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Long non-coding RNAs are major regulators in the pathophysiology of osteoarthritis (OA), which involves 
the dysfunction of cartilage and synovium.  The aim of this study was, therefore, to discover the role of 
RASSF8-AS1 in cartilage degradation and M1 macrophage polarization during OA.  Healthy and OA 
cartilage and synovium were collected.  After measuring RASSF8-AS1 levels in tissues and 
lipopolysaccharide (LPS)- or IL-1β-induced cells, the role of RASSF8-AS1 in the expression of cartilage 
degradation markers and M1 macrophage molecules was assessed in vitro.  The apoptotic rate of IL-1β-
stimulated chondrocytes, with or without RASSF8-AS1 overexpression, was quantified using flow 
cytometry.  RASSF8-AS1 was significantly upregulated not only in cartilage and synovium from OA 
patients, but also in IL-1β- or LPS-induced cells, compared to normal controls.  A decrease in RASSF8-AS1 
level increased the expression of chondrogenic markers, but reduced the expression of genes encoding 
matrix-degrading proteases, thereby reducing cell apoptosis.  Downregulation of RASSF8-AS1 reduced the 
M1 macrophage markers in RAW264.7 cells and bone marrow-derived macrophages.  RASSF8-AS1 may 
be a ceRNA for miR-27a-3p.  These findings support the role of RASSF8-AS1 as a promoting factor of 
cartilage degradation and M1 macrophage polarization in OA.
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Introduction
Osteoarthritis (OA) is a degenerative disease charac-

terized by the destruction or damage of articular cartilage 
(Barnett 2018).  As the most common form of arthritis, OA 
is a leading cause of disability worldwide, with an annual 
global increase in the age-standardized incidence rate of 
0.32% and an increase of approximately 9% in the 28 years 
from 1990 to 2017 (Quicke et al. 2022).  Inflammation, 
including active synovitis and systemic inflammation, plays 
a key role in the pathogenesis of OA (Abramoff and Caldera 
2020; Zhang et al. 2023).  The main clinical features 
observed in OA patients were joint pain and joint dysfunc-

tion in typical joints, such as the knee, hip, distal, and prox-
imal interphalangeal joints (Abdel-Aziz et al. 2021).  Long 
before a complete understanding of the molecular events 
involved in this disease, treatment options for OA are lim-
ited by the multiple disease phenotypes (Kumar et al. 
2021).  Recently, OA has been considered a much more 
complex process, involving multiple inflammatory and 
metabolic factors, rather than a simple disease of “wear and 
tear” (Molnar et al. 2021).  The pathogenesis of this degen-
erative process involves the complex network of 
inflammatory and metabolic factors and cytokines that 
regulate cartilage degeneration, synovial inflammation, and 
subchondral bone thickening (O’Neill and Felson 2018).  
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This opens the door to the development of new treatments 
for OA.

In recent years, genome-wide association studies have 
revealed the molecular genetics of OA (Wood et al. 2022).  
This has been accompanied by a refreshing wave of discov-
eries about epigenetic alternations in joint tissues, including 
regulatory RNAs, has occurred concurrently (Rice et al. 
2020; Wood et al. 2022).  It has become apparent is that 
many genetic risk signals for OA interact with epigenetic 
mediators, including non-coding RNAs (ncRNAs).  
NcRNAs, such as microRNAs (miRNAs) and long non-
coding RNAs (lncRNAs), can directly or indirectly interact 
with the OA risk genes to regulate cell functions (Allis and 
Jenuwein 2016; Gargano et al. 2022, 2023).  LncRNAs are 
a group of essential functional molecules in many biologi-
cal processes (Nadhan et al. 2022).  Recently, the rapid 
development of lncRNA research has revealed the involve-
ment of lncRNAs in the pathological process of OA (Wang 
et al. 2022).  Dysregulation of lncRNAs has been impli-
cated in the catabolic processes involved in OA, such as 
cartilage tissue destruction, inflammatory events, and apop-
tosis (Okuyan and Begen 2022).  For example, overexpres-
sion of lncRNA POU3F3 can inhibit chondrocyte apoptosis, 
increase cell viability, rescue metabolic dysfunction, and 
alleviate IL-1β-induced injury in vitro (Shi et al. 2022).  
LncRNA H19 is involved in cartilage matrix degradation 
and calcification in osteoarthritis (Yang et al. 2020).  
Notably, lncRNAs have been reported to play important 
roles in regulating macrophage polarization and inflamma-
tory responses, which are closely associated with the patho-
genesis of OA (Feng et al. 2022).  The most common 
functional mechanism for lncRNA is to act as a decoy 
molecule of miRNA, as a competing endogenous RNA 
(ceRNA), thereby interfering with the binding of miRNA 
and the target genes (Wang et al. 2021).  The XIST/miR-
376c-5p axis has been verified to act on M1 macrophages, 
and subsequently affect the apoptosis of cocultured 
chondrocytes (Li et al. 2020).  Therefore, the altered 
expression of lncRNAs in joint tissue and synovial fluid 
makes them attractive candidates for the treatment of OA.

