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1. Introduction 
Osteoarthritis (OA) is a most common chronic, hete-

rogeneous, degenerative joint disease characterised by 
alterations to the morphology, structure, and function of 
chondrocytes that can affect the many tissues of the joint 
[1, 2]. The pathogenic mechanism behind OA is currently 
unknown, although current theories imply that mechani-
cal, inflammatory, and metabolic components are involved 
in the disease's complicated etiology, leading to the failure 
and destruction of the joint [3, 4]. 

One of the key hallmarks of OA is low-grade chronic 
inflammation. Overproduction of reactive oxygen species, 
matrix-degrading enzymes, and inflammatory mediators 
promotes the gradual deterioration of cartilage, synovium, 
and subchondral bone [5]. It appears that local proinflam-
matory mediator concentrations and inflammation have a 
direct role in the development of OA joint pain [6]. Inflam-

matory substances like IL-1β can cause cartilage degenera-
tion, matrix breakdown, chondrocyte apoptosis, oxidative 
stress, cell senescence, and defective autophagy in chon-
drocytes, which starts and accelerates OA [7]. The deve-
lopment of OA is often accompanied by an increase in cell 
death, a decrease in chondrocyte proliferation, quantity, 
and viability, extracellular matrix (ECM) disintegration, 
deterioration in metabolic status, and chondrocyte inflam-
mation [8]. Therefore, completely understanding the regu-
latory mechanisms linked to cell apoptosis, inflammation, 
and signal transduction pathways in chondrocytes and pre-
serving the homeostasis of chondrocytes is an important 
goal when seeking more efficient therapeutic approaches 
for OA [9].

It has been suggested that the NF-kB pathways play 
a crucial role in the pathogenesis of OA [10]. Following 
IL 1β stimulation, NF-kB p65 is translocated from the 
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expression of rictor. IL-1β increased the expression of p-IκBα, p-NF-κB p65, NF-κB p65, IL-6, TNF-α, iNOS, 
Bax, and caspase3 proteins and decreased the expression of IκB-α. All of these IL-1β-induced alterations were 
prevented by JR-AB2-011. The main novel finding in the present study is that selective mTORC2 inhibition by 
JR-AB2-011 prevents the inflammatory, catabolic, and apoptotic responses induced by IL-1β via modulation 
of IκB-α/NF-κB activity. Therefore, we demonstrated a previously unknown function of mTORC2 inhibition 
that seems to be a potential therapeutic target for OA.
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cytoplasm to the nucleus, where it activates the expres-
sion of numerous inflammatory or catabolic genes, such 
as inducible NO synthase (iNOS), TNF α, and MMPs 
which degrade articular cartilage and cause the onset and 
progression of OA [11]. These results suggest that NF-B, 
along with its cofactors, regulators, and downstream effec-
tors, may represent prospective therapeutic targets for the 
treatment of OA. 

Complex signalling networks are known to mediate 
these cellular events. In particular, the mTOR signalling 
pathway is essential for maintaining joint health and is 
correlated with OA pathogenesis [12]. Concurrently, 
it is worth noting that different roles for mTORC1 and 
mTORC2 have been identified in skeletal development. It 
is known that rictor-mediated mTORC2 signalling plays a 
role in skeletal growth and bone formation with its impor-
tant effects on both chondrocytes and osteoblasts by affec-
ting chondrocyte hypertrophy and bone growth under phy-
siological and pathological conditions. Although the exact 
mechanism by which mTORC2 regulates cartilage width 
and metabolism is yet unknown, it appears to involve mo-
difications to the overall chondrocyte proliferation, survi-
val, or anabolic response.

To the best of our knowledge, no prior studies have 
investigated the contribution of mTORC2 in the pathoge-
nesis of OA with respect to inflammation, catabolic and 
apoptotic response, most likely through IκB-α/NF-κB ac-
tivation, and subsequently, expression of IL-6 and TNF-α, 
MMP13 and iNOS, caspase3, and Bax protein, which is 
well known to play a role in the above-mentioned pro-
cesses. Therefore, in this study, we investigated whether 
mTORC2 contributes to inflammation, catabolic res-
ponses, and apoptosis via the above signalling pathways 
induced by IL-1β in human chondrocyte cell culture.

2. Materials and methods
2.1. Reagent

The recombinant human IL-1β protein was obtained 
from Millipore (California, USA). JR-AB2-011 was pur-
chased from Aobious Inc. (Gloucester, MA, USA). Dul-
becco's modified Eagle's medium (DMEM) and penicil-
lin-streptomycin were obtained from Gibco (New York, 
NY, USA). Fetal bovine serum (FBS) and trypsin-EDTA 
were purchased from Biological Industries (Israel). Pri-
mary antibodies for rictor (SC-271081), p-Akt Ser473 
(SC-293125), Akt (SC-5298), IκB-α (SC-1643,), p-IκB-α 
Ser32 (SC-7977), NF-κB p65 (SC-8008), p-NF-κB 
p65 (SC-33020), TNF-α (SC-33639), IL-6 (SC-32296), 
MMP13 (MA5-14247), iNOS (SC-7271), Bax (SC-
23959), caspase3 (SC-56053), and β-actin (SC-47778) 
were purchased from Santa Cruz Biotechnology (Texas, 
USA) and Invitrogen (Massachusetts, USA). Additionally, 
secondary antibodies (goat anti-mouse IgG-horseradish 
peroxidase (HRP) (ab6808) and goat anti-rabbit IgG-
HRP (ab6721)) were purchased from Abcam (Cambridge, 
United Kingdom).

