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ABSTRACT
Semaphorin 3A (SEMA3A) and its receptor neuropilin-1 (NRP-1) are expressed low in chondrocytes 
under stress, and overexpressing SEMA3A reduces pro-inflammatory cytokine release. This study 
was aimed at exploring whether SEMA3A participates in lipopolysaccharide (LPS)-induced chon-
drocyte inflammation, apoptosis and extracellular matrix (ECM) degradation. SEMA3A and NRP-1 
expression in LPS-induced ATDC5 cells was determined with RT-qPCR and western blotting. 
Following stimulation with LPS in the absence or presence of SEMA3A overexpression, the 
viability of ATDC5 cells was observed through CCK-8 assay. RT-qPCR and western blot were 
performed to detect the expression of pro-inflammatory cytokines. ATDC5 cell apoptosis was 
observed through TUNEL, and apoptosis-related proteins were assayed. Expression of ECM-related 
proteins was measured by RT-qPCR and western blotting. Additionally, the binding of SEMA3A to 
NRP-1 was verified by co-immunoprecipitation. After interference with NRP-1, cell viability, inflam-
mation and ECM degradation were examined in LPS-induced ATDC5 cells with SEMA3A over-
expression. Results revealed that SEMA3A expression in ATDC5 cells decreased following 
stimulation with LPS. Overexpressing SEMA3A improved cell viability and reduced the inflamma-
tory injury of LPS-stimulated ATDC5 cells. Moreover, SEMA3A overexpression alleviated LPS- 
induced apoptosis and ECM degradation of ATDC5 chondrocytes. SEMA3A and NRP-1 bound to 
each other in ATDC5 cells. NRP-1 interference crippled the ameliorative effect of SEMA3A over-
expression on LPS-induced chondrocyte inflammation, apoptosis and ECM degradation. To con-
clude, SEMA3A binds to NRP-1, mitigating LPS-induced chondrocyte inflammation, apoptosis and 
ECM degradation. This study elucidated the role of SEMA3A in osteoarthritis and illustrated its 
action mechanism involving NRP-1.
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Introduction

Osteoarthritis (OA) is a chronic joint disease spe-
cifically on the site of cartilage, clinically presented 
as joint pain, stiffness and hypertrophy and limited 
joint mobility [1]. As OA slowly progresses, it will 
eventually affect the joint structure, resulting in 
cartilage destruction, fibrosis, fracture and damage 
to the entire articular surface [2]. It is believed that 
OA is the result of the combination of multiple 
risk factors including genetics, age, obesity and 
mechanical trauma [3,4]. The onset of OA is 
mostly seen in the middle-aged and the elderly 
and is a leading cause of disability in the elderly 
[5]. China, along with many other countries, is 
now facing the reality of aging society and growing 
public healthcare burden relevant to aging 

population [6,7]. According to an analysis, the 
incidence of symptomatic knee OA is estimated 
to be 8.1% in Chinese population with a mean age 
of 59.8 years [8]. As the national population ages, 
this number is expected to rise continuously in the 
next decade. Other than the treatment options 
aiming for symptom alleviation and surgical repla-
cement of the joint, there is so far no pharmaco-
logical means of cartilage repair or injury reversion 
[9,10]. Therefore, it is urgent to identify key genes 
in OA that have therapeutic values for a precise 
and effective treatment.

Currently known pathological features of 
osteoarthritis are mainly degeneration of articular 
cartilage, reduction of cartilage extracellular matrix 
and long-term low-grade inflammation [11–13]. 
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Chondrocytes are the dominant cell type in carti-
lage tissue, which participate in the integrity of 
cartilage function and maintain the balance 
between cartilage injury and remodeling [14]. 
Type II collagen (collagen II) is one of the primary 
extracellular matrix degradation (ECM) macro-
mol-ecules in cartilage. Matrix metalloproteinases 
(MMPs) are a class of enzymes with a specific 
function that can hydrolyze the triple helix struc-
ture in type II collagen and maintain the balance 
between synthesis and degradation in normal car-
tilage ECM [15]. Previous works have noted the 
upregulation of MMPs (MMP3, MMP9 and 
MMP13) and aggrecanase a disintegrin and metal-
loproteinase with thrombospondin motifs 
(ADAMTS) in the chondrocytes of OA patients, 
which are important reference indexes for asses-
sing the state of cartilage matrix [16–18]. 
Additionally, the apoptosis of chondrocytes con-
tributes to cartilage degradation, thus playing an 
essential role in the pathogenesis of OA [19]. 
Inhibition or reversal of these pathological pro-
cesses is considered to be an effective means of 
OA treatment.

