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Abstract
Objective: The present study aimed to analyze the expression of microRNA-27a (miR-27a) in intervertebral
disc degeneration (IDD) and its effect on the biological characteristics of nucleus pulposus (NP) cells.

Methods: An IDD rat model was established, and the expression of miR-27a and Smad1 in the
intervertebral disc tissue was detected. An oxygen and glucose deprivation (OGD) NP cell model was
established to simulate the IDD microenvironment, and the effects of downregulated miR-27a on the
proliferation, apoptosis, in�ammatory response, and extracellular matrix (ECM) proteins of OGD-NP cells
were analyzed. The target relationship of miR-27a and Smad1 was veri�ed by luciferase reporter assays,
and siRNA-Smad1 was transfected to reverse the experiment.

Results: The level of miR-27a in the IDD model group was signi�cantly increased, whereas that of Smad1
was decreased compared with the sham group (P<0.05). Inhibition of miR-27a improved cell proliferation,
and inhibited apoptosis, degradation of the ECM, and in�ammatory response of OGD-NP cells compared
with the OGD group (P<0.05). The results of the double luciferase reporter assays indicated that Smad1
was the target gene of miR-27a. Smad1 silencing reversed the increase in ECM proteins induced by
inhibition of miR-27a; However, it did not affect cell proliferation and apoptosis.

Conclusion: The expression levels of miR-27a were upregulated in IDD and it may be involved in the
progression of IDD by promoting the apoptosis of NP cells and ECM degradation by targeting Smad1.

Introduction
The intervertebral disc (IVD), the largest non-vascular organ in the human body, is composed of the
nucleus pulposus (NP), annulus �brosus (AF), and cartilaginous endplate [1]. NP cells play a key role in
maintaining the biological characteristics and tensile strength of the IVD by synthesizing and secreting
collagen II and producing extracellular matrix (ECM). Intervertebral disc degeneration (IDD) is the
pathological basis of a series of spinal degenerative diseases. At present, it is thought that the
pathogenesis of IDD is mainly related to aging, mechanical stress, degradation of the ECM marked by
progressive loss of aggrecan and collagen II, and genetic factors[2]. Among them, ECM synthesis and
degradation caused by the abnormal proliferation and apoptosis of NP cells are considered to be key
factors in the pathogenesis of IDD[3, 4].

Numerous studies have shown that a variety of miRNAs play important roles in the degradation of the
ECM and regulation of proliferation and apoptosis of NP cells[5]. MicroRNA-27a (miR-27a) is abnormally
expressed in IDD tissues and involved in the regulation of NP cell proliferation and in�ammatory
response [6, 7]. However, whether it participates in the development of IDD and abnormal regulation of NP
cells, as well as its mechanism of in�uence on the ECM remains unclear. Our previous studies showed
that miR-27a may participate in the progression of IDD by regulating the degradation of the ECM.
Bioinformatics analysis showed that Smad1 may be the major target protein mediating this mechanism.
The Smad family includes the main proteins mediating the transforming growth factor-β (TGF-β)
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signaling pathway. According to their functions, they are termed R-Smad, co-Smad, and i-Smad. R-Smad
includes Smad 2/3 activated by TGF-β and Smad l/5/8/9 activated by bone morphogenetic protein
(BMP)[8]. Studies have con�rmed that both TGF-β/Smad2/3 and BMP/Smad1 signaling pathways play
key roles in cartilage development and repairment, as well as ECM synthesis and degradation[9]. Thus,
we hypothesized that miR-27a may affect the development of IDD by targeting and regulating Smad1.
The aim of this study was to investigate the mechanism of miR-27a in the occurrence and development
of IDD, and analyze whether Smad1 is the target protein mediating this mechanism.

Materials And Methods

1.1 Animal model construction
Twenty male Sprague–Dawley rats, aged 6–8 weeks, (purchased from the Experimental Animal Center of
; quarantine license No.: SCXK(Yu) 2017-0001) were randomly divided into the sham group (n=10) and
model group (n=10). The rats were anesthetized by intrap

eritoneal injection of 5% chloral hydrate. The animals were in the supine position, and a right paracentral
incision was performed. The skin and subcutaneous tissue were successively incised. Subsequently, the
abdominal cavity was opened, and the posterior peritoneum was cut to expose the upper and lower
cartilage endplates of L5/6 IVD. Next, the above IVD segments were punctured with a 21-G micropuncture
needle, which was inserted parallel to the cartilage endplate; the depth of needling was the whole layer of
the AF. After the operation, the subcutaneous fascia and skin were successively sutured. In the sham
group, the skin tissue was only cut to expose the IVD and directly sutured. All rats were injected with
penicillin (8×104 U/day) for 3 days to prevent infection.

