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ABSTRACT 

Osteoarthritis (OA) is one of the most common forms of degenerative joint disease characterized by persistent 

pain, inflammation of the joints, and restricted range of motion among the elderly worldwide. Interleukin-1 beta 

(IL-1β) is increased in the injured joints and contributes to the OA pathobiology by inducing chondrocyte apoptosis 

and inflammation. Transient receptor potential (TRP) ion channels have recently been reported as potential players 

in the modulation of apoptosis and inflammation. Here, we aimed to understand the regulatory role and effect of 

TRPV3 on apoptosis and inflammation in osteoarthritis by using C28/I2 chondrocyte cells as a model. Chondro-

cytes were transfected with TRPV3-specific siRNA for 24 hours and then stimulated with IL-1β in vitro. Cell 

cycle progression and apoptosis were evaluated with flow cytometry. The levels of TRPV3, apoptotic (Bax, 

Caspase-3, and Bcl-2), and inflammatory (iNOS, COX-2) genes were measured by quantitative real-time poly-

merase chain reaction (qRT-PCR) and confirmed with western blot. Treatment of the C28/I2 chondrocyte cells 

with IL-1β resulted in the over-expression of TRPV3, induction of apoptosis, and over-expression of inflammation 

indices. Knockdown of TRPV3 significantly reduced the expression of Bax and Caspase 3 proapoptotic factors 

while increasing the expression of the Bcl-2 antiapoptotic factor in the mRNA and protein levels in the IL-1β-

stimulated cells. Its knockdown also decreased the expression of the inflammatory factors iNOS and COX-2 in 

mRNA and protein levels, confirming that TRPV3 knockdown hinders apoptosis and inflammation in IL-1β-stim-

ulated chondrocytes. In conclusion, we demonstrated that si-TRPV3 treatment significantly mitigates IL-1β-re-

lated effects on the C28/I2 chondrocyte cells. These findings suggested that TRPV3 could be an effective target 

for the treatment of OA. 
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Figure 1: Graphical abstract. Osteoarthritis is a degenerative joint condition associated with aging, 
and one of the primary cytokines that cause it is interleukin-1beta, which induces apoptosis and inflam-
mation. In this study, we investigated the regulatory role and mechanism of a Ca2+-permeable nonse-
lective cation channel known as transient receptor potential vanilloid-3 (TRPV3) on apoptosis and in-
flammation in osteoarthritis and transfected osteoarthritic cells with Si-TRPV3 reduced apoptosis and 
inflammation. These findings highlighted that TRPV3 could be an effective target for the treatment of 
OA. 

 

INTRODUCTION 

Osteoarthritis (OA) is a prevalent degen-

erative joint disease that affects the aged glob-

ally. It is typified by joint inflammation, on-

going discomfort, and limited range of motion 

(Moqadami et al., 2024, Gupta et al., 2005). 

As OA progresses, it becomes a substantial fi-

nancial burden due to joint dysfunction and 

pain (Fusco et al., 2017). Current research in-

dicates that this disease is characterized by the 

simultaneous occurrence of joint dysfunction, 

chondrodegeneration, and low-grade chronic 

inflammation (Robinson et al., 2016; Abra-

moff and Caldera, 2020; Hunter and Bierma-

Zeinstra, 2019). There are various risk factors 

that cause OA, including aging, obesity, and 

trauma (Wojdasiewicz et al., 2014). The only 

cells in cartilage tissue that are significant 

regulators of cartilage degradation are chon-

drocytes, which are involved in physiological 

processes like apoptosis, inflammation, and 

autophagy (Katz et al., 2021). Recent research 

has shown that inflammatory reactions and 

chondrocyte apoptosis play significant roles 

in the etiology of OA (Berenbaum, 2013; 

Hwang and Kim, 2015). 

