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Abstract
Lumbar facet osteoarthritis (FJOA) is one of the major causes of severe low back pain and disability
worldwide. However, the underlying mechanism of cartilage degeneration in FJOA remains unclear. The
purpose of this study was to investigate the expression of P2Y12 in FJOA and its possible role. Changes
of chondrocytes in rat facet joints with degenerative changes were observed by HE and ferro red solid
green staining. The expression changes of P2Y12, MMP13 and COL2 in FJOA were observed by
immunohistochemistry. In vitro, human SW1353 chondrosarcoma cells were stimulated with IL-β to
establish chondrocyte apoptosis model. Western blot analysis showed that P2Y12 and cleaved caspase-
3 were signi�cantly expressed in SW1353 cells. Co-localization of P2Y12-cleaved Caspase-3 in apoptosis
model was detected by double-standard immuno�uorescence staining. We demonstrated that P2Y12
may have an anti-apoptotic effect in FJOA chondrocytes apoptosis by inhibiting the expression of P2Y12
by siRNA. In addition, �ow cytometry showed that P2Y12 gene knockout enhanced apoptosis induced by
P2Y12. Our data suggest that P2Y12 has a chondroprotective effect on FJOA.

Introduction
Facet joints exhibit the typical characteristics of synovial joints: articular cartilage covers the opposite
side of each facet joint, located on the thickened layer of subchondral bone, and the synovial membrane
connects to the edge of the articular cartilage portion [1]. It constitutes three connected complexes of
functional units [2]. Lumbar facet osteoarthritis (LFJOA) is one of the most common degenerative
diseases of the spine. Facet joint degeneration (FJD) is the pathological basis of lumbar degeneration.
Chronic low back pain can be caused by degenerative diseases, which is more common in middle-aged
and elderly people [3]. The basic pathological features are articular chondrocyte damage, subchondral
bone and periarticular bone hyperplasia and osteophyte formation of lumbar facet joints [4]. The
occurrence of osteoarthritis (OA) is affected by many in�ammatory factors, such as tumor necrosis
factor α (TNF-A) and interleukin 1B (IL-1B) [5]. During the progression of FJOA, these pro-in�ammatory
cytokines are considered to be key factors in promoting chondrocyte apoptosis. In addition, activation of
Caspase-3 has been proved to be involved in the occurrence of OA [6]. Caspase-3 is one of the most
critical effector proteases in cell apoptosis. However, basic research on the evaluation of FJOA and its
speci�c molecular mechanisms has been lacking for many years. P2Y12R gene is located on
chromosome 3Q21-Q25 [7]. P2Y12 receptor (P2YR) is a G-coupled7-membrane-spanning proteins. They
are activated by nucleotides and extracellular signaling molecules released by damaged cells under
in�ammatory, ischemic, and hypoxia conditions [8]. Activation of P2Y12 receptor �rst phosphorylates
BAD through the PI3K Akt pathway, and the liquid acidi�ed BAD binds to 14-3-3 protein to separate BAD
from BAD Bcl-XL complex, thus releasing free Bcl-XL. Free Bcl-XL directly binds to BAK, downregulates the
dimerization level of BAK and inhibits the activation of BAK. Although Bcl-XL and Bax do not bind directly
in platelets, they may inhibit Bax activation by reducing the translocation of Bax from cytoplasm to
mitochondria through some indirect effects. In nucleated cells, BAD is an important target gene
downstream of Akt [9] and belongs to the pro-apoptotic Bcl-2 family of proteins. The pro-apoptotic
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function of bcl-XL is realized by binding to anti-apoptotic protein Bcl-XL and inhibiting its anti-apoptotic
activity. In nucleated cells, Akt activation inhibits their pro-apoptotic activity through �ow acidi�cation. As
an important anti-apoptotic protein, dissociated Bcl-XL mainly binds to BAK or Bax and inhibits the pore-
promoting activity of BAK or Bax [10] to achieve its anti-apoptotic function. These �ndings suggest that
P2Y12 has the potential to regulate cell death, but its expression in lumbar facet joint osteoarthritis and
its possible role remain unclear. These �ndings suggest that P2Y12 has the potential to regulate cell
death. Considering the similar phenotypes between SW1353 cells and human chondrocytes, which have
been successfully applied in previous scienti�c experiments, we decided to use the SW1353 cell line for a
series of experiments [11]. To our knowledge, this is the �rst study to evaluate differential expression,
locate and explore the role of P2Y12 in FJOA. This study may provide useful clues and potential
therapeutic targets for LFJ degeneration and arthritis induced low back pain.