2.2. Experimental groups and drug administration
The human chondrocyte cell line (HC, 402-05A) was 

purchased from Sigma Aldrich (St. Louis, MO, USA). The 
cell culture was performed in DMEM/F12 containing 10% 
FBS, 1% penicillin-streptomycin, and L-glutamine at 37 
°C in 5% CO2 incubator. When cell confluence reached 
80%, the subculture was carried out. In 6-well plates, 

experimental cells were cultured at a density of 2 x 104 
cells per well and grown to 80%-90% confluence [13, 14]. 
Through the stimulation of cultured chondrocytes with 
2 ng/mL of recombinant IL-1β for 24 hours, an in vitro 
osteoarthritis model has been established [13, 15]. IL-1β 
was used to activate the cells for 24 hours in either the 
absence or presence of JR-AB2-011 (50, 100, or 250 µM), 
a selective mTORC2 inhibitor. JR-AB2-011 (50, 100, or 
250 µM) was administered to chondrocytes simultaneous-
ly with IL-1β. Cells were divided into five groups: control; 
IL-1β (2 ng/mL); IL-1β (2 ng/mL) + 50 µM JR-AB2-011; 
IL-1β (2 ng/mL) + 100 µM JR-AB2-011; and IL-1β (2 ng/
mL) + 250 µM JR-AB2-011. All cells were incubated at 
37 °C in a 95% air, 5% CO2 environment.

2.2. Immunoblot assay
Cells were quickly rinsed with PBS and lysed in situ 

for 10 min on ice with radioimmunoprecipitation assay 
(RIPA) lysis buffer, including 1 % protease and phos-
phatase inhibitors. Whole-cell lysates were obtained af-
ter centrifugation at 14,000 rpm for 15 min. The protein 
content was then assessed using the Bradford assay. 100 
µg of total protein was loaded into 10% SDS-PAGE and 
transferred to nitrocellulose membranes. Afterward, the 
membranes were blocked with TBST supplemented with 
5 % non-fat dry milk solution for 1 h at room tempera-
ture. The membranes were subsequently examined using 
certain primary antibodies [Anti-rictor (1:1000), anti-AKT 
(1:1000), anti-p-AKT Ser473 (1:1000), anti-p-IκB-α Ser32 
(1:500), anti-IκB-α (1:500), anti-p-NF-κB p65 (1:500), 
anti-NF-κB p65 (1:1000), anti-TNF-α (1:1000), anti-IL-6 
(1:1000), anti-MMP13 (1:5000), anti-iNOS (1:1000), anti-
BAX (1:1000), anti-caspase3 (1:1000), and anti-β- actin 
(1:5000)] in TBST, including 5% BSA overnight at 4  °C. 
Membranes were rinsed with TBST and then incubated 
with appropriate secondary antibodies (1:1000) for 2 h at 
room temperature. Finally, the membranes were visualized 
by the detection system using the western blotting detec-
tion reagent. Image J software (1.54d National Institutes 
of Health) was used to analyse the band intensity.

2.3. Statistical analysis
GraphPad Prism 5.0 was used for all statistical analy-

sis (GraphPad Software Inc., California, USA). Data were 
presented as mean ± SEM and analysed by one-way ANO-
VA followed by the Newman–Keuls multiple comparison 
test and an unpaired t-test when appropriate. p < 0.05 was 
used to determine statistical significance.

3. Results
3.1. JR-AB2-011, the selective mTOR2 inhibitor, 
prevented IL-1β-induced increase in activation of 
mTORC2

To investigate the effect of JR-AB2-011 on IL-1β-
induced mTOR2 activation and associated signalling mo-
lecules in cultured chondrocytes, we examined the protein 
expressions of rictor, Akt, and p-Akt. We found that phos-
phorylation of Akt (ser473), the principal downstream tar-
get of mTORC2, was increased, whereas protein expres-
sion of Akt was unchanged in response to IL-1β chondro-
cytes in the different experimental groups (p < 0.05) (Fig. 
1). JR-AB2-011 reversed this change in IL-1β-treated 
chondrocytes. IL-1β-induced rictor expression, which is 
the main component of mTORC2, was also suppressed by 
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expression were examined in order to confirm whether 
mTORC2 mediates the IL-1β-induced inflammatory res-
ponse in human chondrocytes via proinflammatory cyto-
kines. The data showed an increase in the protein expres-
sion of TNF-α and IL-6 in the IL-1β-treated group com-
pared to the control and JR-AB2-011 treated groups; the 
increase in protein expression of TNF-α and IL-6 were 
markedly inhibited in human chondrocytes (p < 0.05) (Fig. 
3).

3.4. Effect of JR-AB2-011 on the expression of catabolic 
factors in human chondrocytes stimulated with IL-1β

The effect of JR-AB2-011 on IL-1β-induced MMP13 
and iNOS production was evaluated using Western blot 
assay. MMP13 and iNOS protein levels were significantly 
elevated in IL-1β-treated cells compared to the control 
cells (p < 0.05). However, treatment with JR-AB2-011 
markedly inhibited IL-1β-induced MMP13 and iNOS ex-
pression (p < 0.05) (Fig. 4). Our results demonstrated that 
JR-AB2-011 alleviates IL-1β-induced catabolic response, 
thereby promoting MMP13 and iNOS formation.