Interleukin-1β (IL-1β) intimately associ-

ates with the formation and progression of 

OA, at least partly by generating inflamma-

tory responses. Its level goes up in OA and 

causes OA progression (Xu et al., 2021; Wu 

et al., 2020). In addition, chondrocytes treated 

with IL-1β may trigger the release of cycloox-

ygenase-2 (COX-2) and inducible nitric oxide 

synthase (iNOS), which would result in the 

synthesis of prostaglandin E2 (PGE2) and ni-

tric oxide (NO) (Chen et al., 2019). As a re-

sult, IL-1β is frequently utilized for creating 

OA cell models in vitro.  

The progression of OA is intimately 

linked to chondrocyte apoptosis. As is com-

monly known, elevated IL-1β causes chon-

drocytes to undergo apoptosis by upregulat-

ing pro-apoptotic and downregulating anti-

apoptotic proteins, which speeds up the dete-

rioration of cartilage (Wang et al., 2014; Chen 

and Zhang, 2024). Pro-apoptotic factors Bax, 

cleaved caspase-3, and cleaved caspase-7 are 

expressed more than usual in OA chondro-

cytes, but Bcl-2, an anti-apoptotic factor, is 

expressed less than usual (Na et al., 2012; 

Musumeci et al., 2014). 
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One important intracellular second mes-

senger considered a crucial regulator of cell 

viability is calcium ion (Ca2+) (Bouron et al., 

2016). It's well knowledge that prolonged in-

tracellular Ca2+ elevation can cause reactive 

oxygen species (ROS) generation that is de-

pendent on Ca2+ entry, mitochondrial depolar-

ization, and, ultimately apoptosis (Kovac et 

al., 2014; Llorente-Folch et al., 2015; Kim et 

al., 2011). Transient receptor potential (TRP) 

ion channels represent a significant family of 

membrane-associated cation channels charac-

terized by their high permeability to Ca2+ 

(Hasan and Zhang, 2018). Consequently, the 

activation of TRP channels functions as a cru-

cial Ca2+ entry pathway, influencing intracel-

lular Ca2+ fluctuations and subsequent signal-

ing pathways (Mulier et al., 2017). Recent ev-

idence has indicated the significant role of ex-

cessive Ca2+ influx via TRP ion channels in 

cellular mortality (Fliniaux et al., 2018). 

Transient receptor potential vanilloid 

(TRPV), a type of TRP channel, has been 

identified as an essential participant in the 

pathophysiology of OA in recent years. These 

channels have a role in mechanotransduction, 

inflammation, and pain perception, among 

other features of osteoarthritis (Chen et al., 

2024). A Ca2+-permeable nonselective cation 

channel known as transient receptor potential 

vanilloid-3 (TRPV3) is sensitive to heat stim-

ulation in the 31–39 °C range. It is essential 

for the feeling of warmth, the transmission of 

pain, the physiology of the skin, inflamma-

tion, and other illnesses (Su et al., 2023). This 

ion channel mainly mediates pain and inflam-

mation (Su et al., 2023) and is widely ex-

pressed in neuronal and non-neuronal cells 

(Luo and Hu, 2014).  

Nevertheless, elucidating the connection 

between TRPV3 and chondrocyte apoptosis 

and inflammation has not received much fo-

cus until now. We thus set out to determine 

whether or not TRPV3 would have a regula-

tory role in modulating IL-1β-induced inflam-

mation and death in C28/I2 chondrocyte cells. 

MATERIALS AND METHODS  

Cell culturing and treatment  

The human chondrocyte cell line C28/I2 

purchased from the National Cell Bank of 

Pasteur Institute, Iran, Tehran, was cultivated 

in Dulbecco’s modified Eagle’s medium (Hy-

clone, Logan, UT, USA) containing 10 % fe-

tal bovine serum (FBS) (Anacell, Tehran, 

Iran) and 1 % penicillin and streptomycin (Bi-

oideaco, Tehran, Iran). The culture was main-

tained at 37 °C in a humidified environment 

with 5 % CO2. Every two days, a new me-

dium was used. Four groups were investi-

gated: A: Control (cells with no treatment), B: 

IL-1β (cells stimulated with IL-1β), C: IL-

1β+Si-TRPV3 (cells stimulated with IL-1β 

and transfected with TRPV3-specific 

siRNA), and D: IL-1β+Si-NC (cells stimu-

lated with IL-1β and transfected with siRNA 

negative control). 