RASSF8-AS1 has been identified as an immune-
related circRNA in cervical cancer (Jiang et al. 2022).  
Although the contributions of lncRNA RASSF8-AS1 in 
neoplastic and non-neoplastic conditions have been 
extensively studied (Xie et al. 2022), it is unknown whether 
RASSF8-AS1 is involved in M1 macrophages during OA.  
The aim of this study was to characterize the expression 
levels of RASSF8-AS1 in OA patients, IL-1β chondrocytes, 
and macrophages, and to investigate its role in 
inflammation, chondrocyte-mediated cartilage destruction 
and regulation of macrophage polarization in OA.

Materials and Methods
Database retrieval

GSE163552, GSE175960, and GSE146895 in the 
GEO database (https://www.ncbi.nlm.nih.gov/geo/) were 

searched and analyzed by GEO2R online tool.  The differ-
entially expressed lncRNAs were intersected using Venn 
diagram.

ENCORI (https://rna.sysu.edu.cn/encori/index.php) 
was used to collect the downstream miRNAs for RASSF8-AS1.

Collection of human samples
Human OA cartilage and synovial tissues were 

obtained from patients diagnosed with OA and undergoing 
total knee replacement surgery.  Healthy cartilage and syno-
vial specimens are sourced from individuals who had 
undergone amputation surgery due to trauma and had no 
history of arthritic disease.  OA tissue samples were sub-
jected to further histological examination and scored for 
synovitis.  Patient recruitment, participation, and sample 
collection were approved by the Ethics Committee of The 
First Affiliated Hospital of Xi’an Medical University, with 
complete written consent before surgery.

Cell culture and stimulation
Human chondrocytes (CP-H107) were purchased from 

Procell Life (Wuhan, China), and cultured in human chon-
drocyte complete culture medium (CM-H107, Procell Life, 
Wuhan, China).  To simulate inflammatory status, chondro-
cytes were stimulated with interleukin-(IL-)1β (10 ng/mL; 
Sigma-Aldrich) in the culture medium.  RAW264.7 cells 
and human bone marrow-derived macrophages (hBMDMs) 
were obtained from the National Biomedical Experimental 
Cell Resource Library (Beijing, China), and cultured in 
Dulbecco’s modified Eagle’s medium (DMEM, Gibco, 
Carlsbad, CA, USA), which contained 10% fetal bovine 
serum (FBS, Gibco, Grand Island, NY, USA).  To induce 
M1 macrophage polarization, 100 ng/mL lipopolysaccha-
ride (LPS; Sigma-Aldrich, Saint Louis, MO, USA) was 
used to culture the RAW264.7 cells and hBMDMs.

