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MiR-98-5p plays suppressive effects 
on IL-1β-induced chondrocyte injury associated 
with osteoarthritis by targeting CASP3
Hang Lv1, Peiran Liu1, Hai Hu1, Xiaodong Li2 and Pengfei Li1* 

Abstract 

Background This study aims to explore how miR-98-5p affects osteoarthritis, focusing on its role in chondrocyte 
inflammation, apoptosis, and extracellular matrix (ECM) degradation.

Methods Quantitative real-time PCR was used to measure miR-98-5p and CASP3 mRNA levels in OA cartilage tissues 
and IL-1β-treated CHON-001 cells. We predicted miR-98-5p and CASP3 binding sites using TargetScan and confirmed 
them via luciferase reporter assays. Chondrocyte viability was analyzed using CCK-8 assays, while pro-inflammatory 
cytokines (IL-1β, IL-6, TNF-α) were quantified via ELISA. Caspase-3 activity was examined to assess apoptosis, and West-
ern blotting was conducted for protein marker quantification.

Results Our results showed lower miR-98-5p levels in both OA cartilage and IL-1β-stimulated cells. Increasing miR-
98-5p resulted in reduced pro-inflammatory cytokines, decreased caspase-3 activity, and improved cell viability. Fur-
thermore, miR-98-5p overexpression hindered IL-1β-induced ECM degradation, evident from the decline in MMP-13 
and β-catenin levels, and an increase in COL2A1 expression. MiR-98-5p’s impact on CASP3 mRNA directly influenced 
its expression. Mimicking miR-98-5p’s effects, CASP3 knockdown also inhibited IL-1β-induced inflammation, apopto-
sis, and ECM degradation. In contrast, CASP3 overexpression negated the suppressive effects of miR-98-5p.

Conclusions In conclusion, our data collectively suggest that miR-98-5p plays a protective role against IL-1β-induced 
damage in chondrocytes by targeting CASP3, highlighting its potential as a therapeutic target for OA.
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Background
Osteoarthritis (OA) is the most common chronic joint 
disease, marked by joint inflammation and progressive 
articular cartilage degeneration [1]. It is projected that 

by 2050, about 130 million people worldwide will suffer 
from OA, with nearly 40 million of these cases evolving 
into severe disabilities [2]. Chondrocytes, the sole cell 
type in articular cartilage, are crucial for maintaining tis-
sue balance and matrix integrity [3, 4]. The pathogenesis 
of OA is strongly linked to reduced chondrocyte viabil-
ity and extracellular matrix (ECM) degradation, often 
triggered by cytokines and growth factors [5, 6]. There-
fore, understanding the molecular processes that disrupt 
chondrocytes is key to developing effective treatments 
for OA.

Recent studies have highlighted the role of non-cod-
ing RNAs, including small interfering RNAs (siRNAs) 
[7] and microRNAs (miRNAs) [8, 9], in musculoskeletal 
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disorders. MicroRNAs, small (~ 22 nucleotides) endoge-
nous non-coding RNAs, regulate gene expression at tran-
scriptional and post-transcriptional levels by binding to 
the 3′-untranslated regions (3′-UTRs) of target mRNAs 
[10]. Notably, the dysregulation of several miRNAs has 
been linked to cartilage degradation and OA progres-
sion [11–13]. For instance, miR-296-5p was found to 
promote chondrocyte proliferation and inhibit apoptosis 
and matrix-degrading enzyme expression in response to 
IL-1β by targeting TGF-β1 [14]. MiR-9, upregulated in 
OA rat cartilage, was shown to combat OA by reducing 
ECM degradation [15]. Additionally, elevated miR-203a 
levels in OA tissues and models have been suggested to 
contribute to cartilage degradation by targeting Smad3 
[16]. MiR-98-5p, known for its dysregulation in inflam-
matory diseases such as ulcerative colitis [17], acute myo-
cardial infarction [18], and asthma [19], has also been 
implicated in various biological processes. For example, 
it was involved in the injury of ox-LDL-induced HUVEC 
cells as a downstream gene of circ-USP36 [20], protected 
against cerebral ischemia/reperfusion injury [21], and 
was shown to impact bone regeneration by affecting 
osteogenic differentiation and osteoblast growth [22]. 
Intriguingly, Huang et  al. [23] identified miR-98-5p as a 
key miRNA in OA progression through bioinformatics 
analysis.

Caspases, a family of cysteine proteases compris-
ing 15 members, are critical in programmed cell death 
and inflammation [24]. Of these, caspase-3 (CASP3) is 
a prominent executor in the apoptotic process, exten-
sively researched in relation to cancer development and 
therapy [25–27]. CASP3’s role in OA pathogenesis is also 
well-documented. For instance, Zou et  al. [28] demon-
strated that genistein’s anti-apoptotic effects on chondro-
cytes, including reduced CASP3 expression, contribute 
to decreased inflammation and lessened cartilage deg-
radation in OA treatment. High glucose levels over long 
periods have been found to increase CASP3 expres-
sion, leading to chondrocyte apoptosis and cytoskeleton 
aggregation [29]. Thomas et al. [30] also highlighted that 
apoptosis-induced chondrocyte death could impact car-
tilage metabolism, underlining its significance in OA 
pathogenesis. Our previous studies align with findings 
by Huang et  al. [23], suggesting CASP3 as a potential 
target of miR-98-5p. This leads to the hypothesis that 
miR-98-5p may mitigate OA by modulating chondrocyte 
inflammation, apoptosis, and ECM degradation through 
targeting CASP3.

In this study, we measured the expression of miR-
98-5p and CASP3 in OA patient cartilage samples. Using 
miRNA target prediction, we verified the link between 
miR-98-5p and CASP3 in the IL-1β-stimulated chondro-
cyte cell line CHON-001. Our functional experiments 

focused on whether miR-98-5p influences IL-1β-induced 
inflammation, apoptosis, and ECM degradation in 
CHON-001 cells by targeting CASP3.