 

Cell transfection 

Metabion, Germany, generated the small 

interfering RNA (siRNA) and controls 

against TRPV3. The sequences were as fol-

lows: si-TRPV3 sense, 5´-GGGCGAACAU-

GCUCUACUAUATT-3´, and antisense, 5´-

UAUAGUAGAGCAUGUUCGCCCTT-3´, 

and Si-NC sense, 5´-AACAGCUUCGGGU-

ACAAGUCUTT-3´, and Si-NC antisense, 5´-

AGACUUGUACCCGAAGCUGUUTT-3´. 

For cell transfection, 2.5×105 C28/I2 cells per 

well were seeded into 6-well plates and al-

lowed to grow to a cell density of 70 %. Next, 

20 nM oligonucleotides were transfected us-

ing lipofectamine®2000 (Invitrogen; Thermo 

Fisher Scientific, USA). After six hours, the 

medium was changed to a new one, and the 

culture was allowed to continue for a full 

twenty-four hours. Following transfection, 

cells were treated for 24 hours with 10 ng/ml 

IL-1β ((Purity: >95 %) (Sino Biological, Bei-

jing, China)) (Liu et al., 2023) before being 

utilized in the following tests. 

 

Cell viability assay  

Human C28/I2 chondrocytes in the loga-

rithmic phase were taken, seeded into 96-well 

plates (1 × 104 cells per well), and placed in 
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an incubator. Subsequently, three repetitions 

of each set of cells treated with various sub-

stances were added (a blank control group re-

ceived an equivalent amount of PBS). Fol-

lowing a 24-hour culture period, 50 μL MTT 

(Sigma, St. Louis, MO, USA) (5 g/L) was 

added, and the cells were then cultivated for 

an additional 4 hours at 37 °C. Afterward, we 

removed the supernatant, filled each well with 

150 μL of DMSO (Sigma, St. Louis, MO, 

USA), and gave it a good shake using a plate 

shaker. Following the crystals' dissolution, 

the OD value of each well was measured at 

490 nm using a microplate reader. 

 

RNA extraction, cDNA synthesis, and 

quantitative real-time PCR (qRT-PCR) 

The cells were separated from the plates 

using 0.25 % EDTA-trypsin (Sigma, St. 

Louis, MO, USA). As directed by the manu-

facturer, total RNA was extracted using col-

umn RNA extraction (DENAzistAsia, Mash-

had, Iran). The RNA samples were quantified 

and qualified with a NanoDrop spectropho-

tometer and 2 % agarose gel electrophoresis. 

The cDNA was synthesized using the 

Parstous kit following the kit instructions and 

used in qRT-PCR. The housekeeping gene U6 

was used to normalize the expression data. 

The qRT-PCR protocol involved 15 min at 

95 °C for primary denaturation, which was 

contained with 40 cycles at 95 °C for 15 sec, 

annealing temperature for 30 sec, and at 72 °C 

for 30 sec, and finished with a final extension 

at 72 °C for 5 min. The 2-∆∆Ct method was 

used to determine the fold change of each 

mRNA expression. Table 1 listed the primer 

sequences and their corresponding amplifica-

tion products. 

 

Apoptosis evaluation  

To study the impacts of TRPV3 knock-

down on apoptosis, we utilized the Annexin 

V-FITC/PI apoptosis kit (ImmunoStep, Sala-

manca, Spain). After cultivating 2.5×105 

C28/I2 cells in 6-well plates, all four groups 

underwent a 24-hour treatment, were re-sus-

pended in 197 μL binding buffer, and were 

stained with 3 μL Annexin V-FITC and 1 µL 

PI in a dark, room-temperature environment 

for 15 minutes. The cells were then examined 

by flow cytometry (Becton Dickinson, San 

Jose, CA, USA). Using the FlowJo analytic 

software version 10, the percentages of early 

and late apoptotic cells were calculated. 

