
4591

Abstract. – OBJECTIVE: The aim of this 
study was to investigate the effects of regula-
tion of micro-ribonucleic acid (miR)-146 expres-
sion targeting the Notch1 pathway on the repair 
and regeneration of intervertebral nucleus pul-
posus cells, and to explore the possible under-
lying mechanism. 

MATERIALS AND METHODS: Intervertebral 
nucleus pulposus cells were harvested from 
rats and cultured in vitro. All cells were ran-
domly divided into 4 groups, including the nor-
mal group, the miR-146 inhibitor group, the 
miR-146 over-expression group and the neg-
ative control group. The cells in the normal 
group were cultured normally. Meanwhile, the 
cells in the miR-146 inhibitor group and miR-146 
over-expression group were transfected with 
inhibitor-containing plasmid and miR-146-con-
taining plasmid, respectively. However, the 
cells in the negative control group were trans-
fected with empty plasmid. 24 h after transfec-
tion, the cells were collected for subsequent 
experiments. The differentiation of nucleus pul-
posus cells was detected via toluidine blue 
staining. The relative protein expression levels 
of Notch1, aggrecan (ACAN) and COL II were 
detected via Western blotting. Meanwhile, the 
mRNA expressions of miR-146 and Notch1 were 
detected via quantitative Polymerase Chain Re-
action (qPCR). Furthermore, the apoptosis and 
proliferation of cells were detected via terminal 
deoxynucleotidyl transferase-mediated dUTP 
Nick End Labeling (TUNEL) and Cell Counting 
Kit-8 (CCK-8; Dojindo, Kumamoto, Japan) as-
say, respectively. 

RESULTS: Compared with the normal group, 
toluidine blue positive staining was significant-
ly increased in miR-146 overexpression group 

(p<0.05), whereas was significantly decreased 
in the miR-146 inhibitor group (p<0.05). The re-
sults of Western blotting revealed that com-
pared with normal group, the protein expres-
sion of Notch1 was markedly decreased in miR-
146 over-expression group (p<0.05), whereas 
the expression levels of ACAN and COL II were 
notably increased (p<0.05). However, the miR-
146 inhibitor group exhibited significantly in-
creased the protein expression level of Notch1 
(p<0.05), as well as markedly decreased the ex-
pressions of ACAN and COL II (p<0.05). The 
results of qPCR showed that compared with 
the normal group, the expression level of miR-
146 was significantly increased in the miR-146 
over-expression group. However, the mRNA ex-
pression level of Notch1 was remarkably de-
creased (p<0.05). Similarly, the miR-146 inhibi-
tor group exhibited significantly decreased ex-
pression level of miR-146, as well as marked-
ly increased mRNA expression level of Notch1 
(p<0.05). Compared with those in the normal 
group, the cell proliferation rate was markedly 
increased, whereas cell apoptosis was remark-
ably decreased (p<0.05) in the miR-146 over-ex-
pression group. Furthermore, the cell prolifer-
ation rate was significantly decreased, while 
the cell apoptosis was remarkably increased 
(p<0.05) in the miR-146 inhibitor group. 

CONCLUSIONS: Regulating miR-146 expres-
sion can target the Notch1 signaling pathway, 
thereby exerting important influences on the re-
pair and regeneration of intervertebral nucleus 
pulposus cells.
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Introduction

Lumbar intervertebral disc disease is a com-
mon clinical disease in orthopedics. It is also a 
common cause of lumbago, leg pain, radioactive 
numbness of lower extremities and even gatism 
and irreversible damage to lower limb nerves1,2. 
Currently, it is believed that intervertebral disc 
degeneration (IDD) is one of the major causes of 
lumbar intervertebral disc disease. As an import-
ant cause of lumbago in patients, IDD frequent-
ly occurred in middle-aged and elderly people. 
Gradual declines in water content, collagen and 
proteoglycan in the nucleus pulposus, as well as 
a decrease in the elasticity may eventually lead to 
IDD3,4. Jakoi et al5 have demonstrated that a se-
ries of pathological reactions occur in the nucleus 
pulposus during IDD. It is well known that nucle-
us pulposus is an important component of the in-
tervertebral disc. In particular, nucleus pulposus 
cells inside the intervertebral disc are a kind of 
collagen-proteoglycan complex closely related to 
the pathological reactions of IDD.