1.2 Pathological observation of hematoxylin-eosin (HE)
staining
At 8 weeks after the modeling operation, rats were euthanized by intraperitoneal injection of excessive
pentobarbital (60 mg/kg). The IVD tissues of the 5th and 6th lumbar vertebrae were rapidly and
completely removed. The bloodstains were washed with sterile normal saline, and parts of the tissues
were stored in liquid nitrogen. The remaining parts were �xed in paraformaldehyde for 24 h, decalci�ed
with 10% ethylenediaminetetraacetic acid for 6 h, embedded in para�n, and continuously sectioned
(thickness: 4 μm). The slices were dewaxed in xylene for 10 min, and rehydrated with gradient alcohol.
Subsequently, the samples were placed in hematoxylin dye solution for 15 min, dyed in 1% eosin solution
for 10 min, washed, dehydrated, made transparent using xylene, and sealed after air drying. The
pathological sections were observed under a light microscope.

1.3 Immunohistochemical experiment
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After dewaxing with xylene and rehydration with gradient ethanol, rabbit anti-rat Smad1 primary antibody
(ab80255, 1:100; Abcam) was added to the tissues according to required proportion. The reaction was
performed for 30 min at room temperature. After washing with phosphate-buffered saline (PBS),
horseradish peroxidase-labeled goat anti-rabbit secondary antibody (ab6721, 1:1,000; Abcam) was
added. The tissues were incubated for 30 min at 37°C, and washed with PBS for 3×5 min. Subsequently,
3,3'-diaminobenzidine was added, dyed, dried, and sealed. Semi-quantitative analysis was used to
evaluate the degree of positive expression: the positive staining intensity score was 1–3 points from light
to heavy, while the 0 point indicated no staining. The proportions of positive cells (i.e., 0–5%, 6–25%, 26–
50%, 51–75%, and 76–100%) were scored using 0–4 points, respectively. The �nal result was the sum of
the staining score and positive cell proportion score.

1.4 Isolation and culture of NP cells
Following resuscitation, the rat lumbar IVD tissue of the sham group was stored in liquid nitrogen, cut to
obtain the complete NP tissue, and placed in a Petri dish containing PBS. After being cut to the size of 1
mm3, the tissue was placed in 0.1% type II collagenase (×5 volume), digested for 4 h at 37°C, and
centrifuged at 1,000 rpm for 5 min. The supernatant was discarded, and the cells were washed once with
PBS. Next, the cells were resuspended and counted in complete medium (DMEM/F12 medium containing
10% fetal bovine serum (Gibco) and 1% penicillin-streptomycin). Cells were seeded in a 25-cm culture
�asks at a density of 1×106 cells/ml, and placed in an incubator at 37°C, 5% CO2, and saturated humidity
environment. The isolated NP cells were divided into the NPC group and the oxygen and glucose
deprivation (OGD) group. The cells in the NPC group were cultured in DMEM medium containing 10%
fetal bovine serum (Gibco). According to the growth of cells, the medium was changed once every 2–3
days. When the cells reached 80–90% con�uence, they were digested with trypsin and subcultured. In the
OGD group, after the cells adhered to the �ask wall, the well-grown cell culture medium was replaced with
serum-free DMEM medium. The cells were subsequently cultured in a 1%O2+94%N2+5%CO2 gas
component incubator for 48 h to simulate the micro-environment of IVD degeneration in vivo.

1.5 Cell grouping and transfection
The OGD cells were divided into the OGD, miR-27a inhibitor, inhibitor-negative control (inhibitor-NC), and
miR-27a inhibitor+si-Smad1 groups. The last three groups were transfected with a miR-27a inhibitor
plasmid (Sangon, Shanghai, China), negative control plasmid, and miR-27a inhibitor +Smad1 interference
plasmid (siRNA-Smad1), respectively. For the transfection method, cells in the logarithmic phase were
seeded in a six-well plate. When the cells reached 70% con�uence, they were transfected using
Lipofectamine 2000 (Invitrogen) according to the instructions provided by the manufacturer.