3.5. Effect of JR-AB2-011 on the expression of apop-
totic markers in human chondrocytes stimulated with 
IL-1β

Finally, we evaluated the contribution of mTORC2 to 

JR-AB2-011 (p < 0.05) (Fig. 1). In IL-1β-treated chon-
drocytes, Akt phosphorylation and rictor expression were 
upregulated, which is consistent with enhanced mTORC2 
activity.

3.2. JR-AB2-011 prevented IL-1β-induced NF-κB acti-
vation in human chondrocytes

To determine the contribution of NF-κB activation 
to IL‑1β induced inflammatory, catabolic, and apoptotic 
processes in the chondrocytes, we examined IκB-α/NF-
κB protein expression and phosphorylation. The results 
revealed an increase in the phosphorylation of NF-κB p65 
by IL-1β stimulation, which was inhibited by pretreat-
ment with JR-AB2-011 (p < 0.05) (Fig. 2). Additionally, 
IL‑1β caused an increase in IκB-α phosphorylation and a 
decrease in IκB-α expression in chondrocytes (p < 0.05) 
(Fig. 2). The degradation and phosphorylation of IκB-α 
in chondrocytes treated with JR-AB2-011 were decreased 
(p < 0.05) (Fig. 2). These data suggested that JR-AB2-011 
blocked IL-1β-induced NF-κB p65 activation by inhibi-
ting the phosphorylation of NF-κB p65 and the degrada-
tion of IκB-α in human chondrocytes.

3.3. Effect of JR-AB2-011 on the expression of inflam-
matory mediators in human chondrocytes stimulated 
with IL-1β

The effects of JR-AB2-011 on TNF- and IL-6 protein 

Fig. 1. JR-AB2-011 inhibits the increased protein expression and/or 
phosphorylation of rictor and Akt in IL-1β-treated chondrocytes. The 
chondrocytes were treated with IL-1β (2 ng/ml) with or without  JR-
AB2-011 (50, 100, and 250 μM) for 24 h. The density of bands was 
analyzed using Image J 1.54d software. The values are presented as 
the means ± SEM. * p < 0.05 versus control group; # p < 0.05 versus 
IL-1β alone group.

Fig. 2. JR-AB2-011 inhibits the protein expression of IκB-α, p-IκB-α, 
NF-κB p65, and p- NF-κB p65 in IL-1β-treated chondrocytes. The 
chondrocytes were treated with IL-1β (2 ng/ml) with or without JR-
AB2-011 (50, 100, and 250 μM) for 24 h. The density of bands was 
analyzed using Image J 1.54d software. The values are presented as 
the means ± SEM. * p < 0.05 versus control group; # p < 0.05 versus 
IL-1β alone group.

Fig. 3. Effects of JR-AB2-011 on inflammatory response induced by 
IL-1β. The chondrocytes were treated with IL-1β (2 ng/ml) with or 
without JR-AB2-011 (50, 100, and 250 μM) for 24 h. Western blot-
ting was used to determine the expression levels of TNF-α and IL-6. 
The density of bands was analyzed using Image J 1.54d software. The 
values are presented as the means ± SEM. * p < 0.05 versus control 
group; # p < 0.05 versus IL-1β alone group.

Fig. 4. Effects of JR-AB2-011 on catabolic response induced by IL-1β 
The chondrocytes were treated with IL-1β (2 ng/ml) with or without 
JR-AB2-011 (50, 100, and 250 μM) for 24 h. Western blotting was 
used to determine the expression levels of MMP13 and iNOS. The 
density of bands was analyzed using Image J 1.54d software. The 
values are presented as the means ± SEM. * p < 0.05 versus control 
group; # p < 0.05 versus IL-1β alone group.
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apoptotic markers in human chondrocytes. To determine 
IL-1β-induced cell death, we measured protein expression 
of main proapoptotic factors cleaved caspase3 and Bax. 
Western blot analysis indicated that IL-1β stimulation 
increased cleaved caspase3 and Bax protein levels. The 
addition of JR-AB2-011 decreased cleaved caspase3 and 
Bax, which indicates that JR-AB2-011 attenuated IL-1β-
induced apoptotic response in chondrocyte (p < 0.05) (Fig. 
5).

4. Discussion
This study demonstrates for the first time that mTORC2 

plays a crucial role in IL-1β-stimulated inflammation, cata-
bolic responses, and apoptosis mediated by IκB-α/NF-κB 
p65 activity in chondrocytes which is known as the in vitro 
OA model. This conclusion is based on our demonstration 
that inhibition of mTORC2 by JR-AB2-011, the first selec-
tive mTORC2 inhibitor discovered, prevented the inflam-
matory and catabolic response and apoptosis, which is lin-
ked to decreased activity of IκB-α/NF-κB p65, resulted in 
reduced TNF-α, IL-6, iNOS, MMP13, Bax and caspase3 
protein expression as well as attenuated rictor expression 
and Akt Ser473 phosphorylation in human chondrocytes 
induced by IL-1β. Therefore, our study highlights a pre-
viously unknown role of mTORC2 in the IL-1β-induced 
responses of chondrocytes, an in vitro model of OA.

