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Articular cartilage injury or defect is a common disease and is mainly characterized by carti-
lage degradation because of chondrocyte inflammation. By now, there are no effective drugs
and methods to protect articular cartilage from degradation. Icariin (ICA) is a typical flavonoid
compound extracted from Epimedii Folium with anti-inflammatory and bone-protective ef-
fects. Our previous studies demonstrate that ICA up-regulates HIF-1α expression and gly-
colysis in chondrocytes and maintains chondrocyte phenotype. As another member of HIFs
family, HIF-2α always plays a key role in inflammation. The effect of ICA on HIF-2α is unclear
by now. In the present study, we confirmed the findings in our previous study that ICA pro-
moted not only chondrocyte vitality and extracellular matrix (ECM) synthesis, but also the
anti-inflammatory effect of ICA. In bone defect mice, ICA inhibited the expressions of NF-κB
and HIF-2α. In TNF-α-treated ADTC5 chondrocytes, ICA neutralized the activation of IKK
(IKK phosphorylation), the phosphorylation of IkB and NF-κB and the expression of HIF-2α.
Furthermore, ICA inhibited the nucleus transfer of NF-κB and the expressions of MMP9 and
ADAMTS5, two key targets of NF-κB/HIF-2α signal pathway. Taken together, the present
study demonstrated that ICA may increase the vitality of chondrocytes by suppressing the
inflammatory injury through the inhibition on NF-κB/HIF-2α signaling pathway. ICA is one
effective candidate drug for the treatment of articular cartilage injury.

Introduction
Articular cartilage is a highly organized avascular connective tissue with limited regenerative ability fol-
lowing trauma or degenerative pathology [1]. Articular cartilage injury is a common disease that occurs
in major joints such as knee and hip joints [2]. The pathological features of cartilage damage are chondro-
cyte apoptosis, aging and the reduction of extracellular matrix (ECM) synthesis. SOX9, metalloproteinase
(MMPs) and aggrecanase are key regulators of ECM metabolism [3]. In addition to other considerations
such as aging, common cartilage injuries are caused by mechanical traumas [4]. The release of proinflam-
matory cytokines driven by mechanical injury is an important factor in the process of cartilage damage
evolved into inflammation and osteoarthritis (OA) [5]. These inflammatory mediators, including TNF-α
and IL-1β, are catabolic cytokines involved in the degradation of ECM by promoting the expression of
matrix MMPs and ADAMTS [6]. It is reported that IL-1β and TNF-α could markedly reduce the ex-
pressions of collagen II (Col2α), aggrecan (AGG) and SOX9 and increase the expression of MMPs [7].
Furthermore, TNF-α increases the cartilage degeneration through the activation of NF-κB and PI3K/AKT
[8].
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As a HIFs family member, it is reported that HIF-2α is highly expressed in the OA cartilage of mouse and human
and plays an important role in inflammation [9,10]. It is demonstrated that NF-κB regulates HIF-2α transcriptional
activity basing on a HIF-2α promoter analysis and NF-κB/HIF-2α signaling pathway is tightly associated with the
development of OA evolved from articular cartilage damage [11].The NF-κB family is made up of five proteins ubiq-
uitously expressed in mammals: p65 (NF-κB, RelA), c-Rel, RelB, NF-B1 (p105/p50) and NF-B2 (p100/p52). They
form homodimers and various heterodimers [12–14]. NF-κB can bind with IκB to form a complex that is maintained
in the cytosol. Once IκBs are phosphorylated by IκB kinase (IKK) and degraded by the ubiquitin proteasomes, NF-κB
is released from the complex and transfers into the nucleus where it promotes the expressions of the target genes such
as HIF-2α [15].

By now, there are no effective drugs and methods to treat the degradation of articular cartilage [16]. In recent
years, more and more researchers have turned their attention to the traditional Chinese medicine extracts for carti-
lage damage and OA treatment. Icariin (ICA) is a typical flavonoid compound originated from Epimedii Folium
with anti-inflammation, anticancer and bone-protective effects [17]. Our previous studies demonstrate that ICA
up-regulates the expressions of HIF-1α and glycolysis key enzymes in chondrocytes, promotes ECM secretion and
glycolysis, and maintains the chondrocyte phenotype. The present study, we investigated the effect of ICA on inflam-
mation. Combining with our previous studies, we believe that ICA is one effective candidate drug for the treatment
of articular cartilage injury.