Materials and methods
Clinical specimen collection
The blood and cartilage tissues from the femoral condyle 
and tibial plateau were obtained from twenty patients 
undergo total knee replacement for end-stage knee OA 
(13 males and 7 females, with an average age of 51.3 years 
old). Normal human articular cartilage without arthri-
tis was collected from the knee or hip joints from 20 
patients with osteosarcoma or trauma who were under-
going surgery (12 males and 8 females, with an average 
age of 45.6 years old) as normal control. For the current 
study, we specifically selected participants who primar-
ily exhibited medial knee OA, as indicated by a medial 
joint space width (JSW) narrower than the lateral JSW 
based on radiographic evaluations. This approach aligns 
with the guidelines recommended by the Osteoarthritis 
Research Society International [31]. Blood samples at 
baseline knee OA were centrifuged to extract serum for 
ELISA assay. Simultaneously, knee cartilage tissues were 
immediately preserved in liquid nitrogen for subsequent 
analysis. Informed consent was secured from all partici-
pating patients. This study adhered to the Declaration of 
Helsinki guidelines and received approval from the Eth-
ics Committee of The Second Affiliated Hospital of Hei-
longjiang University of Chinese Medicine (Heilongjiang 
Province, China).

Cell culture and treatment
Human chondrocyte cell line CHON-001 derived from 
normal articular cartilage was obtained from Ameri-
can Type Culture Collection (ATCC, Manassas, VA, 
USA). CHON-001 cells were grown in DMEM (Gibco, 
Grand Island, USA) with 10% FBS (Gibco) at 37 °C with 
 CO2. Then, OA cellular model in  vitro was established 
in CHON-001 cells by 24  h stimulation with 10  ng/mL 
IL-1β [32, 33] (Sigma Aldrich, St. Louis, MO, USA).

Cell transfection
The miR-98-5p mimics (5′-UGA GGU AGU AAG UUG 
UAU UGUU-3′), miRNA negative control (miR-NC: 
5ʹ-ACC AUG GCU GUA GAC UGU UAUU-3′), small 
interfering RNA (siRNA) against CASP3 (si-CASP3: 
5ʹ-GGA AGC GAA TCA ATG GAC TCT-3′), siRNA nega-
tive control (si-NC: 5ʹ-GAC GAA CTG ATG CGC TAA 
GAT-3′), pcDNA3.1-based CASP3 overexpression vector 
(CASP3) and pcDNA3.1 empty vector were synthesized 
by GenePharma Co Ltd (Shanghai, China). CHON-001 
cells were seeded into plates with six wells (2.0 ×  105 per 
well) and cultured overnight to reach 80% cell density. 
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In accordance with the instructions of Lipofectamine 
2000 (Invitrogen, Carlsbad, USA), CHON-001 cells were 
transfected with 40  nM oligos or 1  μg vectors for 48  h, 
followed by 24 h stimulation with 10 ng/mL IL-1β.

Enzyme‑linked immunosorbent assay (ELISA) assay
The serum was diluted at a 1:100 ratio and the superna-
tant from CHON-001 cells at a 1:50 ratio for the assess-
ment of inflammation. The levels of interleukins IL-1β 
and IL-6, along with TNF-α, were quantified using spe-
cific ELISA kits (RayBiotech, Peachtree Corners, GA, 
USA). Three biological replicates were performed for the 
statistical analysis.

Quantitative real‑time PCR
Total RNA was isolated using TRIzol Reagent (Thermo 
Fisher Scientific, Waltham, MA, USA) as per the manu-
facturer’s instructions, including RNA extraction with 
TRIzol and chloroform, isopropanol precipitation, etha-
nol wash, drying, and resuspension of the RNA pellet 
in nuclease-free water. Reverse transcription was per-
formed with TaqMan MicroRNA Reverse Transcrip-
tion Kit (Applied Biosystems, Foster City, CA, USA) or 
PrimeScript RT reagent kit (Applied Biosystems). The 
expression of miR-98-5p and CASP3 mRNA was quan-
tified with TaqMan miRNA assay (Takara, Shiga, Japan) 
and SYBR Premix Ex Taq (Takara), respectively on a CFX 
Connection Real-Time System (Bio-Rad). The cycling 
conditions were as follows: 30 s at 95 °C, followed by 40 
cycles of 95  °C for 5  s and 60  °C for 30  s. Relative gene 
expression level was calculated using  2−ΔΔCt method 
[34]. The primers used were listed as follows: miR-
98-5p forward: 5′-ATC CAG TGC GTG TCGTG-3′ and 
reverse: 5′-TGC TTG AGG TAG TAA GTT G-3′; U6 for-
ward: 5′-CTC GCT TCG GCA GCACA-3′ and reverse: 
5′-AAC GCT TCA CGA ATT TGC GT-3′; CASP3 forward: 
5′-TTG GAA CCA AAG ATC ATA CAT GGA A-3′ and 
reverse: 5′-TGA GGT TTG CTG CAT CGA CA-3′; GAPDH 
forward: 5′-GGT GAA GGT CGG AGT CAA CG-3′ and 
reverse: 5′-GCA TCG CCC CAC TTG ATT TT-3′. Three 
biological replicates were performed for the statistical 
analysis.

Cell viability assay
We performed cell counting kit-8 (CCK-8) assay to ana-
lyze the chondrocyte viability. In brief, cells were seeded 
into 96-well plates at a density of 4,000 cells per well. 
After culture for 24, 48 and 72 h, we discarded the super-
natant and added 10  µl of CCK-8 solution (Beyotime, 
Shanghai, China) to each well. Following 2  h incuba-
tion at 37  °C, the absorbance at 450  nm was measured 
with MultiMode Microplate Reader (Thermo Fisher 

Scientific). Three biological replicates were performed for 
the statistical analysis.

Caspase‑3 activity assay
To evaluate cell apoptosis, the caspase-3 activity was 
determined using a caspase-3 colorimetric assay kit 
(Abcam, Cambridge, UK) according to the instructions of 
manufacturer. Using a microplate reader (BioTek, Win-
ooski, VT, USA), we measured the optical density value 
at 400  nm and normalized relative caspase-3 activity to 
the control group. Three biological replicates were per-
formed for the statistical analysis.

