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Background: Osteoarthritis (OA) is a leading cause of pain, disability, and reduced mobility worldwide, characterized by metabolic 
imbalances in chondrocytes, extracellular matrix (ECM), and subchondral bone. Emerging evidence highlights the critical role of long 
non-coding RNAs (lncRNAs) in OA pathogenesis. This study focuses on lncRNA PTS-1, a novel lncRNA, to explore its function and 
regulatory mechanisms in OA progression.
Methods: The expression profile of lncRNAs was assessed using RNA sequencing and qRT-PCR. The expression of lnc-PTS-1 was 
further validated by qRT-PCR in degenerated cartilage tissues, degenerative primary chondrocytes, and IL-1β-treated C28/I2 cells. Cell 
viability, proliferation, and apoptosis rates, along with the mRNA and protein levels of apoptosis-related markers (cleaved Caspase 3, 
cleaved Caspase 9, Bcl-2, Bax), ECM metabolism markers (MMP-3, MMP-13, aggrecan, collagen II), and inflammation-related 
markers (IL-1β, IL-6, TNF-α) were evaluated using Cell Counting Kit-8, Toluidine Blue staining, Alcian Blue staining, flow 
cytometry, qRT-PCR, immunofluorescence, and Western Blot. The interaction between miR-8085 and lnc-PTS-1 or E2F2 was 
investigated through dual luciferase reporter assays and RNA immunoprecipitation (RIP) analyses.
Results: Lnc-PTS-1 expression was significantly downregulated in degenerated cartilage tissues, IL-1β-induced degenerative primary 
chondrocytes and C28/I2 cells. Functional experiments showed that lnc-PTS-1 knockdown aggravated IL-1β-induced ECM degrada-
tion, chondrocyte apoptosis, and inflammation, while its overexpression provided protective effects. Mechanistically, lnc-PTS-1 acted 
as a competing endogenous RNA (ceRNA) by sponging miR-8085, thereby upregulating E2F2 expression. Notably, miR-8085 
upregulation diminished the protective effects of lnc-PTS-1 on ECM degradation, apoptosis, and inflammation, while E2F2 upregula-
tion partially alleviated IL-1β-induced damage. However, these mitigating effects were reversed by miR-8085 overexpression.
Conclusion: These findings identify lnc-PTS-1/miR-8085/E2F2 axis as a novel regulatory mechanism in OA pathogenesis, providing 
theoretical basis and experimental evidence for the potential clinical application of new lncRNA molecules in the treatment of OA.
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Introduction
Osteoarthritis (OA) is a prevalent and debilitating joint disorder, particularly among the aging population, affecting over 
500 million people worldwide.1 The disease’s complexity is reflected in its multifactorial etiology, involving genetic 
predisposition, age, obesity, and biomechanical stress.2,3 Traditionally viewed as a “wear and tear” disease, OA is now 
recognized as involving more intricate molecular and cellular mechanisms, including inflammation and dysregulated 
signaling pathways.4,5 A key aspect of OA progression is the degradation of articular cartilage, driven by chondrocyte 
apoptosis and extracellular matrix (ECM) breakdown, which leads to joint dysfunction and pain.6,7 Despite various 
therapeutic approaches, such as Nonsteroidal Anti-inflammatory Drugs (NSAIDs) and surgical interventions, effective 
treatments that target the underlying molecular mechanisms of OA are still lacking.8,9
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Long non-coding RNAs (lncRNAs) have emerged as significant regulators in various biological processes, including 
OA. LncRNAs are RNA molecules longer than 200 nucleotides that do not encode proteins. Initially considered 
transcriptional “noise”, lncRNAs have now been recognized for their crucial roles in transcriptional regulation, epige-
netic modification, RNA stability, and protein translation.10 Unlike mRNAs, which are broadly conserved and expressed 
across tissues, lncRNAs often display high tissue specificity and are implicated in fine-tuning cellular functions in 
specific biological contexts.11–13 This tissue-specific expression suggests that lncRNAs may play important roles in the 
cellular processes underlying OA progression.

In OA, lncRNAs have been found to regulate chondrocyte function and ECM homeostasis.14 Chondrocytes, the 
primary cell type in articular cartilage, are responsible for maintaining the balance between ECM synthesis and 
degradation.15 In OA, this balance is disrupted, leading to cartilage degradation. Recent studies have identified several 
lncRNAs that modulate chondrocyte proliferation, apoptosis, and the expression of catabolic enzymes.16,17 For example, 
LncRNA FOXD2-AS1 suppresses miR-206, leading to upregulation of CCND1 and promoting chondrocyte prolifera-
tion, which may counteract cartilage degradation.18 Similarly, LncRNA PVT1 targets miR-149 to promote apoptosis and 
ECM degradation, highlighting its potential role in OA pathology.19 These findings underscore the critical role of 
lncRNAs in regulating key molecular pathways involved in OA.

LncRNAs also play a significant role in modulating inflammatory responses in the joint microenvironment, a key 
driver of OA progression. Inflammatory cytokines such as IL-1β and TNF-α are known to exacerbate cartilage 
degradation by upregulating matrix metalloproteinases (MMPs) and ADAMTS enzymes, which are pivotal in ECM 
breakdown.20,21 lncRNAs can influence these inflammatory pathways through various mechanisms, including acting as 
competing endogenous RNAs (ceRNAs) that modulate miRNA activity or directly interacting with key signaling 
molecules.22,23 For instance, LncRNA ANCR promotes chondrocyte proliferation and is inversely correlated with 
TGF-β1 expression, suggesting it may help mitigate inflammation-induced cartilage damage.24

Given their diverse roles in OA, lncRNAs represent promising therapeutic targets. Modulating specific lncRNAs 
could potentially regulate the expression of genes involved in chondrocyte survival, ECM maintenance, and inflamma-
tory responses, providing a more targeted approach to OA therapy. In this study, we utilized RNA sequencing and qRT- 
PCR to identify and characterize lnc-PTS-1, whose expression is notably downregulated in human OA tissue and 
degenerative chondrocyte. Further research is essential to fully elucidate its underlying mechanism.

MicroRNAs (miRNAs) are small, non-coding RNA molecules, typically 20–22 nucleotides in length, that regulate 
gene expression by binding to complementary sequences in the 3’ untranslated regions (UTRs) of target messenger 
RNAs (mRNAs), leading to mRNA degradation or translation inhibition.25 In OA, miRNAs regulate various cellular 
processes, such as chondrocyte proliferation, apoptosis, ECM homeostasis, and the expression of catabolic enzymes.26 In 
this context, we identified miR-8085 as a downstream target of lnc-PTS-1 in OA. MiR-8085 has been identified as 
differentially expressed in osteoporosis cases without fractures compared to controls, highlighting it as a potential 
therapeutic target in these conditions.27 However, the role of miR-8085 in OA metastasis and the underlying regulatory 
mechanisms between lnc-PTS-1 and miR-8085 remain to be fully elucidated.