Materials and methods
Cell vitality assay
Mouse chondrocyte (ADTC5) was a gift from Dr Yang from Jinan University and grown in DMEM medium (Gibco)
containing 10% (v/v) FBS (Gibco), 2 mM L-glutamine (Gibco), 100 U/ml penicillin and 100 μg/ml streptomycin
(Gibco) at 37◦C in an atmosphere with 5% CO2. ADTC5 chondrocytes were seeded at 4.0 × 103 cells/well on a
96-well plate and cultured overnight at 37◦C. After treated with a range of ICA (0, 10−7, 10−6 and 10−5 mol/l) for
24 h or with TNF-α (20 ng/ml) and 10−6 mol/l of ICA for 24 h, cell vitality was determined at 490 nm by the MTS
method in accordance with the Cell Titer 96 Aqueous One Solution Viability assay manual (Promega Corporation).

Western blot analysis
ADTC5 chondrocytes were collected after kinds of treatments and whole-cell lysates were prepared for western blot-
ting in RIPA buffer. Twenty micrograms of proteins were loaded onto an SDS-PAGE system and transferred onto
a PVDF membrane (Merck). Membranes were incubated overnight at 4◦C with primary antibodies of HIF-2α (#:
A01248-1, 1:200, Bosder), p-IKKα/β (#: 86690, 1:1000, Cell Signaling Technology), IKKα/β (#: ab194528, 1:1000,
Abcom), NF-κB (#: 8242, 1:1000, Cell Signaling Technology), p-NF-κB (#: 93H1, 1:1000, Cell Signaling Technology),
IκBα (#: 14D4, 1:1000, Cell Signaling Technology), p-IκBα (#: 8219, 1:1000, Cell Signaling Technology) and GAPDH
(#: 5174, 1:1000, Cell Signaling Technology). Next day, membranes were incubated with secondary anti-rabbit/mouse
IgG, HRP-linked antibody (#: 7074/7076, 1:3000, Cell Signaling Technology). After washing with TBST, proteins on
the membranes were detected using an electrochemiluminescence (ECL) detection kit (Pierce). The images were
captured by ChemiDoc XRS Imaging System (Bio-Rad) and analyzed using Image Lab 5.2.1 software.

Immunofluorescence
ADTC5 Chondrocytes were seeded on lysine-coated glass coverslips in 24-well plates. After fixed with PFA for 10
min, the chondrocytes were incubated with primary antibody of NF-κB (#: 8242, 1:1000, Cell Signaling Technology)
overnight at 4◦C. After rinsing, the coverslips were incubated with goat anti-rabbit IgG/Alexa Fluor® 488 secondary
antibody (#: ab150077, 1:1000, Abcom) in dark. Finally, the coverslips were mounted with mounting solution con-
taining DAPI (Sigma). Fluorescence images were captured and analyzed by fluorescence microscope (Olympus).

Quantitative reverse transcription polymerase chain reaction (qRT-PCR)
Total RNA was extracted from ADTC5 chondrocytes using TRIzol reagent (Thermo Fisher Scientific). The reaction
procedure was as follows: 85◦C 8 s for denaturation and 37◦C 15 min for annealing and extension. qRT-PCR was
performed with TB Green Premix ExTaq II (#: RR066A, TaKaRa) in qTOWER 2.2 real time PCR sysem (Analytik
Jena). β-Actin was used as an internal control. The primer sequences of gene amplification were show in Table 1.

2 © 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/40/11/BSR
20203107/897781/bsr-2020-3107.pdf by guest on 19 April 2024



Bioscience Reports (2020) 40 BSR20203107
https://doi.org/10.1042/BSR20203107

Table 1 The primer sequences of gene amplification

Gene Forward (5′-3′) Reverse (5′-3′)