Cell transfection
The targeted RASSF8-AS1 siRNA (siRASSF8-AS1, 

5ʹ-CCGGCAGTTGTGACTATATTCTACTCGAGTAGAAT
ATAGTCACAACTGTTTTTG-3ʹ), the negative siRNA con-
trol (siNC, 5ʹ-CCGGTCCTAAGGTTAAGTCGCCCTCGCT
CGAGCGAGGGCGACTTAACCTTAGGTTTTTG-3ʹ), 
miR-27a-3p mimic (5ʹ-UUCACAGUGGCUAAGUUCC 
GC-3ʹ) and the negative mimic control (5ʹ-UUCUCCGAA 
CGUGUCACGU-3ʹ) were transfected into cells based on 
the instructions of Lipofectamine 3000 (Invitrogen, 
Carlsbad, CA, USA).  Transfection was performed when 
the inoculated cells reached 80% confluence.  In brief, 
Lipofectamine 3000 reagent was diluted using Opti-MEM 
medium and mixed thoroughly.  siRNA was diluted using 
Opti-MEM medium (Gibco, Grand Island, NY, USA) to 
prepare siRNA premix.  The siRNA premix was added to 
the already diluted Lipofectamine 3000 reagent and 
incubated for 5 min at room temperature.  The incubated 
complex was added to the cells and incubated at 37°C for 2 
days, after which the transfected cells were analyzed.
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RNA measurements using quantitative real-time PCR (qRT-
PCR)

Using TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA), total RNA was isolated from OA tissues/cells and 
controls.  For reverse transcription, one microgram RNA 
was subjected to the synthesis of first-strand cDNA using 
SuperScript II reverse transcriptase (Invitrogen, Grand 
Island, NY, USA) and PCR amplification.  Primers were 
then used to amplify each gene were used.  RNA levels 
were measured using a QuantStudio 7 pro Real-Time PCR 
System (ThermoFisher, Waltham, MA, USA).

Positive cell number detection in tissues using immunocyto-
chemistry

Histological slides of tissues were deparaffinized and 
hydrated using a gradient concentration of ethanol.  The 
samples were then blocked with 5% FBS for one hour and 
incubated with primary antibodies (1:200, dilution) for 
CD80 (Proteintech, Rosemont, USA), F4/80 (Proteintech, 
Rosemont, USA), and iNOS (Cell Signaling Technology, 
Danvers, MA, USA) overnight at 4°C.  Slides were washed 
with PBS and incubated with secondary antibodies.  
Thereafter, the nuclei were labeled with 4ʹ,6-diamidino-2-
phenylindole.  The number of F4/80+, iNOS-positive, and 
CD80+ macrophages in fluorescence images was quantified 
as a percentage of total cells using ImageJ software.

Quantification of CD-positive cell using flow cytometry
Cells were suspended and incubated in PBS containing 

1.0 mM EDTA and 5% FBS and incubated with 
fluorescence-labelled anti-human CD80 antibody or 
PE-conjugated anti-CD14/PE-conjugated anti-HLA-DR 
(BD Pharmingen, San Jose, CA, USA) for 30 min on ice.  
Data acquisition was performed on a Cytoflex S flow 
cytometer (Beckman Coulter, Brea, CA, USA).

Measurement of cell apoptosis using flow cytometry
Annexin V-FITC/PI Apoptosis Kit (Elabscience, Wuhan, 

China) was used to measure cell apoptosis.  Cells (3 × 105) 
were resuspended.  100 μL of Annexin V Binding Buffer (1 ×) 
was added to resuspend the cells.  Then 2.5 μL of Annexin 
V-FITC Reagent and 2.5 μL of PI Reagent (50 μg/mL) were 
added to the cell suspension.  The mixture was incubated at 
room temperature for 20 min.  Then, 400 μL of Annexin V 
Binding Buffer (1 ×) was added to the samples.  After 
mixing, the sample was immediately loaded into the flow 
cytometer for detection.

Luciferase reporter assay
MiR-27a-3p mimic and the corresponding negative 

control were purchased from Genepharma (Shanghai, 
China).  The RASSF8-AS1 sequence or the HDAC4  
3ʹ untranslated region (3ʹ-UTR) sequence harboring the pre-
dicted binding sites of miR-27a-3p or the designed mutant 
binding sites were inserted into pmirGLO reporter vectors 
(Promega, Madison, WI, USA) to obtain wild-type (WT) or 

mutant (MUT) RASSF8-AS1 or HDAC4, respectively.  The 
day before transfection, human chondrocytes, RAW264.7 
cells, and hBMDMs were seeded in a 96-well plate.  The 
firefly luciferase reporter plasmids were co-transfected with 
miR-27a-3p mimic or negative control using Lipofectamine 
3000 (Invitrogen, Carlsbad, CA, USA).  The firefly and 
renilla luciferase activities were assayed, respectively, using 
the Dual-Luciferase Reporter Assay System (Promega, 
Madison, WI, USA), with firefly luciferase activity/renilla 
luciferase activity values presented.