 

Cell cycle analysis  

After plating 2.5×105 C28/I2 cells per 

well per 2 mL on a six-well culture plate, the 

cells were incubated for 24 hours at 37 °C in 

a CO2 incubator. Trypsin was used in this in-

stance to separate the cells after 24 hours, and 

they were then washed with cold phosphate-

buffered saline (PBS) and preserved in 90 % 

ethanol at -20 °C for the night. After centri-

fuging the ethanol-fixed cells and washing 

them with PBS, they were stained with a PI 

and RNase A (Simbiolab, Mashhad, Iran) so-

lution at final concentrations of 50 mg/mL 

and 20 mg/mL, respectively. The BD FACS-

Calibur cytometer (Becton Dickinson, San 

Jose, CA, USA) was used for assessing the 

cell cycle phases. 

 

Western blot 

The cells were lysed using a lysis buffer 

composed of 0.1 % SDS, 1 % Triton X-100, 

1.5 M NaCl, 1 mM EDTA, and 20 mM Tris 

HCl (pH 7.4), supplemented with 1 % phenyl-

methanesulfonyl fluoride. Total protein was 

purified by centrifugation at 16,000 g for 10 

minutes at 4 °C. The protein concentration 

was determined using the DC protein assay 

from BioRad. A constant voltage of 80 mV 

was applied for 30 minutes, followed by 120 

mV for 120 minutes, to separate 30 µg of pro-

tein from each group via electrophoresis. The 

proteins were then transferred to PVDF mem-

branes using the Bio-Rad TransBlot system at 

100 mV for 120 minutes (Bio Rad Laborato-

ries, Inc.). A solution of 5 % non-fat dried 

milk in 10 mM Tris HCl, 0.2 % Tween-20 

(TBST), and 0.15 M NaCl was utilized to 

block the membrane for 2 hours at room tem-

perature. The membrane underwent incuba-

tion with primary antibodies targeting TRPV3 

(mouse; cat. no. sc-45407), Bax (mouse; cat. 

no. sc-7480), Bcl-2 (rabbit; cat. no. sc-492), 
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Table 1: The sequences of primers and their amplification product sizes 

Genes Primer 
(5´→3´) 

Annealing 
temperature 

Size of product 

TRPV3 F: GCTGTGCTTGTGATACTGTC 
R: CAAGGCTACTCCAAATCCAAG 

59 °C 228 

iNOS F: CCAACTGACGGGAGATGAG 
R: GATGGCCGACCTGATGTTG 

56 °C 196 

COX-2 F: AGAAAACTGCTCAACACCGGA 
R: CAAGGGAGTCGGGCAATCAT 

58 °C 298 

Bcl-2 F: TTAGCCCCCGTGACCTCTTA 
R: TGTGCTGCTATCCTGCCAAA 

58 °C 205 

BAX F: GCCTCACTCACCATCTGGAA 
R: TTACCCCCTCAAGACCACTCT 

57 °C 175 

Caspase-3 F: ATGGAAGCGAATCAATGGAC 
R: GCTGCATCGACATCTGTACC 

57 °C 151 

U6 F: CTCGCTTCGGCAGCACAT 
R: GGAACGCTTCACGAATTTGC 

56 °C 96 

 

caspase-3 (mouse; cat. no. sc7272), iNOS 

(mouse; cat. no. sc-7271), COX-2 (mouse; 

cat. no. sc-514489), and β-Actin (mouse; cat. 

no. sc-47778) overnight at 4 °C. The mem-

brane underwent incubation with mIgG κBP-

HRP (mouse; cat. no. sc-516102) and mouse 

anti-rabbit IgG HRP (mouse; cat. no. sc-2357) 

secondary antibodies at room temperature for 

2 hours, following three rinses with TBST for 

5 minutes each. The membrane underwent 

treatment with an ECL chemiluminescence 

kit and was subsequently analyzed using the 

Mini-PROTEAN Tetra Vertical Electropho-

resis Cell (Bio-Rad). Densitometry quantifi-

cation of the images was performed using Im-

ageJ v1.8.0 software from the National Insti-

tutes of Health. 