SOX9 GTGCAAGCTGGCAAAGTTGA TGCTCAGTTCACCGATGTCC

Col2α GGTGAGCCATGATCCGCC TGGCCCTAATTTTCGGGCATC

AGG CGTTGCAGACCAGGAGCAAT CTCGGTCATGAAAGTGGCGG

MMP9 GTACTCGACCTGTACCAGCG AGAAGCCCCACTTCTTGTCG

ADAMTS5 AAGAGGAGGAGGAGGAGGAGGAG AATGGTTGTGAGCTGCCGTATGG

β-Actin GTTGTCGACGACGAGCG GCACAGAGCCTCGCCTT

Establishment of mouse articular cartilage defect model
Experimental procedures were carried out according to the protocols approved by Ethics Committee of Guangzhou
Red Cross Hospital, Jinan University. The articular cartilage defect model of mice was adapted from previously es-
tablished procedure [18]. Briefly, C57BL/6 male mice (5 weeks) were anesthetized. The distal femur was exposed and
an osteochondral defect with 1 mm in diameter and 2 mm in height was created with a 21 G needle. The defects
were implanted with the 3D alginate-gelfoam complexes incorporated with or without ICA. Before the surgery, the
3D alginate-gelfoam complexes were generated as follow: Gelfoams (2 * 2 * 2 mm3) were pre-humidified with ster-
ile deionized water, soaked in 4% alginate acid sodium solution containing ICA (10−6 mol/l) or no ICA, and then
immersed in 102 mmol/l calcium chloride solution. The complexes were then incubated at 37◦C for 5 mins and im-
planted into the cartilage defect. Six mice were used in each group. After feeding with normal food and water for 2
and 6 weeks, the mice were euthanized and the knee joints were isolated from different groups.

Histology and immunohistochemistry
For histological staining, the samples were fixed, decalcified and embedded. The sections were cut at the thickness
of 5 μm. The sections were stained with Hematoxylin & Eosin (H & E) or safranin O/fast green staining (SO). For
immunohistochemistry analysis, goat two-step detection kit was used to detect the antigens according to the man-
ufacturer’s instructions (ZSGB-BIO, PV-8000). The sections were incubated with 100 μl diluted primary antibody
of rabbit polyclonal anti-NF-κB (#: 8242, 1:200, Cell Signaling Technology) or rabbit polyclonal anti-HIF-2α (#:
A01248-1, 1:50, Boster) overnight at 4◦C respectively, and then incubated with HRP-conjugated secondary antibody
for 1 h at room. The reaction was visualized by incubating the sections with a DAB kit (#: SP-9000, ZSGB-BIO) and
hematoxylin for 5 min at room temperature. The photos were taken by an inverted phase contrast microscope (Olym-
pus CKX41-A32PH). The adapted histological parameters originated from the International Cartilage Repair Society
(ICRS) II include: (1) matrix staining; (2) subchondral bone; (3) overall assessment. The defect surrounded by the
dashed lines was defined as region of interest and employed for analysis. Three blinded readers graded the cartilage
sections according to ICRS II parameters and criteria [19].

Statistical analysis
All data were expressed as mean +− SD and analyzed using SPSS version 17.0 software. The differences between groups
were analyzed by Student’s t-test or one-way ANOVA. All experiments were performed in triplicate. P<0.05 and
P<0.01 were considered to indicate statistically significant and extreme significant differences.

Results
ICA increases ADTC5 chondrocyte vitality and suppresses cartilage
degradation
ADTC5 chondrocytes were treated with a range of ICA (0, 10−7, 10−6 and 10−5 mol/l) for 24 h. ADTC5 vitality was
measured with MTS. The structure of ICA is shown in Figure 1A. The cell vitality increased as the concentration of
ICA increased. The highest cell vitality was found at the concentration of 10−6 mol/l of ICA (Figure 1B) (P<0.05).
Basing on our previous study [20] and this, 20 ng/ml of TNF-α was used as an inflammation inducer and 10−6 mol/l
of ICA was used in the subsequent experiments in chondrocytes. Comparing with control cells, TNF-α treatment
significantly inhibited cell vitality. ICA treatment (10−6 mol/l) significantly neutralized the decrease of ADTC5 vitality
resulted from the TNF-α treatment (Figure 1C).

To evaluate the protective effect of ICA on articular cartilage injury in vivo, mouse articular cartilage de-
fect model was established and alginate-gelfoam 3D complexes with (alginate-gelfoam-ICA) or without ICA
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Figure 1. ICA increased chondrocyte vitality and suppressed cartilage degradation

(A) The chemical formula of ICA. (B) Cell vitality of ADTC5 chondrocytes treated for 24 h with the indicated concentrations of ICA

was determined by MTS assays. (C) Cell vitality of ADTC5 chondrocytes treated for 24 h with TNF-α (20 ng/ml) or/and ICA (10−6

mol/l) was determined by MTS assays. (D and E) ICA suppressed ECM degradation in mouse articular cartilage model. The region

surrounded by the dotted lines is the defect. H&E and SO staining showed the defects in mice treated without or with ICA for 2

(D) or 6 (E) weeks; magnification = 100; bar: 200 μm. (F) ICRS II score of mice treated for 6 weeks. *P<0.05 and **P<0.01 were

regarded as significance and extremely significance, respectively.