Previous study has revealed a time-dependent 
decrease in the expression of Semaphorin 3A 
(SEMA3A) and Neuropilin-1 (NRP-1) in chon-
drocytes under mechanical stress [20]. The same 
study has also described the suppressive effect of 
SEMA3A overexpression on stress-induced 
release of pro-inflammatory cytokines. SEMA3A 
is known to be an osteoprotective factor that 
helps to maintain the balanced function of 
osteoblasts and osteoclasts [21]. 
Immunoregulatory NRP-1 is a receptor of 
SEMA3A that plays a simulative role in osteo-
genesis [22,23]. The interaction between 
SEMA3A and NRP-1 has been reported in a ser-
ies of diseases, such as osteoporosis [24], leuke-
mia [25], colorectal carcinoma and so on [26]. 
However, the function of their interaction 
remains to be explored in chondrocytes chal-
lenged with lipopolysaccharide (LPS), a major 
inflammasome associated with the progression 
of OA [27].

This study was designed to elucidate the roles of 
SEMA3A and NRP-1 in LPS-induced in vitro 
model of OA and to provide potential therapeutic 
targets for OA treatment.

Materials and methods

Cell culture and treatment

ATDC5 mouse chondrocytes (SNL-178; Sunncell, 
Wuhan, China) were cultured in the complete 
culture medium containing Dulbecco’s modified 
Eagle’s medium (DMEM)/F12 (Gibco, Carlsbad, 
CA, USA) supplemented with 10% fetal bovine 
serum (FBS; Gibco, NY, USA) and 1% penicillin- 
streptomycin liquid in an environment of 95% air 
and 5% CO2. LPS (Solarbio, Beijing, China) in the 
concentration of 5 μg/mL was chosen to stimulate 
ATDC5 cells for 6, 12 and 24 h before observation, 
as previously described [28].

Cell transfection

SEMA3A pcDNA 3.1 plasmid (Ov-SEMA3A), 
empty vector pcDNA3.1 plasmid (Ov-NC), two 
small interfering RNAs (siRNA) targeting NRP-1 
(siRNA-NRP-1-1 and siRNA-NRP-1-2) and the 
negative control (siRNA-NC) were obtained from 
GenePharma (Shanghai, China). Lipofectamine 
2000 reagent (Invitrogen, Carlsbad, CA, USA) 
was used for cell transfection in accordance with 
the manufacturer’s protocol. Successfully transfec-
tion was evaluated with reverse transcription- 
quantitative polymerase chain reaction (RT- 
qPCR) and western blot analysis.

Cell counting kit 8 (CCK-8) assay

CCK-8 Cell Proliferation and Cytotoxicity Assay 
Kit (CA1210; Solarbio) was used for the test of 
chondrocyte viability. Cell suspension was added 
into a 96-well plate (100 µL/well) and incubated in 
an environment of 95% air and 5% CO2. After 
addition of CCK-8 solution (10 µL/well), the incu-
bation was continued for 2 h. A microplate reader 
was used to measure the absorbance at 450 nm.

TdT-mediated dUTP Nick-End Labeling (TUNEL) 
staining

The TUNEL assay kit (Beyotime, Shanghai, China) 
was used to detect apoptotic ATDC5 cells, in 
accordance with the specification provided by the 
supplier. Briefly, Cells were fixed by 4% parafor-
maldehyde on a coverslip cells, followed by 
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incubation with 50 μL TUNEL reaction buffer for 
1 h at 37°C. The nuclei were counterstained with 
DAPI in the dark. After the coverslip was blocked 
by anti-fade solution, the photos of TUNEL- 
positive cells (green fluorescence) were captured 
by fluorescence microscopy (Olympus 
Corporation) and counted using by Image 
J software (Bio-Rad, Hercules, CA, USA).

