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Abstract. It is known that increased inflammation and 
extracellular matrix (ECM) degradation in chondrocytes can 
promote the development of osteoarthritis (OA). The FXYD 
domain containing ion transport regulator 5 (Fxyd5) has been 
found to promote chronic inflammatory responses. The present 
study aimed to investigate the role of Fxyd5 in OA. Murine 
ATDC5 chondrocytes were transfected with short hairpin 
RNAs specifically targeting Fxyd5 to silence its expression. 
Subsequently, cells were induced with lipopolysaccharide 
(LPS). The protein expression levels of Fxyd5, MMPs and 
proteins related to ECM, apoptosis and NF‑κB signaling were 
detected using western blot analysis. In addition, cell viability 
was assessed using a Cell Counting Kit‑8 assay, while the secre‑
tion of the proinflammatory factors and those of the oxidative 
stress‑related markers were measured using the corresponding 
kits. Finally, cells were treated with the NF‑κB activator, betu‑
linic acid (BA) and the above experiments were repeated. The 
results demonstrated that Fxyd5 was significantly upregulated 
in ATDC5 cells treated with LPS. Additionally, Fxyd5 knock‑
down increased cell viability, enhanced the protein expression 
of Bcl‑2, Aggrecan and collagen II, while reduced the expres‑
sion of Bax, cleaved caspase‑3/caspase‑3, MMP3 and MMP13 
in LPS‑induced ATDC5 cells. The production of IL‑1β, IL‑6 
and IL‑18 as well as reactive oxygen species and malondial‑
dehyde, and the reduction of superoxide dismutase caused by 
LPS in ATDC5 cells, were also reversed by Fxyd5 silencing. 
Fxyd5 silencing inhibited the phosphorylation of p65 and 
IκBα induced by LPS. Finally, BA reversed the protective 
effect of Fxyd5 silencing on LPS induced chondrocytes injury. 
In conclusion, Fxyd5 could enhance chondrocyte inflamma‑
tion and ECM degradation via activating the NF‑κB signaling.

Introduction

Osteoarthritis (OA), characterized by enhanced cartilage 
degradation and cartilage cell death, is a degenerative 
joint disease caused by the progressive erosion of articular 
cartilage  (1,2). It has been suggested that oxidative stress, 
characterized by excessive production of reactive oxygen 
species (ROS), serves a significant role in OA pathology (3). 
ROS can disturb cartilage homeostasis via promoting chon‑
drocyte apoptosis and matrix catabolism (1). Furthermore, 
lipopolysaccharide (LPS) primes the proinflammatory innate 
immune response via Toll‑like receptor 4 and that progresses 
to a full‑blown inflammatory response and structural damage 
of the joint, thus it is considered as a key pro‑inflammatory 
factor that serves a crucial role in the pathogenesis of OA (4‑7). 
LPS‑induced chondrocytes are used to establish in vitro chon‑
drocyte injury models, which are characterized by increased 
inflammation and apoptosis (8).

FXYD domain containing ion transport regulator 5 (Fxyd5) 
is a widely expressed single‑pass transmembrane protein that 
increases the apparent affinity for intracellular Na+/K+‑ATPase 
and serves several roles in different cell types (9). Previous 
studies demonstrate that Fxyd5 overexpression is associated 
with tumor progression, including breast cancer and renal cell 
carcinoma (10,11). In addition, Fxyd5 promotes inflammation 
in epithelial cells (12). Increased expression of Fxyd5 may 
be associated with chronic inflammatory responses and the 
excessive activity of the immune system during human brain 
aging (13). Another study shows that Fxyd5 is upregulated in 
the epithelium of patients with cystic fibrosis, accompanied 
by excessive airway inflammation (14). Fxyd5 overexpression 
in mice promotes alveolar epithelial cell injury via activating 
NF‑κB signaling and promoting cytokine secretion in response 
to treatment with LPS  (15). However, the effect of Fxdy5 
upregulation in chondrocytes on promoting the development 
of OA has not been previously investigated to the best of the 
authors' knowledge.