(alginate-gelfoam-Con) were implanted into the defect area. After implantation for 2 or 6 weeks, the animals were
killed and the knee joint samples were collected for histological examination by H & E and SO staining. The areas in-
dicated with dotted line were implanted with alginate–gelfoam 3D complexes (Figure 1D,E). The 3D complexes were
completely absorbed after 6 weeks. By H & E and SO staining, we found that the cartilage surface was relatively in-
tact and the subchondral bone was substantial in the alginate-gelfoam-ICA group; while in the alginate-gelfoam-Con
group, the cartilage layer was thin, rough, and less matrix staining (Figure 1E). Consistent with these findings, the
ICRS II score of matrix staining, subchondral bone and overall assessment in the alginate-gelfoam-ICA group was
significantly increased comparing with the alginate-gelfoam-Con group (Figure 1F). These findings indicated that
ICA relieved ECM degradation and the destruction of articular cartilage and suppressed cartilage degradation in
mice.

ICA increases the expressions of ECM and ECM regulators in
chondrocytes
By SO staining, we could find that ICA obviously increased ECM expression in mouse articular cartilage defect model
(Figure 1E). The influence of ICA on the expressions of ECM and ECM regulators in chondrocytes was analyzed by
qRT-PCR. SOX9 is an important chondrogenic transcription factor that maintains chondrocyte phenotype and the
formation of embryonic cartilage by promoting the expression of Col2α and AGG [21,22]. As shown in Figure 2A–C,
the expressions of SOX9, AGG and Col2α were significantly up-regulated by ICA treatment and down-regulated by
TNF-α treatment. But, the effect of TNF-α on the expressions of these genes was obviously eliminated by ICA treat-
ment. It has been demonstrated that ECM is degraded by MMPs and ADAMTS families. We found that the expres-
sions of MMP9 and ADAMTS5 were significantly down-regulated by ICA treatment and up-regulated by TNF-α
treatment (Figure 2D,E). The mRNAs of MMP9 and ADAMTS5 were increased by 0.8 and 0.6 times, respectively,
in TNF-α treatment comparing with control group. However, the effect of TNF-α on the expressions of MMP9 and
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Figure 2. ICA regulated the expression of ECM associated proteins in ADTC5 chondrocytes measured by qRT-PCR

(A–C) ICA eliminated the down-regulation of TNF-α on the expressions of SOX9 (A), AGG (B) and Col2α (C). (D and E) ICA eliminated

the up-regulation of TNF-α on the expressions of MMP9 (D) and ADAMTS5 (E). Cells were treated with TNF-α (20 ng/ml) or TNF-α

and ICA (10−6 mol/l) for 24 h. *P<0.05 and **P<0.01 were regarded as significance and extremely significance, respectively.

ADAMTS5 was obviously abolished by ICA treatment. These results suggest that ICA could increase ECM in chon-
drocytes by promoting ECM synthesis and inhibiting ECM degradation.

ICA attenuates TNF-α-driven inflammation and NF-κB/HIF-2α signal
pathway in vitro
It is reported that HIF-2α is highly expressed in OA cartilage and is regulated by NF-κB. NF-κB/HIF-2α signaling
pathway is tightly associated with the development of OA evolved from articular cartilage damage and NF-κB is key
mediator in the signaling pathway that activates the cascade of inflammation in chondrocytes [15]. The crucial steps
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Figure 3. ICA inhibited NF-κB/HIF-2α signal pathway in ADTC5 chondrocytes

(A and B) ICA attenuated the increase of p-IKKα/β/IKKα/β ratio induced by TNF-α treatment. Chondrocytes were treated with

TNF-α or TNF-α and ICA for 24 h. The expressions of p-IKKα/β and /IKKα/β were checked by Western blot (A and B) indicated

p-IKKα/β/IKKα/β ratio. (C and D) ICA attenuated the increase of p-IκB/IκB ratio induced by TNF-α treatment. Chondrocytes were

treated with TNF-α or TNF-α and ICA for 24 h. The expression of p-IκB and IκB was checked by Western blot (C and D) indicated

p-IκB/IκB ratio. (E and F) ICA attenuated the increase of p-NF-κB/NF-κB ratio induced by TNF-α treatment. Chondrocytes were

treated with TNF-α or TNF-α and ICA for 24 h. The expressions of p-NF-κB and NF-κB were checked by Western blot (E and

F) indicated p-NF-κB/NF-κB ratio. (G and H) ICA attenuated the increase of HIF-2α expression induced by TNF-α treatment.