Co-Immunoprecipitation (Co-IP) analysis

The binding relationship between SEMA3A and 
NRP-1 was examined through IP assay. The anti-
body was mixed with cell lysate containing the 
target protein and incubated at room temperature 
for 60 min. Protein A/G Agarose Resin (Yeasen, 
Shanghai, China) was added into a 2 mL tube and 
centrifuged at 500 rpm for 1 min, and the super-
natant was discarded. Following resuspension, the 
antigen-antibody mixture was added to the resin, 
sufficiently mixed and centrifuged to collect the 
supernatant. After elution of the sample, the pre-
cipitate is detected.

RT-qPCR assay

Total RNA was extracted from ATDC5 cells using 
RIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) following the instructions. 
Reverse transcription was then performed utilizing 
PrimeScript™ RT reagent Kit with gDNA Eraser 
(TaKaRa, Tokyo, Japan) to synthesize complemen-
tary DNA (cDNA). PCR was performed using 
SYBR Green PCR Master Mix (Applied 
Biosystems) on an ABI 7300 thermal-recycler 
(Applied Biosystems; Thermo Fisher Scientific, 
Inc.). GAPDH was used as internal controls for 
normalization. The relative mRNA expression was 
calculated using the 2−ΔΔCq method [29].

Western blot analysis

Cell lysate was prepared on ice by the use of lysis 
buffer RIPA lysis buffer (Beyotime, Shanghai, 
China) followed by centrifugation. After analysis 
of protein concentration using a bicinchoninic 
acid kit (Beyotime, Shanghai, China), an equal 
amount of protein in each group was loaded on 
10% sodium dodecyl sulfate (SDS)- 

polyacrylamide gels, followed by electrophorized 
and transferred to a polyvinylidene fluoride mem-
branes (PVDF; EMD Millipore, Bedford, MA, 
USA). Following blockade by 5% nonfat milk, 
the membrane was incubated with respective 
diluted primary antibodies and secondary anti-
body. The proteins were finally visualized under 
enhanced chemiluminescence (EMD Millipore). 
Parallel blotting of GAPDH was used as the inter-
nal control.

Statistical analysis

Statistical analysis was conducted on GraphPad 
Prism 8.0, and data were presented as mean ± 
standard deviation (SD). Comparisons between 
two groups were evaluated using student’s t-test. 
Differences among the results of multiple groups 
were evaluated by one-way one-away analysis of 
variance (ANOVA) followed by Tukey’s post hoc 
test. P < 0.05 represents significant difference.

Results

SEMA3A and NRP-1 expression decreased in 
ATDC5 chondrocytes under LPS stimulation

SEMA3A is known to be an osteoprotective factor 
that helps to maintain the balanced function of 
osteoblasts and osteoclasts [21]. NRP-1 is 
a receptor of SEMA3A that plays a simulative 
role in osteogenesis [22,23]. The interaction 
between SEMA3A and NRP-1 has been reported 
in primary rat calvarial osteoblast induced by 
high-dose dexamethasone [24]. However, the 
function of their interaction remains to be 
explored in LPS-induced chondrocytes. Firstly, 
cell viability was evaluated by CCK-8 assay after 
ATDC5 cells exposed to LPS for 6, 12 and 24 h. It 
was first observed that the viability of ATDC5 cells 
was notably decreased by LPS challenge in a time- 
dependent manner compared with the control 
group (Figure 1a). Moreover, the expression of 
SEMA3A and NRP-1 was tested using RT-qPCR 
and western blot assays in the presence of LPS. As 
displayed in Figure 1b-C, LPS induction led to 
remarkably downregulated SEMA3A and NRP-1 
mRNA and protein expression in ATDC5 cells in 
a time-dependent manner. These results imply the 
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important roles of SEMA3A and NRP-1 in LPS- 
stimulated ATDC5 chondrocytes.