Materials And Methods

Experimental animals
All animal experiments are in line with the National Health Center "Experimental Animal Nursing and Use
Guide" and approved the Jiangsu Branch of China's National Medical Experimental Animal Committee.
Male SD rats (n=40), aged 40-50 days, weighing 200-250 g, are placed in a constant temperature room
(37±0.5°C), and light-dark cycle is 12 hours. Using the previously reported[12] intra-articular injection MIA
modeling method, the surgical FJOA model was established in the facet joint. The rats were randomly
divided into non-surgical group (n=20) and surgical group (n=10). The surgical group is under the control
of the syringe pump, using a 26-gauge blunt nano �l needle (WPI, Sarasota, FL, USA) to inject MIA
(Sigma, 200mg/mL) into the right L4/5 facet joint Inside, the �nal injection volume is 5µL, and the
injection rate is 2µL/min. The facet joints were collected 4 weeks after the operation. After the operation,
some samples were stored at-80°C until use. The remaining samples were �xed with 10% neutral buffered
formalin, decalci�ed with 10% formic acid, and embedded in para�n. Take the sagittal histological
section of the articular chondrocytes of the right facet joints. The right facet joints of each group
underwent following experiments.

Histopathologic Analysis
The lumbar facet joints of rats were prepared and �xed with 4% paraformaldehyde. The sample was then
decalci�ed in 10%EDTA for 21 days and embedded in para�n. Tissue sections (5µm) were stained with
Tibetan red O/ solid green according to the standard regimen to determine cartilage degradation under
light microscopy. The International Society for the Study of Osteoarthritis (OARSI) scoring system was
used to evaluate articular cartilage degeneration [13]. Immunohistochemistry was further performed to
analyze the protein expression of P2Y12, MMP13 and COL2 in the lumbar facet joint tissue sections of
rats. Primary antibodies against P2Y12 (abcam), MMP13, and COL2 (proteintech) were used in 1:100-1
1:200 diluents and cultured overnight at 4°C. The sections were then cultured with a 3-oxide drug and
cellular longevity biotinylated secondary antibodies. DAB kits were used for reaction. The expression of
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P2Y12 and MMP13 was assessed by calculating the percentage of immune positive cells. COL2
expression was evaluated by calculating relative strength.

Cell culture and stimulation
Human SW1353 chondrosarcoma cells (Institute of Biochemistry and Cell Biology, Shanghai, China) were
cultured in Lebovitz's L-15 medium, supplemented with 10% fetal bovine serum, 37°C, and 5% CO2
humidi�ed air. The cells were passaged every 3 to 4 days. In the stimulation experiment, 20 ng/ml human
IL-1β (proteintech) was added to the cells 0, 6, 12, 24, or 48 hours before harvesting.

SiRNAs transfection
P2Y12-siRNA comes from Guangzhou RiboBio Co. Ltd. The siRNA targeting the P2Y12 sequence is: 5'-
TGGGACTGATAACTATCGA-3'. Follow the manufacturer's instructions to transfect SW1353 cells with
P2Y12-siRNA. After 48 h of transfection, the transfected cells were collected for subsequent experiments.

Western blot analysis
After the necessary treatments, the protein samples were collected from SW1353 cells with cell lysis
buffer. 50 mg of total protein was loaded into 10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and printed on polyvinylidene di�uoride (PVDF) membrane. Seal the
membrane with 5% skimmed milk at room temperature for 1 h, and use the primary antibody P2Y12 (anti-
rabbit 1:500; proteintech). cleaved caspase-3 (anti-mouse, 1:1000, proteintech) MMP13 (anti-rabbit,
1:1000, proteintech) GAPDH (anti-rabbit, 1:1000, abcam); 4 degrees Celsius at night. After incubation with
the secondary antibody conjugated with horseradish peroxidase (HRP), the protein was visualized using
an enhanced chemiluminescence kit (ECL, Pierce).