 

Statistical analysis  

Data analysis was conducted using 

GraphPad Prism (San Diego, CA, USA) ver-

sion 9.0 and SPSS version 26. Data normali-

zation was performed as necessary. A two-

tailed t-test was conducted to compare the two 

groups, with the data presented as the mean ± 

SD. FlowJo v10.8 was employed to evaluate 

the data obtained from flow cytometry assays. 

Image processing and quantification of the 

western blotting data were done using ImageJ 

v1.8.0 software. Statistical significance was 

defined as P < 0.05. 

 

RESULTS  

TRPV3 expression and its knockdown in 

the IL-1β-treated C28/I2 chondrocyte cells  

To investigate the role of TRPV3 in OA, 

we assessed its expression in the IL-1β-

treated C28/I2 chondrocyte cells by qRT-

PCR and western blot. As shown in Figure 2, 

IL-1β-treated C28/I2 chondrocyte cells up-

regulated the expression of TRPV3 in both 

mRNA and protein levels, implying that IL-

1β enhances TRPV3 expression in chondro-

cyte cells. We applied TRPV3-specific 

siRNA (si-TRPV3) to knockdown its expres-

sion. As Figure 2 shows, transfection of the 

IL-1β-treated C28/I2 cells with si-TRPV3 ef-

fectively repressed TRPV3 expression in the 

mRNA and protein levels.  

 

Knockdown of TRPV3 accelerated the  

proliferation and inhibited the IL-1β-  

induced apoptosis of the C28/I2 cells 

Chondrocyte cell viability was assessed 

after treatments of the cells with IL-1β, Si-

TRPV3+IL-1β, and siRNA negative control 

+IL-1β (Si-NC+IL-1β). The cell viability was 

significantly decreased in response to the IL-

1β treatment compared to the control (Figure 

3F). To verify whether the cytotoxicity in-

duced by IL-1β occurred via apoptosis, we 

employed flow cytometry to measure the 

apoptosis of the C28/I2 cells treated with IL-

1β. Figure 3A and B demonstrate that IL-1β 

significantly induced apoptosis in C28/I2 
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cells, with 9.65 % early and 25.8 % late apop-

tosis compared to the control group. To un-

derstand whether TRPV3 knockdown could 

affect chondrocyte cell viability, C28/I2 cells 

were pretreated with Si-TRPV3 or Si-NC for 

6 hours before treatment with IL-1β. As Fig-

ure 3F shows the cell viability was signifi-

cantly increased in response to the knock-

down of TRPV3. Besides, the findings indi-

cated a notable decrease in the percentage of 

apoptotic chondrocytes in the Si-TRPV3+IL-

1β treated cells (early apoptosis 9.79 % and 

late apoptosis 15.6 %) in comparison to the 

IL-1β-treated cells (early apoptosis 9.65 % 

and late apoptosis 25.8 %) (Figure 3C). How-

ever, treatment of the cells with Si-NC +IL-

1β resulted in non-significant differences 

compared to the IL-1β-treated cells (Figure 

3D). Figure 3E presents the results derived 

from three independent experimental repli-

cates. 