The significant role of NF‑κB signaling in the occurrence 
and progression of OA has been extensively studied (16‑19). 
Emerging evidence suggests that the NF‑κB signaling pathway 
can be activated in response to mechanical stress, pro‑inflam‑
matory factors and extracellular matrix (ECM) degradation 
products, thereby affecting cartilage matrix remodeling and 
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promoting chondrocyte apoptosis and synovial inflamma‑
tion (20). Therefore, the current treatment approach for OA, 
specifically targeting NF‑κB signaling, is gaining increased 
attention. The current study aimed to investigate whether 
Fxyd5 could promote chondrocyte inflammation via activating 
NF‑κB signaling. Therefore, to explore the expression profile of 
Fxdy5 in OA and its potential regulatory mechanism, murine 
ATDC5 chondrocytes were treated with LPS to establish an 
in vitro chondrocyte injury model.

Materials and methods

Cell culture and treatment. The murine ATDC5 chondrocytes 
were obtained from the American Type Culture Collection and 
cells were maintained in DMEM/F12 (MilliporeSigma) supple‑
mented with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) 
and 1% penicillin/streptomycin solution (Beyotime Institute of 
Biotechnology) at 37˚C in a humidified CO2 (5%) incubator. To 
construct the OA cell model in vitro, ATDC5 cells were incubated 
with 5 µg/ml LPS (Shanghai Yuanye Bio. Tech. Co., Ltd.) for 5 h 
at 37˚C (21,22), co‑treated or not with 10 nM betulinic acid (BA; 
MedChemExpress), an NF‑κB activator, for 48 h at 37˚C.

Cell transfect ion. Shor t hairpin RNAs (shRNAs) 
against mouse Fxyd5 (accession no. N M_001111073; 
shFxyd5‑1 and shFxyd5‑2) were designed using the online 
design software (https://portals.broadinstitute.org/gpp/
public/seq/search) and then cloned into the pLKO.1 vector 
(MilliporeSigma; cat. no. SHC001) to silence Fxyd5 expres‑
sion. A non‑targeting shRNA clone was used as the negative 
control (shNC). Briefly, ATDC5 cells were seeded into 6‑well 
plates at a density of 1x106 cells/well and cultured overnight 
at 37˚C. Cells were then transfected with 50 pmol shRNAs 
using Lipofectamine® 3000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) at 37˚C for 24 h according to the manufac‑
turer's recommendation. Transfection efficiency was detected 
via western blot at 48 h after transfection. The sequences for 
shRNAs were as follows: shFxyd5‑1, forward 5'‑CCG​GCG​
CCT​GTG​TCT​CCT​CAC​TAT​TCT​CGA​GAA​TAG​TGA​GGA​GAC​
ACA​GGC​GTT​TTT​G‑3', reverse 5'‑AAT​TCA​AAA​ACG​CCT​
GTG​TCT​CCT​CAC​TAT​TCT​CGA​GAA​TAG​TGA​GGA​GAC​
ACA​GGC​G‑3'; shFxyd5‑2, forward 5'‑CCG​GGC​TGT​TCA​
TCA​CGG​GAA​TTA​TCT​CGA​GAT​AAT​TCC​CGT​GAT​GAA​
CAG​CTT​TTT​G‑3', reverse 5'‑AAT​TCA​AAA​AGC​TGT​TCA​
TCA​CGG​GAA​TTA​TCT​CGA​GAT​AAT​TCC​CGT​GAT​GAA​
CAG​C‑3'; shNC, forward 5'‑CAC​CGC​AAT​TTT​TTT​TTT​
TGA​TTC​ACG​AAT​GAA​TCA​AAA​AAA​AAA​AAA​TGC‑3', 
reverse 5'‑AAA​AGC​AAT​TTT​TTT​TTT​TGA​TTC​ATT​CGT​
GAA​TCA​AAA​AAA​AAA​AAA​TGC‑3'.

Cell Counting Kit‑8 (CCK‑8) assay. Following cell treatment 
or transfection, a total of 2x104 ATDC5 cells/well were seeded 
into a 96‑well and were then incubated with CCK‑8 regent for 
2 h at 37˚C. The absorbance at a wavelength of 450 nm was 
measured in each well using a microplate reader (Multiskan 
SkyHigh Microplate Spectrophotometer; Thermo Fisher 
Scientific, Inc.). Each sample was assessed five times.