1.6 Quantitative reverse transcription-polymerase chain reaction (qRT-PCR)
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Trizol (Invitrogen) was used to extract total RNA from tissues or cells (24 h after transfection), which was
ground into powder in liquid nitrogen. A reverse transcription kit (Takara) was used for the reverse
transcription of RNA into cDNA. The forward and reverse primer sequences of miR-27a used were 5'-
CTGTGGAGCAGGGCTTAG-3' and 5'-TAGCCACTGTGAACAC GACT-3' respectively,and those of U6 were 5'-
CTCGCTTCGGCAGCACA-3' and 5'-AACGCTTCACGAATTTGCGT-3' respectively. SYBR Green (Takara) was
used for qRT-PCR. The reaction conditions were as follows: 95°C for 10 min, 95°C for 15 s, and 60°C for
15 s, for a total of 40 cycles. Each sample was analyzed thrice. U6 was used as an internal reference. The
relative expression was calculated using the 2−ΔΔCt method.

1.7 Western blotting
A cell total protein extraction kit(Solarbio, Beijing) was used to extract the total protein. The bicinchoninic
acid(BCA) method was used to determine the protein concentration. Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) was performed to transfer the proteins to a
polyvinylidene �uoride membrane, which was blocked in 5% milk. Subsequently, the membrane was
incubated with primary antibodies overnight at 4°C, namely rabbit anti-rat Smad1 (ab80255, 1:1,000;
Abcam), matrix metalloproteinase (MMP13; ab39012, 1:3,000; Abcam), aggrecan (ab36861, 1:1000;
Abcam), and mouse anti-rat collagen II (ab185430, 1:200; Abcam). After washing the membrane, it was
incubated with horseradish peroxidase-labeled goat anti-rabbit IgG secondary antibody (ab7090, 1:5,000;
Abcam) or goat anti-mouse IgG secondary antibody (ab97040, 1:5,000; Abcam) at room temperature for
1 h. Enhanced chemiluminescence was used to visualize the proteins. The software ImageJ was used for
image analysis. Glyceraldehyde-3-phosphate dehydrogenase or β-actin were used as internal control to
calculate the relative protein expression.

1.8 Enzyme-linked immunosorbent assay (ELISA)
At 24 h after transfection,ELISA kits were used to detected the levels of interleukin-6 (IL-6) and tumor
necrosis factor-α (TNF-α) in the cells.The optical density was measured at 450 nm with an microplate
reader (Thermo Fisher) according to the instructions provided by the manufacturer.

1.9 Cell Counting Kit-8 (CCK-8) assay for the detection of
cell proliferation
At 24 h after transfection, the cells were seeded in 96-well plates with �ve multiple pores in each group.
After the cells adhered to the plate wall, the cell viability was detected using the CCK-8 assay for 24 h, 48
h, and 72 h, respectively. At 2 h prior to detection, 10 μl CCK-8 reagent was added into each well, and the
culture was continued for 2 h in the incubator. The absorbance of each pore sample was detected at 450
nm through multifunctional ELISA. The cell viability was calculated using normal cells as control.
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1.10 Flow cytometry for the detection of apoptosis and cell
cycle analysis
At 48 h after transfection, the transfected cells were washed with PBS, and 70% precooled ethanol was
added to �x the cells overnight at 4°C. After another wash with PBS, 2 μl RNase A (0.25 mg/ml) and 500
μl propidium iodide dye solution (50 μg/ml) were added in the dark at room temperature for 30 min. The
cell cycle in each group was determined.

At 48 h after transfection, the transfected cells were washed with PBS, and a cell suspension was
prepared. The cell density was adjusted to 1×105 cells/ml. Annexin V-�uorescein isothiocyanate (5 μl)
was added to 100 μl of cells for 15 min at room temperature. Propidium iodide was added 5 min prior to
the operation, and the degree of apoptosis was detected using �ow cytometry(CytoFLEX ).