Impact of TRPV3 knockdown on the C28/I2 

cell cycle progression  

Flow cytometry assessed the effect of Si-

TRPV3+IL-1β, IL-1β, and Si-NC +IL-1β in-

terventions on the cell cycle progression of 

C28/I2 chondrocyte cells. The results indi-

cated that treatment with IL-1β considerably 

elevated the sub-G1 cell phase population to 

33.4 % compared to the untreated control 

cells, which exhibited 4.55 %. Conversely, 

the sub-G1 cell phase population of the Si-NC 

+IL-1β group exhibited an insignificant 

change (33.3 %) in comparison to the IL-1β 

treatment group (33.4 %) (Figure 4B and D). 

The Si-TRPV3+IL-1β treatment group exhib-

ited a reduction in the sub-G1 cell phase pop-

ulation (23.1 %) in comparison to the IL-1β 

treated cells (33.4 %) (Figure 4B and C). Fig-

ure 4E delineates the findings derived from 

three independent experiments.  

 

 

Figure 2: Expression of TRPV3 in IL-1β treated C28/I2 chondrocyte cells. (A) expression of TRPV3 in 
mRNA level was assessed with qRT-PCR in the C28/I2 cells treated with IL-1β, Si-TRPV3+IL-1β, or Si-
NC +IL-1β (siRNA negative control+IL-1β) as siRNA negative control, or no treatment as control. (B) 
expression of TRPV3 in protein level was evaluated by western blot. (C) Selected blots reflect corre-
sponding protein levels. Data are shown as mean ± SD. All experiments were evaluated three times. 
Significance: ns > 0.05, *p < 0.05, **p < 0.01, and ***p < 0.001 vs. control and #p < 0.05, ##p < 0.01, ###p 
< 0.001 and, ####p < 0.0001 vs. IL-1β 
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Figure 3: Examination of cellular apoptosis. The impact of Si-TRPV3 on apoptosis of IL-1β-treated 
C28/I2 chondrocyte cells was assessed using flow cytometry. (A) Control group; (B) C28/I2 cells were 
treated with 10 ng/mL of IL-1β; (C) cells received Si-TRPV3 treatment for 6 hours, followed by the ad-
dition of IL-1β (10 ng/mL) for 24 hours; (D) cells were treated with Si-NC in conjunction with IL-1β, (E) 
A graph illustrating the average percentage of early and late apoptosis for each treatment in the apop-
tosis assay. (F) Cell viability was evaluated with the MTT test. The error bars represent the standard 
deviation (SD) of three independent investigations. Significance: ns > 0.05, *p < 0.05, **p < 0.01 and 
****p < 0.0001 vs. Control group and #p < 0.05, ##p < 0.01 and ####p < 0.0001 vs. IL-1β group 
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Figure 4: Cell cycle phase distribution analysis in control and treated C28/I2 chondrocyte cells. (A) 
Distribution of cell cycle phases in control cells. (B) Following treatment with a 10 ng/ml concentration 
of IL-1β, a significant increase in the number of cells in the sub-G1 phase is observed, indicating the 
presence of apoptotic cells. (C) After 24-hour treatment with 10 ng/ml Si-TRPV3+IL-1β, the number of 
apoptotic cells was significantly decreased compared with the IL-1β-only group. (D) After 24-hour treat-
ment with 10 ng/ml Si-NC+IL-1β, the count of apoptotic cells was not significantly different from that of 
the IL-1β-only group. (E) Shows findings from three independent tests for the distribution of cell cycle 
phases. Error bars show the SD (standard deviation) of three separate experiments. Significance: *p < 
0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs. control and #p < 0.05, ##p < 0.01, ###p < 0.001 and ####p 
< 0.0001 vs. IL-1β.
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Effect of TRPV3 knockdown on the  

expression of apoptotic genes 

Quantitative Real-time PCR and western 

blotting were used to assess the expression of 

Bax, Caspase-3, and Bcl-2. Figure 5 illus-

trates how IL-1β treatment significantly in-

creased the mRNA and protein levels of pro-

apoptotic Bax and Caspase-3 genes and signi-

ficantly decreased the mRNA and protein lev-

els of anti-apoptotic Bcl-2. Si-TRPV3 treat-

ment notably elevated Bcl-2 expression (anti-

apoptotic) and reduced the expression of Bax 

and Caspase-3 (pro-apoptotic) genes. West-

ern blotting validated these effects at the pro-

tein level (Figure 5A-H).