Western blot
The protein samples of CHON-001 cells were extracted 
by radio-immunoprecipitation assay buffer (RIPA, Beyo-
time, China) and concentration was examined by a BCA 
protein assay Kit (Beyotime). Equal amount of protein 
(30  μg) was isolated by 10% SDS-PAGE and transferred 
into PVDF membranes. After performing 2  h blocking 
with 5% non-fat milk at room temperature, the mem-
branes were probed with primary antibodies against 
caspase-3, Bcl-2, Bax, COL2A1, MMP-13, β-catenin and 
GAPDH (Abcam Cambridge, MA, USA) overnight at 
4 °C. Subsequently, the membranes were incubated with 
the secondary antibody conjugated by horseradish per-
oxidase for 2 h at room temperature and then examined 
using enhanced chemiluminescence solution (Bio-Rad, 
Hercules, USA). Three biological replicates were per-
formed for the statistical analysis.

Target prediction and luciferase reporter assay
The potential interaction between miR-98-5p and CASP3 
was analyzed using TargetScan 7.1 (http:// www. targe 
tscan. org/). For the luciferase reporter assay, we created 
both wild-type (WT) and mutant (MUT) CASP3 lucif-
erase reporter vectors. This involved inserting CASP3 
3′-UTR sequences with either miR-98-5p binding or 
mutant sites into pmirGLO vectors (Promega, Madison, 
WI, USA). We then co-transfected CHON-001 cells with 
0.2 µg of either WT or MUT CASP3 vectors and 20 nM 
miR-98-5p mimics or miR-NC. The cells were plated in 
24-well plates at a density of 4.0 ×  105 cells per well and 
transfected using Lipofectamine 2000 (Invitrogen). After 
48  h incubation, we measured Firefly and Renilla lucif-
erase activities using a Dual Luciferase Reporter Assay 
Kit (Promega), and the Firefly/Renilla luciferase ratio 
was used to determine relative luciferase activity. Three 
biological replicates were performed for the statistical 
analysis.

http://www.targetscan.org/
http://www.targetscan.org/
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Statistical analysis
Data processing was performing with GraphPad Prism 
6.0 (GraphPad Software, La Jolla, CA). All data were 
presented as the mean ± standard deviation (SD) from 
three independent biological replications. Statistical dif-
ferences between two groups were assessed by Student’s 
t-test and that among multiple groups were evaluated 
by one-way analysis of variance (ANOVA) followed by 
Turkey’s post hoc test. All p-values less than 0.05 were 
deemed statistically significant.

Results
Decreased miR‑98‑5p and increased CASP3 in OA cartilage 
and cellular models
Initially, we gathered blood samples from 20 primary 
patients at baseline knee OA and 20 control subjects to 
assess inflammation levels. ELISA results indicated a sub-
stantial increase in pro-inflammatory cytokines (IL-1β, 
IL-6 and TNF-α) in the OA group compared to controls 
(Fig.  1A–C). We also measured miR-98-5p and CASP3 
in OA cartilage tissues using quantitative real-time PCR. 
Figure 1D demonstrated a marked decrease in miR-98-5p 
levels in OA patient cartilage compared to controls. Fig-
ure 1E shows a significant increase in CASP3 mRNA in 
OA cartilage versus control tissues. Additionally, we used 
IL-1β to induce OA in CHON-001 cells in  vitro. This 

resulted in a notable reduction in miR-98-5p and a rise in 
CASP3 mRNA, as illustrated in Fig. 1F.

Overexpression of miR‑98‑5p weakened IL‐1β‐caused 
inflammatory, apoptosis and ECM degradation 
in chondrocytes
To explore miR-98-5p’s role in chondrocyte damage 
caused by IL‐1β, we transfected CHON‐001 cells with 
miR-98-5p mimics or miR-NC before introducing 10 ng/
mL of IL‐1β. Figure  2A showed that miR-98-5p mimic 
transfection significantly increased miR-98-5p levels in 
IL‐1β-stimulated CHON-001 cells compared to miR-
NC. ELISA results revealed that miR-98-5p upregulation 
reduced IL‐1β-induced IL‐1β, IL‐6, and TNF‐α secre-
tion (Fig.  2B). We then assessed miR-98-5p’s impact on 
cell survival and apoptosis. Figure 2C indicated that miR-
98-5p mimics mitigated the reduction in cell viability 
caused by IL‐1β. Similarly, miR-98-5p’s overexpression 
lessened the increase in caspase-3 activity due to IL‐1β 
exposure (Fig.  2D). Additionally, western blotting was 
used to evaluate proteins related to apoptosis and ECM 
degradation. Figure  2E showed that miR-98-5p overex-
pression decreased IL‐1β-induced apoptosis by upregu-
lating Bcl-2 and downregulating Bax, and reduced ECM 
degradation by increasing COL2A1 while decreasing 
MMP-13 and β-catenin in CHON-001 cells. Overall, 

Fig. 1 Expression levels of miR-98-5p and CASP3 in OA cartilage and OA cellular model. (A‑C) ELISA assay was applied to determine the levels 
of IL-1β, IL-6 and TNF-α in OA-affected blood samples (n = 20) and control samples (n = 20). Quantitative real time PCR was used to detect 
the expression levels of miR-98-5p (D) and CASP3 mRNA (E) in cartilage samples of OA patients (n = 20) and control samples (n = 20). **p < 0.01 
and ***p < 0.001 indicate OA versus Control; (F) Quantitative real time PCR was used to detect the expression levels of miR-98-5p and CASP3 mRNA 
in IL-1β-induced CHON-001 cells and controls. ***p < 0.001 indicates IL-1β versus Control
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these findings suggest that miR-98-5p overexpression 
mitigates IL‐1β-induced chondrocyte injury.

CASP3 as a potential target of miR‑98‑5p
Target prediction tools identified the 3′-UTR regions of 
human CASP3 as potential targets of miR-98-5p, featur-
ing specific seed sequences (Fig.  3A). To confirm miR-
98-5p’s direct interaction with CASP3 mRNA’s 3′-UTR, a 
luciferase reporter assay was performed. Results depicted 
in Fig. 3B indicated that cells transfected with miR-98-5p 
mimics and WT 3′-UTR of CASP3 showed a significant 
reduction in luciferase activity, unlike cells with the MUT 
3′-UTR. Additionally, we observed an increase in both 
CASP3 mRNA (Fig.  3C) and protein levels (Fig.  3D) in 
IL‐1β-stimulated CHON-001 cells, which miR-98-5p 
overexpression notably reduced.