Western blot analysis. A total of 1x106 ATDC5 cells were 
seeded into 6‑well plates, washed with PBS and lysed using 

RIPA Cell lysis buffer (Beyotime Institute of Biotechnology). 
Following centrifugation at 12,000 x g for 20 min at 4˚C, the 
supernatant was collected to perform western blot analysis. 
Briefly, total protein concentration was quantified using a 
BCA kit (Invitrogen; Thermo Fisher Scientific, Inc.), then 
equal amount of protein (30  µg) was separated through 
the 10% SDS‑PAGE, followed by transfer onto PVDF 
membranes. After blocking with 5% non‑fat milk for 1 h at 
room temperature, the PVDF membranes were incubated with 
primary antibodies overnight at 4˚C. The primary antibodies 
were: Rabbit anti‑Fxyd5 (1:1,000; cat. no. ABIN2780210), 
rabbit anti‑aggrecan (1:500; cat.  no. A BIN6996681; both 
from antibodies‑online), rabbit anti‑GAPDH (1:10,000; 
cat. no. ab181602), rabbit anti‑Bcl2 (1:2,000; cat. no. ab182858), 
rabbit anti‑Bax (1:8,000; cat. no. ab32503), rabbit anti‑cleaved 
caspase 3 (1:5,000; cat. no. ab214430), rabbit anti‑caspase 3 
(1:2,000; cat. no. ab184787), rabbit anti‑MMP3 (1:20,000; 
cat.  no.  ab52915; all from Abcam), rabbit anti‑MMP13 
(1:2,000; cat. no. NBP2‑66954), rabbit anti‑phosphorylated 
(p)‑IκBα (1:800; cat.  no. N B100‑81987), rabbit anti‑IκBα 
(1:5,000; cat.  no. N BP2‑67369), rabbit anti‑collagen II  
(1:10,000; cat. no. NBP1‑77795; all from Novus Biologicals, 
Ltd.), rabbit anti‑p‑p65 (1:1,000; cat. no. 3033S) and rabbit 
anti‑p65 (1:1,000; cat. no. 8242S; Cell Signaling Technology, 
Inc.). Subsequently, membranes were treated with the 
goat anti‑rabbit IgG (HRP) secondary antibody (1:10,000; 
cat. no. ab6721; Abcam) at room temperature for 1 h. Then, 
enhanced chemiluminescence (MilliporeSigma) was used to 
detect the protein expression levels. Band semi‑quantification 
was performed using Image J software (version 1.54; National 
Institutes of Health).

Determination of intracellular ROS, superoxide dismutase 
(SOD) and malondialdehyde (MDA). Following cell treatment 
or transfection, ATDC5 cells were seeded into 6‑well plates at 
a density of 1x106 cells/well and the levels of intracellular ROS, 
SOD and lipid peroxidation product MDA were determined 
using ROS Assay kit (cat. no. S0033M; Beyotime Institute 
of Biotechnology), SOD Assay Kit (cat.  no.  7500‑100‑K; 
R&D systems, Inc.) and TBARS Parameter Assay Kit 
(cat. no. KGE013; R&D systems, Inc.), respectively, according 
to the manufacturer's recommendations.

ELISA. Control or transfected ATDC5 cells were seeded into 
96‑well plates at a density of 2x104 cells/well, following indi‑
cated treatment, the secretion levels of IL‑1β, IL‑6 and IL‑18 
in the culture supernatants were measured using the Mouse 
IL‑1β (cat. no. ab197742), IL‑6 (cat. no. ab222503) and IL‑18 
(cat. no. ab216165) SimpleStep ELISA kits (Abcam) according 
to the manufacturer's instructions.