 

 

Figure 5: The effect of Si-TRPV3 on the mRNA and protein expression of apoptosis genes. The mRNA 
expression levels of (A) Caspase-3, (B) Bcl-2, and (C) Bax were evaluated using qRT-PCR. Protein 
levels of (D) pro-Caspase-3, (E) Cleaved Caspase-3, (F) Bcl-2, and (G) Bax were assessed using west-
ern blot analysis. (H) The selected blots indicate the levels of the corresponding proteins. Data are 
shown as mean ± SD. All experiments were examined three times. Significance: ns > 0.05, *p < 0.05, 
**p < 0.01, and ***p < 0.001 vs. control and ns > 0.05, #p < 0.05, ##p < 0.01 and, ###p < 0.001 vs. IL-1β
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Effect of TRPV3 knockdown on the  

expression of inflammation genes 

Measurements of iNOS and COX-2, 

mRNA and protein levels, were also con-

ducted using qRT-PCR and western blotting, 

respectively, to ascertain the impact of 

TRPV3 knockdown on osteoarthritis inflam-

mation. Our findings indicated that IL-1β 

treatment elevated both mRNA and protein 

levels of iNOS and COX-2 expression; how-

ever, the treatment of chondrocyte cells with 

Si-TRPV3 considerably inhibited the expres-

sion of these genes (Figure 6A-E). 

 

DISCUSSION  

Osteoarthritis (OA) is a prevalent degen-

erative joint disease marked by the progres-

sive degeneration of articular cartilage, pri-

marily driven by increased chondrocyte apop-

tosis (Vina and Kwoh, 2018). In recent years, 

transient receptor potential vanilloid (TRPV) 

channels have emerged as key players in OA 

pathogenesis (Chen et al., 2024). Halonen et 

al. demonstrated that IL-1β increased the ex-

pression of TRPV3 in chondrocytes, which 

aligns with our findings (Halonen et al., 

2023). IL-1β is a critical inflammatory factor 

in the early stages of osteoarthritis, produced 

in damaged and degenerated joints, and it can 

be utilized to establish the OA cell model in 

vitro (Zhang et al., 2019). Consequently, in-

vestigating specific processes related to IL-1β 

induced chondrocyte apoptosis and inflam-

mation is crucial for advancing targeted treat-

 

 
Figure 6: Effects of TRPV3 knockdown on the expression of inflammation genes. The cells underwent 
pretreatment with Si-TRPV3 for 6 hours before a subsequent treatment with 10 ng/ml IL-1β for 24 hours. 
The mRNA expression levels of (A) iNOS and (B) COX-2 were assessed by qRT-PCR, and the protein 
expression levels of (C) iNOS and (D) COX-2 were measured by western blot, respectively. (E) Selected 
blots reflect corresponding protein levels. Data are shown as mean ± SD. All experiments were exam-
ined three times. Significance: ns > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs. control 
and ns > 0.05, #p < 0.05, ##p < 0.01, ###p < 0.001 and ####p < 0.0001 vs. IL-1β 
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ments for osteoarthritis. In this study, we 

demonstrate that IL-1β elevates TRPV3 lev-

els and activates apoptosis and inflammation. 

Knockdown of TRPV3 level or inhibiting 

TRPV3-related activity demonstrated a pro-

tective effect against chondrocyte apoptosis 

and inflammation. 