Double immuno�uorescent staining
Place the cells on a 24-well plate (2×104 cells/cover glass) and treat them with IL-1β (20 ng/ml) for 24
hours. Then use P2Y12, cleaved caspase-3 primary antibody and �uorescently labeled secondary
antibody to detect the localization of P2Y12 and cleaved caspase-3 in SW1353 cells. Finally, observe the
cells with a Zeiss �uorescence microscope (Germany) or Leica confocal microscope (Germany).

Measurement of Apoptosis
According to the manufacturer's instructions (Becton Dickinson), cells were stained in the dark with
annexin V-FITC/ propidium iodide (PI) for 15 min. The stained cells were detected by �ow cytometry and
analyzed by FlowJo software. Apoptosis of chondrocytes was detected using the Terminal
deoxynucleotide transferase dUTP Notched-end Labeling (TUNEL) assay kit (Beyotime) according to
manufacturer's instructions.

Statistical analysis
All data were analyzed using GraphPad Prism 10 software (GraphPad software, Inc., La Jolla, CA, USA).
One-way analysis of variance, Tukey's post hoc multiple comparison test and double comparison
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unpaired t test were used for statistical analysis. Expressed as P <0.05, which is statistically signi�cant.

Results

P2Y12 expression is up-regulated in the articular cartilage
of rat lumbar facet joints
In the FJOA model, articular chondrocyte P2Y12 expression was increased. It is doubtful whether P2Y12
participates in the FJOA process of FJOA model. Experimental FJOA model of SD rats injected with MIA
was established to reveal the relationship between chondrocyte apoptosis and P2Y12. The changes of
articular facet chondrocytes in the operation group and the non-operation group were re�ected by the
saffron solid green staining and H&E staining. Compared with the operation group, the facet joints of the
rats in the non-operation group were smooth and chondrocytes arranged more orderly (Figure 1A -B).
OARSI grade scores con�rmed cartilage damage caused by MIA injection (Figure 1C).
Immunohistochemical analysis showed that compared with the non-surgical group, P2Y12 positive cells,
MMP13 positive cells and COL2 positive cells were increased in the surgical group (Figure 1D). Western
blot analysis also con�rmed that the expression of P2Y12 was consistent with markers of facet joint
degeneration (Figure 1E and F).

IL-1β induced increase in P2Y12 expression and apoptosis
in SW1353 cells
Considering that the main pathogenic mechanism of FJOA is caspase-dependent apoptosis in
chondrocytes, an IL-1β induced SW1353 chondrocyte apoptosis model was established, revealing the
relationship between chondrocyte apoptosis and P2Y12. Western blot analysis showed the temporal
expression pattern of P2Y12 in the chondrocyte apoptosis model. As shown in A and B in Figure 2, it was
con�rmed that the expression of P2Y12 was low at 0 hours, but after IL-1β induction, P2Y12 was up-
regulated at 12 hours and reached a peak at 36 hours (P<0.05).Immune blot analysis is also used to
discover the expression of the known apoptosis marker caspase-3 and Bax. In the IL-1β induced SW1353
cell apoptosis model, the levels of cleaved caspase-3 and Bax were up-regulated at 12 hours and reached
a peak at 36 hours. In addition, cell immuno�uorescence revealed the co-localization of P2Y12 and
cleaved caspase-3 under IL-1βstimulation, as shown in Figure 2C. These data indicate that during the
progression of FJOA, the caspase-dependent apoptotic pathway may play an important role between
P2Y12 and chondrocyte apoptosis.

Inhibition of P2Y12 promote IL-1β to induce SW1353 cell
apoptosis
To further determine the correlation between P2Y12 and chondrocyte apoptosis, SW1353 cells
transfected with siRNA were used to knock down the expression of P2Y12 protein. 48 hours after
transfection, P2Y12-siRNA, non-speci�c siRNA and negative control were detected. As shown in Figure 3A
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and B, in the IL-1βinduced SW1353 cell model, siRNA signi�cantly inhibited P2Y12 expression. In order to
identify the relationship between P2Y12 and cell apoptosis, we observed the increased expression of
caspase-3 and Bax protein activated after P2Y12 silence in the SW1353 cell apoptosis model (Figure 3C
and D). These data indicate that P2Y12 may inhibit the expression of caspase-3 and Bax in chondrocytes
in FJOA.