Statistical analysis
Sample replications were conducted with a minimum 

sample size of n = 3 for each experiment.  Data were ana-
lyzed using a two-tailed Student’s t-test or analysis of vari-
ance, with a p-value of 0.05 or less as the threshold for sta-
tistical significance.

Results
Increased RASSF8-AS1 expression in OA cartilage and 
chondrocytes

RASSF8-AS1 was one of the differentially expressed 
lncRNAs in both peripheral blood leukocytes and cartilage 
samples from OA patients (Fig. 1A).  To determine how 
RASSF8-AS1 levels are altered in OA, we performed qRT‐
PCR analysis on cartilage samples from OA patients and 
healthy controls, as well as in induced or non-induced 
chondrocytes.  In our patient cohort, expression of 
RASSF8-AS1 was significantly increased in cartilages from 
patients with OA, compared to that from healthy individu-
als (p < 0.001, Fig. 1B).  RASSF8-AS1 expression was also 
increased in IL-1β-induced human chondrocytes, compared 
to that in non-induced cells (p < 0.001, Fig. 1C).

Increased RASSF8-AS1 expression in OA synovial tissues 
and macrophages

Synovitis in OA is known to accelerate cartilage loss 
(Sun et al. 2022).  We therefore determined the expression 
of RASSF8-AS1 in the synovial tissues of patients with OA 
and healthy controls.  The synovitis score in the joints of 
OA patients was quantified and compared with that of con-
trol subjects (Fig. 2A).  The expression of RASSF8-AS1 
was significantly increased in synovial tissue from OA 
patients compared to normal synovial tissue (p < 0.001, Fig. 
2B).  Moreover, increased macrophage accumulation was 
found in synovial tissue from OA patients compared to nor-
mal synovial tissue, which was characterized by a higher 
rate of F4/80-, iNOS-, and CD80-positive cells (p < 0.001, 
Fig. 2C).  Furthermore, the expression of RASSF8-AS1 
was significantly increased in LPS-induced hBMDMs and 
RAW264.7 cells (p < 0.001, Fig. 2D).  In addition, as 
shown in Fig. 2D, the frequency of CD14+HLA-DR-/low 
cells in the synovium of OA patients was significantly 
higher compared to that in healthy individuals.  These 
results implied that RASSF8-AS1 may participate in the 
M1 macrophage inflammation in OA.
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Downregulation of RASSF8-AS1 alleviated deleterious effects 
of IL-1β on chondrocytes

To further identify the biological functions of 
RASSF8-AS1 in cartilage degeneration during OA, we 
knocked down RASSF8-AS1 in IL-1β-induced human 
chondrocytes (p < 0.001, Fig. 3A).  After RASSF8-AS1 
blockade, the mRNA expression levels of the chondrogenic 

markers COL2A1, ACAN, SOX9 were increased (p < 0.05, 
Fig. 3B), whereas mRNA expression levels of MMP3, 
MMP13, and ADAMTS4, which encode matrix-degrading 
proteases, were reduced to near normal levels (p < 0.05, 
Fig. 3C).  Furthermore, RASSF8-AS1 knockdown inhibited 
IL-1β-induced chondrocyte apoptosis (p < 0.01, Fig. 3D).  
These observations demonstrated that downregulation of 

Fig. 2.  RASSF8-AS1 was upregulated in human OA synovial tissues and LPS-stimulated macrophages.
 (A) Synovitis scores were assessed in ten patients, randomly.  (B) RASSF8-AS1 levels in healthy and OA synovial tissues were deter-

mined by qRT-PCR.  (C) F4/80-, iNOS-, CD80-positive and CD14+HLA-DR-/low cells were quantified in synovial tissues using flow 
cytometry.  (D) RASSF8-AS1 levels in macrophages, RAW264.7 cells, and human bone marrow-derived macrophages (hBMDMs), 
were assayed by qRT-PCR.  Values were mean ± SD.  ***p < 0.001.