In recent years, multiple studies on the inter-
vertebral disc have focused on the signaling path-
ways. The Notch pathway, as an important intra-
cellular signal transduction pathway, has been 
proved to be closely related to various orthopedic 
diseases. Meanwhile, it has been confirmed to be 
involved in the regulation of bone development 
and metabolism6. Currently, it is believed that 
the Notch pathway participates in regulating the 
proliferation and differentiation of intervertebral 
nucleus pulposus cells, thus playing an important 
role in IDD. Micro ribonucleic acids (miRNAs) 
are a kind of non-coding RNAs that have been 
considered to play an important regulatory role 
in the human body. Previous researches have 
demonstrated that miRNAs are closely related to 
the pathogenesis of various diseases. MiRNAs 
may degrade or inhibit downstream mRNAs by 
pairing with the corresponding untranslated re-
gion of downstream target genes, thereby playing 
an important role in transcriptional regulation. 
Furthermore, miRNAs regulate various patholog-
ical processes, such as cell proliferation, differ-
entiation and apoptosis in the body7,8. It has been 
found that miR-146 is specifically expressed in 
chondrocytes, which is also closely related to cell 
proliferation and differentiation. However, the ex-
act role of miR-146 and the possible underlying 
mechanism remain unclear.

The aim of this study was to further clarify 
whether miR-146 regulated intervertebral nucleus 

pulposus cells by targeting the Notch1 signaling 
pathway, thereby influencing their repair and re-
generation.

Materials and Methods

Laboratory Animals
A total of 12 specific pathogen-free 

Sprague-Dawley (SD) rats aged 1 month were pur-
chased from Shanghai SLAC Laboratory Animal 
Co., Ltd., [license No.: SCXK (Shanghai, China) 
2014-0003]. All rats were fed in the Laboratory 
Animal Center, with normal food and sterile fil-
tered water every day under 12/12 h light/dark cy-
cle and regular room temperature and humidity. 
This study was approved by the Animal Ethics 
Committee of Xiamen University Animal Center.

Laboratory Reagents and Instruments
Dulbecco’s Modified Eagle’s Medium (DMEM; 

Thermo Fisher Scientific, Waltham, MA, USA), 
TRIzol lysis buffer (Thermo Fisher Scientific, 
Waltham, MA, USA), Dual-Luciferase kit (Be-
yotime, Shanghai, China), primary antibodies: 
anti-Notch1 antibody (Abcam, Cambridge, MA, 
USA), anti-aggrecan (ACAN) antibody (Abcam, 
Cambridge, MA, USA), anti-COL II antibody 
(Abcam, Cambridge, MA, USA) and anti-Sox9 
antibody (Abcam, Cambridge, MA, USA), AceQ 
quantitative Polymerase Chain Reaction (qPCR) 
SYBR Green Master Mix kit (Vazyme, Nanjing, 
China), HiScript II Q RT SμperMix For qPCR 
(+gDNA wiper) kit (Vazyme, Nanjing, China), 
Cell Counting Kit-8 (CCK-8; Dojindo, Kumamo-
to, Japan) cell proliferation kit (Sigma-Aldrich, 
St. Louis, MO, USA), terminal deoxynucleotidyl 
transferase-mediated dUTP Nick End Labeling 
(TUNEL) apoptosis kit (Sigma-Aldrich, St. Lou-
is, MO, USA), optical microscope (Leica DMI 
4000B/DFC425C, München, Germany) and flu-
orescence qPCR instrument (ABI 7500, Applied 
Biosystems, Foster City, CA, USA).

In Vitro Acquisition and Culture of 
Nucleus Pulposus Cells

SD rats fed normally were anesthetized via in-
traperitoneal injection of 7% chloral hydrate (5 
mL/kg). After successful anesthesia, the skin was 
locally prepared and disinfected. Subsequent-
ly, the skin, subcutaneous tissue and deep fascia 
were cut along the longitudinal axis of the spine, 
followed by exposure of the lumbar intervertebral 
disc. Then, collected intervertebral disc tissues 
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were fully placed in normal saline. After removal 
of excess tissues and blood vessels, the interverte-
bral disc was cut into 1 mm3 tissue blocks. After 
centrifugation, the tissue blocks were collected 
and digested with 0.25% trypsin at room tempera-
ture for 15 min. The tissue blocks were mechan-
ically blown and beaten to ensure that they were 
completely digested into a single-cell suspension. 
After centrifugation, the supernatant was discard-
ed and the cells were resuspended with complete 
medium. The density of the cells was adjusted. 
The cells were inoculated into a culture flask (106/
mL), and cultured in an incubator with 4% CO2 at 
35°C. Cell passage was performed every 3 days. 
After passage until the third generation, the cells 
were collected for subsequent experiments.