Statistical analysis. All statistical analyses were performed 
using GraphPad Prism 8.0.1 (GraphPad Software, Inc.). Data 
were expressed as the mean ± standard deviation from three 
independent experiments. One‑way ANOVA followed by 
Tukey's multiple comparison test was applied to compare the 
differences among multiple groups, while those between two 
groups were compared using an unpaired two‑tailed Student's 
t‑test. P<0.05 was considered to indicate a statistically 
significant difference.
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Results

Fxyd5 knockdown enhances cell viability and inhibits 
apoptosis and ECM degradation in LPS‑induced ATDC5 
cells. To explore the expression profile of Fxyd5 in the 
LPS‑induced chondrocyte injury model (21), total proteins 
were extracted from ATDC5 cells treated with 5 µg/ml LPS 
for 5 h followed by western blot analysis. The results showed 
that the expression levels of Fxyd5 were significantly increased 
in LPS‑treated cells compared with untreated ones (Fig. 1A). 
Furthermore, to investigate the cell‑specific effect of Fxyd5, 
ATDC5 cells were transfected with shRNA clones targeting 
Fxyd5 (shFxyd5‑1 and shFxyd5‑2) to knockdown its expres‑
sion. The results showed that shFxyd5‑2 clone exhibited a 
more potent effect on silencing Fxyd5 expression compared 
with shFxyd5‑1, since the protein expression levels of Fxyd5 
in ATDC5 cells transfected with shFxyd5‑2 were decreased to 
~50% compared with cells transfected with shNC (Fig. 1B). 

Therefore, the shFxyd5‑2 clone was used in subsequent experi‑
ments. Additionally, cell viability was assessed by CCK‑8 
assays. Following cell treatment with LPS, cell viability was 
notably higher in Fxyd5‑depleted ATDC5 cells compared with 
those transfected with shNC (Fig. 1C). Western blot analysis 
also revealed that the protein expression levels of the apop‑
tosis‑related markers (23) Bax and cleaved caspase 3/caspase 3 
were markedly reduced, while those of Bcl‑2 were increased 
in Fxyd5‑depleted LPS‑induced ATDC5 cells compared with 
cells transfected with shNC (Fig. 1D). Subsequently, the role 
of Fxyd5 in chondrocyte ECM homeostasis was also evalu‑
ated by western blot analysis. The results demonstrated that 
cell treatment with LPS inhibited ECM‑factors production, 
and promoted ECM degradation, as verified by Aggrecan 
and collagen Ⅱ downregulation accompanied by MMP3 
and MMP13 upregulation when compared with control cells 
(Fig. 1E). Fxyd5 silencing reversed these effect caused by 
LPS (Fig. 1E). Taken together, the aforementioned findings 

Figure 1. Fxyd5 silencing enhances cell viability and inhibits cell apoptosis and ECM degradation in ATDC5 cells. (A) Western blot analysis showing the 
upregulated expression levels of Fxyd5 in ATDC5 cells treated with 5 µg/ml LPS for 5 h. ***P<0.001 vs. the control group. (B) shFxyd5‑2 exhibited a more 
potent effect on Fxyd5 silencing compared with shFxyd5‑1. Western blot analysis showed that the protein expression levels of Fxyd5 were decreased by 
~50% compared with the shNC group. **P<0.01 and ***P<0.001 vs. the shNC group. (C) Cell Counting Kit‑8 assay showed that Fxyd5 knockdown reversed 
the LPS‑mediated decreased ATDC5 cell viability. (D) Western blot analysis revealed that Fxyd5 silencing reversed the LPS‑induced ATDC5 cell apoptosis, 
as supported by the decreased expression levels of Bax and cleaved caspase 3 and the increased expression levels of Bcl‑2 in Fxyd5‑depleted ATDC5 cells 
compared with the shNC group. The expression levels of caspase 3 remained unchanged. (E) Western blot analysis showed that Fxyd5 knockdown reversed 
the LPS‑induced ECM degradation in ATDC5 cells, as supported by MMP3 and MMP13 downregulation and aggrecan and collagen II upregulation in the 
shFxyd5 group compared with the shNC group. Untreated and untransfected ATDC5 cells served as the control group. GAPDH served as the loading control. 
***P<0.001 vs. the control group; ##P<0.01, ###P<0.001 vs. the LPS + shNC group. Fxyd5, FXYD domain containing ion transport regulator 5; ECM, extracel‑
lular matrix; LPS, lipopolysaccharide; sh, short hairpin RNA; NC, negative control.
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indicated that Fxyd5 knockdown could protect ATDC5 cells 
against LPS‑mediated cell injury via enhancing cell viability 
and inhibiting cell apoptosis and ECM degradation.