Until now, both in vitro and in vivo studies related to 
OA have focused on explaining the contribution of mTOR 
through the activity of mTORC1. In particular, mTORC1 
has been shown to contribute to the changes in cartilage 
homeostasis, chondrocyte proliferation, apoptosis, inflam-
mation, and autophagy through the PI3K/Akt signalling 
pathway, which causes OA development [16-18]. There-
fore, mTOR seems to be an important link to events that 
mediate the pathogenesis of OA. Compared to mTORC1, 
the regulation and specific roles of mTORC2 activity at 
the tissue level in whole organisms are less well under-
stood. However, no study to date examined the function 
of mTORC2 in chondrocyte homeostatic, apoptotic, or in-
flammatory processes. In light of all these pieces of infor-
mation, two important events were tried to be emphasized 
in this study: IL-1β administration increases mTORC2 
activity in chondrocytes, which is indicated by increased 
Akt Ser473 phosphorylation and rictor expression, and in 

chondrocytes, increased mTORC2 activity mediates in-
flammatory, catabolic, and apoptotic responses via IκB-α/
NF-κB p65.

The roles of mTORC2 in inflammation, catabolic res-
ponse, and apoptosis are still not understood. To investi-
gate how mTORC2 signalling is activated in these cases, 
known as the essential markers of OA, we focused on the 
contribution of this mTOR complex in an in vitro OA mo-
del generated by IL-1β stimulation of the chondrocytes. 
IL‑1β is well known for its involvement in OA pathogene-
sis, and it may cause in significant changes in the cartilage, 
including matrix breakdown, inflammation, chondrocyte 
phenotypic abnormalities, and chondrocyte apoptosis [19, 
20]. Previous research by us and others has shown that 2 ng/
ml IL-1β causes a striking inflammatory response in chon-
drocytes [13, 15]. To gain further insight into the potential 
role of mTORC2 in chondrocyte inflammation, chondro-
cytes were incubated with IL-1β and the selective inhibitor 
of mTORC2, JR-AB2-011. As expected, mTORC2's scaf-
fold protein rictor expression and phosphorylation of the 
effector protein Akt accepted as the indicators of activity 
of mTORC2 were increased by IL-1β treatment which was 
prevented by JR-AB2-01. Similarly, recent studies have 
shown that IL-1β increased mTORC2 activity in different 
tissues and cells like macrophages and T cells [21]. Rictor 
is a key component of mTORC2 interacting closely with 
mTOR and contributes to mTORC2 assembly, which is 
necessary for mTORC2 activation [22]. Also, in literature, 
rictor-deficient mice have been shown to have a remar-
kably decreased mTORC2 activity [23]. Although there 
are few studies on this topic, IL-1β has been demonstrated 
to be a crucial mTORC2 activator, especially in complica-
ted inflammatory processes [24]. Based on the above evi-
dence, our results support these similar reports implicating 
the critical role of mTORC2 signalling in proinflammatory 
responses that occur in IL-1β-treated chondrocytes during 
the progression of OA, and targeting mTORC2 may be a 
new and valuable strategy in chondrocyte homeostasis.

There is growing evidence for the hypothesis that 
inflammatory responses accompany OA-related patho-
physiological changes, and therefore antiinflammatory 
treatments could be a useful intervention for OA. It is 
well‑accepted that IL‑1β can mimic OA by inducing an 
inflammatory response in chondrocytes [25, 26]. Also, 
multiple signals are known to be involved in OA progres-
sion, particularly NF-κB signalling [11, 27, 28]. NF-κB is 
a transcription factor that plays a well-established and im-
portant role in inflammation. The IL-1β activated NF-κB 
pathway is linked to numerous inflammatory pathologies. 
The NF-κB molecules could cause the articular joint to 
disintegrate, accelerating the development of OA [11, 29, 
30]. Lin et al. [31] found that pharmacological inhibition 
of NF-κB could reduce IL-1β-induced inflammatory res-
ponse in chondrocytes. Therefore, besides the inhibitory 
effect of JR-AB2-011 on inflammation; this study investi-
gated the possible relationships between mTORC2 activi-
ty and NF‑κB signalling activation were investigated. The 
results of this study showed that JR-AB2-011 reduced the 
expression and/or phosphorylation of IκB-α, NF-κB p65 in 
chondrocytes under IL-1β stimulation. These results illus-
trate that JR-AB2-011 exhibits antiinflammatory activities 
in chondrocytes by preventing the activation of NF-κB si-
gnalling. Also, it is known that IL-1β promotes the NF-κB 
p65 signalling pathway in chondrocytes and subsequently 

Fig. 5. Effects of JR-AB2-011 on apoptosis induced by IL-1β. The 
chondrocytes were treated with IL-1β (2 ng/ml) with or without JR-
AB2-011 (50, 100, and 250 μM) for 24 h. Western blotting was used 
to determine the expression levels of Bax and cleaved caspase3. The 
density of bands was analyzed using Image J 1.54d software. The 
values are presented as the means ± SEM. * p < 0.05 versus control 
group; # p < 0.05 versus IL-1β alone group.
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induces an increase in the expression of proinflammato-
ry mediators, eventually contributing to the progression 
of OA as critical factors [32]. This increased expression 
leads to proinflammatory phenotypic changes in OA, in-
cluding the activation of iNOS and COX-2, TNF-α, and 
IL-6 expression. Supporting this view were our findings 
that IL-1β increased TNF-α and IL-6 protein expression 
in chondrocytes, and this cytokine-mediated inflammatory 
response was prevented with JR-AB2-011 treatment. As 
is known, there are several signalling pathways capable 
of activating NF-κB. One of them is the regulation of NF-
κB by Akt/IKKα signalling pathway activation, a striking 
finding obtained for the first time in the study of Choi et 
al. on skin aging. It has also been shown that mTORC2 
may play an important but inconsistent role in regulating 
inflammation and NF-kB signalling in various cell types 
[33-36]. Further studies are needed to fully understand the 
mechanisms underlying the modulation of inflammation 
by mTORC2 and NF-κB and to identify potential thera-
peutic targets for the treatment of inflammatory diseases.