SEMA3A overexpression ameliorated LPS- 
induced viability injury and inflammation of 
ATDC5 chondrocytes

To explore the effects of SEMA3A on LPS- 
induced viability injury and inflammation of 
ATDC5 chondrocytes, SEMA3A was overex-
pressed by transfection with SEMA3A plasmid. 
After transfection of SEMA3A overexpressing 
plasmid into ATDC5 cells, notably increased 
SEMA3A expression was determined by both RT- 
qPCR and western blot (Figure 2a-b). The result of 
CCK-8 assay showed that while LPS stimulation 
led to the loss of viability of ATDC5 cells as 
comparison to control group, overexpressing 
SEMA3A was able to effectively protect ATDC5 
cells from this impact (Figure 2c). Meanwhile, the 
release of pro-inflammatory cytokines tumor 
necrosis factor-α (TNF-α), interleukin (IL)-1β, 
IL-6 and monocyte chemoattractant protein-1 
(MCP-1) was found to be greatly promoted by 
LPS compared to the control group, whereas 

SEMA3A overexpression prominently inhibited 
their release in ATDC5 cells (Figure 2d-g). The 
same effect of SEMA3A was also observed on the 
protein expression of inflammatory mediator 
phospho (p)-nuclear factor (NF)-κB p65 and 
cyclooxygenase2 (COX2) (Figure 2h). Thus, 
SEMA3A overexpression ameliorated LPS- 
induced viability injury and inflammation of 
ATDC5 cells.

SEMA3A overexpression suppressed LPS-induced 
chondrocyte apoptosis and cartilage matrix 
degradation

Subsequently, the effects of SEMA3A overexpres-
sion on LPS-induced chondrocyte apoptosis and 
cartilage matrix degradation were evaluated. 
Following LPS stimulation, the number of TUNEL 
positive ATDC5 cells increased significantly when 
compared to the control group, which however 
showed a noticeable decline in the presence of 
SEMA3A overexpression (Figure 3a-b). 
Additionally, western blot assay detected an 

Figure 1. SEMA3A expression decreased in ATDC5 cells under LPS stimulation. (a) Cell viability was observed via CCK-8 assay 
following stimulation with LPS (5 ug/mL) for 6, 12 and 24 h. (b-c) SEMA3A and NRP-1 expression was detected by RT-qPCR and 
western blot following stimulation with LPS (5 ug/mL) for 6, 12 and 24 h. *P < 0.05, **P < 0.01, ***P < 0.001 vs. control.

9644 H. ZHANG ET AL.



Figure 2. SEMA3A overexpression improved cell viability and alleviated inflammatory injury of ATDC5 cells stimulated with LPS (5 
ug/mL) for 12 h. (a-b) SEMA3A expression was detected by RT-qPCR and western blot after transfection of pcDNA 3.1(+)/SEMA3A 
into LPS-stimulated ATDC5 cells. (c) Cell viability was detected by the use of CCK-8. (d-g) The release of pro-inflammatory cytokines 
was assayed by RT-qPCR. (h) The expression of inflammatory mediator p-NF-κB p65, NF-κB p65 and COX2 was determined by 
western blot analysis. ***P < 0.001 vs. control; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. LPS+Ov-NC.
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elevation in the expression of Bcl-2-associated 
X (Bax) and cleaved caspase3 and a reduction in 
that of B-cell lymphoma-2 (Bcl-2) in LPS- 
stimulated ATDC5 cells compared to the control 
group, as well as an opposite trend of their expres-
sion after overexpression of SEMA3A (Figure 3c). 
Furthermore, in LPS-stimulated ATDC5 chondro-
cytes, the expression of ECM protein-degrading 
matrix metalloproteinases (MMP3, MMP9, 
MMP13 and ADAMTS-4) was abnormally high 

while that of collagen II, the principal molecular 
component of ECM, was extremely low relative to 
the control group (Figure 4a-b). However, 
SEMA3A overexpression inhibited the expression 
of MMP3, MMP9, MMP13 and ADAMTS-4 and 
enhanced that of collagen II in LPS-stimulated 
ATDC5 chondrocytes when compared to the LPS 
+Ov-NC group. These results suggest that SEMA3A 
overexpression suppressed LPS-induced chondro-
cyte apoptosis and cartilage matrix degradation.

