal, so the results were 
not further analyzed in the results section. The changes 
were consistent and suggested that regulation of miR-874-
3p expression may play a role in developmental disorders 
such as IDD. Therefore, apoptosis of NP cells expressing 
miR-874-3p or with miR-874-3p infection was analyzed 
by flow cytometry. These experimental data suggested that 
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dysregulation of miR-874-3p expression plays an important 
role in IDD pathology (Figure 4). 

Discussion

IDD disease has become a common and high-incidence 
of chronic disease, suffering from both middle-aged and 
elderly people and young people (25-27). IDD can cause 
a variety of symptoms, such as waist and leg pain, spinal 
stenosis, protruding disc and compression of nerve roots 

leading to pain in other parts. Currently, age, drinking, 
overwork and so on are considered to be extrinsic factors 
contributing to disc degenerative diseases (28). There 
are also numerous views on the molecular mechanisms 
and transduction pathways of its pathogenesis, and 
inflammatory cytokines, genetic genes, oxidative stress, 
Nitric oxide induction, and miRNA play important roles 
in IDD (29). miR-874-3p plays an important role in cell 
and mitochondrial energy metabolism. With the deepening 
of research, more and more studies have found that miR-
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874-3p not only participates in the control of energy 
metabolism, but also is closely related to the abnormal 
electronic respiratory chain in gene transcription, protein 
synthesis, mitochondrial oxidative stress, and the activity 
of intracellular phosphorylation of miR-874-3p is strongly 
correlated with the aging state of chondrocytes. Although 
miR-874-3p has been previously stated to be involved in 
cell energy generation, some studies have shown that miR-
874-3p is involved in inflammatory response mediated 

by NF-kB signaling pathway. There was no significant 
difference between miR-874-3p gene level and miR-874-
3p regulatory protein level in early cartilage stage, but the 
phosphorylation level of miR-874-3p gradually decreased 
with aging. Gene energy metabolism is related to oxidative 
stress in mitochondria (30). We speculated that miR-
874-3p signaling pathway not only interferes with energy 
metabolism, but also mediates the corresponding oxidative 
system and antioxidant system in mitochondria. Abnormal 
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miR-874-3p is closely related to cellular stress. Moreover, 
studies have shown that there is a strong correlation 
between the phosphorylation activation of miR-874-3p 
and the formation or degradation of cartilage. Studies on 
osteoarthritis have found that the activation of miR-874-
3p is significantly reduced, and corresponding inhibitors 
or gene knockout can effectively alleviate the progression 
and inflammatory expression of osteoarthritis. miR-874-
3p regulates the interaction of not only mTOR pathway 
but also HIF and other signaling pathways, which is closely 

related to the differentiation and maturation of cartilage 
endplate. Therefore, miR-874-3p is an important regulatory 
pathway in the formation, maintenance and aging of joint 
and cartilage endplates (31). The results also suggest 
biomarkers for the diagnosis of IDD, because miR-874-
3p is significantly reduced in IDD, and also point to future 
exploration of restoring miR-874-3p expression in the NP 
cells of patients with IDD.

The function of miR-874-3p is important for IDD-
related phenotypes, and warrants further exploration. A 
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limiting factor in this study was the relatively small number 
of samples from patients (32). miR-874-3p mediates cervical 
disc degeneration via MMP2/MMP3, thereby affecting 
protein synthesis and function. Studies have shown that 
the MMP2/MMP3, mammalian target of rapamycin and 
protein kinase B (Akt) activators proteins in hypothalamus 
of rainbow trout were found to have corresponding 
changes in rainbow trout fed with different nutrient levels 
of diets. It was found that the p-MMP2/MMP3 protein 
level of rainbow fish fed with high fat diet for 3 hours was 
significantly reduced. However, p-MTOR protein content 
increased significantly, reflecting the negative regulation of 
MMP2/MMP3 and mTOR. Relevant studies have shown 
that miR-217 regulates the proliferation and differentiation 
of A549 and H1299 cells through the MMP2/MMP3/
mTOR pathway (33). Cervical and lumbar intervertebral 
disc degeneration is the most common degenerative 
degeneration of spine, and is also one of the important 
factors causing neck, low back pain. The endplate cartilage 
is a thin layer of hyaline cartilage located at both ends of 
the vertebral body anatomically. We have already explained 
that the endplate cartilage not only plays an important role 
in the nutritional supply of the intervertebral disc, but also 
plays an important role in the mechanical transmission 
between the vertebral body and the intervertebral disc. 
The intervertebral disc has been identified as the largest 
unvascular occluded structure in the body. As the embryo 
develops mature, the blood vessels in the intervertebral 
disc degenerate rapidly, and the circulation of the nucleus 
pulposus in the intervertebral disc is isolated from the 
attachment and becomes covert antigen. Endplate cartilage 
degeneration is the early morphological change of 
intervertebral disc degeneration (34). MMP2/MMP3 has 
been identified as an extremely important protein kinase 
in eukaryotes. It is expressed in multiple tissues closely 
related to metabolism and has tissue specificity. Different 
tissues have different subtypes. Studies have shown that 
MMP2/MMP3 is not only involved in the occurrence 
and development of tumors, but also closely related to the 
occurrence and development of diseases, such as the related 
pathways of protein synthesis and mitochondrial energy 
metabolism mentioned above (35,36).

All of the above miRNA molecules are involved in the 
regulation of the apoptotic pathway in myeloid cells, but 
none of the apoptosis-related pathways studied above 
were significantly disease-specific. Whether the above 
miRNA molecules are representative of IDD and whether 
they can respond to specific changes of IDD disease is 

still worth further research and analysis, and strive to find 
IDD specific changes of molecules and clear mechanism to 
provide important theoretical basis for future application 
research (37). MMP-mediated degradation of ECM 
promotes the metastasis of tumor cells from their primary 
site (38). Cazzanelli et al. (39) found that the content of 
chondroitin sulfate (CS) decreased significantly, while 
the five chondrothiol sulfate glycosyltransferases in 
the degenerative nuclear myeloid tissue was somewhat 
different (40). After comprehensive database analysis, it 
was believed that miR-29b, miR-194-515, miR-2355 may 
be able to act on chondroitinase sulfate and only miR-194 
and miR-515 Significant increase, significant decrease in 
chondroitinase sulfate protein levels after miR-194 and miR-
515 overexpression, no mRNA levels, miR-194 and miR-515 
inhibitors without mRNA levels.
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