E2F2 is a member of the E2F family of transcription factors, which regulate cell cycle progression and DNA 
synthesis, particularly during the transition from the G1 phase to the S phase.28 Dysregulation of E2F2 has been linked to 
cancer progression, making it a potential target for cancer therapies aimed at controlling cell proliferation and enhancing 
DNA damage sensitivity.29 It has been reported that E2F2-STAT1/MyD88-Akt axis is closely related with the inflam-
matory phenotype in rheumatoid arthritis synovial fibroblasts.30

In this study, we explored the involvement of lncRNAs in OA pathogenesis and tried to decipher the mechanism 
underlying their function. We identified and characterized lncRNAs implicated in OA by analyzing transcriptomic 
profiles from cartilage tissues of OA patients and non-OA controls using high-throughput sequencing. To explore the bio- 
function of lnc-PTS-1 in OA, we performed loss-of- and gain-of-function experiments in C28/I2 human Chondrocyte cell 
line. Our results suggested that lnc-PTS-1 acts as a ceRNA by “sponge binding” miR-8085, thereby indirectly regulating 
the expression of E2F2. We propose lnc-PTS-1/miR-8085/E2F2 axis as a theoretical foundation for potential therapeutic 
targeting of OA. These findings could contribute to improved early diagnosis, treatment strategies, and prognosis of OA, 
ultimately enhancing patient outcomes.
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Materials and Methods
Patients and Tissue Samples Collection
The human cartilage tissue samples were obtained from patients who underwent total hip arthroplasty at the Huai’an 
No.1 People’s Hospital of Nanjing Medical University. These tissues were collected from 10 hip OA patients and 10 
femoral neck fracture (FNF) patients without OA (Supplementary Table 1). There is no statistical difference in gender 
and age between the included patients with FNF and those with hip OA (Supplementary Table 2). All the tissues were 
immediately preserved in RNALater™ (Beyotime), placed on ice, and then transferred to liquid nitrogen for storage. This 
study obtained written informed patient consent and was approved by the ethics committee of Nanjing Medical 
University (approval number: YX-Z-2022-038-01). All procedures performed in the study were in accordance with the 
Declaration of Helsinki.

Primary Human Chondrocytes and C28/I2 human Chondrocyte Cell Line Obtained 
and Culture
The cartilage tissue obtained from femoral neck fracture patients without OA was cut into about 2.0 mm3 size. After 
washing three times with phosphate-buffered saline (PBS), serum-free DMEM/F12 of 0.25% trypsin was added, digested 
in a 5% CO2 incubator at 37°C for 30 minutes. Next, the tissue was cultured in DMEM/F12 supplemented with 0.2% 
Collagenase type II, 10% fetal bovine serum (FBS) and 1% Penicillin-Streptomycin for 17~24 h. Cells were filtered 
through a 200-mesh cell strainer and collected at a rate of 1500 r/min for 5 min. Then remove the supernatant and wash 
the precipitation by complete culture medium with 10% FBS. Finally, the cells were inoculated in a 10 cm cell culture 
dish and cultured in a 5% CO2 incubator at 37°C. The cells in the culture dish were fused to about 80% to 90%, and the 
ratio of 1:2 was passed for subsequent experiments.

C28/I2 human chondrocyte cell line were purchased from the Cell Bank of Type Culture Collection of Chinese 
Academy of Sciences and used in this study. C28 cells were propagated in DMEM/F12 containing 10% FBS and 1% 
penicillin-streptomycin in a 37°C, 5% CO2 incubator. The complete culture medium was replaced every 2~3 days. When 
the cells were 80% to 90% full, passage was performed with 0.25% trypsin in a ratio of 1:3.

Establishment of Chondrocyte Degeneration Model
The freeze-dried powder of 10 µg IL-1β was dissolved in 100 μL ddH2O and configured as 100 µg/mL storage solution 
for storage at −80°C for future use. According to the purpose of the experiment, different concentrations of IL-1β (0, 1, 5, 
10 ng/mL) were added into cell culture plates, and various experimental methods were used to verify whether the 
chondrocyte degeneration model was successfully established.

Cell Transfection
Lnc-PTS-1 siRNA/siRNA-negative control (NC), miR-8085 mimics/mimics-NC and their inhibitors/inhibitor-NC were 
synthesised and purified by Rib Bio (Guangzhou, China). Plasmids containing lnc-PTS-1 expression gene or E2F2 
expression gene and control vector plasmids were produced by GeneChem (Shanghai, China). C28/I2 cells were seeded 
in 6-well plates according to 2×105 cells per well, gently pipetted up and down to mix the cells until evenly and put in the 
incubator overnight. Cell transfection was performed 12~24 hours later when the cells were fully adherent and in good 
condition by microscopy. Si-RNAs/Si-NC, miRNA-mimics/mimics-NC, miRNA-inhibitor/inhibitor-NC or Plasmids 
were transfected into C28/I2 cells using Lipofectamine 3000 or X-treme GENE HP DNA Transfection Reagent in OPTI- 
MEM medium. After 6 hours of transfection, cells were changed to complete medium and then cultured for another 
24~48 hours. Finally, C28/I2 cells were collected for RNA or protein extraction or subjected to immunofluorescence 
staining.

Cell Viability Assessment
Cell viability was assessed using Cell Counting Kit-8 (CK05, DOJINDO, China). The C28/I2 cells with different 
treatment were cultured in a 96-well multiplate at 5×103 cells per well, followed by incubation with a complete culture 
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medium for 24, 48, and 72 hour after cell attachment. Cell Counting Kit-8 (CCK-8) assays were applied to measure the 
absorbance at the 24-, 48-, and 72-hour time points using SpectraMaxM (Molecular Devices, Shanghai, China), 
according to the manufacturer’s instructions.

Cell Staining
The C28/I2 cells with different treatment were cultured in a 6-well plates at 2×105 cells per well, then stained as follows. 
The Toluidine Blue staining (G3660, Solarbio, China) and Alcian Blue (G1565, Solarbio, China) were used in accordance 
with the manufacturer’s instructions. For Toluidine Blue staining, chondrocytes were fixed with 4% paraformaldehyde, 
stained with toluidine blue for 2 hours, washed with PBS, and mounted with neutral medium for microscopic analysis. For 
Alcian Blue staining, chondrocytes were fixed with 4% paraformaldehyde, washed with PBS, treated with Alcian acid 
solution for 3 minutes, and stained with Alcian staining solution for 30 minutes, washed with PBS, and mounted with 
neutral medium for microscopic analysis. The immunofluorescence (IF) assay was performed as previously described.31 

Chondrocytes were seeded into 24-well plates, induced with IL-1β to model degeneration, and transfected according to the 
experimental design. Cells were fixed with 4% paraformaldehyde, permeabilized with 0.5% Triton X-100-5% BSA-PBS, 
and blocked with 5% BSA-PBS. Primary antibodies were applied overnight at 4°C, followed by washing and incubation 
with fluorescent secondary antibodies for 60 minutes in the dark. Coverslips were mounted with DAPI on slides. All 
specific antibodies involved in IF staining are listed in Supplementary Table 4. Images were acquired using the Leica DMi8 
fluorescent microscope with the Leica LAS-X software and analyzed with the ImageJ software (NIH).