Fig. 1.  RASSF8-AS1 was upregulated in human OA cartilage and human chondrocytes.
 (A) RASSF8-AS1 was a dysregulated lncRNA shared by GSE163552, GSE175960 and GSE146895.  (B) RASSF8-AS1 levels in 

healthy and OA cartilages were determined by qRT-PCR.  (C) RASSF8-AS1 levels in human chondrocytes, with and without IL-1β 
stimulation, were determined by qRT-PCR.  Values were mean ± SD.  ***p < 0.001.
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RASSF8-AS1 can alleviate cartilage extracellular matrix 
degeneration in OA.

Downregulation of RASSF8-AS1 inhibited M1 macrophage 
polarization

To investigate whether RASSF8-AS1 mediates LPS-
induced macrophage polarization, RASSF8-AS1 siRNA 
was used in vitro, to knock down RASSF8-AS1 in LPS-
induced RAW264.7 cells (p < 0.001, Fig. 4A).  The propor-
tion of CD80+ cells in RAW264.7 cells was significantly 
decreased after RASSF8-AS1 downregulation (p < 0.001, 
Fig. 4B).  The mRNA levels of M1 macrophage markers, 
IL1B, IL6, and TNF-α were decreased after RASSF8-AS1 
downregulation in RAW264.7 cells (p < 0.01, Fig. 4C), as 
were the mRNA levels of INOS and CXCL10 (p < 0.01, 
Fig. 4D).  The inhibitory effect of siRASSF8-AS1 on LPS 
induction of the M1 phenotype was also observed in 
hBMDMs (p < 0.05, Fig. 4E-H).  Thus, the downregulation 
of RASSF8-AS1 can inhibit LPS-induced M1 macrophage 
polarization in both RAW264.7 cells and hBMDMs.

RASSF8-AS1 acted as ceRNA for miR-27a-3p
To identify the underlying mechanism by which 

RASSF8-AS1 functions in OA, its downstream miRNAs 
were searched, which appeared to be miR-27a-3p.  MiR-
27a-3p has been reported to be downregulated in human OA 
(Li et al. 2018).  According to ENCORI prediction, the miR-
27a-3p sequence contains complementary sites with 
RASSF8-AS1 (Fig. 5A).  We performed a luciferase reporter 
assay on human chondrocytes, RAW264.7 cells, and 
hBMDMs.  Compared with the mimic negative control 
group, the relative luciferase activity of WT-RASSF8-AS1 
in the miR-27a-3p mimic group was significantly lower, 
while the relative luciferase activity of MUT-RASSF8-AS1 
group did not show any significant change (p < 0.05, Fig. 
5B-D).  These results suggest that RASSF8-AS1 may func-
tion in OA via sponging miR-27a-3p.

Discussion
OA is a member of degenerative diseases that affect 

multiple joint tissues.  Given the growing burden of OA, 
increased efforts are needed to provide effective and per-
sonalized treatments for individuals with this disease.  
Increasing evidence suggests that lncRNAs affect chondro-
cyte proliferation, apoptosis, inflammatory responses, and 
extracellular matrix degradation in OA, and thus have 

Fig. 3.  Downregulation of RASSF8-AS1 alleviated chondrocytes apoptosis.
 (A) RASSF8-AS1 was decreased after transfection of RASSF8-AS1 siRNA in IL-1β-stimulated chondrocytes.  (B) mRNA levels of 

key chondrogenic markers were determined by qRT-PCR in IL-1β stimulated chondrocytes, with or without RASSF8-AS1 downregu-
lation.  (C) mRNA levels of key matrix metalloproteinases were determined by qRT-PCR in IL-1β-stimulated chondrocytes, with or 
without RASSF8-AS1 downregulation.  (D) Cell death of IL-1β-stimulated chondrocytes, with or without RASSF8-AS1 downregula-
tion, was quantified using flow cytometry.  Values were mean ± SD.  *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig. 4.  Downregulation of RASSF8-AS1 inhibited M1 polarized macrophages.
 (A) RASSF8-AS1 was decreased after transfection of RASSF8-AS1 siDNA in LPS-stimulated RAW264.7 cells.  (B) CD80+ cells 