1.11 Luciferase reporter assay
According to the sequence of the Smad1 gene in the plasmid pmirGLO and on PubMed, the wild-type
(WT) and mutant (Mut) primers with SacI and XhoI on both ends were designed to amplify the WT
fragment (5'-ATAATACTTGACCTCTGTGAC-3') and Mut fragment (5'-ATAATTGAATAGGTGACACTT-3') of
the Smad1 gene 3’untranslated region (3’UTR), and construct the WT plasmid pmirGLO-Smad1-3’UTR-WT
and pmirGLO-Smad1-3’UTR-Mut, respectively. NPC cells were seeded in 24-well plates, cultured for 24 h.
After the cells adhered to the wall, the cells were co-transfected with the pmirGLO-Smad1-3’UTR-WT
plasmid or pmirGLO-Smad1-3’UTR-Mut plasmid and miR-27a mimic or miR-NC. At 48 h after transfection,
the luciferase activity was detected using a double luciferase reporter assay kit (Promega).

1.12 Statistical analysis
All data were analyzed using SPSS version 19.0 (IBM Corp., Armonk, NY, USA. The independent sample t-
test was used to compare the measurement data between the two groups. One-way analysis of variance
and the least signi�cant difference-t test were used for comparison and pairwise comparison among the
groups, respectively. P<0.05 denotes statistically signi�cant difference.

Results

2.1 Pathological observation of IDD tissue by HE staining
HE staining showed that, compared with the sham group, IVD tissue in the model group presented the
following: AF rupture, tissue texture disorder, in�ammatory in�ltration, reduction in the number of NP cells
to some degree, and apoptosis-like changes in some cells (Figure 1A). Usually, IDD begins from the
destruction and degradation of NP tissue[2], which mainly consists of NP cells, collagen II, and aggrecan
[10]. Collagen II and aggrecan are the main markers of ECM degradation in the process of IDD. In the
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present study, western blotting analysis indicated that the expression of collagen II and aggrecan was
signi�cantly lower in the model group compared with the sham group (P<0.05) (Figure 1B). These results
suggested that the rat model of IDD was successfully established.

2.2 Expression of miR-27a and Smad1 in the IDD model
Previous studies have shown that miR-27a was differentially expressed in IDD tissues [6]. Therefore, the
expression of mir-27a in IDD rats was detected by qRT-PCR. The results showed that miR-27a was
signi�cantly upregulated in the model group compared with the sham group (Figure 2A). Our previous
study demonstrated that Smad1 may be one of the targets of miR-27a in the IVD. Other studies have also
shown that Smad1 plays an important role in tissue �brosis and chondrocyte apoptosis in arthritis. In the
present study, immunohistochemical analysis indicated that Smad1 was mainly expressed in the
cytoplasm of NP cells. The degree of positivity was signi�cantly lower in the model group than the sham
group (P<0.05, Figure 2B), which was consistent with the results of the western blotting analysis (Figure
2C). We analyzed the correlation of Smad1 and miR-27a expression, and the results indicated that they
were signi�cantly negatively correlated (r<0, P<0.05) (Figure 2D).

2.3 Expression of miR-27a and Smad1 in OGD NP cells
We also investigated the mechanism of miR-27a in IDD. For this purpose, we constructed the OGD-NP cell
model to simulate the microenvironment of NP cells in IDD tissues, and the cells were transfected with
the miR-27a inhibitor to downregulate the expression of miR-27a. The cell morphology was observed
under the light microscope:. The OGD group exhibited obvious adhesion and a vague outline, the
boundary between the nucleus and cytoplasm was unclear, and a certain number of cells showed
apoptosis compared with the NPC group. Following transfection with the miR-27a inhibitor, the
pathological changes of cells were improved compared with the OGD group (P<0.05) (Figure.3A). The
levels of miR-27a in the OGD group were signi�cantly higher, whereas the expression of Smad1 was
signi�cantly lower than that measured in the NPC group. Moreover, the expression levels of miR-27a were
signi�cantly decreased in the miR-27a inhibitor group, whereas those of Smad1 were signi�cantly
increased compared with the OGD group (P<0.05) (Figures 3B, 3C). 