Evidence is accumulating that IL-1β activates the 
NF-κB p65 signalling pathway in chondrocytes and sub-
sequently induces the upregulation of the expression of 
procatabolic mediators as well as proinflammatory cyto-
kines, eventually contributing to the degradation of the 
cartilage ECM [37]. There is growing support demons-
trating the key role of NF-κB in inducing, in turn, cyto-
kine expression and cytokine-induced secretion of MMPs, 
since its inhibitors could significantly block the induction 
of MMP1 and 13 [38, 39]. Changes in ECM content and 
structure indicate the progression of OA [40]. Degrada-
tion and aberrant homeostasis of the ECM are regarded as 
therapeutic targets in the regeneration, and reconstruction 
of articular cartilage [41, 42]. IL-1 stimulates the upregu-
lation of matrix-degrading enzymes such as ADAMTS-5, 
MMP1, 3, and 13 in chondrocytes [43]. Since IL-1β in-
duces ECM degradation, drugs that prevent its destruction 
can be employed as alternative OA treatments. As a pro-
minent, MMP13 has been proven as a target in OA. A key 
member of the MMP family, MMP-13, primarily degrades 
ECM by cleaving type II collagen [44]. In the present stu-
dy, JR-AB2-011 suppressed the IL-1β-mediated expres-
sion of MMP13 and iNOS, indicating that JR-AB2-011 
might have chondroprotective properties against IL-1β-
stimulated OA deterioration. Overall, our findings showed 
that the mechanism of JR-AB2-011's preventative effect 
on ECM degradation could be explained by suppressing 
IκB-α/NF-κB p65 activity through inhibition of mTORC2.

In order to slow and manage the progression of OA, 
chondrocyte proliferation and apoptosis inhibition have 
been key strategies [45, 46]. Chondrocyte apoptosis is 
one of the relevant causes of damage and loss of articular 
cartilage and is an essential mechanism for the formation 
and progression of OA [47]. At the same time, inflamma-
tory cytokines tend to trigger apoptosis of the chondro-
cytes [48, 49]. To this end, in this study, we evaluated the 
contribution of mTORC2 to the apoptotic markers in IL-
1β-induced chondrocytes with the effects of JR-AB2-011. 
Our results indicates that JR-AB2-011 reduces the protein 
expression of the apoptosis-related markers Bax and cas-
pase3 in chondrocytes, suggest that JR-AB2-011 inhibits 
chondrocyte apoptosis to lessen cartilage damage and de-
lay OA progression. Despite the paucity of research on the 
interplay between mTORC2 and apoptosis, a recent study 

using JR-AB2-011 to examine mTORC2's potential role 
in brain injury in epileptic rats showed that JR-AB2-011 
treatment minimized brain damage and neuronal apopto-
sis. According to this study, mTORC2 inhibition may have 
anti-neuronal damage properties in epileptic brain injury 
by suppressing apoptotic markers [50].

5. Conclusion
In conclusion, chondrocyte cells are frequently used as 

an in vitro model for osteoarthritis in studies investigating 
the mechanisms underlying the pathophysiology of os-
teoarthritis, including inflammation, catabolic responses, 
and apoptosis, and to identify potential new therapeutic 
options for the treatment of OA. The data presented in this 
study for the first time demonstrate that mTORC2 plays a 
role in the inflammation, catabolic response, and apoptosis 
caused by IL-1β in chondrocytes. In addition, we identified 
mTORC2's stimulation of IκB-α/NF-κB p65 as the mecha-
nism causing increased TNF-α, IL-6, iNOS, MMP13, Bax, 
and caspase3 expression, resulting in apoptosis, catabolic 
response, and inflammation in human chondrocytes. This 
is the first observation that highlights the significance of 
mTORC2 inhibition, which may represent a strategic goal 
for managing OA-related processes.

Conflict of Interests
The authors declare no conflict of interest.

Consent for publications
The author read and approved the final manuscript for 
publication.

Ethics approval and consent to participate
No human or animals were used in the present research.

Informed Consent
The authors declare that no patients were used in this study.

Availability of data and material 
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Authors' contributions
Meryem Temiz-Resitoglu: concepts, design, experimental 
studies, data analysis, writing, original draft preparation. 
Seyhan Sahan-Firat: concepts, design, experimental stu-
dies, supervision, reviewing and editing, Zainab Sabrie: 
experimental studies, reviewing and editing, Rukiye Nalan 
Tiftik: experimental studies, reviewing and editing, Taskın 
Kalkan, experimental studies, reviewing and editing, Ayca 
Aktas-Sukuroglu: experimental studies, reviewing and 
editing, Kafait U. Malik: reviewing and editing. All the 
authors approved the final version.

Funding
This work was supported by the Research Foundation of 
Mersin University [2023-1-AP3-4818].