Cell Grouping and Treatment
Nucleus pulposus cells cultured in vitro were 

randomly divided into 4 groups, including the 
normal group, miR-146 inhibitor group, miR-
146 over-expression group and negative control 
group. The cells in the normal group were cul-
tured normally without any treatment. The cells 
in the miR-146 inhibitor group were transfect-
ed with the plasmid containing miR-146 inhibi-
tor, to inhibit the transcription of miR-146. The 
cells in the miR-146 over-expression group were 
transfected with the plasmid containing miR-146 
mimics, to promote the transcription of miR-146. 
Meanwhile, the cells in the negative control group 
were transfected with empty plasmid as a nega-
tive control. After culturing for 48 h, transfected 
cells in each group were collected and detected.

Western Blotting
Collected cells were first added with lysis buffer, 

followed by an ice bath for 60 min and centrifu-
gation at 1400 g for 5 min. The concentration of 
extracted protein was quantified using the bicin-
choninic acid (BCA; Pierce, Waltham, MA, USA) 
method. Subsequently, the proteins were denatured 
via heating. After separation via gel electrophore-

sis, the protein samples were transferred onto poly-
vinylidene difluoride (PVDF) membranes (Roche, 
Basel, Switzerland). After washing and sealing 
with blocking buffer for 1.5 h, the membranes were 
incubated with primary antibodies of anti-Notch1 
(1:1000), anti-ACAN (1:1000) and anti-COL II 
(1:1000) at 4°C overnight. On the next day, the 
membranes were incubated with the correspond-
ing secondary antibodies (1:1000). Then, the mem-
branes were washed with Tris-Buffered Saline and 
Tween 20 (TBST). Finally, the image was devel-
oped in chemiluminescence reagent in the dark for 
1 min, followed by analysis using the gel scanning 
imaging system.

Quantitative Polymerase Chain Reaction 
(qPCR) 

Total RNA was extracted from cells and re-
versely transcribed into complementary deoxy-
ribose nucleic acid (cDNA) according to the in-
structions of the reverse transcription kit. A 20 
μL reaction system was set up. Specific reaction 
conditions were as follows: reaction at 51°C for 2 
min, pre-denaturation at 96°C for 10 min, dena-
turation at 96°C for 10 s, annealing at 60°C for 
30 s, for a total of 40 cycles. With glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) as an in-
ternal reference, the relative expression level of 
related mRNAs was calculated. Primer sequences 
used in this study were shown in Table I.

TUNEL Apoptosis Assay
Cells collected in each group were first fixed 

with 4% paraformaldehyde solution. TdT reaction 
solution was added dropwise for reaction in the 
dark for 1 h. Then, the reaction was terminated via 
incubation with deionized water for 15 min. Sub-
sequently, endogenous peroxidase activity was 
blocked with hydrogen peroxide, and a working 
solution was added dropwise for 1 h of reaction. 
After washing, diaminobenzidine (DAB) solution 
(Solarbio, Beijing, China) was added dropwise for 
color development, followed by observation.

Table I. Primer sequences.

	 Name 	 Primer sequence

miR-146	 Forward primer: 5’-TCCACCAAGAAGCTGAGCGAG-3’
	 Reverse primer: 5’-GTCCAGCCCATGATGGTTCT-3’
Notch	 Forward primer: 5’-TCCACCAAGAAGCTGAGCGAG-3’
	 Reverse primer: 5’-GTCCAGCCCATGATGGTTCT-3’
GAPDH	 Forward primer: 5’-ACGGCAAGTTCAACGGCACAG-3’
	 Reverse primer: 5’-GAAGACGCCAGTAGACTCCACGAC-3’
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CCK-8 Cell Proliferation Assay
Transfected cells were first inoculated into 96-

well plates (100 μL/well), followed by culturing 
in an incubator for 24 h. 3 replicates were set for 
each well. Briefly, 10 μL of CCK-8 solution was 
added in each well, followed by reaction for 2 h in 
the dark. The absorbance of each well at 450 nm 
was detected using a microplate reader. Finally, 
the cell proliferation rate was calculated.

Toluidine Blue Staining
Cells collected in each group were first fixed 

with 4% paraformaldehyde solution. After wash-
ing and staining with toluidine blue dye for 2 h, 
the staining was observed. When the staining 
degree was moderate, the mixed liquid was re-
moved. Then, the cells were washed and naturally 
air dried at room temperature. The mean optical 
density of positive expression of extracellular ma-
trix was observed and calculated under an optical 
microscope.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 20.0 software (IBM, Armonk, NY, 
USA) was used for all statistical analysis. Enu-
meration data were expressed as mean ± stan-
dard deviation. t-test was used for comparison 
of data in line with normal distribution and 

homogeneity of variance. Corrected t-test was 
applied for comparison of data in line with nor-
mal distribution and heterogeneity of variance. 
A non-parametric test was used for data not in 
line with normal distribution and homogene-
ity of variance. Rank sum test was adopted for 
ranked data, and the chi-square test was adopt-
ed for enumeration data. p<0.05 was considered 
statistically significant.