P2Y12 negatively regulates the apoptosis of SW1353 cells
induced by IL-1β
As our above �ndings indicate that P2Y12 is closely related to chondrocyte apoptosis in FJOA, it is
necessary to further evaluate the effect of P2Y12 on IL-1 βinduced apoptosis of SW1353 cells through
Annexin V/PI based on �ow cytometry. dyeing. Compared with the control group, we found that the
number of apoptotic cells in P2Y12-siRNA cells increased signi�cantly (Figure 4). Taken together, these
data indicate that P2Y12 may inhibit in�ammation-induced chondrocyte apoptosis during FJOA.

Effects of P2Y12 on PI3K/AKT signaling in IL-1β-induced
chondrocytes
To investigate the mechanism by which inhibition of P2Y12 function in chondrocytes increases IL-1 β -
induced chondrocyte apoptosis, we performed Western blot analysis of signaling molecules involved in
the PI3K/AKT signaling pathway. We found that reduced P2Y12 expression in chondrocytes activates the
PI3K/AKT signaling pathway due to increased phosphorylation at Ser473, the active form of AKT. As
shown in Figure 5A and 5B, after transfection with SiP2Y12, the phosphorylation level of AKT in IL-1β -
treated chondrocytes increased, but the total protein amount of AKT in treated cells did not change. To
investigate whether the effect of P2Y12 on chondrocytes is modulated by the PI3K/ AKT signaling
pathway, we treated chondrocytes with LY294002, a speci�c PI3K inhibitor, in the presence of IL-1β.
Western blot analysis showed that Cleaved Caspase 3 expression was decreased and BCL 2 expression
was increased after LY294002 treatment of SiP2Y12 transfected chondrocytes (Figure 5C-5F). In
conclusion, these results suggest that PI3K/AKT signaling pathway is involved in the regulation of P2Y12
on chondrocyte apoptosis

Discussion
Although factors such as age, genetics, mechanical stress, trauma and metabolism are associated with
OA progression, the cellular signaling and metabolic changes that occur in chondrocytes are not fully
understood. In this study, we found that the expression of P2Y12 increased during the progression of OA,
and P2Y12 regulated apoptosis and ECM degradation by regulating the PI3K/AKT signaling pathway,
thus changing the homeostasis of cartilage. In terms of mechanism, we found that P2Y12 inhibits the
binding of Bad and Bcl2 through the Pi3k/Akt pathway, thus inhibiting apoptosis. Then, we further
applied the OA animal model to verify the potential therapeutic effect of P2Y12 in the progression of OA.
The P2Y receptor is a G-coupled transmembrane protein that exists in almost any cell type and ligands
are purine and pyrimidine nucleotides. From the phylogenetic and structural perspective, two P2Y receptor
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subgroups with high structural differences were identi�ed. The �rst subgroup includes Gq-coupled
subgroups (P2Y1, P2Y2, P2Y4, P2Y6 and P2Y11). The second subgroup includes Gi coupling subtypes
(P2Y12, P2Y13, and P2Y14) [14]. P2y12-like receptors in apoptosis and in�ammation have been reported
to be involved in platelets [15]and microglia [16–18] chemotaxis and phagocytosis. Although facet
arthritis and microglial in�ammation share many similar features of joint injury, they represent different
etiologies and pathologic processes. Whether P2Y12 regulates Cartilage steady-state in the pathogenesis
of OA has not been studied in detail. Our data suggest that P2Y12 expression level is associated with OA
severity.