References 

1. 	 Bijlsma JW, Berenbaum F, Lafeber FP (2011) Osteoarthritis: An 
update with relevance for clinical practice. Lancet 377:2115-
2126. doi: 10.1016/S0140-6736(11)60243-2

2. 	 Scanzello CR, Goldring SR (2012) The role of synovitis in 



42

Role of mTORC2 in human chondrocytes.            Cell. Mol. Biol. 2024, 70(9): 37-43

osteoarthritis pathogenesis. Bone 51:249-257. doi: 10.1016/j.
bone.2012.02.012

3. 	 Martel-Pelletier J, Barr AJ, Cicuttini FM, Conaghan PG, Cooper 
C, Goldring MB, Goldring SR, Jones G, Teichtahl AJ, Pelletier JP 
(2016) Osteoarthritis. Nat Rev Dis Primers 2:16072. doi: 10.1038/
nrdp.2016.72

4. 	 Brandt KD, Radin EL, Dieppe PA, van de Putte L (2006) Yet more 
evidence that osteoarthritis is not a cartilage disease. Ann Rheum 
Dis 65:1261–1264. doi: 10.1136/ard.2006.058347

5. 	 Litwic AE, Parsons C, Edwards MH, Jagannath D, Cooper C, 
Dennison EM (2018) Comment on: Inflammatory mediators 
in osteoarthritis: A critical review of the state of the art, pros-
pects, and future challenges. Bone 106:28-29. doi: 10.1016/j.
bone.2016.08.001

6. 	 Fernandes JC, Martel-Pelletier J, Pelletier JP (2002) The role of 
cytokines in osteoarthritis pathophysiology. Biorheology 39:237–
246. 

7. 	 Vinatier C, Dominguez E, Guicheux J, Carames B (2018) Role of 
the inflammation-autophagy-senescence integrative network in os-
teoarthritis. Front Physiol 9:706. doi: 10.3389/fphys.2018.00706

8. 	 Blanco FJ, Guitian R, Vazquez-Martul E, de Toro FJ, Galdo F 
(1998) Osteoarthritis chondrocytes die by apoptosis. A pos-
sible pathway for osteoarthritis pathology. Arthritis Rheum.; 
41(2):284–289. doi: 10.1002/1529-0131(199802)41:2<284::AID-
ART12>3.0.CO;2-T

9. 	 Cai JH, Huang D, Lv H, Wang D, Wang H, Miao H, Wu L, 
Wang F (2023) Deficiency of immune-responsive gene 1 exa-
cerbates interleukin-1beta-elicited the inflammatory response 
of chondrocytes via enhancing the activation of NLRP3 inflam-
masome. Int Immunopharmacol 114: 109456. doi: 10.1016/j.
intimp.2022.109456.

10. 	 Zhang H, Cai D, Bai X (2020) Macrophages regulate the progres-
sion of osteoarthritis. Osteoarthritis Cartilage; 28(5):555-561. doi: 
10.1016/j.joca.2020.01.007.

11. 	 Rigoglou S, Papavassiliou A (2013) The NF-κB signalling pa-
thway in osteoarthritis. Int J Biochem Cell Biol 45:2580–2584. 
doi: 10.1016/j.biocel.2013.08.018.

12. 	 Litherland GJ, Dixon C, Lakey RL, Robson T, Jones D, Young 
DA, Cawston TE, Rowan AD (2008) Synergistic collagenase 
expression and cartilage collagenolysis are phosphatidylinositol 
3-kinase/Akt signalingdependent. J Biol Chem 283:14221-14229. 
doi: 10.1074/jbc.M710136200.

13. 	 Tiftik RN, Temiz-Reşitoğlu M, Güden DS, Bayrak G, Ün, Yılmaz 
ŞN, Şahan-Fırat S (2021) Involvement of Rho-kinase/IκB-α/NF-
κB activation in IL-1β-induced inflammatory response and oxi-
dative stress in human chondrocytes. Can J Physiol Pharmacol 
99(4):418-426. doi: 10.1139/cjpp-2020-0305.

14.	  Hooshmand S, Soung DY, Lucas EA,  Madihally SV, Levenson 
CW,   Arjmandi BH (2007) Genistein reduces the production of 
proinflammatory molecules in human chondrocytes. J Nutr Bio-
chem 18(9):609-614. doi: 10.1016/j.jnutbio.2006.11.006

15. 	 Liu L, Bai H, Jiao G, Wang X, Zhang Z, Song X, Ma T, Li  T, Gao 
L (2022) CF101 alleviates OA progression and inhibits the in-
flammatory process via the AMP/ATP/AMPK/mTOR axis. Bone 
155, 116264. doi: 10.1016/j.bone.2021.116264.

16. 	 Iwasa K, Hayashi S, Fujishiro T, Kanzaki N, Hashimoto S, Sakata 
S, Chinzei N, Nishiyama T, Kuroda R, Kurosaka M (2014) PTEN 
regulates matrix synthesis in adult human chondrocytes under 
oxidative stress. J Orthop Res 32:231-237. doi: 10.1002/jor.22506

17. 	 Balwani S, Chaudhuri R, Nandi D, Jaisankar P, Agrawal A, Ghosh 
B (2012) Regulation of NF-kB activation through a novel PI-3K-
independent and PKA/Akt-dependent pathway in human umbili-
cal vein endothelial cells. PloS One 7(10):e46528. doi: 10.1371/
journal.pone.0046528

18. 	 Carames B, Hasegawa A, Taniguchi N, Miyaki S, Blanco FJ, Lotz 
M (2012) Autophagy activation by rapamycin reduces severity 
of experimental osteoarthritis. Ann Rheum Dis; 71:575-581. doi: 
10.1136/annrheumdis-2011-200557

19. 	 Wang D, Qiao J, Zhao X, Chen T, Guan D (2015) Thymoquinone 
inhibits IL 1β induced inflammation in human osteoarthritis chon-
drocytes by suppressing NF κB and MAPKs signaling pathway. 
Inflammation 38:2235-2241. doi: 10.1007/s10753-015-0206-1