RNA Isolation, Analysis and Primer Sequences
Total RNAs were isolated from human cartilage tissue and cultured C28/I2 cells using the Trizol reagent (Invitrogen) and 
reverse transcribed into complementary DNA by the HiScript III RT SuperMix for quantitative PCR (qPCR; R302-01, 
Vazyme, Nanjing, China). The relative levels of mRNA normalized to GAPDH and miRNA normalized to U48 
expression were calculated using comparative 2−ΔΔCT method. Operate and analyze according to the procedures 
described in the previously published article.31 Supplementary Table 3 presents the qRT-PCR primer sequences.

Western Blot and Antibodies
Western Blot was performed to analyze the protein expression of ECM anabolism related-, apoptotic related-, and 
inflammation related-markers, according to the procedure described in a previously published article.32 Equal amounts of 
protein samples were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis gels and transferred to 
polyvinylidene difluoride (PVDF) membranes. After blocking with 5% skim milk solution for one hour, the membrane 
was incubated overnight with different primary antibodies at 4°C. Then, membrane incubation with secondary antibody 
matched to primary antibody. Bands were visualized by the ECL Western Blot assay kit and analyzed by ImageJ 
software. The list of primary and secondary antibodies is shown in Supplementary Table 4.

Flow Cytometric Analysis
Flow cytometry analysis was performed to analyze apoptosis levels by using FITC Annexin V Apoptosis Detection Kits 
(C1062M, Beyotime, China). Cells were cultured and transfected as described. After 48 hours, the medium was transferred to 
a flow cytometry tube, and cells were washed with PBS. Cells were treated with trypsin, stopped with the collected medium, 
detached, and centrifuged at 1000 rpm for 5 minutes. After discarding the supernatant, cells were washed twice with PBS and 
resuspended in Annexin V-FITC binding buffer. Annexin V-FITC and propidium iodide were added, mixed, and incubated in 
the dark for 20 minutes. Apoptotic cells were determined using Flow cytometer (BD Technologies) and analyzed with FlowJo.

RNA Nuclear and Cytoplasmic Isolation Analysis
RNA nuclear and cytoplasmic isolation analysis was performed according to the manufacturer’s instructions of the 
PARIS™ Kit (AM1921, Life). Briefly, cells were washed with ice-cold PBS, lysed with Cell Disruption Buffer on 
ice, and centrifuged at 500 × g for 5 minutes at 4°C to separate the nuclear and cytoplasmic fractions. The 
cytoplasmic supernatant was transferred to a new tube, while the nuclear pellet was resuspended in Cell Disruption 
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Buffer. RNA was isolated from both fractions using the kit’s RNA extraction reagents. Purified RNA was 
quantified and assessed for quality using a spectrophotometer. Reverse transcription and quantitative PCR were 
performed on the isolated RNA using the methods described above.

RNA Immunoprecipitation (RIP) Assays
RIP experiments were performed to investigate the relationship between miR-8085 and lncRNA lnc-PTS-1 or E2F2 using 
a Magna RIPTM RNA-Binding Protein Immunoprecipitation Kit (Cat. 17–701, Millipore, USA), according to the manu-
facturer’s instructions. C28/I2 chondrocytes were cultured to 80–90% confluence, digested, and resuspended in PBS. Cells 
were centrifuged at 1000 × g for 5 minutes, and the pellet was lysed using RNA Immunoprecipitation Kit lysis buffer. 
Magnetic beads pre-incubated with Argonaute2 or IgG antibodies were added to the lysate to capture the Argonaute2-RNA 
complex. After washing, RNA was extracted, reverse-transcribed, and analyzed by qRT-PCR, followed by statistical analysis.

Dual Luciferase Assay
Dual luciferase Assay was performed to investigate the relationship between miR-8085 and lncRNA lnc-PTS-1 or E2F2. 
HEK 293T cells were seeded in 24-well plates, and the cells were allowed to adhere to the wall overnight. Then, the cells 
were transfected with lnc-PTS-1 wild-type 3′UTR/mutant 3′UTR or E2F2 wild-type 3′UTR/mutant 3′UTR luciferase 
reporter vector and mimic-NC, miR-8085 mimic, inhibitor-NC, or miR-8085 inhibitor by using Lipofectamine 3000 
(Invitrogen). After 36h transfection, Dual Luciferase Reporter Gene Assay Kit (YEASEN, 11402ES60) was used to 
measure the luciferase activity.

Statistical Analysis
All statistical analyses were performed using GraphPad Prism Version 10.0. The results are shown as mean ± standard 
deviation (SD). The Student’s t-test or one-way analysis of variance (ANOVA) was employed for comparisons between 
groups. The miRNA differential expression level based on normalized deep-sequencing counts was analyzed by 
selectively using the Fisher exact test, chi-square 2×2 test, chi-squared N × N test, Student’s t-test, or ANOVA. 
P values < 0.05 were considered statistically significant.

Results
lnc-PTS-1 is Deficient in Human Osteoarthritic Cartilage
To investigate the expression profile of Long Non-Coding RNAs (lncRNAs) in osteoarthritis, we used microarray 
screening (RNA-seq) on cartilage tissues from osteoarthritis (OA, n=3) or normal patients (Con, n=3). A total of 682 
significantly up-regulated lncRNAs and 512 significantly down-regulated lncRNAs were filtered according to 
log2FC > 1.5 or < −1.5 and FDR < 0.05 (Figure 1A). We selected lncRNAs of the remarkable differential expression 
for validation in human cartilage. qRT-PCR analysis showed that lnc-PTS-1 was significantly down-regulated in 
osteoarthritic cartilage, which was concordant with RNA-seq results (Figure 1B). As described in the LNCipedia 
database (https://lncipedia.org/db/transcript/lnc-PTS-1:4), ENST00000529938 is a 1166-bp lncRNA transcribed 
from chr11:112,290,268–112,292,170 (Figure 1C and D). Various software analyses revealed that lnc-PTS-1 cannot 
be transcribed into a protein (Figure 1E). qRT-PCR showed lnc-PTS-1 was deficiently expressed in human 
osteoarthritic cartilage (n=10) and IL-1β stimulated-degenerative primary chondrocytes or C28/I2 chondrocytes 
(Figure 1F-H).

Therefore, these data indicated a downregulation of lnc-PTS-1, suggesting a potential role in the pathogenesis of OA.

lnc-PTS-1 Contributed to ECM Anabolism, Anti-Apoptotic Effects, and 
Anti-Inflammatory Responses in Chondrocytes
To construct a chondrocyte degeneration model, we stimulated C28/I2 chondrocytes with different concentrations of IL-1β. 
CCK-8 assay showed a decline in cell viability with 5 ng/mL and 10 ng/mL at 24h, 48h and 72h (Supplementary Figure A). 
Alcian blue staining and Toluidine blue staining indicated IL-1β induced ECM degradation in a concentration dependent 
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manner (Supplementary Figure B). As shown in Supplementary Figure C-F, 5 ng/mL and 10 ng/mL IL-1β markedly reduced 
the mRNA and protein expression of collagen II and aggrecan (ACAN), whereas increased ECM catabolism indicators. Flow 
cytometry analysis showed that IL-1β over 5 ng/mL promoted chondrocytes apoptosis (Supplementary Figure G), and 
Western Blot and immunofluorescence (IF) assay showed the protein expression of pro-apoptotic Bax, as well as cleaved 
Caspase 3 and 9, were up-regulated (Supplementary Figure H-J). Besides, chondrocytes expressed more inflammatory 
cytokines, such as TNF-α and IL-6 (Supplementary Figure K-N). Collectively, these results suggested 10 ng/mL IL-1β 
stimulation model could simulate chondrocytes degeneration in the pathogenesis of OA.