Fxyd5 silencing attenuates LPS‑mediated inflammation 
and oxidative stress in ATDC5 cells. To further explore the 
effect of Fxyd5 on LPS‑induced chondrocyte inflammation 
and oxidative stress, ELISA was carried out to determine the 
secretion levels of pro‑inflammatory cytokines and the content 
of ROS, MDA and SOD in LPS‑induced ATDC5 cells. The 
results revealed that Fxyd5 was involved in LPS‑induced 
cellular inflammation. Therefore, the secretion levels of the 
inflammatory factors IL‑1β, IL‑6 and IL‑18 were significantly 
decreased in Fxyd5‑depleted ATDC5 cells treated or not with 
LPS compared with the shNC group (Fig. 2A). Similar results 
were observed in the levels of ROS, MDA and SOD, suggesting 
that the increased expression of Fxyd5 could be involved in 
LPS‑induced oxidative stress in ATDC5 cells. Therefore, the 
levels of ROS and MDA were significantly lower and those 
of SOD were notably higher in Fxyd5‑depleted ATDC5 
cells compared with the shNC group (Fig. 2B). These results 
suggested that Fxyd5 knockdown could alleviate LPS‑induced 

cellular inflammatory responses and oxidative stress in 
ATDC5 cells.

Fxyd5 activates NF‑κB signaling in LPS‑induced ATDC5 
cells. To investigate whether Fxyd5 was involved in the regula‑
tion of NF‑κB pathway in the LPS‑induced chondrocyte injury 
model (8), western blot analysis was performed. The results 
showed that Fxyd5 knockdown in ATDC5 cells restored 
the increased LPS‑mediated p65 and IκBα phosphorylation 
(Fig. 3). Therefore, the increased expression of Fxyd5 could be 
involved in LPS‑induced chondrocyte injury via activating the 
NF‑κB signaling pathway.

Fxyd5 promotes LPS‑induced chondrocyte injury via 
activating the NF‑κB signaling pathway. Since Fxyd5 knock‑
down in ADTC5 cells could inhibit the activation of the NF‑κB 
pathway (Fig. 3), the present study aimed to verify that Fxyd5 
could promote LPS‑mediated chondrocyte injury via activating 
NF‑κB signaling. Therefore, LPS‑stimulated Fxyd5‑depleted 
ATDC5 cells were treated with 10 nM BA, a NF‑κB activator. 
Western blot analysis showed that the phosphorylation levels 
of p65 and IκBα were significantly increased in BA‑treated 

Figure 2. Fxyd5 knockdown attenuates inflammation and oxidative stress in ATDC5 cells. (A) ELISA showed that Fxyd5 knockdown in ATDC5 cells 
reduced the LPS‑mediated release of the pro‑inflammatory cytokines IL‑1β, IL‑6 and IL‑18 compared with the shNC group. (B) Fxyd5 silencing alleviated 
LPS‑induced oxidative stress in ATDC5 cells compared with the shNC group, as supported by the decreased levels of ROS and MDA and the increased ones 
of SOD. Untreated and untransfected ATDC5 cells served as the control group. ***P<0.001 vs. the control group; ###P<0.001 vs. the LPS + shNC group. Fxyd5, 
FXYD domain containing ion transport regulator 5; LPS, lipopolysaccharide; NC, negative control; shRNA, short hairpin RNA; ROS, reactive oxygen species; 
MDA, malondialdehyde; SOD, superoxide dismutase.
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Fxyd5‑depleted ATDC5 cells compared with BA untreated 
Fxyd5‑depleted ATDC5 cells (Fig. 4A). Additionally, treatment 
with BA attenuated cell viability and enhanced cell apoptosis 

and ECM degradation in LPS‑induced Fxyd5‑depleted ATDC5 
cells compared with untreated cells (Fig. 4B‑D). To this end, 
the present study investigated whether Fxyd5 could be also 

Figure 3. Fxyd5 regulates NF‑κB signaling in ATDC5 cells. Western blot analysis revealed that Fxyd5 silencing in ATDC5 cells reduced the LPS‑induced 
phosphorylation levels of p65 and IκBα compared with the shNC group. Untreated and untransfected ATDC5 cells served as the control group. GAPDH served 
as the loading control. ***P<0.001 vs. the control group; ###P<0.001 vs the. LPS + shNC group. Fxyd5, FXYD domain containing ion transport regulator 5; LPS, 
lipopolysaccharide; shRNA, short hairpin RNA; NC, negative control short hairpin RNA; p‑, phosphorylated; t‑, total.