Results

Toluidine Blue Staining
As shown in Figure 1, toluidine blue positive 

staining displayed purple-red color. Purple-red 
positive staining could be seen in some cells of 
the normal group and negative control group. No 
purple-red positive staining could be found in the 
miR-146 inhibitor group. Meanwhile, significant 
purple-red positive staining could be observed in 
the miR-146 overexpression group. According to 
statistical analysis results (Figure 2), no signifi-
cant difference was found in purple-red positive 
expression between the negative control group and 
normal group (p>0.05). However, it was marked-
ly decreased in the miR-146 inhibitor group when 
compared with the normal group, showing a sta-
tistically significant difference (p<0.05). Further-
more, it was remarkably increased in the miR-146 
over-expression group (p<0.05).

Figure 1. Toluidine blue staining (magnification × 40).
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Relative Expression Levels of Proteins 
Detected Via Western Blotting

As shown in Figure 3 and 4, compared with 
the normal group, the miR-146 inhibitor group 
exhibited significantly increased the protein ex-
pression level of Notch1, as well as markedly de-
creased the expression levels of ACAN and COL 
II, displaying statistically significant differenc-
es (p<0.05). However, miR-146 over-expression 
group showed significantly decreased protein 
expression level of Notch1, as well as remark-
ably increased protein expressions of ACAN 
and COL II, displaying statistically significant 
differences (p<0.05). However, no significant 
differences were found in the protein expression 

levels of Notch1, ACAN and COL II between 
the negative control group and normal group 
(p>0.05).

Relative Expression Levels of mRNAs 
Detected Via qPCR

As shown in Figure 5, compared with the 
normal group, the miR-146 inhibitor group ex-
hibited markedly decreased expression level of 
miR-146, while remarkably increased mRNA 
expression level of Notch1, showing statistical-
ly significant differences (p<0.05). However, 
miR-146 over-expression group exhibited re-
markably increased miR-146 expression level 
as well as decreased mRNA expression level 
of Notch1, showing statistically significant dif-
ferences (p<0.05). Furthermore, no significant 
differences were observed in the mRNA ex-
pression levels of miR-146 and Notch1 between 
the negative control group and normal group 
(p>0.05).

Apoptosis Rate Detected Via TUNEL
Compared with the normal group, the apop-

tosis rate of cells was remarkably increased in 
the miR-146 inhibitor group, showing a statisti-
cally significant difference (p<0.05). However, 
cell apoptosis was remarkably decreased in the 

Figure 2. Mean optical density value of toluidine blue 
positive expression. Note: p*<0.05 vs. normal group, 
p#<0.05 vs. miR-146 inhibitor group.

Figure 3. Protein expression detected via Western blotting.

Figure 4. Relative expression levels of proteins in each 
group. Note: p*<0.05 vs. normal group, p#<0.05 vs. miR-
146 inhibitor group.
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miR-146 over-expression group (p<0.05). No 
significant changes in cell apoptosis rate were 
found in the negative control group (p>0.05; 
Figure 6).

Cell Proliferation Rate Detected 
Via CCK-8 Assay

Compared with the normal group, the cell pro-
liferation rate was remarkably decreased in the 
miR-146 inhibitor group, showing a statistically 
significant difference (p<0.05). However, cell 
proliferation was remarkably increased in the 
miR-146 over-expression group (p<0.05). There 
were no significant changes found in the cell 
proliferation rate in the negative control group 
(p>0.05; Figure 7). 

Discussion

With an in-depth study of the intervertebral 
disc, researchers have paid increasingly more at-
tention to the important pathological role of IDD 
in a variety of spine-original diseases, including 
lumbar disc herniation, lumbago and scoliosis. 
IDD is considered one of the important pathogen-
ic factors of severe lumbago, limitation of lumbar 
motion, radioactive pain and numbness in both 
lower extremities in patients with spinal diseas-

es. Nucleus pulposus is a vital component of the 
intervertebral disc. Meanwhile, nucleus pulpo-
sus cells are considered to play an important role 
during IDD. Studies9,10 have found that nucleus 
pulposus forms the complex with collagen and 
proteoglycan in a jelly-like form through the grid-
like mode. This enables the intervertebral disc 
to bear the load and the spine to have important 

Figure 5. Relative expression levels of mRNAs in each 
group. Note: p*<0.05 vs. normal group, p#<0.05 vs. miR-
146 inhibitor group.