20. 	 Lianxu C, Hongti J, Changlong Y (2006) NF kappaBp65 specific 
siRNA inhibits expression of genes of COX 2, NOS 2 and MMP 9 
in rat IL 1beta induced and TNF alpha induced chondrocytes. Os-
teoarthritis Cartilage 14:367-376. doi: 10.1016/j.joca.2005.10.009

21. 	 Cai Y, Xue F, Qin H, Chen X, Liu N, Fleming C, Hu X, Zhang 
H, Chen F, Zheng J, Yan J (2019) Differential roles of the 
mTOR STAT3 signaling in dermal γδ T cell effector function 
in skin inflammation. Cell Rep 27:3034–3048. doi: 10.1016/j.
celrep.2019.05.019

22. 	 Masri J, Bernath A, Martin J, Jo OD, Vartanian R, Funk A, Gera 
J (2007) mTORC2 activity is elevated in gliomas and promotes 
growth and cell motility via overexpression of rictor. Cancer Res; 
67:11712-11720. doi: 10.1158/0008-5472.CAN-07-2223

23. 	 Sarbassov DD, Ali SM, Kim DH, Guertin DA, Latek RR, Erdju-
ment-Bromage H, Tempst P, Sabatini DM (2004) Rictor, a novel 
binding partner of mTOR, defines a rapamycin-insensitive and 
raptor-independent pathway that regulates the cytoskeleton. Curr 
Biol 14:1296-1302. doi: 10.1016/j.cub.2004.06.054

24. 	 Liu Q, Yang Q, Wu Z, Chen Y, Xu M, Zhang H, Zhao J, Liu 
Z, Guan Z, Luo J, Li ZY, Sun G, Wen Q, Xu Y, Li Z, Chen K, 
Ben X, He W, Li X, Yin Z, Hao J, Lu L (2022) IL-1β-activated 
mTORC2 promotes accumulation of IFN-γ+ γδ T cells by upregu-
lating CXCR3 to restrict hepatic fibrosis. Cell Death and Disease 
13:289. doi: 10.1038/s41419-022-04739-3

25. 	 Eymard F, Pigenet A, Citadelle D, Flouzat Lachaniette CH, Poi-
gnard A, Benelli C, Berenbaum F, Chevalier X, Houard X (2014) 
Induction of an inflammatory and prodegradative phenotype in 
autologous fibroblast like synoviocytes by the infrapatellar fat 
pad from patients with knee osteoarthritis. Arthritis Rheumatol 
66:2165-2174. doi: 10.1002/art.38657

26. 	 Tu C, Huang X, Xiao Y, Song M, Ma Y, Yan J, You H, Wu H 
(2019) Schisandrin A inhibits the IL 1β induced inflammation 
and cartilage degradation via suppression of MAPK and NF κB 
signal pathways in rat chondrocytes. Front Pharmacol 10:41. doi: 
10.3389/fphar.2019.00041

27. 	 Wang Y, Fan X, Xing L, Tian F (2019) Wnt signaling: a promising 
target for osteoarthritis therapy. Cell Commun. Signal 17(1):97. 
doi: 10.1186/s12964-019-0411-x

28.	 Latourte A, Kloppenburg M, Richette P (2020) Emerging pharma-
ceutical therapies for osteoarthritis. Nat Rev Rheumatol 16:673-
688. doi: 10.1038/s41584-020-00518-6

29.	 Scholz CC, Cavadas MA, Tambuwala MM, Hams E, Rodríguez 
J, Kriegsheim AV, Cotter P, Bruning U, Fallon PG, Cheong A, 
Cummins EP, Taylor CT (2013) Regulation of IL-1beta-induced 
NF-kappaB by hydroxylases links key hypoxic and inflammatory 
signaling pathways. Proc Natl Acad Sci U S A 110(46):18490-
18495. doi: 10.1073/pnas.1309718110

30.	 Liu YX, Wang GD, Wang X, Zhang YL, Zhang TL (2017) Ef-
fects of TLR-2/NFkappaB signaling pathway on the occurrence 
of degenerative knee osteoarthritis: an in vivo and in vitro study. 
Oncotarget 8(24):38602-38617. doi: 10.18632/oncotarget.16199

31.	 Lin Z, Wu D, Huang L, Jiang C, Pan T, Kang X, Pan J (2019) Nobi-
letin inhibits IL-1beta-induced inflammation in chondrocytes via 
suppression of NF-kappaB signaling and attenuates osteoarthritis 
in mice. Front Pharmacol 10:570. doi: 10.3389/fphar.2019.00570

32.	 Rahmati M, Mobasheri A, Mozafari M (2016) Inflammatory me-



43

Role of mTORC2 in human chondrocytes.            Cell. Mol. Biol. 2024, 70(9): 37-43

diators in osteoarthritis: a critical review of the state-of-the-art, 
current prospects, and future challenges. Bone 85:81-90. doi: 
10.1016/j.bone.2016.01.019

33.	 Choi YJ, Moon KM, Chung KW, Jeong JW, Park D, Kim DH, 
Yu BP, Chung HY (2016) The underlying mechanism of proin-
flammatory NF-kappaB activation by the mTORC2/Akt/IKKal-
pha pathway during skin aging. Oncotarget 7:52685-52694. doi: 
10.18632/oncotarget.10943