Chondrocytes were treated with TNF-α or TNF-α and ICA for 24 h. HIF-2α expressions was checked by Western blot (G and

H) indicated the relative expression of HIF-2α against GAPDH. (I) ICA attenuated NF-κB nucleic localization induced by TNF-α

treatment; magnification = 200; bar: 50 μm; *P<0.05 and **P<0.01 were regarded as significance and extremely significance,

respectively.

in the activation of NF-κB are the phosphorylation of IκB by IκB kinase complex and the nuclear translocation of
NF-κB. To clarify the effect of ICA on NF-κB/HIF-2α signaling pathway, the ratios of p-IKKα/β/IKKα/β, p-IκB/IκB,
p-NF-κB/NF-κB and HIF-2α expression were measured in ADTC5 chondrocytes. As shown in Figure 3A–H, the ra-
tios of p-IKKα/β/IKKα/β, p-IκB/IκB and p-NF-κB/NF-κB were significantly up-regulated by TNF-α treatment,
respectively. But ICA treatment neutralized the increases of p-IKKα/β/IKKα/β, p-IκB/IκB and p-NF-κB/NF-κB
induced by TNF-α treatment, respectively. The expression of HIF-2α was dramatically up-regulated by TNF-α treat-
ment comparing with control (P<0.05), but it was significantly decreased by ICA treatment (P<0.05) (Figure 3G,H).
Since the nucleic translocation of NF-κB is needed for the activation of NF-κB/HIF-2α signaling pathway, NF-κB lo-
calization in ADTC5 chondrocytes was investigated by immunofluorescence staining. Accompanied with the signifi-
cance increase of NF-κB (green) in TNF-α-treated ADTC5 chondrocytes, more NF-κB transferred to nuclei compar-
ing with control cells (Figure 3I). However, ICA treatment inhibited the increase and nucleic translocation of NF-κB
induced by TNF-α treatment (Figure 3I). These results suggest that NF-κB/HIF-2α signaling pathway was activated
by TNF-α treatment and ICA could neutralize the inflammation effect induced by TNF-α in ADTC5 chondrocytes.

ICA suppressed the NF-κB/HIF-2α signal pathway in vivo
In chondrocytes, we found that the NF-κB/HIF-2α signal pathway was activated by TNF-α and inhibited by ICA. Fur-
thermore, we checked the influence of ICA on NF-κB/HIF-2α signal pathway in vivo using mouse articular cartilage
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Figure 4. ICA suppressed the NF-κB/HIF-2α signal pathway in mice

(A) Immunohistochemical staining for HIF-2α and NF-κB in mouse defects; magnification = 100; bar: 200 μm. (B and C) The

percentage of NF-κB positive cells (B) and HIF-2α positive cells. The regions surrounded by the dotted lines were the defects.

**P<0.01 were regarded as significance and extremely significance.

defect model. The dotted line indicated the area where the 3D alginate-gelfoam complexes were implanted. Since 3D
complexe was completely absorbed after 6 weeks, hereby immunohistochemistry and quantitation analysis were only
applied on 6 week-tissues. The positive cells of HIF-2α and NF-κB were significant less in the defect region implanted
with the complexes containing ICA (alginate-gelfoam-ICA) than that of control (alginate-gelfoam-Con) (Figure
4A–C). These data indicated that ICA could relieve inflammation in vivo as well by inhibiting the NF-κB/HIF-2α
signal pathway.

Discussion
Traditional Chinese medicine is becoming more and more highly regarded in recent years because of the advantages
of rich sources, low prices, and stable efficacy. Researchers have been focused on the protective effects of the active
ingredients of Chinese medicine on cartilage damage [23]. According to the literature, ICA is expected to replace
growth factors for the treatment of various cartilage injuries [24]. Our previous studies demonstrate that ICA protects
cartilage chondrocyte vitality by promoting glycolysis and HIF-1α [25,26]. In the present study, we demonstrated
that ICA protects cartilage chondrocyte vitality by neutralizing the inflammation induced by NF-κB/HIF-2α signal
pathway. Basing on this and our previous studies, we demonstrate that ICA is an effectively potential ingredient against
cartilage injury.

