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Abstract

Osteoarthritis (OA) is a multifactorial chronic disease primarily characterized by the degeneration of articular carti-
lage. Currently, there is a lack of effective treatments for OA other than surgery. The exploration of the mechanisms of
occurrence is important in exploring other new and effective treatments for OA. The current evidence shows that the
Janus kinase 2 (JAK2)/signal transducer and activator of transcription 3 (STAT3) signaling pathway plays a vital role in
cytogenesis and is involved in OA progression. The terms “JAK2", “STAT3", and “Osteoarthritis"were used in a compre-
hensive literature search in PubMed to further investigate the relationship between the JAK2/STAT3 signaling pathway
and OA. This review focuses on the role and mechanism of JAK2/STAT3 signaling in cartilage degradation, subchon-
dral bone dysfunction, and synovial inflammation. In addition, this review summarizes recent evidence of therapeu-
tic approaches to treat OA by targeting the JAK2/STAT3 pathway to accelerate the translation of evidence into the

progression of strategies for OA treatment.

Keywords Osteoarthritis, JAK2/STAT3, Pathway, Mechanism, Targeted therapy

Introduction

Osteoarthritis (OA) is a degenerative joint disease occur-
ring in the elderly population. Its pathology is typically
characterized by articular cartilage degeneration, sub-
chondral bone sclerosis and synovial lesions [1] (Fig. 1).
The main symptoms of OA are edema, chronic pain and
limited joint movement [1-3]. Recently, some evidence
have indicated that globally approximately 240 million
people have symptomatic OA, which is an important
cause of physical disability and poor quality of life [4, 5].
Particularly, patients with advanced OA have to choose
surgical treatment and thus face a heavy financial bur-
den [6]. In the early stages of OA, some non-surgical
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treatments, including physical therapies, nonsteroidal
anti-inflammatory drugs (NSAIDs) and glucosamine, are
used to treat patients with OA, but do not reverse the
progression of this disease [6]. This is due to the nature
of OA as a polygenic disease and its unclear molecu-
lar mechanisms. Multiple signaling networks have been
reported to be involved in the pathogenesis of OA [7-9].
Therefore, a comprehensive understanding of the molec-
ular networks that regulate OA pathogenesis is impor-
tant for the progression of more effective OA therapies.
The JAK2/STAT3 is involved in the initiation and
progression of inflammatory responses and immune
responses in diverse pathological processes and plays
an important role in multiple diseases [10]. Janus
kinase 2 (JAK2) belongs to the JAK family and is multi-
directional and associated with physiological processes
[11]. JAK2 is expressed in a variety of tissues and cells
and is involved in cell differentiation, apoptosis, and
immune regulation, with many essential roles. Signal
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Fig. 1 The pathology of osteoarthritis. The pathology of OA is typically characterized by articular cartilage degeneration, subchondral bone
sclerosis and synovial lesions. Cartilage degradation is caused by programmed cellular death (apoptosis, proliferation, and autophagy) or
inflammatory response. 1: up-regulation;|,: down-regulation (Created with BioRender.com.)

transducer and activator of transcription 3 (STAT3), a
member of the STAT family [12], acts as a transcription
factor by binding DNA under a variety of pathological
conditions [13]. Recently, a study described that STAT3
expression is associated with the progression of several
bone-related diseases, including osteoporosis, osteo-
arthritis and bone progression and repair [14]. Mecha-
nistically, in the cytoplasm, JAK2 acts as an anchor site
for STAT3. Inactive JAK undergoes conformational
changes and is converted to active JAK (p-JAK), which
in turn phosphorylates JAK residue receptors in p-JAK
in the cytoplasm, leading to the recruitment of STAT3
binding sites [12]. STAT3 is translocated from the cyto-
plasm to the nucleus as a dimer and plays a key role in
the transcription of target genes, influencing down-
stream transcription and protein production [11, 15].
The JAK2/STAT3 pathway is a well-conserved pathway
that is closely related to the expression of genes, includ-
ing cell growth, survival and apoptosis. In addition, the
JAK2/STATS3 signaling pathway is relevant to the ini-
tiation and progression of the disease, such as cancer
neurological, and immune-inflammatory conditions
[16-25]. Several studies have shown that the pathogen-
esis of OA is, at least in part, the result of interactions
between JAK2/STAT3 and multiple signaling pathways.
Based on recent literature, signaling pathways includ-
ing JAK2/STAT3, NF-kB, PI3K/AKT and MAPK exhibit
abnormal activity and interactions with each other that
is an important participant in OA progression (Fig. 2).