Figure 3. SEMA3A overexpression alleviated LPS-induced ATDC5 cell apoptosis. (a-b) The apoptosis of LPS-stimulated ATDC5 cells 
was observed though TUNEL assay after overexpression of SEMA3A. (c) The protein expression of pro-apoptotic Bax and cleaved 
caspase3 and that of anti-apoptotic Bcl-2 was detected by western blotting. ***P < 0.001 vs. control; ###P < 0.001 vs. LPS+Ov-NC.
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Figure 4. SEMA3A overexpression attenuated LPS-induced ATDC5 cell cartilage matrix degradation. (a-b) ECM-degrading MMP3, 
MMP9, MMP13 and ADAMTS-4 as well as collagen II, the main component of ECM, were assayed by RT-qPCR and western blot. 
***P < 0.001 vs. control; ##P < 0.01, ###P < 0.001 vs. LPS+Ov-NC.
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SEMA3A and NRP-1 bound in ATDC5 
chondrocytes

The binding relationship between SEMA3A and 
NRP-1 (Figure 5a) was predicted by 
GeneMANIA database (http://genemania.org/). 
Both the mRNA and protein expression of NRP- 
1 were found to be downregulated by LPS stimula-
tion but notably upregulated by SEMA3A over-
expression in ATDC5 cells (Figure 5b-c). The 
protein interactome of anti-NRP-1 and SEMA3A 
as well as that of anti-SEMA3A and NRP-1 were 
confirmed by the result of co-IP assay (Figure 5d). 
The binding of SEMA3A and NRP-1 was thus 
demonstrated in ATDC5 chondrocytes.

NRP-1 interference diminished the ameliora-
tive effect of SEMA3A overexpression on LPS- 
induced chondrocyte viability injury and 
inflammation

To further investigate the function of NRP-1 in 
its interaction with SEMA3A, siRNA-NRP-1-1 and 
siRNA-NRP-1-2 were constructed and respectively 
transfected into ATDC5 cells. RT-qPCR and wes-
tern blot confirmed the interference efficacy and 
a better knockdown effect of siRNA-NRP-1-1 

(Figure 6a-b), which was selected for the subse-
quent experiments. Following transfection of 
siRNA-NRP-1, the viability of LPS-stimulated 
ATDC5 cells noticeably decreased, by contrasted 
with the LPS-Ov-SEMA3A+siRNA-NC group 
(Figure 6c). Meanwhile, SEMA3A overexpression- 
downregulated pro-inflammatory cytokine (TNF- 
α, IL-1β, IL-6 and MCP-1) and inflammatory 
mediators (p-NF-κB p65 and COX) expression 
was also largely upregulated by NRP-1 knockdown 
in LPS-stimulated ATDC5 chondrocytes 
(Figure 6d-h). These results suggest that NRP-1 
interference diminished the ameliorative effect of 
SEMA3A overexpression on LPS-induced chon-
drocyte viability injury and inflammation.

NRP-1 interference diminished the ameliora-
tive effect of SEMA3A overexpression on LPS- 
induced chondrocyte apoptosis and cartilage 
matrix degradation

The further experiments investigated the regu-
latory effects of SEMA3A and NRP-1 in LPS- 
induced chondrocyte apoptosis and cartilage 
matrix degradation. In comparison with LPS- 
induced ATDC5 cells transfected solely with ov- 