Figure 6. Cell apoptosis rate in each group. Note: p*<0.05 
vs. normal group, p#<0.05 vs. miR-146 inhibitor group.

Figure 7. Cell proliferation rate in each group. Note: p*<0.05 
vs. normal group, p#<0.05 vs. miR-146 inhibitor group.
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physiological functions of damping and balance 
maintenance. Therefore, intervertebral nucleus 
pulposus cells have become a research hotspot 
currently.

As a highly-conserved signaling pathway, the 
Notch signaling pathway is closely related to the 
signal transduction of interaction between cells. 
Meanwhile, it exerts important physiological 
functions in the processes of bone development 
and metabolism. In particular, some scholars 
have pointed out that the Notch signaling path-
way plays a crucial role in the proliferation and 
differentiation of nucleus pulposus cells11,12. 
The Notch receptor is an important component 
of the Notch signaling pathway, including four 
family members (Notch1, Notch2, Notch3, and 
Notch4). As a kind of transmembrane recep-
tor, it can bind to its ligands to exert import-
ant physiological functions. Researches13,14 have 
demonstrated that Notch1 receptor is highly and 
extensively expressed in nucleus pulposus cells. 
Meanwhile, the expression and signal trans-
duction of Notch1 receptor are significantly 
activated in degenerated intervertebral disc tis-
sues. Eventually, this inhibits the proliferation 
of nucleus pulposus cells and accelerates IDD. 
In addition, further reports have clarified that 
hypoxia in the intervertebral disc can activate 
the Notch signaling pathway to up-regulate the 
expression of the Notch1 receptor, thus regulat-
ing the self-repair and proliferation of damaged 
nucleus pulposus cells. When it is insufficient 
to maintain the normal number and differenti-
ation of nucleus pulposus cells due to abnormal 
expression of Notch1 receptor in the body, the 
apoptosis of nucleus pulposus cells will be in-
creased. Moreover, the repairability of cells will 
decline15. Both ACAN and COL II are specific 
surface antigens and characteristic markers of 
nucleus pulposus cells. They are closely related 
to the proliferation and repair of nucleus pul-
posus cells. Higher expression levels of ACAN 
and COL II corresponds to a significantly larg-
er number of nucleus pulposus cells, as well as 
stronger proliferation and repairability. MiR-
NAs are a kind of non-coding RNAs that can 
bind to target genes. They may degrade target 
genes or inhibit target gene translation, even-
tually regulating the transcriptional process. 
Nowadays, miRNAs have become a research 
hotspot in the fields of cancer, cardiovascular 
diseases and bone diseases16-18. As an important 
non-coding RNA, miR-146 has been proved to 
be widely expressed in cartilages and nucleus 

pulposus tissues and cells. MiR-146 overexpres-
sion via transfection into nucleus pulposus cells 
can significantly lower the degree of IDD and 
reduce inflammation. On the contrary, miR-146 
knockout in nucleus pulposus cells increases 
the degree of IDD19,20. These findings indicate 
that miR-146 plays an important role in regu-
lating the physiological functions of nucle-
us pulposus cells. In this study, we confirmed 
that the protein and mRNA expression levels of 
Notch1 were significantly inhibited in the miR-
146 over-expression group. However, they were 
markedly up-regulated in the miR-146 inhib-
itor group, suggesting that miR-146 played an 
important role in negatively regulating Notch1 
receptor expression. According to further in-
vestigations, toluidine blue purple-red positive 
expression, cell proliferation rate and relative 
protein expression levels of ACAN and COL II 
in miR-146 over-expression group were remark-
ably higher than those of the normal group and 
miR-146 inhibitor group. However, the apopto-
sis rate of cells in miR-146 inhibitor group was 
significantly lower than that of the normal group 
and miR-146 inhibitor group. Our findings indi-
cated that over-expression of miR-146 promoted 
the proliferation of nucleus pulposus cells and 
differentiation into chondrocytes. Moreover, 
miR-146 up-regulation could effectively inhibit 
the apoptosis of nucleus pulposus cells. 

Conclusions

We showed that miR-146 expression can target 
the Notch1 signaling pathway, thereby exerting 
important influences on the repair and regenera-
tion of intervertebral nucleus pulposus cells.
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