Knockdown of CASP3 suppressed IL‐1β‐induced 
inflammatory, apoptosis and ECM degradation 
in chondrocytes
We then investigated CASP3’s role in IL‐1β-induced 
chondrocyte damage. Given CASP3’s upregulation in 
IL-1β-treated chondrocytes, we conducted a loss-of-
function study in CHON-001 cells using si-CASP3 trans-
fection. The efficacy of si-CASP3 knockdown was initially 
verified by quantitative real-time PCR (Fig. 4A) and west-
ern blot (Fig. 4B). Following this, ELISA results showed 
that CASP3 silencing reduced the release of pro-inflam-
matory cytokines like IL-1β, IL‐6, and TNF‐α (Fig. 4C-E). 
The CCK-8 assay indicated improved viability in IL-1β-
stimulated CHON-001 cells post-CASP3 knockdown 
(Fig. 4F). si-CASP3 transfection also decreased caspase-3 
activity in these cells (Fig.  4G). Furthermore, western 
blotting for apoptosis and ECM degradation markers 

Fig. 2 Effects of miR-98-5p overexpression on IL‐1β‐caused inflammatory, apoptosis and ECM degradation in chondrocytes. A The expression 
of miR-98-5p was determined in CHON-001 cells transfected with miR-98-5p mimics or miR-NC after treatment of IL-1β. ***p < 0.001 indicates 
IL-1β + miR-98-5p mimics versus IL-1β + miR-NC; The inflammatory cytokines (B), cell viability (C), and caspase-3 activity (D) in CHON-001 cells 
transfected with miR-98-5p mimics or miR-NC after treatment of IL-1β. **p < 0.01 and ***p < 0.001 indicate IL-1β versus Control; #p < 0.05, ##p < 0.01, 
###p < 0.001 indicates IL-1β + miR-98-5p mimics versus IL-1β + miR-NC; E The protein levels of Bcl-2, Bax, COL2A1, MMP-13 and β-catenin were 
detected in CHON-001 cells transfected with miR-98-5p mimics or miR-NC after treatment of IL-1β. **p < 0.01 and ***p < 0.001 indicate IL-1β 
versus Control; #p < 0.05 and ##p < 0.01 indicate IL-1β + miR-98-5p mimics versus IL-1β. All data are shown as means ± SD of three independent 
experiments
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Fig. 3 CASP3 as a potential target of miR-98-5p. A Sequence alignment of a putative miR-98-5p binding site within the 3′-UTR of CASP3 mRNA 
was shown. B CHON-001 cells were co-transfected with miR-98-5p mimics or miR-NC and luciferase reporter constructs of the wild-type CASP3 
3′-UTR (WT 3′-UTR) or the mutated CASP3 3′-UTR (MUT 3′-UTR). Luciferase activity was measured after transfection. **p < 0.01 indicates miR-98-5p 
mimics versus miR-NC; The CASP3 mRNA (C) and protein (D) levels were measured in IL-1β-stimulated CHON-001 cells. All data are shown 
as means ± SD of three independent experiments. ***p < 0.001 indicates IL-1β versus Control; ##p < 0.01 and ###p < 0.001 indicate IL-1β + miR-98-5p 
mimics versus IL-1β

Fig. 4 Effects of CASP3 knockdown on IL‐1β‐caused inflammatory, apoptosis and ECM degradation in chondrocytes. CHON-001 cells were 
transfected with si-CASP3 or si-NC, and then exposed to IL-1β for 24 h. The mRNA (A) and protein (B) levels of CASP3 were analyzed using 
quantitative real time PCR and western blot. C ELISA assay was applied to determine the production of IL-1β, IL-6 and TNF-α. D Cell viability 
was assessed by CCK-8 assay. (E) Caspase-3 activity was determined in CHON-001 cells. All data are shown as means ± SD of three independent 
experiments. *p < 0.05, **p < 0.01 and ***p < 0.001 indicate si-CASP3 versus si-NC; (F) The protein levels of Bcl-2, Bax, COL2A1, MMP-13 and β-catenin 
(E) were detected in CHON-001 cells
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revealed that CASP3 knockdown decreased Bax, MMP-
13, and β-catenin levels, while increasing Bcl-2 and 
COL2A1 expression in IL-1β-treated CHON-001 cells 
(Fig. 4H).

Upregulation of CASP3 reversed the effects of miR‑98‑5p 
on IL‑1β‑induced inflammatory, apoptosis and ECM 
degradation in chondrocytes
To determine if miR-98-5p exerts its effects through 
CASP3, we conducted rescue experiments in IL-1β-
treated CHON-001 cells, co-transfecting them with 
miR-98-5p mimics and CASP3. Initially, CASP3 over-
expression was validated by quantitative real-time 
PCR (Fig.  5A) and western blot (Fig.  5B). Subsequent 
functional assays revealed that CASP3 overexpression 
negated the miR-98-5p-induced decrease in pro-inflam-
matory cytokines (Fig.  5C–E), increase in cell viability 
(Fig. 5F), and reduction of caspase-3 activity (Fig. 5G) in 
IL-1β-treated cells. Moreover, CASP3 re-expression mit-
igated the impact of miR-98-5p on the protein levels of 
Bcl-2, Bax, COL2A1, MMP-13, and β-catenin (Fig. 5H).

Discussion
Growing research highlights the importance of miR-
NAs in maintaining chondrocyte balance, a key factor in 
OA development [35]. In our study, we noted a marked 
decrease in miR-98-5p and an increase in CASP3 in both 
OA cartilage and IL-1β-treated CHON-001 cells, rela-
tive to their respective controls. Functionally, miR-98-5p 

modulates CASP3, leading to reduced markers of inflam-
mation, apoptosis, and extracellular matrix (ECM) 
degradation in these cells. These findings underscore 
miR-98-5p’s potential role as a critical regulator in OA 
onset and progression, aligning with previously reported 
studies [23].