Figure 5. SEMA3A and NRP-1 bound to each other in ATDC5 cells. (a) Predicted binding of SEMA3A to NRP-1 on GeneMANIA 
database. (b-c) NRP-1 expression was detected by RT-qPCR and western blot assay in LPS-stimulated ATDC5 cells in the absence or 
presence of SEMA3A overexpression. ***P < 0.001 vs. control; ###P < 0.001 vs. LPS+Ov-NC. (d) The binding relationship between 
SEMA3A and NRP-1 was verified by co-IP assay.
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Figure 6. NRP-1 interference reversed SEMA3A-ameliorated ATDC5 viability injury and inflammation induced by LPS. (a-b) NRP-1 
interference level was detected by RT-qPCR and western blot after transfection of siRNAs targeting NRP-1 (siRNA-NRP-1-1/2). 
***P < 0.001 vs. siRNA-NC. (c) The viability of LPS-stimulated ATDC5 cells following SEMA3A overexpression with or without NRP-1 
knockdown was detected by CCK-8 assay. (d-g) The expression of pro-inflammatory cytokines was detected by RT-qPCR and western 
blot. (h) The expression of inflammatory mediator p-NF-κB p65, NF-κB p65 and COX2 was determined by western blot analysis. 
***P < 0.001 vs. control; ###P < 0.001 vs. LPS; ΔP<0.05, ΔΔP<0.01, ΔΔΔP<0.001 vs. LPS+Ov-SEMA3A+siRNA-NC.
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SEMA3A, those transfected with both Ov- 
SEMA3A and siRNA-NPR-1 exhibited much 
higher apoptosis level (Figure 7a-b). Consistently, 
the expression of apoptosis markers Bax and 
cleaved caspase3 was notably higher in the siRNA- 
NPR-1 group than that in the siRNA-NC group, 
whereas the expression of anti-apoptotic Bcl-2 
showed the opposite (Figure 7c). Moreover, 
although SEMA3A overexpression decreased the 

expression of MMP3, MMP9, MMP13 and 
ADAMTS-4 and increased collagen II expression 
in LPS-stimulated ATDC5 cells, these changes 
were offset in the presence of NRP-1 knockdown 
(Figure 8a-b). These results indicate that NRP-1 
interference diminished the ameliorative effect of 
SEMA3A overexpression on LPS-induced chon-
drocyte apoptosis and cartilage matrix 
degradation.

Figure 7. NRP-1 interference reversed SEMA3A-ameliorated ATDC5 apoptosis induced by LPS. (a-b) The apoptosis of LPS-stimulated 
ATDC5 cells following SEMA3A overexpression with or without NRP-1 knockdown was observed via TUNEL assay. (c) Apoptosis- 
related protein expression was determined by western blot analysis. ***P < 0.001 vs. control; ###P < 0.001 vs. LPS; ΔP<0.05, ΔΔP<0.01, 
ΔΔΔP<0.001 vs. LPS+Ov-SEMA3A+siRNA-NC.
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Figure 8. NRP-1 interference reversed SEMA3A-ameliorated ATDC5 cartilage matrix degradation induced by LPS. (a-b) The expres-
sion of MMP3, MMP9, MMP13, ADAMTS-4 and collagen II was detected by RT-qPCR and western blot to reflect the state of 
extracellular matrix degradation. ***P < 0.001 vs. control; ###P < 0.001 vs. LPS; ΔP<0.05, ΔΔP<0.01, ΔΔΔP<0.001 vs. LPS+Ov-SEMA3A 
+siRNA-NC.
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Discussion

Osteoarthritis (OA) is an age-related bone disease 
frequently seen in clinical cases. Chronic joint pain 
in OA, the major cause of loss of mobility in the 
elderly, is connected with not only the ongoing 
joint deformity but also the fluctuating degree of 
local inflammation [30]. The present study 
demonstrated that SEMA3A could bind to NRP- 
1, mitigating LPS-induced chondrocyte inflamma-
tion, apoptosis and ECM degradation.