34.	 Festuccia WT, Pouliot P, Bakan I, Sabatini DM, Laplante M 
(2014) Myeloidspecific Rictor deletion induces M1 macrophage 
polarization and potentiates in vivo proinflammatory response to 
lipopolysaccharide. PLoS ONE 9(4):e95432. doi: 10.1371/jour-
nal.pone.0095432

35.	 Dai H, Watson AR, Fantus D, Peng L, Thomson AW, Rogers NM 
(2018) Rictor deficiency in dendritic cells exacerbates acute kidney 
injury. Kidney Int 94:951-963. doi: 10.1016/j.kint.2018.06.010

36.	 Martinez N, Cheng CY, Ketheesan N, Cullen A, Tang Y, Lum J, 
West K, Poidinger M, Guertin DA, Singhal A, Kornfeld H (2019) 
mTORC2/Akt activation in adipocytes is required for adipose tis-
sue inflammation in tuberculosis. EBioMedicine 45:314-327. doi: 
10.1016/j.ebiom.2019.06.052 

37.	 Abramson SB (2008) Osteoarthritis and nitric oxide. Osteoar-
thritis and Cartilage 16 (Suppl 2):15-20. doi: 10.1016/S1063-
4584(08)60008-4

38.	 Ge XP, Gan YH, Zhang CG, Zhou CY, Ma KT, Meng JH, Ma 
XC (2011) Requirement of the NF-κB pathway for induction of 
Wnt-5A by interleukin-1β in condylar chondrocytes of the tem-
poromandibular joint: Functional crosstalk between the Wnt-5A 
and NF-κB signaling pathways. Osteoarthr Cartil 19:111-117. doi: 
10.1016/j.joca.2010.10.016

39.	 Fan Z, Yang H, Bau B, Söder S, Aigner T (2006) Role of mitogen-
activated protein kinases and NFkappaB on IL-1beta-induced ef-
fects on collagen type II, MMP-1 and 13 mRNA expression in 
normal articular human chondrocytes. Rheumatol Int 26:900-903. 
doi: 10.1007/s00296-006-0114-7

40.	 Jaabar IL, Cornette P, Miche A, Wanherdrick K, Dupres V, 
Ehkirch FP, Binder AC, Berenbaum F, Houard X, Landoulsi J 
(2022) Deciphering pathological remodelling of the human car-
tilage extracellular matrix in osteoarthritis at the supramolecular 
level. Nanoscale 14(24):8691-8708. doi: 10.1039/d2nr00474g

41.	 Wong M, Carter D (2003) Articular cartilage functional histomor-
phology and mechanobiology: a research perspective. Bone 33:1-
13. doi: 10.1016/s8756-3282(03)00083-8.

42.	 Maldonado M, Nam J (2013) The role of changes in extracel-
lular matrix of cartilage in the presence of inflammation on the 
pathology of osteoarthritis. BioMed Res Int 2013:284873. doi: 
10.1155/2013/284873

43.	 Kapoor M, Martel-Pelletier J, Lajeunesse D, Pelletier JP, Fahmi H 
(2011) Role of proinflammatory cytokines in the pathophysiology 
of osteoarthritis. Nat Rev Rheumatol 7(1):33-42. doi: 10.1038/
nrrheum.2010.196

44.	 Hu Q, Ecker M (2021) Overview of MMP-13 as a promising tar-
get for the treatment of osteoarthritis. Int J Mol Sci 22(4):1742. 
doi: 10.3390/ijms22041742

45.	 Jin L, Zhao J, Jing W, Yan S, Wang X, Xiao C, Ma B (2014) Role 
of miR-146a in human chondrocyte apoptosis in response to me-
chanical pressure injury in vitro. Int J Mol Med 34 (2):451-463. 
doi: 10.3892/ijmm.2014.1808 

46.	 Yan S, Wang M, Zhao J, Zhang H, Zhou C, Jin L, Zhang Y, Qiu 
X, Ma B, Fan Q (2016) MicroRNA-34a affects chondrocyte apop-
tosis and proliferation by targeting the SIRT1/p53 signaling path-
way during the pathogenesis of osteoarthritis. Int J Mol Med 38 
(1):201–209. doi: 10.3892/ijmm.2016.2618

47.	 Wang G, Jing W, Bi Y, Li Y, Ma L, Yang H, Zhang Y (2021) Neu-
trophil elastase induces chondrocyte apoptosis and facilitates the 
occurrence of osteoarthritis via caspase signaling pathway. Front 
Pharmacol 12:666162. doi: 10.3389/fphar.2021.666162.

48.	 Heraud F, Heraud A, Harmand MF (2000) Apoptosis in normal 
and osteoarthritic human articular cartilage. Ann Rheum Dis 
59(12):959-965. doi: 10.1136/ard.59.12.959.

49.	 Lopez-Armada MJ, Carames B, Lires-Dean M, Cillero-Pastor 
B, Ruiz-Romero C, Galdo F, Blanco FJ (2006) Cytokines, tumor 
necrosis factor-alpha and interleukin-1beta, differentially regulate 
apoptosis in osteoarthritis cultured human chondrocytes. Osteoar-
thritis Cartilage 14(7):660-669. doi: 10.1016/j.joca.2006.01.005

50.	 Zhao Y, Zhao W, Han Y (2023) Inhibition of mTORC2 improves 
brain injury in epileptic rats by promoting chaperone-mediated 
autophagy. Epilepsy Res 193:107161. doi: 10.1016/j.eplep-
syres.2023.107161