It is reported that TNF-α plays an vital role in the development of OA from chondrocyte inflammation that usually
acts as a trigger initiating an imbalance between degradation and synthesis of articular cartilage [27,28]. The inflam-
matory response stimulated by TNF-α in chondrocytes is closely involved in the NF-κB/HIF-2α signaling pathway
[29,30]. Since HIF-2α is activated as a target of NF-κB upon the treatment of TNF-α [31], TNF-α (20 ng/ml) was used
to establish a chondrocyte inflammation model in the present study. Western blot results showed that the ratios of
p-IKKα/β/IKKα/β, p-IκB/IκB and p-NF-kB/NF-κB and HIF-2α expression in TNF-α-treatment chondrocytes were
significantly higher than that in chondrocytes without TNF-α-treatment (control). The immunofluorescent results
indicated that more NF-κB transferred to nuclei after the chondrocytes were treated with TNF-α. As the downstream
targets of NF-κB/HIF-2α signal pathway [32,33] and the main performers of cartilage degradation and destruction
[34], the expressions of MMP9 and ADMTS5 were up-regulated in the chondrocytes that were treated with TNF-α.
In contrast, the expressions of chondrocyte specific markers including SOX9, AGG and Col2α were down-regulated.
These results suggest that TNF-α, an important inflammatory factor, can promote cartilage damage by activating
NF-κB/HIF-2α signal pathway. It is amazing that ICA neutralizes the inflammation induced by TNF-α in chondro-
cytes. ICA treatment attenuated the expression of HIF-2α, MMP9 and ADMTS5, NF-κB nucleic translocation and
the ratios of p-IKKα/β/IKKα/β, p-IκB/IκB and p-NF-kB/NF-κB. ICA treatment also promoted the expressions of
SOX9, AGG and Col2α.

Mouse articular cartilage defect is a popular inflammatory and cartilage degradation model. The cartilage inflam-
mation and degradation induced by articular cartilage defect model in mice are corresponded to that induced by
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Figure 5. Schematic diagram of the protection of ICA on chondrocytes

ICA protects chondrocytes from inflammation induced by TNF-α through inhibiting the phosphorylation of IKKα/β, the activation of

NF-κB/HIF-2α and the nuclear translocation of NF-κB. Subsequently, ICA inhibits ECM degradation by decreasing the production

of MMPs and ADMTS5.

TNF-α in chondrocytes. The influence of ICA on ECM synthesis and the expression of NF-κB and HIF-2α in vivo
was investigated with mouse articular cartilage defect model in the present study. The alginate–gelfoams complex,
a slow-release and absorbable gelatin, without or with ICA was implanted into the defects. ICRS II score and ECM
synthesis were significantly higher in the mice implanted with the alginate–gelfoam complexes containing ICA than
in the mice implanted with the alginate–gelfoam complexes non-containing ICA. However, the expressions of NF-κB
and HIF-2α were significantly higher in the mice implanted with the alginate–gelfoam complexes non-containing
ICA than in the mice implanted with the alginate–gelfoam complexes containing ICA. These results demonstrated
that ICA significantly inhibited the cartilage degradation, inflammation and NF-κB/HIF-2α signaling pathways in
vivo.

Our previous studies demonstrated that ICA increases the vitality of chondrocytes and ECM synthesis by pro-
moting HIF-1α expression and anaerobic glycolysis [25,26]. It is reported that HIF-2α and HIF-1α has the opposite
effect in chondrocytes and high HIF-2α expression may lead to the destruction and degradation of cartilage. In the
present study, we demonstrated that ICA protects chondrocytes from inflammation by inhibiting the activation of
NF-κB/HIF-2α signaling pathways through the neutralization of IKKs and IκB phosphorylation. Except inhibiting
IKKs and IκB phosphorylation, ICA inhibits STAT3 signal pathway [35]. It is reported that NF-κB signaling pathway
can be regulated by STAT3 pathway [36]. The influence of ICA on the potential cross-talk between NF-κB and STAT3
needs to be investigated in future.

In conclusion, ICA protects chondrocytes from inflammation by inhibiting the activation of NF-κB/HIF-2α signal
pathway. The main results can be concluded in Figure 5. ICA inhibited the phosphorylation of IKKs, IκB and NF-κB
and the expression of HIF-2α induced by TNF-α treatment. As a result, ICA inhibited the expressions of MMP9
and ADAMTS5, suppressed cartilage degradation and increased chondrocyte vitality. Combing this and our previ-
ous studies, we demonstrate that ICA could be a potential molecule for the clinical treatment of OA by suppressing
cartilage degradation via its effect on anaerobic glycolysis and inflammation.
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