were quantified using flow cytometry in LPS-stimulated RAW264.7 cells, with or without RASSF8-AS1 downregulation.  (C) mRNA 
levels of IL1B, IL6, and TNF-α were determined by qRT-PCR in LPS-stimulated RAW264.7 cells, with or without RASSF8-AS1 
downregulation.  (D) mRNA levels of INOS and CXCL10 were determined by qRT-PCR in LPS-stimulated RAW264.7 cells, with or 
without RASSF8-AS1 downregulation.  (E) RASSF8-AS1 was decreased after the transfection of RASSF8-AS1 siRNA in LPS-stim-
ulated human bone marrow-derived macrophages (hBMDMs).  (F) CD80+ cells were quantified using flow cytometry in LPS-stimu-
lated hBMDMs, with or without RASSF8-AS1 downregulation.  (G) mRNA levels of IL1B, IL6, and TNF-α were determined by 
qRT-PCR in LPS-stimulated hBMDMs, with or without RASSF8-AS1 downregulation.  (H) mRNA levels of INOS and CXCL10 
were determined by qRT-PCR in LPS-stimulated hBMDMs, with or without RASSF8-AS1 downregulation.  Values were mean ± SD.  
*p < 0.05, **p < 0.01, ***p < 0.001.

Fig. 5.  RASSF8-AS1 can sponge miR-27a-3p.
 (A) MiR-27a-3p showed putative binding sites with RASSF8-AS1.  (B) MiR-27a-3p mimic influenced luciferase activity of mild-type 

RASSF8-AS1 (WT-RASSF8-AS1) in human chondrocytes (B), RAW264.7 cells (C), and human bone marrow-derived macrophages 
(hBMDMs) (D), using Luciferase Reporter Assay.  Values were mean ± SD.  **p < 0.01, ***p < 0.001.
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potential as therapeutic targets for OA (Tu et al. 2020).  In 
addition, research highlights that OA is involved in a com-
plex inflammatory response during inflammatory cell infil-
tration of the synovial membrane (Nedunchezhiyan et al. 
2022).  New approaches that can modulate macrophages 
into desired functional phenotypes, including the regulation 
of lncRNA expression, may enhance cartilage repair and 
regeneration, providing novel therapeutic strategies for OA 
(Fernandes et al. 2020).  Our data demonstrated that 
RASSF8-AS1 was upregulated in both cartilage and syno-
vial tissues of OA patients.  This study highlights the thera-
peutic potential of RASSF8-AS1, which was involved in 
inflammation and M1 macrophage polarization in OA.  The 
downregulation of RASSF8-AS1 was beneficial for OA, 
from the perspective of joint regeneration and inflamma-
tion.

OA affects articular cartilage.  During OA, the osteo-
chondral junction undergoes cellular phenotypic, and there-
fore functional alterations.  Articular cartilage is composed 
of a single cell type (chondrocytes) surrounded by a dense 
extracellular matrix (Charlier et al. 2019).  Type IIA procol-
lagen, an alternative splice variant of type II collagen, is 
reported to be expressed in differentiated chondroprogenitor 
cells (Wang et al. 2020; Ren et al. 2024).  COL2A1 encodes 
the extracellular matrix type II collagen proteins, including 
procollagens IIA and IIB.  ACAN is abundant within human 
hyaline cartilage.  The decrease in aggrecan during chon-
drocyte dedifferentiation is one of the readouts to assess 
chondrocyte phenotype, along with collagen type II 
(Charlier et al. 2019).  SOX9 is one of the key drivers for 
the activation of COL2A1 gene, defined as a master chon-
drogenic factor required for cartilage formation 
(Semenistaja et al. 2023).  Our in vitro results showed that 
downregulation of RASSF8-AS1 promoted the expression 
of key chondrogenic markers (COL2A1, ACAN, and 
SOX9) and reduced the expression of key extracellular 
matrix markers - matrix metalloproteinases (MMP3, 
MMP13, and ADAMTS4) in human OA chondrocytes.  
Interestingly, the rate of LPS-induced chondrocyte apopto-
sis can be reduced by RASSF8-AS1 knockdown.  
Therefore, RASSF8-AS1 may be a promoting factor of OA.