This indicates that JAK2/STAT3 pathway may be a pro-
spective target for the therapy of OA.

In this review, 32 core articles were collected from Pub-
Med, Web of Science, Embase and other platforms with
"JAK2 OR STAT3" and “osteoarthritis” as keywords in
recent years.. The main selection criterion was the appli-
cation of regulatory factors for the treatment of OA by
regulating cartilage, subchondral bone, and synovium via
the JAK2/STAT?3 signaling pathway. The review system-
atically presents the regulatory role of the JAK2/STAT3
signaling pathway in three aspects of OA, including car-
tilage, subchondral bone and synovium, and therapeutic
prospects of targeting the JAK2/STATS3 signaling path-
way in OA. The purpose of this study is to provide a fur-
ther reference for novel perspectives on the treatment of
OA and the clinical application of targeted drugs related
to the JAK2/STAT3 signaling pathway.

Effect of the JAK2/STAT3 signaling pathway on OA
Many risk factors contribute to OA, such as obesity,
aging and joint injuries. The relationship between OA
and JAK2/STAT3 signaling pathway is closely related
(Fig. 3) (Table 1). The specific mechanisms involved are
described in the following subsections.

JAK2/STAT3 signaling pathway and cartilage in OA
Cartilage homeostasis

Cartilage homeostasis is a state of equilibrium in the
synthesis of extracellular matrix (ECM) that is critical
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to overall joint health [5]. The progression of cartilage
homeostasis is characterized by the upregulation of col-
lagen-II (COL-II) and aggrecan (AGQ) levels, along with
a decrease in a disintegrin and metalloprotease with
thrombospondin motifs (ADAMTs) and matrix metallo-
proteinases (MMPs) [26]. MMPs family(MMP1, MMP-
3, MMP-9, MMP13) and ADAMTs family(ADAMTs-4,
ADAMTs-5) cause matrix degradation and disrupt
cartilage homeostasis [27]. Previous studies exposed
that the expression of the JAK2/STAT3 pathway was
abnormally activated in osteoarthritic cartilage relative
to normal cartilage tissue. Lu et al. constructed an OA
model using human articular chondrocyte C28/12 cells
and human primary chondrocytes under IL-1f stimula-
tion. They found that inhibition of JAK2 influenced the
expression of its downstream molecule STAT3, which
exhibited that significant reduction in AGG loss and loss
of chondrocyte cellularity. This suggests that the JAK2/
STAT3 signaling pathway is involved in the imbalance
of OA cartilage homeostasis [28]. Rong et al. inserted
shJAK2 into OA chondrocytes by transfection and con-
firmed the imbalance of OA cartilage has been reversed.