A recent study has found that the expression of 
SEMA3A and its receptor NRP-1 decreased in 
a time-dependent manner in mechanical stress- 
stimulated chondrocytes, and that overexpressing 
SEMA3A could reduce mechanical stress-induced 
release of inflammatory cytokines in those chondro-
cytes [20]. Moreover, a decline in the expression of 
SEMA3A/NRP-1 signaling has been reported earlier 
in rats with periapical lesions as well as patients with 
apical periodontitis [31]. Our preliminary investiga-
tion found that SEMA3A also had a meaningful 
expression in LPS-challenged chondrocytes, as its 
expression decreased with the increase in the dura-
tion of LPS stimulation. Additionally, it has been 
reported multiple times that SEMA3A plays an ame-
liorating role against inflammatory response. For 
example, Rienks et al. found through a murine 
model of myocardial infarction that SEMA3A 
improve the inflammatory state of mouse bone mar-
row-derived macrophages [32]. Huang et al. 
reported that in radiation-induced osteoporosis 
SEMA3A suppresses inflammation and prevents 
the differentiation of macrophages into osteoclasts 
[33]. Similarly, it was demonstrated in our study that 
overexpression of SEMA3A not only increased the 
viability of LPS-stimulated chondrocytes but signifi-
cantly downregulated the level of pro-inflammatory 
cytokines. Therefore, SEMA3A likely plays 
a protective role against the inflammatory injury of 
chondrocytes in OA.

Studies have also substantiated the role of 
SEMA3A as a regulator of cell apoptosis in both 
cancers and non-cancerous diseases. In head and 
neck squamous cell carcinoma (HNSCC), SEMA3A 
functions to suppress tumor growth partly by accel-
erating HNSCC apoptosis [34]. On the other hand, 

SEMA3A has been shown to promote the apoptosis 
of fibroblast-like synoviocytes and thus obstructs 
osteoclastogenesis in rheumatoid arthritis [35]. 
Another study has determined that aberrantly high 
SEMA3A overexpression could be related to 
increased chondrocyte apoptosis in knee OA [36]. 
Opposite to its pro-apoptotic effect described in the 
above studies, SEMA3A overexpression in our study 
effectively suppressed LPS-induced apoptosis of 
chondrocytes while downregulating the expression 
of pro-apoptotic proteins and upregulating that of 
anti-apoptotic Bcl-2.

Previous research has revealed that SEMA3A 
interacting with Schwann cells facilitates extracel-
lular matrix mineralization, thereby contributing 
to the osteogenesis of MG63 cells [37]. The expres-
sion of MMP3, MMP9, MMP13 and ADAMTS-4, 
participants in the degradation of extracellular 
matrix, is an important reference index for asses-
sing the state of cartilage matrix [16]. A study of 
OA has illustrated the downregulation of MMP1 
and MMP3 in OA cartilage tissue-derived chon-
drocytes in the presence of additional SEMA3A 
[38]. Consistent with previous studies, our results 
showed downregulated expression of MMP3, 
MMP9, MMP13 and ADAMTS-4 but upregulated 
collagen II in LPS-stimulated chondrocytes after 
overexpression of SEMA3A.

To further explore the underlying mechanism of 
SEMA3A alleviating LPS-induced chondrocyte 
inflammation and apoptosis, GeneMANIA data-
base was consulted for its potential interaction 
network. The result showed that SEMA3A could 
bind to its receptor NRP-1, which was confirmed 
in the present study. According to earlier research, 
NRP1 is likely to play a dual role in the process of 
osteoblasts differentiating into osteocytes, directly 
promoting differentiation while maintains the fine 
balance in osteogenesis [39]. Furthermore, in 
a mouse model of hepatotoxicity, upregulation of 
SEMA3A and its receptor NRP-1 synergistically 
inhibited the Akt2 /NF-κB and NLRP3 inflamma-
tory signaling pathways [40]. This positive correla-
tion between SEMA3A and NRP-1 was also 
observed in the present study, in addition to the 
diminished effect of SEMA3A overexpression by 
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NRP-1 depletion on LPS-induced chondrocyte 
inflammation and apoptosis as well as cartilage 
matrix degradation.

Conclusion

In brief, SEMA3A bound to its receptor NRP-1 in 
chondrocytes, alleviating LPS-induced inflamma-
tion, apoptosis and extracellular matrix degrada-
tion. This finding complements previous studies, 
sheds light on the mechanism of SEMA3A-NRP-1 
interaction in OA and provides possible targets for 
OA treatment.
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