2.4 Effect of miR-27a on the proliferation and apoptosis of
OGD-NP cells
Abnormal proliferation and apoptosis of NP cells was the main cause of IDD. miR-27a is involved in the
regulation of cell proliferation and apoptosis in many diseases, including malignant tumors [11]. CCK-8
assay demonstrated that the proliferative activity was signi�cantly lower in the OGD group than the NPC
group, while inhibition of the miR-27a levels signi�cantly promoted the proliferative activity of OGD-NP
cells (P<0.05) (Figure 4A). Flow cytometry analysis indicated that the apoptosis rate and proportion of
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cells in the G1/G0 phase were higher in the OGD group than the NPC group. Furthermore, the proportion
of S phase cells in the miR-27a inhibitor group was higher than that of the OGD group. In contrast, the
apoptosis rate in the miR-27a inhibitor group was lower than that of the OGD group (P<0.05) (Figure 4B).

2.5 Effect of miR-27a on in�ammatory factors and the ECM
In�ammation and ECM degradation are closely related to IDD. The in�ammatory response is one of the
main characteristics of the microenvironment in the degeneration IVD. IL-6 and TNF-α are the most typical
in�ammatory factors involved in this process. ELISA indicated that the levels of IL-6 and TNF-α in the
OGD group were signi�cantly higher than those of the NPC group. In contrast, these levels in the miR-27a
inhibitor group were signi�cantly lower than those of the OGD group (P<0.05) (Figure 5A). Additionally,
the expression levels of collagen II and aggrecan in the OGD group were signi�cantly lower than those of
the NPC group. In contrast, these levels in the miR-27a inhibitor group were signi�cantly higher than those
of the OGD group (P<0.05) (Figure 5B).

2.6 miR-27a regulates OGD-NP cells by targeting Smad1
The results above indicate that miR-27a was highly expressed, whereas Smad1 was lowly expressed in
IDD tissues, and they were negatively correlated. To investigate whether miR-27a plays a role in IDD by
targeting Smad1, we used TargetScan (http://www.targetscan.org/mamm_31/) to analyze the
relationship between miR-27a and Smad1. The results showed that miR-27a could bind to the 3’UTR of
Smad1 (Figure 6A). The results of the luciferase reporter gene assay also showed that the luciferase
activity in the miR-27a mimic+Smad1-WT group was signi�cantly lower than that of the miR-27a
mimic+Smad1-Mut group (P<0.05) (Figure 6A). Moreover, there was no difference in luciferase activity
between the mimic-NC+Smad1-WT and mimic-NC+Smad1-Mut groups (P>0.05) (Figure 6A), which
veri�ed that miR-27a could regulate Smad1.

We sought to examine whether the targeted regulation of Smad1 by miR-27a was the mechanism
involved in its effect on the biological characteristics of NP cells. Therefore, OGD-NP cells were co-
transfected with the miR-27a inhibitor and siRNA-Smad1. The results showed that there were no
signi�cant changes in cell proliferation, apoptosis rate, and cell cycle between the siRNA-Smad1 group
and miR-27a inhibitor group (P<0.05) (Figures 6B–D). However, the levels of in�ammatory factors IL-6
and TNF-α increased (P<0.05) (Figure 6E), whereas those of collagen II and aggrecan proteins decreased
in the siRNA-Smad1 group compared with the miR-27a inhibitor group (P<0.05) (Figure 6F). These
�ndings suggested that silencing Smad1 could reverse the changes in the levels of in�ammatory factors
and the ECM induced by inhibition of miR-27a. In conclusion, the data indicated that miR-27a may
regulate the ECM and in�ammatory factors of NP cells by targeting Smad1. However, this is not the
mechanism through which miR-27a affects the proliferation and apoptosis of NP cells.