Figure 1 Relative expression and basic characteristics of LncRNA PTS-1 in human cartilage. (A) The heatmap of LncRNAs expression profiles between patients of 
osteoarthritis (OA) group and normal control (Con) group. (B) qRT-PCR analysis of the LncRNAs expression of cartilage tissue from OA patients or normal control. (C) 
NCBI database indicated the chromosomal localization of lnc-PTS-1. (D) The full sequence of lnc-PTS-1, as excerpted from the LNCipedia database. (E) The protein coding 
potential of lnc-PTS-1 as analyzed by different algorithms. (F–H) qRT-PCR analysis of lnc-PTS-1 expression of cartilage tissue from OA patients or normal control, 
degenerative human primary chondrocytes and C28/I2 cells induced by IL-1β. Data are presented as mean ± SD, Statistical analysis was performed using unpaired t-tests; 
*P < 0.05, **P < 0.01.
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To explore the biological function of lnc-PTS-1 in OA progression, we transfected C28/I2 with lnc-PTS-1 expression 
plasmid or siRNA to overexpress or knock down lnc-PTS-1 (Figures 2A and 3A). As shown in Figures 2B and 3B, 
overexpression of lnc-PTS-1 partially increased cell viability of degenerative chondrocytes, whereas knock down of lnc- 
PTS-1 further decreased cell viability. Alcian blue staining and Toluidine blue staining indicated overexpression lnc-PTS 
-1 promoted chondrocytes ECM anabolism (Figure 2C), which was in agreement with up-regulation of the mRNA and 
protein expression of collagen II and aggrecan and down-regulation of MMP-3, MMP-13, ADAMTS-4 and ADAMTS-5 
(Figure 2D-G). lnc-PTS-1 alleviated chondrocytes apoptosis by flow cytometry analysis (Figure 2H) and increased the 
expression of anti-apoptotic Bcl-2 and decreased Bax, cleaved Caspase-3 and cleaved Caspase-9 (Figure 2I-K). 
Additionally, lnc-PTS-1 overexpression could remarkably reduce inflammatory factors (Figure 2L-O). By contrast, lnc- 
PTS-1 knock down exhibited the opposite effects and deteriorated ECM degradation, cell apoptosis and inflammation 
induced by IL-1β (Figure 3C-O).

Taken together, these data revealed that lnc-PTS-1 attenuated OA progression via stabilizing ECM anabolism, 
inhibiting apoptosis and inflammation in vitro.

lnc-PTS-1 Physically Interacted with miR-8085 in the Cytoplasm
The biological mechanism of lncRNAs is closely related to its localization. lnc-PTS-1 was found to be distributed in both 
the cytoplasm and the nucleus, but was more abundant in the cytoplasm with or without IL-1β as demonstrated by RNA 
nuclear and cytoplasmic separation experiments and fluorescence in situ hybridization (FISH) assay (Figure 4A and B). 
To screen for miRNAs that physically bind to lnc-PTS-1, miRNA sequence (miRNA-seq) was performed to detect 
miRNA expression profiles of lnc-PTS-1 knockdown C28/I2 (KD, n=3) and negative control (Con, n=3). A total of 63 
significantly up-regulated miRNAs and 21 significantly down-regulated miRNAs were filtered according to log2FC > 1.0 
or < −1.0 and FDR < 0.05 (Figure 4C and D). According to bioinformatics predictions (RNAhybrid and Miranda) and 
miRNA-seq results, we expected that lnc-PTS-1 may bind hsa-miR-4758-3p, hsa-miR-5571-3p, hsa-miR-8085, hsa-miR 
-6752-3p and hsa-miR-6880-5p (Figure 4E).

Then, RNA Binding Protein Immunoprecipitation (RIP) was administrated to confirm the interaction between lnc-PTS-1 
and these miRNAs. The result of qRT-PCR showed that compared to anti-IgG group, miR-4758, miR-8085 and lnc-PTS-1 
were bound to Ago2 (Figure 4F). Since miR-8085 was the most highly enriched, we selected miR-8085 as a potential 
candidate interacting with lnc-PTS-1 to further experiments. In the light of the Tarbase predicted that there were two potential 
binding sites of lnc-PTS-1 and miR-8085 (Figure 4G), we constructed lnc-PTS-1 plasmid (WT) or mutant plasmid (MUT) to 
implement luciferase reporter assay, which were co-transfected into 293T cells with hsa-miR-8085-mimics, hsa-miR-8085- 
inhibitor, or negative control, respectively (Figure 4H). As shown in Figure 4I, the relative luciferase activity of lnc-PTS-1 WT 
and hsa-miR-8085-mimics co-transfection was strikingly lower while that of lnc-PTS-1 WT and hsa-miR-8085-inhibitor co- 
transfection was strikingly increased, compared to their respective negative controls. However, after transfection with lnc-PTS 
-1 MUT, there was no significant difference in relative luciferase activity between hsa-miR-8085-mimics and hsa-miR-8085- 
inhibitor compared with negative control (Figure 4I). Meanwhile, miR-8085 expression was up-regulated in the chondrocytes 
degenerative model in vitro (Figure 4J).

The above results showed that miR-8085 may bind to lnc-PTS-1 in a targeted manner, which participates in the 
regulation of OA pathogenesis.