Inflammation, apoptosis, and cartilage deteriora-
tion are key factors in OA progression [36, 37]. Our 
study using IL-1β-stimulated CHON-001 cells showed 
enhanced cell viability, reduced caspase-3 activity and 
pro-inflammatory cytokines (IL-1β, IL-6, TNF-α), and 
diminished ECM degradation in cells overexpress-
ing miR-98-5p compared to controls. Correspondingly, 
miR-98 overexpression in isolated human chondrocytes 
reduced IL-1β-induced TNF-α production [38] and 
inhibited apoptosis in OA cartilage cells [39, 40] Zheng 
et  al. [22] showed miR-98-5p’s role in inhibiting osteo-
genic differentiation and osteoblast growth by target-
ing HMGA2. Our study differs from these by using the 
IL-1β-stimulated CHON-001 cell model to explore miR-
98-5p’s effect on inflammation, apoptosis, and ECM deg-
radation in OA pathogenesis. This model is validated for 
representing healthy cartilage’s sole cellular component 
and its association with cartilage damage in OA [41–43].

CASP3 has been recognized as a potential biomarker 
for OA prognosis in the Equus Asinus model [44]. In 
our study, we predicted and confirmed CASP3 as a tar-
get gene of miR-98-5p in IL-1β-stimulated CHON-001 
cells. Aligning with its role in promoting apoptosis, 

Fig. 5 Upregulation of CASP3 reversed the effects of miR-98-5p on IL-1β-induced inflammatory, apoptosis and ECM degradation in chondrocytes. 
The mRNA (A) and protein (B) levels of CASP3 were analyzed in CHON-001 cells transfected with CASP3 overexpression plasmid or empty vector, 
followed by 24 h treatment with IL-1β. ***p < 0.001 indicates CASP3 versus Vector; C–E Proinflammatory cytokines, F cell viability, G caspase-3 
activity, and H protein levels of Bcl-2, Bax, COL2A1, MMP-13 and β-catenin were detected in CHON-001 cells co-transfected with miR-98-5p mimics 
and CASP3, followed by 24 h treatment with IL-1β. All data are shown as means ± SD of three independent experiments. **p < 0.01 and ***p < 0.001 
indicate miR-98-5p mimics + Vector versus miR-NC + Vector; ##p < 0.01 and ###p < 0.001 indicate miR-98-5p mimics + CASP3 versus miR-98-5p 
mimics + Vector
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CASP3 knockdown replicated, while its overexpression 
significantly reversed, miR-98-5p’s inhibitory effects on 
IL-1β-induced pro-inflammatory cytokine release, cas-
pase-3 activity, and ECM degradation in CHON-001 
cells. At the molecular level, CASP3 reintroduction mod-
erated miR-98-5p’s influence on proteins like Bcl-2, Bax, 
COL2A1, MMP-13, and β-catenin. The contrast between 
anti-apoptotic Bcl-2 and pro-apoptotic Bax and CASP3 
is notable. COL2A1, a primary component of cartilage 
matrix, is susceptible to degradation by MMPs, particu-
larly MMP-13 [45]. β-Catenin, crucial in the canoni-
cal Wnt signaling pathway, has been linked to cartilage 
degeneration in OA [46]. Studies show that miR-98 can 
inhibit the Wnt/β-catenin signaling pathway in hepato-
cellular carcinoma [47] and retinoblastoma [48], possibly 
explaining miR-98-5p’s role in reducing ECM degrada-
tion in IL-1β-stimulated CHON-001 cells. Previous bio-
informatics analysis identified the miR-98-5p → CASP3 
regulatory pair as relevant to OA pathogenesis [23]. Our 
research furthers this understanding by detailing how 
CASP3, as a downstream regulator, plays a role in miR-
98-5p’s mitigation of IL-1β-induced chondrocyte injury 
in vitro.

Conclusions
In conclusion, our research highlights the effects of 
miR-98-5p on alleviating IL-1β-induced inflammation, 
apoptosis, and ECM degradation in chondrocytes are 
mediated through regulation of CASP3. These insights 
present a promising target and lay a theoretical ground-
work for future treatments of human OA.

Author contributions
PL initiated and designed the study. HL participated in recruiting samples 
and/or performed laboratory studies. PL was responsible for data interpreta-
tion and wrote the draft of manuscript. HH and XL revised and formed the 
final manuscript. All authors have read and approved the final version of this 
submission.

Funding
This work was supported by Sun Shentian Talent Fund of the Second Affiliated 
Hospital of Heilongjiang University of Chinese Medicine (NO. 2019KY-02) and 
2022–2024 Youth Talent Lifting Engineering Project of Heilongjiang Society of 
Traditional Chinese Medicine (NO. 2022-QNRC1-15).

Availability of data and materials
All data generated or analyzed during this study are included in this 
manuscript.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki 
and approved by the Ethics Committee of The Second Affiliated Hospital of 
Heilongjiang University of Chinese Medicine (Heilongjiang Province, China).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 23 August 2023   Accepted: 14 February 2024

References
 1. Peters AE, Akhtar R, Comerford EJ, Bates KT. The effect of ageing and 

osteoarthritis on the mechanical properties of cartilage and bone in 
the human knee joint. Sci Rep. 2018;8:5931. https:// doi. org/ 10. 1038/ 
s41598- 018- 24258-6.

 2. Mobasheri A, Saarakkala S, Finnila M, Karsdal MA, Bay-Jensen AC, van Spil 
WE. Recent advances in understanding the phenotypes of osteoarthritis. 
F1000Res. 2019. https:// doi. org/ 10. 12688/ f1000 resea rch. 20575.1.

 3. Aigner T, Soder S, Gebhard PM, McAlinden A, Haag J. Mechanisms of 
disease: role of chondrocytes in the pathogenesis of osteoarthritis–struc-
ture, chaos and senescence. Nat Clin Pract Rheumatol. 2007;3:391–9. 
https:// doi. org/ 10. 1038/ ncprh eum05 34.

 4. Charlier E, Relic B, Deroyer C, Malaise O, Neuville S, Collee J, et al. Insights 
on molecular mechanisms of chondrocytes death in osteoarthritis. Int J 
Mol Sci. 2016. https:// doi. org/ 10. 3390/ ijms1 71221 46.

 5. Sandell LJ, Aigner T. Articular cartilage and changes in arthritis. An intro-
duction: cell biology of osteoarthritis. Arthritis Res. 2001;3:107–13. https:// 
doi. org/ 10. 1186/ ar148.

 6. Kapoor M, Martel-Pelletier J, Lajeunesse D, Pelletier JP, Fahmi H. Role of 
proinflammatory cytokines in the pathophysiology of osteoarthritis. Nat 
Rev Rheumatol. 2011;7:33–42. https:// doi. org/ 10. 1038/ nrrhe um. 2010. 196.