There is a molecular communication network between 
the major joint compartments, such as the synovial mem-
brane and the cartilage of normal and OA-affected joints.  
During osteochondral dysfunction, the synovial unit under-
goes inflammatory pathology (Semenistaja et al. 2023).  At 
the cellular level, the synovial membrane can be influenced 
by release of cleavage and molecular fragments, such as 
extracellular matrix degradation products, from apoptotic 
cells in the cartilage.  These “xenobiotics” trigger and 
maintain low-grade inflammation in the synovium.  As we 
found in our results, the scoring of synovial tissue from OA 
patients showed more or less inflammation.  Macrophages, 
as immune cells that are present in synovial lining, can 
polarize to pro-inflammatory (M1) phenotypes (Fernandes 
et al. 2020).  M1 macrophages induced by LPS could 

increase CD80 expression and present as CD80+ cells.  
However, our data showed that RASSF8-AS1 overexpres-
sion can lead to an increased number of CD80+ cells 
induced by LPS.  A previous study stated that the 
M1-associated cytokines (IL-6, IL-1β, and TNF-α) can 
induce destructive processes in chondrocytes, through 
downregulating of collagen type II and aggrecan synthesis 
(Fahy et al. 2014).  RASSF8-AS1 is reported to be an 
immune-related circRNA based on E6 splicing, that is 
implicated in immune response regulation and the 
infiltration of M1 macrophages (Jiang et al. 2022).  Here, 
we found that RASSF8-AS1 downregulation can inhibit the 
mRNA levels of M1-like macrophage markers, including 
IL-6, IL1B, CXCL10, and TNF-α in both RAW264.7 cells 
and hBMDMs.  Thus, we speculate that RASSF8-AS1 may 
play a promoting role in the skewing of macrophages 
towards a pro-inflammatory M1 phenotype.

To discover the mechanism of RASSF8-AS1 in OA, 
the downstream miRNAs were investigated as miR-27a-3p.  
MiR-27a-3p is downregulated in OA (Li et al. 2018) and is 
involved in chondrocyte proliferation and migration (Ren et 
al. 2023).  Expression of miR-27a-3p has been identified to 
be downregulated in synovial tissues from patients with 
rheumatoid arthritis (Chen et al. 2021).  MiR-27a-3p 
contributes to fibroblast-like synoviocyte proliferation and 
cytokine production, making it a potential candidate for 
epigenetic therapy of arthritis (Bullock et al. 2023).  It has 
been reported that M2 polarized macrophage-derived exo-
somes could deliver miR-27a-3p from macrophages to 
hemangioma stem cells, reducing the sensitivity of heman-
gioma stem cells to propranolol (Liu et al. 2021).  MiR-
27a-3p can regulate differentiation, autophagy, and release 
of inflammatory factors in pre-osteoblasts by targeting 
GLP1R (Zeng et al. 2021).  Here, the Luciferase Reporter 
Assay confirmed the binding sites between RASSF8-AS1 
and miR-27a-3p.  To this extent, it can be speculated that 
RASSF8-AS1 may sponge miR-27a-3p, and thus play a 
role in OA.  Of course, this speculation needs further in 
vitro and in vivo confirmation.

In conclusion, this study demonstrates that 
RASSF8-AS1 was upregulated in both cartilage and syno-
vial tissues of OA patients.  Downregulation of 
RASSF8-AS1 attenuated the effects of IL-1β on chondro-
cytes and inhibited the macrophage differentiation towards 
the M1 phenotype, partly at least via miR-27a-3p.  These 
results highlight the potential of RASSF8-AS1 as a thera-
peutic target for OA, in particular by suppressing M1 polar-
ized macrophages.
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