lnc-PTS-1 Functioned as a Sponge for miR-8085 to Regulate Chondrocytes 
Degeneration
To study the biological effects of miR-8085 regulated by lnc-PTS-1 to chondrocytes regression, we elevated miR-8085 
expression in C28/I2 via transfection with miR-8085-mimics, and qRT-PCR confirmed the efficiency (Figure 5A). Then, 
we transfected miR-8085-mimics in lnc-PTS-1 overexpression or control chondrocytes. As shown in Figure 5B, CCK-8 
assay resulted in a decline in cell viability with miR-8085-mimics overexpression compared with NC-mimics group. 
Alcian blue staining and Toluidine blue staining showed that C28/I2 cells of miR-8085-mimics transfection appeared 
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Figure 2 Lnc-PTS-1 contributed to ECM anabolism, anti-apoptotic effects, and anti-inflammatory responses in chondrocytes. (A) qRT-PCR analysis of lnc-PTS-1 expression 
of C28/I2 cells transfected with overexpression plasmid or negative control (n=3). (B) CCK-8 assays were performed to determine the cell viability of transfected C28/I2 
cells under IL-1β treatment at 24, 48, and 72 h (**P < 0.01, Control vs IL-1β; &&P < 0.01, IL-1β+OE-NC vs IL-1β+OE-lnc-PTS-1) (n=6). (C) Alcian blue and Toluidine blue 
staining (scale bar: 50 μm) were conducted to determine the ECM anabolism of transfected C28/I2 cells under IL-1β treatment (n=3). (D) qRT-PCR, (E and F) representative 
IF images (scale bar: 25 μm) and quantitative analysis, and (G) Western Blot analysis showed expression levels of ECM metabolism indicators of lnc-PTS-1 overexpression 
C28/I2 cells with IL-1β (n=3). (H) The apoptosis rate of C28/I2 cells was showed by flow cytometry (n=3). (I) Western Blot analysis, and (J and K) representative IF images 
(scale bar: 25 μm) and quantitative analysis showed apoptosis-related indicators expression levels of lnc-PTS-1 overexpression C28/I2 cells with IL-1β (n=3). (L) qRT-PCR, 
(M) Western Blot analysis, and (N and O) representative IF images (scale bar: 25 μm) and quantitative analysis showed expression levels of inflammatory factors of lnc-PTS-1 
overexpression C28/I2 cells with IL-1β (n=3). Data are presented as mean ± SD, Statistical analysis was performed using one-way analysis of variance (ANOVA); *P < 0.05, 
**P < 0.01, ns, non-significance, P ≥ 0.05.
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Figure 3 The deficiency of lnc-PTS-1 exacerbated ECM catabolism, apoptosis, and inflammatory responses in chondrocytes. (A) qRT-PCR analysis of lnc-PTS-1 expression 
of C28/I2 cells transfected with siRNAs or negative control (n=3). (B) CCK-8 assays were performed to determine the cell viability of transfected C28/I2 cells under IL-1β 
treatment at 24, 48, and 72 h (*P < 0.05, **P < 0.01, Control vs IL-1β; &&P < 0.01, IL-1β+Si-NC vs IL-1β+Si-lnc-PTS-1) (n=6). (C) Alcian blue and Toluidine blue staining (scale 
bar: 50 μm) were conducted to determine the ECM anabolism of transfected C28/I2 cells under IL-1β treatment (n=3). (D) qRT-PCR, (E and F) representative IF images and 
quantitative analysis, and (G) Western Blot analysis showed expression levels of ECM metabolism indicators of lnc-PTS-1 knock down C28/I2 cells with IL-1β (n=3). (H) The 
apoptosis rate of C28/I2 cells was showed by flow cytometry (n=3). (I) Western Blot analysis, and (J and K) representative IF images (scale bar: 25 μm) and quantitative 
analysis showed apoptosis-related indicators expression levels of lnc-PTS-1 knock down C28/I2 cells with IL-1β (n=3). (L) qRT-PCR, (M) Western Blot analysis, and (N and 
O) representative IF images (scale bar: 25 μm) and quantitative analysis showed expression levels of inflammatory factors of lnc-PTS-1 knock down C28/I2 cells with IL-1β 
(n=3). Data are presented as mean ± SD, Statistical analysis was performed using one-way analysis of variance (ANOVA); *P < 0.05, **P < 0.01, ns, non-significance, P ≥ 0.05.
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Figure 4 Lnc-PTS-1 physically interacted with miR-8085 in the cytoplasm. (A) Nuclear and cytoplasmic RNA isolation analysis of the distribution of lnc-PTS-1 in C28/I2 cells 
with or without IL-1β (n=3). (B) The FISH assay was used to detect the localization of lnc-PTS-1 in C28/I2 cells. Nuclei were stained with DAPI. Scale bar: 25 μm. (C) The 
heatmap and (D) the volcano plot of significant differentially expressed miRNA between lnc-PTS-1 knockdown and Control group (n=3). (E) The Venn diagram displayed lnc- 
PTS-1 computationally predicted to target miRNAs by different algorithms. (F) RIP assays for anti-Ago2 were performed in C28/I2 cells and the coprecipitated RNA was 
subjected to qRT-PCR for predictive five miRNAs (n=3). (G) Tarbase database predicted the potential binding sites of miR-8085 with lnc-PTS-1. (H) Schematic diagrams of 
WT or Mutant lnc-PTS-1 luciferase reporter plasmid. (I) The dual luciferase activity of HEK 293T cells co-transfected lnc-PTS-1 WT or Mutant plasmid and miR-8085 mimics 
or inhibitor (n=3). (J) Relative miR-8085 expression levels of C28/I2 cells under IL-1β treatment by qRT-PCR (n=3). Data are presented as mean ± SD, Statistical analysis was 
performed using unpaired t-tests; **P < 0.01, ns, non-significance, P ≥ 0.05.
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Figure 5 Lnc-PTS-1 functioned as a sponge for miR-8085 to regulate chondrocytes degeneration. (A) qRT-PCR analysis of miR-8085 expression of C28/I2 cells transfected 
with mimics or negative control (n=3). (B) CCK-8 assays were performed to determine the cell viability of miR-8085 mimics and lnc-PTS-1 co-transfection with or without 
IL-1β at 24, 48, and 72 h (**P < 0.01, Control vs IL-1β; &&P < 0.01, IL-1β+OE-NC+NC-mimics vs IL-1β+OE-lnc-PTS-1+NC-mimics, ##P < 0.01, IL-1β+OE-lnc-PTS-1+NC- 
mimics vs IL-1β+OE-lnc-PTS-1+miR-8085 mimics; ^^P < 0.01, IL-1β+OE-NC+miR-8085 mimics vs IL-1β+OE-lnc-PTS-1+miR-8085 mimics) (n=6). (C) Alcian blue and 
Toluidine blue staining (scale bar: 50 μm) were conducted to determine the ECM anabolism of miR-8085 mimics and lnc-PTS-1 co-transfection with or without IL-1β (n=3). 
(D) qRT-PCR, (E and F) representative IF images (scale bar: 25 μm) and quantitative analysis, and (G) Western Blot analysis showed expression levels of ECM metabolism 
indicators of miR-8085 mimics and lnc-PTS-1 co-transfected C28/I2 cells with or without IL-1β (n=3). (H) The apoptosis rate of C28/I2 cells was showed by flow cytometry 
(n=3). (I) Western Blot analysis, and (J and K) representative IF images (scale bar: 25 μm) and quantitative analysis showed apoptosis-related indicators expression levels of 
miR-8085 mimics and lnc-PTS-1 co-transfected C28/I2 cells with or without IL-1β (n=3). (L) qRT-PCR, (M) Western Blot analysis, and (N and O) representative IF images 
(scale bar: 25 μm) and quantitative analysis showed expression levels of inflammatory factors of miR-8085 mimics and lnc-PTS-1 co-transfected C28/I2 cells with or without 
IL-1β (n=3). Data are presented as mean ± SD, Statistical analysis was performed using unpaired t-tests (A) or one-way analysis of variance (ANOVA) (B, D, F, H, K, L, O); 
*P < 0.05, **P < 0.01.
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fewer positive staining, suggesting miR-8085 inhibited ECM metabolism, which was in accord with down-regulation of 
Col-II, ACAN and up-regulation of MMP3, MMP13, ADAMTS4 and ADAMTS5 (Figure 5C-G).

Next, we investigated the role of miR-8055 in the impacts of lnc-PTS-1 on cell apoptosis and inflammation. Flow 
cytometry analysis showed that miR-8085-mimic increased cell apoptosis ratio compared to NC-mimics (Figure 5H). 
Western Blot and IF resulted in an elevation of pro-apoptosis indicators and inflammatory cytokines after transfected with 
miR-8085-mimics, suggesting that miR-8055 overexpression facilitated cell apoptosis and inflammation (Figure 5I-O).