 7. Gargano G, Oliviero A, Oliva F, Maffulli N. Small interfering RNAs in tendon 
homeostasis. Br Med Bull. 2021;138:58–67. https:// doi. org/ 10. 1093/ bmb/ 
ldaa0 40.

 8. Giordano L, Porta GD, Peretti GM, Maffulli N. Therapeutic potential of 
microRNA in tendon injuries. Br Med Bull. 2020;133:79–94. https:// doi. 
org/ 10. 1093/ bmb/ ldaa0 02.

 9. Oliviero A, Della Porta G, Peretti GM, Maffulli N. MicroRNA in osteoarthri-
tis: physiopathology, diagnosis and therapeutic challenge. Br Med Bull. 
2019;130:137–47. https:// doi. org/ 10. 1093/ bmb/ ldz015.

 10. Shukla GC, Singh J, Barik S. MicroRNAs: processing, maturation, target 
recognition and regulatory functions. Mol Cell Pharmacol. 2011;3:83–92.

 11. Wu C, Tian B, Qu X, Liu F, Tang T, Qin A, et al. MicroRNAs play a role in 
chondrogenesis and osteoarthritis (review). Int J Mol Med. 2014;34:13–23. 
https:// doi. org/ 10. 3892/ ijmm. 2014. 1743.

 12. Swingler TE, Niu L, Smith P, Paddy P, Le L, Barter MJ, et al. The func-
tion of microRNAs in cartilage and osteoarthritis. Clin Exp Rheumatol. 
2019;37(Suppl 120):40–7.

 13. Rousseau JC, Millet M, Croset M, Sornay-Rendu E, Borel O, Chapurlat R. 
Association of circulating microRNAs with prevalent and incident knee 
osteoarthritis in women: the OFELY study. Arthritis Res Ther. 2020;22:2. 
https:// doi. org/ 10. 1186/ s13075- 019- 2086-5.

 14. Cao Z, Liu W, Qu X, Bi H, Sun X, Yu Q, et al. miR-296-5p inhibits IL-1β-
induced apoptosis and cartilage degradation in human chondrocytes 
by directly targeting TGF-β1/CTGF/p38MAPK pathway. Cell Cycle. 
2020;19:1443–53. https:// doi. org/ 10. 1080/ 15384 101. 2020. 17508 13.

 15. Zhang H, Song B, Pan Z. Downregulation of microRNA-9 increases matrix 
metalloproteinase-13 expression levels and facilitates osteoarthritis 
onset. Mol Med Rep. 2018;17:3708–14. https:// doi. org/ 10. 3892/ mmr. 2017. 
8340.

 16. An Y, Wan G, Tao J, Cui M, Zhou Q, Hou W. Down-regulation of microRNA-
203a suppresses IL-1beta-induced inflammation and cartilage degrada-
tion in human chondrocytes through Smad3 signaling. 2020. Biosci Rep. 
https:// doi. org/ 10. 1042/ BSR20 192723.

 17. Wang Y, Wang N, Cui L, Li Y, Cao Z, Wu X, et al. Long non-coding RNA 
MEG3 alleviated ulcerative colitis through upregulating miR-98-5p-
sponged IL-10. Inflammation. 2021;44:1049–59. https:// doi. org/ 10. 1007/ 
s10753- 020- 01400-z.

 18. Ma R, Gao L, Liu Y, Du P, Chen X, Li G. LncRNA TTTY15 knockdown allevi-
ates H2O2-stimulated myocardial cell injury by regulating the miR-98-5p/

https://doi.org/10.1038/s41598-018-24258-6
https://doi.org/10.1038/s41598-018-24258-6
https://doi.org/10.12688/f1000research.20575.1
https://doi.org/10.1038/ncprheum0534
https://doi.org/10.3390/ijms17122146
https://doi.org/10.1186/ar148
https://doi.org/10.1186/ar148
https://doi.org/10.1038/nrrheum.2010.196
https://doi.org/10.1093/bmb/ldaa040
https://doi.org/10.1093/bmb/ldaa040
https://doi.org/10.1093/bmb/ldaa002
https://doi.org/10.1093/bmb/ldaa002
https://doi.org/10.1093/bmb/ldz015
https://doi.org/10.3892/ijmm.2014.1743
https://doi.org/10.1186/s13075-019-2086-5
https://doi.org/10.1080/15384101.2020.1750813
https://doi.org/10.3892/mmr.2017.8340
https://doi.org/10.3892/mmr.2017.8340
https://doi.org/10.1042/BSR20192723
https://doi.org/10.1007/s10753-020-01400-z
https://doi.org/10.1007/s10753-020-01400-z


Page 9 of 9Lv et al. Journal of Orthopaedic Surgery and Research          (2024) 19:239  

CRP pathway. Mol Cell Biochem. 2021;476:81–92. https:// doi. org/ 10. 1007/ 
s11010- 020- 03887-4.

 19. Huang JQ, Wang F, Wang LT, Li YM, Lu JL, Chen JY. Circular RNA ERBB2 
contributes to proliferation and migration of airway smooth muscle cells 
via miR-98-5p/IGF1R signaling in asthma. J Asthma Allergy. 2021;14:1197–
207. https:// doi. org/ 10. 2147/ JAA. S3260 58.

 20. Peng K, Jiang P, Du Y, Zeng D, Zhao J, Li M, et al. Oxidized low-density 
lipoprotein accelerates the injury of endothelial cells via circ-USP36/miR-
98-5p/VCAM1 axis. IUBMB Life. 2021;73:177–87. https:// doi. org/ 10. 1002/ 
iub. 2419.

 21. Yu S, Zhai J, Yu J, Yang Q, Yang J. miR-98-5p protects against cerebral 
ischemia/reperfusion injury through anti-apoptosis and anti-oxidative 
stress in mice. J Biochem. 2021;169:195–206. https:// doi. org/ 10. 1093/ jb/ 
mvaa0 99.

 22. Zheng F, Wang F, Xu Z. MicroRNA-98-5p prevents bone regeneration by 
targeting high mobility group AT-Hook 2. Exp Ther Med. 2019;18:2660–6. 
https:// doi. org/ 10. 3892/ etm. 2019. 7835.