Figure 4. Fxyd5 regulates cell viability, apoptosis and ECM degradation via activating the NF‑κB signaling pathway in ATDC5 cells. Following cell treatment 
with 10 nM BA, a NF‑κB activator, for an additional 48 h (A) the phosphorylation levels of p65 and IκBα were increased, as demonstrated by western blot 
analysis. (B) Cell Counting Kit 8 assay showed that cell viability was increased in Fxyd5‑depleted ATDC5 cells co‑treated with LPS and BA compared with 
cells treated only with LPS. (C and D) Western blotting was used to evaluate the expression of proteins involved in cell apoptosis and ECM degradation. 
Untreated and untransfected ATDC5 cells served as the control group. GAPDH served as the loading control. ***P<0.001 vs. the control group; ##P<0.01 and 
###P<0.001 vs. the LPS + shNC group; $P<0.05, $$P<0.01 and $$$P<0.001 vs. the LPS + shFxyd5‑2 + BA group. Fxyd5, FXYD domain containing ion transport 
regulator 5; ECM, extracellular matrix; BA, betulinic acid; LPS, lipopolysaccharide; shRNA, short hairpin RNA; NC, negative control.
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involved in LPS‑induced inflammatory responses and oxida‑
tive stress in ATDC5 cells via activating the NF‑κB signaling 
pathway. The results demonstrated that cell treatment with 
BA restored the levels of IL‑1β, IL‑6, IL‑18, ROS and MDA, 
but not those of SOD, compared with untreated cells (Fig. 5). 
The above findings indicated that Fxyd5 upregulation could 
promote LPS‑mediated chondrocyte injury via activating 
NF‑κB signaling.

Discussion

Articular cartilage is a non‑self‑renewing avascular tissue that 
lacks inherent repair capability (1). Although, cartilage‑derived 
stem/progenitor cells are involved in the maintenance of tissue 
homeostasis (2), the gradual loss of chondrocytes still leads 
to cartilage homeostasis disorders and eventually to OA (24). 
It has been reported that non‑medicinal and non‑surgical 
approaches such as exercise mode and light equipment‑assisted 
training can prevent and delay the deterioration of early OA to 

a certain extent (25). However, for the treatment of severe OA, 
symptomatic treatment and joint replacement surgery should 
be performed (24). Nevertheless, the quality of life remains 
poor over time.

LPS is used to establish chondrocyte injury models by 
inducing cell apoptosis, oxidative stress and inflammation (21). 
In the present study, ATDC5 cell treatment with LPS increased 
matrix catabolism via upregulating the expression of matrix 
degradation‑related enzymes, including MMP3 and MMP13, 
and reducing the content of collagen and proteoglycans. Using 
fast 3D confocal cartilage imaging technology combined 
with standard histological examination, Zhang  et  al  (26) 
demonstrate that cartilage cell apoptosis by itself cannot cause 
articular cartilage injury, which could be mainly triggered by 
cartilage cell catabolism.

The current study aimed to investigate the effect of trans‑
port regulator Fxyd5 on LPS‑induced ATDC5 cell injury. 
Unlike other members of the FXYD family, Fxyd5 exhibits 
several biological functions in different cell types  (12). A 