Discussion
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IDD is the main cause of various spinal diseases. The IVD consists of 99% ECM proteins and 1% cells,
most of which are NP cells. ECM degradation, abnormal apoptosis of NP cells, and in�ammatory reaction
are the main pathological processes of IDD. ECM proteins are mainly composed of collagen II and
aggrecan, which are mainly secreted by NP cells [12]. Therefore, the balance between the growth and
apoptosis of NP cells is key to the balance of the ECM and the development of IDD. Furthermore, the
increased expression of in�ammatory mediators, such as IL-1, IL-6, TNF-α, and TNF-γ, is another
characteristic of the IDD microenvironment [13]. Studies have shown that in�ammatory cytokines (e.g., IL-
1β and TNF-α) could increase the expression of MMP13, reduce the expression of type II collagen and
aggrecan, induce apoptosis of NP cells, and lead to progression of IDD [14, 15]. At present, targeted
therapy has become a hot spot in research regarding treatment schemes for various diseases. Thus,
investigation of the genes and signaling pathways involved in regulating the degradation of the ECM and
NP cells function in IDD is of great importance.

miRNA inhibits the expression of target genes by binding to the 3’UTR of mRNA, and participates in the
pathogenesis and progression of various diseases or biological processes, including degenerative disc
diseases (e.g., IDD) [10]. Several studies have shown that miR-27a is involved in the progression of
degenerative diseases (e.g., osteoarthritis) and orthopedic diseases. Cai et al. [16]showed that miR-27a
promoted the progression of osteoarthritis by inducing autophagy and apoptosis of chondrocytes. Wang
et al.[17] showed that inhibition of miR-27a levels could promote chondrocyte proliferation and inhibit
ECM degradation, thus inhibiting the degradation of cartilage tissue. However, few studies investigated
the correlation between miR-27a and IDD, and existing research studies have not reached a consistent
conclusion. Liu et al.[7]was the �rst to propose that miR-27a was expressed in abnormally low levels in
IDD tissues, and may inhibit apoptosis of NP cells by targeting PI3K/Akt signaling pathway to participate
in the process of IDD. On the contrary, Cao et al.[6]showed that miR-27a was abnormally overexpressed in
IDD tissues. Moreover, by inhibiting the expression of miR-27a in NP cells induced by lipopolysaccharide,
the nuclear factor-κB/p38 signaling pathway was inhibited and the levels of IL-1β and IL-6 in�ammatory
factors were signi�cantly decreased. This evidence suggested that miR-27a acts as a promoter in IDD by
activating the in�ammatory factor pathway. The present study demonstrated that the expression levels of
miR-27a were upregulated in the IVD of IDD rat and OGD-NP cell models, suggesting that miR-27a plays a
positive role in IDD. Some studies have shown that miR-27a promotes the degradation of the ECM, thus
preventing the occurrence of �brosis. Liu et al.[18] showed that miR-27a could inhibit the activation of the
Wnt/β-catenin signaling pathway in the lung tissue of rats with pulmonary �brosis, thus inhibiting the
occurrence of tissue �brosis, and secretion of collagen, and promoting the degradation of the ECM. This
mechanism was also involved in myocardial �brosis and detrusor �brosis [19, 20]. NP cells are the main
cells secreting the ECM in IVD tissue. The abnormal proliferation and apoptosis of NP cells are the main
reasons responsible for ECM de�ciency and IDD. In most studies, miR-27a was regarded as a tumor-
inhibiting factor [21, 22]. Therefore, the upregulation of miR-27a can signi�cantly inhibit cell proliferation
and increase the rate of apoptosis. In the present study, inhibition of miR-27a improved cell proliferation,
and inhibited apoptosis, the in�ammatory response, and degradation of the ECM. These results revealed
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that miR-27a may participate in the progression of IDD by regulating apoptosis, the ECM, and
in�ammatory response.