 23. Huang PY, Wu JG, Gu J, Zhang TQ, Li LF, Wang SQ, et al. Bioinformatics 
analysis of miRNA and mRNA expression profiles to reveal the key miR-
NAs and genes in osteoarthritis. J Orthop Surg Res. 2021;16:63. https:// 
doi. org/ 10. 1186/ s13018- 021- 02201-2.

 24. Eckhart L, Ballaun C, Uthman A, Kittel C, Stichenwirth M, Buchberger M, 
et al. Identification and characterization of a novel mammalian caspase 
with proapoptotic activity. J Biol Chem. 2005;280:35077–80. https:// doi. 
org/ 10. 1074/ jbc. C5002 82200.

 25. Huang Q, Li F, Liu X, Li W, Shi W, Liu FF, et al. Caspase 3-mediated stimula-
tion of tumor cell repopulation during cancer radiotherapy. Nat Med. 
2011;17:860–6. https:// doi. org/ 10. 1038/ nm. 2385.

 26. Bernard A, Chevrier S, Beltjens F, Dosset M, Viltard E, Lagrange A, et al. 
Cleaved caspase-3 transcriptionally regulates angiogenesis-promoting 
chemotherapy resistance. Cancer Res. 2019;79:5958–70. https:// doi. org/ 
10. 1158/ 0008- 5472. can- 19- 0840.

 27. Boudreau MW, Peh J, Hergenrother PJ. Procaspase-3 overexpression in 
cancer: a paradoxical observation with therapeutic potential. ACS Chem 
Biol. 2019;14:2335–48. https:// doi. org/ 10. 1021/ acsch embio. 9b003 38.

 28. Zou Y, Liu Q, Guo P, Huang Y, Ye Z, Hu J. Anti-chondrocyte apoptosis effect 
of genistein in treating inflammation-induced osteoarthritis. Mol Med 
Rep. 2020;22:2032–42. https:// doi. org/ 10. 3892/ mmr. 2020. 11254.

 29. Hua L, Wang FQ, Du HW, Fan J, Wang YF, Wang LQ, et al. Upregulation 
of caspase-3 by high glucose in chondrocyte involves the cytoskeleton 
aggregation. Eur Rev Med Pharmacol Sci. 2020;24:5925–32. https:// doi. 
org/ 10. 26355/ eurrev_ 202006_ 21485.

 30. Thomas CM, Murray R, Sharif M. Chondrocyte apoptosis determined by 
caspase-3 expression varies with fibronectin distribution in equine articu-
lar cartilage. Int J Rheum Dis. 2011;14:290–7. https:// doi. org/ 10. 1111/j. 
1756- 185X. 2011. 01627.x.

 31. Hunter DJ, Altman RD, Cicuttini F, Crema MD, Duryea J, Eckstein F, et al. 
OARSI clinical trials recommendations: knee imaging in clinical trials in 
osteoarthritis. Osteoarthritis Cartilage. 2015;23:698–715. https:// doi. org/ 
10. 1016/j. joca. 2015. 03. 012.

 32. Zhang H, Chen C, Song J. microRNA-4701-5p protects against 
interleukin-1β induced human chondrocyte CHON-001 cells injury via 
modulating HMGA1. J Orthop Surg Res. 2022;17:246. https:// doi. org/ 10. 
1186/ s13018- 022- 03083-8.

 33. Guo Z, Wang H, Zhao F, Liu M, Wang F, Kang M, et al. Exosomal circ-
BRWD1 contributes to osteoarthritis development through the modula-
tion of miR-1277/TRAF6 axis. Arthritis Res Ther. 2021;23:159. https:// doi. 
org/ 10. 1186/ s13075- 021- 02541-8.

 34. Livak KJ, Schmittgen TD. Analysis of relative gene expression data using 
real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods. 
2001;25:402–8. https:// doi. org/ 10. 1006/ meth. 2001. 1262.

 35. Sondag GR, Haqqi TM. The role of microRNAs and their targets in 
osteoarthritis. Curr Rheumatol Rep. 2016;18:56. https:// doi. org/ 10. 1007/ 
s11926- 016- 0604-x.

 36. Shen J, Abu-Amer Y, O’Keefe RJ, McAlinden A. Inflammation and epi-
genetic regulation in osteoarthritis. Connect Tissue Res. 2017;58:49–63. 
https:// doi. org/ 10. 1080/ 03008 207. 2016. 12086 55.

 37. Heijink A, Gomoll AH, Madry H, Drobnic M, Filardo G, Espregueira-Mendes 
J, et al. Biomechanical considerations in the pathogenesis of osteoarthri-
tis of the knee. Knee Surg Sports Traumatol Arthrosc. 2012;20:423–35. 
https:// doi. org/ 10. 1007/ s00167- 011- 1818-0.

 38. Jones SW, Watkins G, Le Good N, Roberts S, Murphy CL, Brockbank SM, 
et al. The identification of differentially expressed microRNA in osteoar-
thritic tissue that modulate the production of TNF-alpha and MMP13. 
Osteoarthritis Cartilage. 2009;17:464–72. https:// doi. org/ 10. 1016/j. joca. 
2008. 09. 012.

 39. Wang GL, Wu YB, Liu JT, Li CY. Upregulation of miR-98 inhibits apoptosis 
in cartilage cells in osteoarthritis. Genet Test Mol Biomark. 2016;20:645–
53. https:// doi. org/ 10. 1089/ gtmb. 2016. 0011.

 40. Wang J, Chen L, Jin S, Lin J, Zheng H, Zhang H, et al. Altered expression 
of microRNA-98 in IL-1beta-induced cartilage degradation and its role in 
chondrocyte apoptosis. Mol Med Rep. 2017;16:3208–16. https:// doi. org/ 
10. 3892/ mmr. 2017. 7028.

 41. Fei J, Liang B, Jiang C, Ni H, Wang L. Luteolin inhibits IL-1β-induced 
inflammation in rat chondrocytes and attenuates osteoarthritis progres-
sion in a rat model. Biomed Pharmacother. 2019;109:1586–92. https:// doi. 
org/ 10. 1016/j. biopha. 2018. 09. 161.