Figure 5. Fxyd5 regulates cellular inflammation and oxidative stress in ATDC5 cells via activating NF‑κB signaling. Following cell treatment with 10 nM 
BA for additional 48 h, the secretion levels of the (A) pro‑inflammatory factors IL‑1β, IL‑6 and IL‑18 were increased in ELISA. (B) The content of ROS and 
MDA was increased and that of SOD was decreased in Fxyd5‑depleted ATDC5 cells co‑treated with LPS and BA compared with cells treated only with LPS. 
Untreated and untransfected ATDC5 cells served as the control group. GAPDH served as the loading control. ***P<0.001 vs. the control group; ###P<0.001 
vs. the LPS + shNC group; $$P<0.01 and $$$P<0.001 vs. the LPS + shFxyd5‑2 + BA group. Fxyd5, FXYD domain containing ion transport regulator 5; BA, 
betulinic acid; LPS, lipopolysaccharide; shRNA, short hairpin RNA; NC, negative control; ROS, reactive oxygen species MDA, malondialdehyde; SOD, 
superoxide dismutase.
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previous study revealed that during lung injury, Fxyd5 upregu‑
lation is associated with the excessive secretion of cytokines 
and chemokines by alveolar epithelial cells in response to 
IFN‑α and TNF‑α via activating NF‑κB signaling  (15). 
Consistent with the aforementioned results, the present study 
showed that Fxyd5 was upregulated in LPS‑induced ATDC5 
cells. The increased expression of Fxyd5 further responded to 
LPS stimulation via promoting the secretion of the inflamma‑
tory cytokines IL‑1β, IL‑6 and IL‑18. However, the detection 
of the mRNA level of these pro‑inflammatory cytokines could 
further support the above findings.

The current study also demonstrated that Fxyd5 silencing 
could relieve LPS‑induced oxidative stress in ATDC5 cells 
as evidenced by reduced ROS and MDA, while increased 
SOD levels upon Fxyd5 silencing. Excessive production of 
ROS contributes to the occurrence of oxidative stress; MDA 
is a production of lipid peroxidation and SOD belongs to a 
member of the enzyme antioxidant system (27). Although the 
combination of the changes in ROS, SOD and MDA levels can 
illustrate the changes in oxidative stress (28,29), detection of 
other molecules involved in oxidative stress such as catalase, 
glutathione peroxidase, 8‑hydroxyldeoxyguanosine and nico‑
tinamide adenine dinucleotide phosphate, may further support 
the findings of the present study. Emerging evidence suggests 
that ROS‑mediated oxidative stress in chondrocytes can affect 
intracellular signal transduction, chondrocyte life cycle and 
cartilage matrix metabolism, which may lead to synovial 
inflammation and subchondral bone dysfunction (1,16). In 
addition to ECM degradation and cellular inflammation, the 
increased expression of Fxyd5 could also promote ATDC5 cell 
apoptosis, possibly via a series of complex and comprehensive 
reactions. Cellular inflammation can undoubtedly induce cell 
death, while chondrocyte‑specific ECM proteins can also 
regulate cell proliferation and survival via transmitting cell 
signals by combining with integrins (30).

It has been reported that LPS binds to and alters the configu‑
ration of its associated receptors, promotes IκBα phosphorylation 
and activates the classic NF‑κB pathway (31). In addition, the 
post‑translational modification of p65 can also regulate the 
activity of NF‑kB signaling (31), which is a classic pathway 
associated with the occurrence and development of OA (20). 
In the present study, the phosphorylation levels of p65 and 
IκBα were enhanced in LPS‑induced Fxyd5‑depleted ATDC5 
cells. Combined with the results obtained by the co‑treatment 
of ATDC5 cells with the NF‑kB activator, BA, the elevated 
expression of Fxyd5 promoted chondrocyte injury partially 
via activating the NF‑κB pathway. However, other signaling 
pathways such as Wnt/β‑catenin and MAPK/ERK signaling 
pathways, which have been reported to regulate OA (32,33), may 
also be involved in the above process, thus future studies should 
be performed to investigate. Additionally, further studies should 
focus on the effect of Fxyd5 on chondrocyte differentiation, as 
chondrocytes show differentiation plasticity during the healing 
process (34). Moreover, in vivo studies using IL‑1β‑induced cell 
model and animal OA model need to be performed to validate 
the in vitro findings of the present study.

The results of the current study revealed that Fxyd5 was 
significantly upregulated in the LPS‑induced chondrocyte injury 
model. Furthermore, the results demonstrated that the increased 
expression levels of Fxyd5 could promote inflammation, 

oxidative stress and ECM degradation in ATDC cells via acti‑
vating the NF‑κB signaling pathway. Overall, these findings 
could provide novel insights to increase our understanding in 
the role of NF‑κB signaling in the pathogenesis of OA.
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