Chondrocyte apoptosis and the inflamma-

tory response are critical pathogenic pro-

cesses in the advancement of osteoarthritis, 

and effective management in this process is 

crucial for the treatment of OA. Apoptosis is 

vital for appropriate development, chemically 

induced cell death, and regular cell turnover 

(Xiao et al., 2023). Abnormal apoptosis con-

sequently contributes to various human disor-

ders, including neurodegenerative diseases, 

musculoskeletal degeneration, and numerous 

cancer types (Elmore, 2007; Singh et al., 

2019). We hypothesized that the knockdown 

of TRPV3 may mitigate the effects induced 

by IL-1β in patients with osteoarthritis. We 

examined this hypothesis by conducting an in 

vitro study using an OA cell model, treating 

C28/I2 chondrocyte cells with IL-1β. Figure 

3 illustrates that IL-1β induced apoptosis and 

inflammation in C28/I2 chondrocyte cells. 

Furthermore, treatment of C28/I2 cells with 

si-TRPV3 significantly reduced the number 

of IL-1β-induced apoptotic cells. This obser-

vation suggests that the downregulation of 

TRPV3 may effectively protect chondrocyte 

cells from IL-1β-induced apoptosis. The cell 

cycle phase analysis verified these observa-

tions. Figure 4 demonstrates that si-TRPV3 

effectively decreased the proportion of the 

Sub-G1 cell population, which was markedly 

elevated in the IL-1β treated cells.  

The analysis of pro-apoptotic Bax, 

Caspase-3, and anti-apoptotic Bcl-2 factors 

further substantiated the anti-IL-1β effects of 

Si-TRPV3. Figure 5 demonstrates that the 

knockdown of TRPV3 markedly reduced the 

IL-1β-induced production of Bax and 

caspase-3 while enhancing Bcl-2 expression 

levels at both the mRNA and protein levels. A 

recent study has shown that TRPV channels 

are crucial in the development of osteoarthri-

tis (OA) (Chen et al., 2024). Our findings 

align with the prior report by Wang et al., 

which demonstrated that TRPV3 inhibition 

decreased cardiomyocyte apoptosis (Wang et 

al., 2021). Furthermore, Yin et al. demon-

strated that the TRPA1 inhibitor could dimin-

ish the abnormal expressions of mitochon-

drial pro-apoptotic proteins, such as Bax, cy-

tochrome c, PARP, caspase-3, and caspase-9, 

in an IL-1β-induced apoptosis model (Yin et 

al., 2018). 

We assessed the impact of TRPV3 down-

regulation on inflammatory mediators, in-

cluding iNOS and COX-2, in IL-1β-stimu-

lated chondrocytes, as their dysregulation 

contributes to the pathobiology of osteoarthri-

tis. Chow et al. demonstrated that the nitric 

oxide route (inducible nitric oxide synthase 

(iNOS), nitric oxide (NO)) and the prostacy-

clin pathway (cyclooxygenase-2 (COX-2), 

prostaglandin E2 (PGE2)) are essential to the 

pathophysiology of osteoarthritis (Chow and 

Chin, 2020). IL-1β enhances the expression 

of both iNOS and COX-2 in osteoarthritis, re-

sulting in elevated production of NO (Sasaki 

et al., 1998) and PGE2 (Goggs et al., 2003), 

respectively. According to other research (Wu 

et al., 2020; Ansari and Haqqi, 2016), treating 

C28/I2 chondrocyte cells with IL-1β resulted 

in a substantial increase in the expression of 

iNOS and COX-2. These findings corroborate 

prior assertions that Si-TRPV3 can poten-

tially suppress various inflammation-related 

genes (Wanget al., 2021).  

In conclusion, this study has verified that 

IL-1β induces chondrocyte apoptosis and the 

upregulation of inflammation mediators 

(iNOS, COX-2), which contribute to cartilage 

deterioration. We demonstrated that treat-

ment with Si-TRPV3 substantially reduces 

the expressions of iNOS, COX-2, and apop-

totic factors and ameliorates the effects of IL-

1β on the C28/I2 chondrocyte cells. These re-

sults indicated that TRPV3 may be a viable 

target for the treatment of OA. 
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