 42. Wang BW, Jiang Y, Yao ZL, Chen PS, Yu B, Wang SN. Aucubin protects 
chondrocytes against IL-1β-induced apoptosis in vitro and inhibits osteo-
arthritis in mice model. Drug Des Devel Ther. 2019;13:3529–38. https:// 
doi. org/ 10. 2147/ dddt. s2102 20.

 43. Wang X, Fan J, Ding X, Sun Y, Cui Z, Liu W. Tanshinone I inhibits IL-1β-
induced apoptosis, inflammation and extracellular matrix degradation in 
chondrocytes CHON-001 cells and attenuates murine osteoarthritis. Drug 
Des Devel Ther. 2019;13:3559–68. https:// doi. org/ 10. 2147/ dddt. s2165 96.

 44. Yassin AM, AbuBakr HO, Abdelgalil AI, Khattab MS, El-Behairy AM, Gouda 
EM. COL2A1 and caspase-3 as promising biomarkers for osteoarthritis 
prognosis in an Equus asinus model. Biomolecules. 2020. https:// doi. org/ 
10. 3390/ biom1 00303 54.

 45. Yang J, Zhou Y, Liang X, Jing B, Zhao Z. MicroRNA-486 promotes a more 
catabolic phenotype in chondrocyte-like cells by targeting SIRT6: possi-
ble involvement in cartilage degradation in osteoarthritis. Bone Joint Res. 
2021;10:459–66. https:// doi. org/ 10. 1302/ 2046- 3758. 107. BJR- 2019- 0251. 
R4.

 46. Zhu M, Tang D, Wu Q, Hao S, Chen M, Xie C, et al. Activation of beta-
catenin signaling in articular chondrocytes leads to osteoarthritis-like 
phenotype in adult beta-catenin conditional activation mice. J Bone 
Miner Res. 2009;24:12–21. https:// doi. org/ 10. 1359/ jbmr. 080901.

 47. Zhang JJ, Chen JT, Hua L, Yao KH, Wang CY. miR-98 inhibits hepatocel-
lular carcinoma cell proliferation via targeting EZH2 and suppressing 
Wnt/β-catenin signaling pathway. Biomed Pharmacother. 2017;85:472–8. 
https:// doi. org/ 10. 1016/j. biopha. 2016. 11. 053.

 48. Li W, Wang J, Zhang D, Zhang X, Xu J, Zhao L. MicroRNA-98 targets 
HMGA2 to inhibit the development of retinoblastoma through mediat-
ing Wnt/β-catenin pathway. Cancer Biomark. 2019;25:79–88. https:// doi. 
org/ 10. 3233/ cbm- 182315.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s11010-020-03887-4
https://doi.org/10.1007/s11010-020-03887-4
https://doi.org/10.2147/JAA.S326058
https://doi.org/10.1002/iub.2419
https://doi.org/10.1002/iub.2419
https://doi.org/10.1093/jb/mvaa099
https://doi.org/10.1093/jb/mvaa099
https://doi.org/10.3892/etm.2019.7835
https://doi.org/10.1186/s13018-021-02201-2
https://doi.org/10.1186/s13018-021-02201-2
https://doi.org/10.1074/jbc.C500282200
https://doi.org/10.1074/jbc.C500282200
https://doi.org/10.1038/nm.2385
https://doi.org/10.1158/0008-5472.can-19-0840
https://doi.org/10.1158/0008-5472.can-19-0840
https://doi.org/10.1021/acschembio.9b00338
https://doi.org/10.3892/mmr.2020.11254
https://doi.org/10.26355/eurrev_202006_21485
https://doi.org/10.26355/eurrev_202006_21485
https://doi.org/10.1111/j.1756-185X.2011.01627.x
https://doi.org/10.1111/j.1756-185X.2011.01627.x
https://doi.org/10.1016/j.joca.2015.03.012
https://doi.org/10.1016/j.joca.2015.03.012
https://doi.org/10.1186/s13018-022-03083-8
https://doi.org/10.1186/s13018-022-03083-8
https://doi.org/10.1186/s13075-021-02541-8
https://doi.org/10.1186/s13075-021-02541-8
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1007/s11926-016-0604-x
https://doi.org/10.1007/s11926-016-0604-x
https://doi.org/10.1080/03008207.2016.1208655
https://doi.org/10.1007/s00167-011-1818-0
https://doi.org/10.1016/j.joca.2008.09.012
https://doi.org/10.1016/j.joca.2008.09.012
https://doi.org/10.1089/gtmb.2016.0011
https://doi.org/10.3892/mmr.2017.7028
https://doi.org/10.3892/mmr.2017.7028
https://doi.org/10.1016/j.biopha.2018.09.161
https://doi.org/10.1016/j.biopha.2018.09.161
https://doi.org/10.2147/dddt.s210220
https://doi.org/10.2147/dddt.s210220
https://doi.org/10.2147/dddt.s216596
https://doi.org/10.3390/biom10030354
https://doi.org/10.3390/biom10030354
https://doi.org/10.1302/2046-3758.107.BJR-2019-0251.R4
https://doi.org/10.1302/2046-3758.107.BJR-2019-0251.R4
https://doi.org/10.1359/jbmr.080901
https://doi.org/10.1016/j.biopha.2016.11.053
https://doi.org/10.3233/cbm-182315
https://doi.org/10.3233/cbm-182315

	MiR-98-5p plays suppressive effects on IL-1β-induced chondrocyte injury associated with osteoarthritis by targeting CASP3
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Materials and methods
	Clinical specimen collection
	Cell culture and treatment
	Cell transfection
	Enzyme-linked immunosorbent assay (ELISA) assay
	Quantitative real-time PCR
	Cell viability assay
	Caspase-3 activity assay
	Western blot
	Target prediction and luciferase reporter assay
	Statistical analysis

	Results
	Decreased miR-98-5p and increased CASP3 in OA cartilage and cellular models
	Overexpression of miR-98-5p weakened IL‐1β‐caused inflammatory, apoptosis and ECM degradation in chondrocytes
	CASP3 as a potential target of miR-98-5p
	Knockdown of CASP3 suppressed IL‐1β‐induced inflammatory, apoptosis and ECM degradation in chondrocytes
	Upregulation of CASP3 reversed the effects of miR-98-5p on IL-1β-induced inflammatory, apoptosis and ECM degradation in chondrocytes

	Discussion
	Conclusions
	References