Moreover, comparing to transfection simply with lnc-PTS-1 after IL-1β stimulation, chondrocytes co-transfected with 
lnc-PTS-1 and miR-8085-mimics deteriorated cell viability decrease, ECM catabolism, apoptosis and inflammation 
response, which means miR-8085 eliminated a resistance effect induced by lnc-PTS-1 overexpression.

These data suggested that up-regulation of miR-8085 could reverse the effect of exogenous lnc-PTS-1 on ECM 
anabolism, anti-apoptosis and anti-inflammation in chondrocytes.

RNA-Seq Highlighted lnc-PTS-1 Contributes to Maintaining Chondrocytes 
Homeostasis
To further validate the impact of lnc-PTS-1 knockdown on the degenerative phenotype of chondrocytes and to explore its 
underlying molecular mechanisms in greater depth, we performed RNA sequencing (RNA-seq) on lnc-PTS-1 knockdown 
(KD) and control C28/I2 cells (Con) (n=3 per group). A total of 530 differentially expressed genes (DEGs) exhibited 
a fold change of over two-fold, with 247 mRNAs being upregulated and 283 mRNAs being downregulated (Figure 6A 
and B). Our results revealed that lnc-PTS-1 knockdown induces activation of classical chondrocyte degeneration 
pathways, including hypoxia, DNA damage, and ERK pathway activation (Figure 6C and D). Moreover, protective 
pathways, such as those involved in DNA replication and cell cycle regulation, were significantly downregulated, while 
pathways detrimental to cartilage homeostasis, such as apoptosis, ERK pathway activation, and DNA damage, were 
upregulated following lnc-PTS-1 knockdown (Figure 6D). These findings suggested a protective role of lnc-PTS-1 in 
maintaining chondrocyte function and cartilage integrity during the progression of osteoarthritis.

MiR-8085 Targeted E2F2 in the Cytoplasm
The potential targets of miR-8085 were predicted by bioinformatics platforms (RNAhybrid, Miranda and Targetscan). 
An intersection of these predictions with RNA-seq data yielded 7 candidate target mRNA for miR-8085, specifically 
MEX3B, E2F2, CCDC61, ALX4, MYBL1, TPX2, NEURL1B (Figure 7A). Above-mentioned bioinformatics analysis 
revealed that lnc-PTS-1 is involved in DNA replication and cell cycle regulation (Figure 6D). Therefore, this study has 
selected E2F2, a transcription factor involved in cell cycle regulation, as a candidate target gene for miR-8085 to 
undergo further validation. As depicted in Figure 7B, the RIP assay confirmed that anti-Ago2 co-precipitated with both 
miR-8085 and E2F2 mRNA, in comparison to anti-IgG group. Targetscan predicted two potential binding sites of 
E2F2 mRNA for miR-8085 (Figure 7C). Following this, the dual luciferase reporter plasmids were constructed 
containing the wild-type E2F2 binding site sequence (Luc E2F2 WT) and its mutant sequence (Luc E2F2 MUT) 
(Figure 7D). These were then transfected into HEK 293T cells, along with co-transfections of hsa-miR-8085-mimics, 
hsa-miR-8085-inhibitor, and their respective negative controls (NC). The dual luciferase assay demonstrated that the 
relative luciferase activity of the Luc E2F2 WT group co-transfected with hsa-miR-8085-mimics was significantly 
lower compared to that co-transfected with NC-mimics (Figure 7E). In contrast, the relative luciferase activity of the 
Luc E2F2 WT group, where miR-8085 was inhibited, was significantly increased compared to the NC-inhibitor 
(Figure 7E). Additionally, E2F2 mRNA expression was notably decreased in IL-1β-induced chondrocyte degeneration 
(Figure 7F). Furthermore, the expression dynamics of lnc-PTS-1 and miR-8085 could influence E2F2 expression. Our 
study demonstrated that overexpression of lnc-PTS-1 or suppression of miR-8085 resulted in a significant elevation of 
E2F2 at both the mRNA and protein levels (Figure 7G, 7I-K). Conversely, lnc-PTS-1 knockdown or miR-8085 
overexpression led to a marked downregulation of E2F2 (Figure 7H, 7L-N).

Collectively, these findings indicated that miR-8085 binds to E2F2, representing a regulatory mechanism by which 
lnc-PTS-1 modulates miR-8085 in the progression of chondrocyte degeneration.
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lnc-PTS-1 Regulated the miR-8085/E2F2 Axis to Protect Against OA Progression
To elucidate the regulatory role of miR-8085 on E2F2 in IL-1β-induced chondrocyte degeneration, we established a C28/ 
I2 cell line with E2F2 overexpression. The overexpression efficiency was confirmed by qRT-PCR and Western Blot, as 
depicted in Figure 8A. CCK-8 assay results indicated that the cell viability of the IL-1β+OE-E2F2-mimics-NC group was 
significantly higher at various time points compared to the IL-1β+pcDNA+mimics-NC group. In contrast, the cell 

Figure 6 Transcriptomic profiling and bioinformatics analysis of lnc-PTS-1 knockdown or Control. (A) The heatmap profiling and (B) the volcano plot of transcriptomics in C28/I2 
cells between lnc-PTS-1 knockdown (KD) and Control (Con) groups (n=3). (C) The bubble charts illustrated the enriched signaling pathways associated with upregulated genes 
between the KD and Control groups (n=3). (D) The concise heatmap showed significant DEGs enriched in signaling pathways between KD group and Control group.
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viability of the IL-1β+OE-E2F2+miR-8085-mimics group was notably reduced when compared to the IL-1β+OE-E2F2 
+mimics-NC group (Figure 8B). Alcian Blue and Toluidine Blue staining were employed to assess the expression levels 
of ECM components. Our findings revealed that chondrocytes overexpressing E2F2 during degeneration exhibited an 
expanded region of positive staining, however, the co-overexpression of miR-8085 alongside E2F2 resulted in dimin-
ished positive staining, suggesting that miR-8085 may counteract the effect of E2F2 overexpression on ECM components 
(Figure 8C). qRT-PCR, Western Blot, and IF staining were utilized to assess ECM-related indicators expression levels in 
chondrocytes. In alignment with prior findings, the IL-1β group exhibited a notable decrease in the expression of Col II 