Considering the correlation between the expression of P2Y12 and OA conditions, we induced OA by
injecting MIA to establish a rat articular process FJOA model, and MIA has been widely used to study the
pathogenesis of OA [19–20]. The lumbar facet joints were then taken and divided into non-operative and
operative groups. Immunohistochemical staining showed signi�cantly increased P2Y12 expression in
articular cartilage of severely degenerative FJOA. In vitro Western blot analysis showed that P2Y12 and
Bax and Caspase-3 expression were signi�cantly increased after 36 h of IL-1β stimulation on SW1353
cells. Il-1 β is a key pro-in�ammatory cytokine in the pathogenesis of OA and is usually used to stimulate
chondrocytes to simulate OA conditions in vitro studies [21–23]. In addition, co-localization of P2Y12/
Cleaved caspase-3 in chondrocyte apoptosis models was detected by double-labeled
immuno�uorescence staining. SiRNA silencing P2Y12 increased il-1 β -induced Bax and Caspase-3
cleavage expression, suggesting that P2Y12 negatively regulates chondrocyte apoptosis through
caspase-dependent signaling pathways. Flow cytometry showed that inhibition of P2Y12 signi�cantly
enhanced IL-1β -induced apoptosis of SW1353 cells. In order to investigate the mechanism of inhibiting
chondrocyte P2Y12 function and increasing IL-1 β induced chondrocyte apoptosis, we analyzed signaling
molecules in the PI3K/AKT signaling pathway by Western blot. We treated chondrocytes with the speci�c
PI3K inhibitor LY294002 in the presence of IL-1β. Western blot analysis showed that Cleaved Caspase 3
and Bcl2 expression were consistent with control group after siPP2Y12 transfected chondrocytes treated
with LY294002. TUNEL staining analysis showed that the number of apoptotic cells was up-regulated
after siPP2Y12 transfected with LY294002. Based on our data, we conclude that P2Y12 may play a key
role in inhibiting the apoptosis of articular chondrocytes in rats.

In the lumbar region, facet joints play the most important role in maintaining the stability of spinal
movement. FJOA is a degenerative joint disease characterized by chondrocyte degeneration [24] and
chondrocyte apoptosis [25]. However, the exact molecular mechanism of chondrocyte apoptosis remains
unclear. In this study, we focused on the role of P2Y12 in chondrocyte apoptosis in lumbar facet joint
osteoarthritis. First, we established a rat articular process FJOA model, and then took the lumbar facet
joints and divided them into non-surgical and surgical group. Immunohistochemical staining showed that
the expression of P2Y12 in the articular cartilage of severely degenerated FJOA was signi�cantly
increased. In vitro, Western blot analysis showed that P2Y12 was signi�cantly increased 36 h after IL-1β
stimulated SW1353 cells, and caspase-3 was also up-regulated. In addition, the co-localization of
P2Y12/cleaved caspase-3 was detected in the cell chondrocyte apoptosis model by doubl-labeled
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immuno�uorescence staining. Silencing of P2Y12 by siRNA can increase the expression of caspase-3
cleavage induced by IL-1β, indicating that P2Y12 negatively regulates chondrocyte apoptosis through a
caspase-dependent signaling pathway. Flow cytometry showed that P2Y12 knockdown signi�cantly
enhanced IL-1β induced apoptosis of SW1353 cells. Based on our data, we conclude that P2Y12 may
play a key role in inhibiting the apoptosis of rat articular chondrocytes through the PI3K/AKT signaling
pathway.