Eight Smad proteins have been identi�ed in mammals, all of which are downstream transcription
regulators of the TGF-β1/BMP signaling pathway [23]. Smad1 mainly mediates the activation of the BMP
signaling pathway. In vitro studies have shown that TGF-β/BMP pathway activity exerts a protective
effect on articular cartilage[24]. It has been reported that TGF-β is a protective factor against IDD. It can
increase the synthesis of proteoglycan and collagen in degenerated human IVD cells, and reduce the
levels of active MMPs in NP cells [25]. BMP/Smad1 plays a key role in the synthesis and degradation of
the ECM in various degenerative diseases. Barruet et al.[26] showed that activation of the BMP4/Smad1
pathway could increase the expression of matrix �brosis protein. Li et al.[27] showed that long-chain non-
coding RNA TM1P3 was upregulated in osteoarthritis. Notably, downregulation of its expression could
decrease the phosphorylation levels of Smad1 and promote ECM degradation, suggesting that Smad1
was negatively related to ECM degradation. Hodgkinson et al.[28] showed that Smad1 played an
essential role in the differentiation of adipose-derived mesenchymal stem cells used for the treatment of
IDD. Moreover, it promoted the production of aggrecan and type II collagen by cooperation with the
extracellular signal-regulated kinase 1/2 pathway. Wang et al.[29] suggested that BMP7 could play an
anti-ECM catabolism role in IDD by activating Smad1. The present study demonstrated that Smad1
expression was signi�cantly low in IDD rats, and its expression levels were negatively correlated with miR-
27a. The expression of Smad1 was signi�cantly increased after inhibition of miR-27a expression, and
dual-luciferase reporter gene assay also con�rmed their relationship. Co-transfection with the miR-27a
inhibitor and siRNA-Smad1 reversed the up-regulation of collagen II and aggrecan induced by inhibition
of miR-27a. However, the proliferative activity and apoptosis rate of NP cells did not change signi�cantly.
These �ndings suggested that the targeting of Smad1 by miR-27a was the main reason for the regulation
of the ECM, rather than the mechanism of its in�uence on NP cells. However, the molecular mechanism
of miR-27a involved in the pathogenesis of IDD by regulating the proliferation and apoptosis of NP cells
warrants further investigation.

In summary, the present study indicated that the expression levels of miR-27a were upregulated in IDD,
which may promote the development of IDD by promoting the apoptosis of NP cells, ECM degradation,
and in�ammatory response This evidence suggests that miR-27a may be a potential molecular target for
IDD therapy. The targeted regulation of Smad1 is the main mechanism affecting the ECM. Nevertheless,
further research is warranted to elucidate the mechanism involved in the regulation of NP cell apoptosis.
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Figures

Figure 1

IDD model identi�cation A: Pathological observation (HE staining), NP: NP. B: Expression of Collagen II
and Aggrecan in IDD tissues. Compared to the sham group,*P<0.05.
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Figure 2

Expression of miR-27a and Smad1 in IDD model A:Expression of Smad1 in IDD model was detected by
IHC; B: Expression of miR-27a in IDD model; C: Expression of Smad1 in IDD model was detected by
western blot. D: The correlation of miR-27a and Smad1. Compared to the sham group,*P<0.05.
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Figure 3

The expression of miR-27a and Smad1 in OGD NP cells A: The cell morphology was observed under the
light microscope. B: Expression of miR-27a in NP cells. C: Expression of Smad1 in NP cells was detected
by Western blot. Compared to the NPC group,*P<0.05; compared to the OGD group,#P<0.05.
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Figure 4

Down-regulation of miR-27a promoted proliferation and inhibits apoptosis of OGD-NP cells. A: Effect of
down-regulation of miR-27a on proliferation of OGD-NP cells. B: Effect of down-regulation of miR-27a on
apoptosis of OGD-NP cells. C: Effect of down-regulation of miR-27a on OGD-NP cell cycle. Compared to
the NPC group, *P<0.05; compared to the OGD group, #P<0.05.
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Figure 5

Overexpression of miR-27a reduces the level of in�ammatory factors and the degradation of extracellular
matrix. A: Overexpression of miR-27a reduces the level of in�ammatory factors. B: Overexpression of
miR-27a reduces the degradation of extracellular matrix. compared to the NPC group,*P<0.05; Compared
to the OGD group,#P<0.05.
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Figure 6

miR-27a targets Smad1 to regulate OGD-NP cells. A:The targeting relationship between miR-27a and
smad1; compared to the miR-27a mimic+Smad1-Mut group,*P<0.05. B: Effect of miR-27a inhibitor co-
transfection with siRNA-Smad1 on cell proliferation ability. C: Effect of miR-27a inhibitor co-transfection
with siRNA-Smad1 on cell apoptosis. D: Effect of miR-27a inhibitor co-transfection with siRNA-Smad1 on
cell cycle. E: Effect of miR-27a inhibitor co-transfection with siRNA-Smad1 on in�ammatory factor. F:
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Effect of miR-27a inhibitor co-transfection with siRNA-Smad1 on the degradation of extracellular matrix.
Compared to the mir-27a inhibitor group,*P<0.05.