Figure 7 MiR-8085 targeted E2F2 in the cytoplasm. (A) The Venn diagram compared miR-8085-targeted mRNAs predicted by different algorithms and transcriptomics. (B) 
RIP assays for anti-Ago2 were performed in C28/I2 cells and the coprecipitated RNA was subjected to qRT-PCR for E2F mRNA and miR-8085 (n=3). (C) Targetscan 
database predicted the potential binding sites of miR-8085 and E2F2 mRNA. (D) Schematic diagrams of WT or Mutant E2F2 luciferase reporter plasmid. (E) The dual 
luciferase activity of HEK 293T cells co-transfected E2F2 MT or Mutant plasmid and miR-8085 mimics or inhibitor (n=3). (F) Relative E2F2 mRNA expression levels of C28/I2 
cells under IL-1β treatment by qRT-PCR (n=3). (G and H) qRT-PCR, (I, J, L, M) representative IF images (scale bar: 25 μm), and (K, N) Western Blot showed E2F2 
expression of miR-8085 mimics or inhibitor and lnc-PTS-1 overexpression or knock down co-transfected C28/I2 cells (n=3). Data are presented as mean ± SD, Statistical 
analysis was performed using unpaired t-tests (B, E, F) or one-way analysis of variance (ANOVA) (G, H, J, M); *P < 0.05, **P < 0.01, ns, non-significance, P ≥ 0.05.
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Figure 8 Lnc-PTS-1 regulated the miR-8085/E2F2 axis to protect against OA progression. (A) qRT-PCR and Western Blot analysis of E2F2 expression of C28/I2 cells 
transfected with overexpression plasmid or negative control (n=3). (B) CCK-8 assays were performed to determine the cell viability of miR-8085 mimics and E2F2 co- 
transfection with or without IL-1β at 24.48, and 72 h (**P < 0.01, Control vs IL-1β; ##P < 0.01, IL-1β+OE-NC+NC-mimics vs IL-1β+OE-E2F2+NC-mimics, &P < 0.05, &&P < 
0.01, IL-1β+OE-E2F2+NC-mimics vs IL-1β+OE-E2F2+miR-8085 mimics) (n=6). (C) Alcian blue and Toluidine blue staining (scale bar: 50 μm) were conducted to determine 
the ECM anabolism of E2F2 and miR-8085 mimics co-transfection with or without IL-1β (n=3). (D) qRT-PCR, (E and F) representative IF images (scale bar: 25 μm) and 
quantitative analysis, and (G) Western Blot analysis showed expression levels of ECM metabolism indicators of E2F2 and miR-8085 mimics co-transfected C28/I2 cells with 
or without IL-1β (n=3). (H) The apoptosis rate of C28/I2 cells was showed by flow cytometry (n=3). (I) Western Blot analysis, and (J and K) representative IF images (scale 
bar: 25 μm) and quantitative analysis showed apoptosis-related indicators expression of E2F2 and miR-8085 mimics co-transfected C28/I2 cells with or without IL-1β (n=3). 
(L) qRT-PCR, (M) Western Blot analysis, and (N and O) representative IF images (scale bar: 25 μm) and quantitative analysis showed expression levels of inflammatory 
factors of E2F2 and miR-8085 mimics co-transfected C28/I2 cells with or without IL-1β (n=3). Data are presented as mean ± SD, Statistical analysis was performed using 
unpaired t-tests (A) or one-way analysis of variance (ANOVA) (B, D, F, H, K, L, O); *P < 0.05, **P < 0.01.
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and ACAN, key components of the cartilage ECM, compared to the Control group. Conversely, there was a significant 
upregulation in the expression of catabolic enzymes, including MMP3, MMP13, ADAMTS4, and ADAMTS5. 
Compared to the IL-1β+pcDNA+mimics-NC group, the IL-1β+OE-E2F2+mimics-NC group demonstrated 
a pronounced elevation in the ECM constituents’ expression, alongside a suppression in ECM degradation. However, 
when E2F2 overexpression was accompanied by miR-8085 overexpression, C28/I2 cells exhibited an enhanced catabo-
lism of the ECM (Figure 8D). Western Blot and IF staining have substantiated the protein expression profiles, validating 
the protective effects of E2F2 in countering IL-1β-induced chondrocyte degeneration, as well as delineating the 
suppressive impact of miR-8085 on E2F2 expression (Figure 8E-G).

To determine the role of E2F2 and miR-8085 in regulation of chondrocytes apoptosis, flow cytometry was used to 
detect the effects of E2F2 and miR-8085 overexpression on apoptosis and PI and annexin V double staining were done. 
The results showed that E2F2 could reduce the percentage of apoptosis cells whereas miR-8085 reversed this protective 
effect (Figure 8H). As illustrated by the results of Western Blot and IF staining, E2F2 overexpression mitigated the 
elevated expression of pro-apoptotic proteins (cleaved Caspase 3, cleaved Caspase 9, and Bax) induced by IL-1β, as well 
as the suppressive effect on the anti-apoptotic protein (BCL-2). However, miR-8085 abrogated the anti-apoptotic effects 
of E2F2 in chondrocytes (Figure 8I-K). Furthermore, our findings indicate that upregulation of E2F2 partially amelio-
rated the inflammatory response triggered by IL-1β, conversely, miR-8085 exacerbated the inflammatory response 
(Figure 8L-O).

Altogether, these results demonstrated that E2F2 mediated the effects of lnc-PTS-1/miR-8085 on ECM anabolism, 
anti-apoptosis and anti-inflammation in chondrocytes.

Discussion
Osteoarthritis (OA) is a leading cause of pain, limited mobility, and disability globally. Characterized by mechanical and 
biological dysfunction, OA is marked disturbances in the anabolic and catabolic metabolism of articular chondrocytes, 
ECM and subchondral bone. As the disease progresses, it can result in the loss of articular cartilage, subchondral bone 
sclerosis, bone destruction, osteophyte formation, and subchondral cyst development. Clinically, OA typically presents 
with pain, stiffness, functional limitations, and joint deformity.33 The incidence and burden of OA are rising exponen-
tially, with at least 240 million patients worldwide experiencing significant symptoms, including restricted joint 
movement.34,35

Although OA can be managed with both conservative and surgical treatments, these approaches only alleviate 
symptoms and slow the disease’s progression without addressing its underlying etiology or pathology.36 In recent 
years, as research on lncRNAs has expanded, numerous studies have demonstrated that lncRNAs play a significant 
role in regulating normal physiological processes and metabolism. They have also been shown to influence the 
development of various diseases as part of complex regulatory networks.37,38 Increasing evidence indicates that 
lncRNAs exhibit differential expression during the onset and progression of OA and are involved in regulating cell 
proliferation, apoptosis, ECM synthesis and degradation, and inflammatory response in OA.17,39–41 Therefore, by 
identifying OA-related lncRNAs and elucidating their mechanisms of action, it may be possible to develop new 
diagnostic biomarkers and therapeutic targets, offering new avenues for translating scientific research into clinical 
practice.

This study is the first to demonstrate that lnc-PTS-1 can target miR-8085 through “sponge binding”, acting as 
a ceRNA to mitigate the inhibitory effect of miR-8085 on E2F2. By upregulating E2F2 expression, lnc-PTS-1 alleviates 
negative impacts on chondrocyte proliferation, ECM degradation, apoptosis, and inflammation, thereby delaying the 
progression of OA. Initially, we conducted high-throughput transcriptome sequencing on cartilage tissue samples from 
patients with OA and those without OA. From the lncRNAs with more than a 2-fold differential expression, we selected 
the top nine up-regulated and down-regulated lncRNAs for further investigation. We next used qRT-PCR to validate these 
findings in cartilage tissues from both OA patients and non-OA patients controls. Through this validation, combined with 
bioinformatics analysis, we identified lnc-PTS-1 as a candidate molecule for the subsequent study.