As a G protein coupled receptor, P2Y12 has the typical characteristics of 7 hydrophobic transmembrane
(TM) regions, which are connected by 3 extracellular loops (EL) and 3 intracellular loops [25]. The human
P2Y12 receptor consists of 342 amino acid residues [7]. Like most G protein coupled receptors, P2Y12
receptors are in the extracellular N-terminal (Cys17), the �rst extracellular ring (Cys97), the second
extracellular ring (CYS175) and the third extracellular ring (Cys270) Has 4 extracellular hormone residues
[16]. The P2Y12 receptor is coupled to the Gαi2 subunit [26]. After stimulation, Gα and Gβγ subunits
dissociate to activate various signal transduction pathways [27]. The Gβγ subunit stimulates the activity
of phosphatidylinositol 3 kinase (PI3K), which leads to the late accumulation of phosphatidylinositol 3,4-
bisphosphate [PtdIns (3,4) P2] and phosphatidylinositol 3,4,5- Triphosphate [PtdIns (3,4) rapid transient
accumulation, 5) P3] [27–29]. The PI3K pathway also activates Rap1b [9]and Akt [30]. Gβγ dimers can
activate inward recti�er potassium channels (GIRKs) that mediate Src tyrosine kinase G protein-gated
inward recti�er potassium channels (GIRKs) [31]. The P2Y12 receptor inhibits apoptosis by activating the
PI3K/Akt pathway: P2Y12 activation induces Akt and Bad phosphorylation. After being phosphorylated
by Akt, Bad is sequestered in the cytoplasm by the adaptor protein 14-3-3, thereby preventing the binding
of Bad to Bcl-xL. As a result, the free Bcl-xL heterodimer with Bak protein prevents the dimerization of Bak
in the mitochondria, thereby antagonizing its pro-apoptotic activity. Bcl-xL indirectly inactivates Bax by
inhibiting its translocation to mitochondria [10].

P2Y12 receptors are mainly expressed in platelets and neuronal tissues [31]. It is worth noting that few
studies have reported the function of P2Y12 in the chondrocytes of the lumbar facet joints. In our
research, we comprehensively show that P2Y12 is up-regulated in cartilage and participates in the
development of FJOA. In normal cartilage, the expression of P2Y12 is weak, while in the joint cartilage of
the most severe surgical group, the expression of P2Y12 is higher. A positive correlation was obtained
between the expression of P2Y12 and the severity of FJOA. We also found the expression of P2Y12. Our
hypothesis P2Y12 plays a vital role in FJOA and may be one of the key factors in inhibiting chondrocyte
apoptosis.
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Figure 1

P2Y12 was elevated in FJOA rat model. A representative image after saffron solid green staining (scale =
100um). B Representative image after H&E staining (scale = 100um). D immunohistochemical method
was used to detect the expression of P2Y12, COL2 and MMP13 in rat FJOA and normal cartilage (scale =
100um). E Western blot showed P2Y12 level and COL2 and MMP13 expression in rat FJOA and normal
cartilage. Data were presented as mean ±SEM (n = 3, *P <0.05, statistically signi�cant difference from
non-surgery group)
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Figure 2

2 Increased P2Y12 expression and apoptosis in SW1353 cells. Western blot analysis showed that after IL-
1β (20ng/ml) stimulation, P2Y12 and apoptosis marker proteins (bax and cleaved caspase-3) were
expressed in SW1353 cells. The bar graph B shows the expression ratio of P2Y12, bax and cleaved
caspase-3 to GAPDH. * P <0.001 vs. N. C immuno�uorescence staining showed that P2Y12 (green) and
caspase-3 lysis (red) were co-localized in SW1353 cells stimulated by IL-1β. *P <0.05 vs. 0 h group.
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Figure 3

Knockdown of P2Y12 promotes IL-1β-induced apoptosis in SW1353 cells. A and B demonstrated the
effect of silencing P2Y12 by Western blot analysis in SW1353 cells. C knocked P2Y12 with siRNA and
treated with IL-1β to increase the level of Caspase3/Bax in SW1353 cells. Bar graph D shows the
quanti�cation of the expression ratio of cleaved Caspase-3 to GAPDH. * P <0.05 Vs. untreated cells, * P
<0.05 Vs. IL-1β-treated non-speci�c siRNA transfected cells.
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Figure 4

The effect of P2Y12 inhibition on IL-1β-induced apoptosis in SW1353 cells. Flow cytometry analysis
showed that after IL-1β stimulation, P2Y12 inhibited the increase of phagocytic membrane protein v/pi
cells. Bar graph B shows the analysis of apoptosis. * P <0.05 Vs. control group, *P <0.05 Vs. IL-1β group
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Figure 5

Effects of P2Y12 on IL-1 β -induced PI3K/AKT signaling pathway in chondrocytes. (A, B) Representative
Western blot and quantitative data of P-Akt and Akt in each group. (C-F) P-Akt, Akt, Cleaved Caspase3, Bcl
2. (G) Apoptotic chondrocytes were detected by TUNEL staining. The scale represents 100um* p < 0.05