It is widely reported that IL-1β can be used to induce chondrocyte degeneration, creating an in vitro model of OA. 
Degenerating chondrocytes secrete IL-1β, which activates downstream gene expression, promoting key matrix-degrading 
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enzymes such as MMP3, MMP13, ADAMTS4, and ADAMTS5 to disrupt ECM homeostasis and further aggravate cell 
degeneration. Studies have shown that IL-1β-induced chondrocytes release increased levels of ADAMTS4 and 
ADAMTS5.42 Additionally, IL-1β can induce apoptosis via the endogenous nitric oxide (NO) pathway. IL-1β stimulates 
chondrocytes to produce large amounts of NO, leading to apoptosis in vitro, whereas inhibiting NO synthase expression 
suppresses apoptosis and protects chondrocytes.43 Furthermore, IL-1β increases the production of reactive oxygen 
species (ROS), leading to the formation of peroxides and hydroxyl radicals that directly damage articular cartilage.44 

A mouse OA model generated using IL-1β-induced chondrocyte apoptosis demonstrated that aucubin could protect 
articular cartilage in OA.45 CircSERPINE2 was found to alleviate IL-1β-induced chondrocyte apoptosis and inflamma-
tion by targeting miR-1271 and ETS-related genes.46 Given these findings, we selected IL-1β as the cytokine to establish 
a model of chondrocyte degeneration in vitro. By treating chondrocytes with varying concentrations of IL-1β, we 
measured indicators of cell proliferation, apoptosis, inflammation and ECM synthesis and degradation to validate the cell 
model’s success and determine the optimal concentration for subsequent experiments. We observed that the expression of 
lnc-PTS-1 was downregulated in both IL-1β-treated C28/I2 cells and human primary chondrocytes, consistent with our 
sequencing data and tissue validation results.

To further clarify the relationship between lnc-PTS-1 and chondrocyte degeneration, plasmid and small interfering 
RNA (siRNA)-transfected cells were applied to modulate lnc-PTS-1 expression. The results indicated that downregula-
tion of lnc-PTS-1 exacerbated IL-1β-induced chondrocyte degeneration, while upregulation of lnc-PTS-1 expression 
partially alleviated this effect. These findings suggest that lnc-PTS-1 plays a role in regulation IL-1β-induced chondro-
cyte degeneration.

What is the mechanism by which lnc-PTS-1 regulates chondrocyte degeneration? We discovered that lnc-PTS-1 is 
predominantly located in the cytoplasm, as shown by nuclear and cytoplasmic separation and fluorescence in situ 
hybridization experiments, suggesting that lnc-PTS-1 may act as a miRNA sponge, serving as a ceRNA to alleviate 
chondrocyte degeneration. Previous research has revealed that lncRNAs perform different biological functions depending 
on their cellular localization.10 For example, LncRNA IGHCγ1 interacts with miR-6891-3p as a ceRNA to mediate 
TLR4/NF-κB expression, thereby accelerating the inflammatory response in chondrocytes.47 Inspired by these findings, 
we explored whether lnc-PTS-1 might function through a ceRNA mechanism. We used siRNA to knock down lnc-PTS-1 
expression, then combined this approach with miRNA differential expression profiles obtained through high-throughput 
miRNA sequencing analysis. Bioinformatics databases were used to predict downstream miRNA targets. Based on the 
RIP results and miRNA levels observed in the degeneration model in vitro, miR-8085 was identified as a downstream 
target for further functional verification. The dual luciferase reporter assays confirmed that lnc-PTS-1 can directly target 
and bind miR-8085. Additionally, in vitro functional experiments revealed that upregulating miR-8085 expression could 
counteract the effects of lnc-PTS-1 overexpression on IL-1β-induced chondrocyte proliferation inhibition, ECM degra-
dation, apoptosis, and inflammation. These above findings illustrate that lnc-PTS-1 functions as ceRNA by binding to 
miRNA-8085, thereby participating in the regulation of chondrocyte degeneration.

It is well established that miRNAs perform their biological functions by regulating the translation of their downstream 
target genes. miRNAs can bind to the 3’ UTR region of target mRNAs with full or partial complementarity, leading to 
mRNA cleavage, blocking the translation process, and ultimately inhibiting protein synthesis.48 A growing body of 
research has demonstrated that miRNAs play a crucial role in maintaining microenvironmental homeostasis in OA.49 For 
instance, overexpression of miR-34a promotes chondrocyte senescence and apoptosis by targeting the Notch signaling 
pathway.50 Conversely, knocking down miR-34a expression reduces IL-1β-induced apoptosis in rat chondrocytes.51 MiR- 
335-5p is expressed at lower levels in OA than in normal chondrocytes, and its overexpression can enhance autophagy 
and suppress inflammation.52 Additionally, miR-495 is highly expressed in human OA cartilage, and its overexpression 
directly targets the AKT/mTOR signaling pathway, upregulates senescence markers (SA-β-gal and p16), and contributes 
to chondrocyte apoptosis.53 To identify the downstream target genes of miR-8085 and their role in chondrocyte 
degeneration, we constructed and analyzed differential mRNA expression profiles between lnc-PTS-1 down-regulated 
and control groups. Using bioinformatics tools such as RNAhybrid, Miranda, and TargetScan for miRNA target gene 
prediction, we identified E2F2 as a potential candidate target for further validation.
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We further demonstrated that E2F2 directly binds to and is targeted by miR-8085, as shown by a dual luciferase 
reporter assay. Our findings revealed a negative correlation between the expression of lnc-PTS-1 and E2F2 with miR- 
8085 in degenerating chondrocytes. Modulating the levels of lnc-PTS-1 and miR-8085 influenced the expression of E2F2 
at both the gene and protein levels. Specifically, lnc-PTS-1 acts as a ceRNA by “sponge binding” miR-8085, thereby 
indirectly regulating the expression of E2F2 mRNA and protein. Moreover, overexpression of lnc-PTS-1 partially 
mitigated the detrimental effects of IL-1β on chondrocyte proliferation, apoptosis, inflammatory response, and ECM 
degradation by indirectly upregulating E2F2 expression. This protective effect was reversed when miR-8085 was 
overexpressed. Our data above suggested that lnc-PTS-1 alleviated IL-1β-induced chondrocyte degeneration by upregu-
lating E2F2 through its interaction with miR-8085.

Conclusion
In summary, our study identified a significant number of differentially expressed lncRNAs in cartilage tissues of patients 
with OA compared to those without OA, highlighting that lnc-PTS-1 was downregulated in both OA patients and cellular 
models in vitro. The downregulation of lnc-PTS-1 further exacerbated IL-1β-induced chondrocyte degeneration, whereas 
its upregulation alleviated these adverse effects through the miR-8085/E2F2 axis. This study not only elucidated the 
specific role of lnc-PTS-1 in regulating chondrocyte proliferation, apoptosis, inflammation, and ECM metabolism, but 
also revealed the cellular and molecular mechanism by which lnc-PTS-1 regulated E2F2 via miR-8085, contributing to 
OA progression. These findings provide theoretical basis and experimental evidence for the potential clinical application 
of new LncRNA molecules in the treatment of OA.
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