They showed that knockdown of JAK2 eliminated the
negative impacts of chondrocytes migration and apop-
tosis and promoted proliferation of chondrocytes
[29]. The above experiments further demonstrated the
important role of JAK2 in OA cartilage. Liu et al. found
that the addition of a JAK2-specific inhibitor eliminated
IL-1B-induced phosphorylation of STAT3 in primary
chondrocytes [30]. Inhibition of the JAK2/STAT3 path-
way prevented an increase in the expression of MMPs
and further reversed the imbalance in cartilage home-
ostasis [30]. In another study, Shao et al. detected the
expression of JAK2 and STAT3 in different groups of
cartilage weight-bearing areas by immunohistochem-
istry and found that the expression levels of JAK2 and
STAT3 in OA cartilage tissue were significantly higher
than those in normal cartilage. It was further confirmed
that high expression of JAK2 and STAT3 decreased
COL-II levels and caused cartilage matrix damage [31,
32]. Besides, Huang et al. assessed the gene expression
of MMPs and ADAMTs by RT-PCR and applied the
histochemistry or immunoblotting analysis to deter-
mine the expression of STAT3, COL-II, AGG, and
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proteoglycan in the porcine cartilage fragments. They
found that JAK2 inhibitors blocked the expression of
MMP13, ADAMT4, and ADAMTS5. Meanwhile, inhibi-
tion of JAK2 prevented the decrease of COL-II in chon-
drocytes and AGG degradation in cartilage fragments.
Moreover, interference of STAT3 expression inhibited
MMP13 and ADAMTS enzyme activities and mRNA
levels [33]. Proteins such as COL-II, MMPs and AGG
are typical markers of cartilage homeostasis. The above
studies suggest that the JAK2/STAT3 pathway is closely
associated with endochondral homeostasis in articu-
lar cartilage. In addition, the role of the JAK2/STAT3
pathway in maintaining endochondral homeostasis is
regulated by a variety of factors. For example, an impor-
tant neurotransmitter, dopamine (DA), could inhibit
IL-1B-induced phosphorylation of the JAK2/STAT3
pathway and activation of NF-kB in vitro experiments,
delaying cartilage degradation [34]. In another study,
Teng et al. demonstrated that triple motif-containing
59 (TRIM59), a member of the triple motif-containing
(TRIM) protein superfamily, blocked the phosphoryla-
tion of JAK2 and STAT3, thereby attenuating cartilage

matrix degradation during OA progression [35]. In a
collagenase-induced OA mouse model, Shao et al. found
that parathyroid hormone (PTH) (1-34) could promote
ECM anabolism through the downregulation of JAK2/
STAT3 pathway. Further studies have shown that PTH
(1-34) affected the transcription and translation of
JAK2/STAT3 and did not affect its phosphorylation [31,
32]. There is another hormone, Ghrelin, reduced IL-1j3-
induced expression of MMP3, MMP13, ADAMTS-4
and ADAMTS-5 in a concentration-dependent man-
ner and inhibited the degradation of COL-II and AGG.
Further studies showed that the resistance of Ghrelin to
the IL-1B-induced effects was achieved by inactivating
the JAK2/STAT3 pathway [30]. Huang et al. [33] treated
porcine chondrocytes and cartilage explants with
advanced glycation end products (AGEs) for 24-48 h
and found that AGEs could maintain ECM homeostasis
by blocking the JAK2/STAT3 pathway, demonstrating
that the JAK2/STAT3 pathway was essential for AGEs-
mediated cartilage matrix damage. Additionally, insulin
receptor (INSR) was mediated by Kruppel-like factor
(KLF)-4 (KLF4) and DNA methylation maintenance
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of cartilage homeostasis via suppression of the JAK2/
STAT3 signaling pathway [36]. Collectively, inhibition of
JAK2/STAT3 could promote ECM anabolism and main-
tain cartilage homeostasis. Therefore, further study of
the molecular mechanism of JAK2/STAT3 in cartilage
homeostasis is necessary for the treatment of OA.

Inflammatory response

The inflammatory response usually occurs in conjunc-
tion with OA pathogenesis and OA-related symptoms.
During the progression of OA, large amounts of inflam-
matory factors (IL-1p, IL-6, TNF-a, and IL-8) produced
in chondrocytes or synovial cells can accelerate cartilage
degradation [37]. Particularly, IL-1p can cause intense
inflammatory responses by activating complex path-
way networks [38]. Numerous studies identified that
JAK2 and STAT3 were rapidly phosphorylated under the
stimulation of IL-1B. Moreover, several biological and
chemical compounds exerted both inhibitory effects on
IL-1B-induced the phosphorylation of JAK2 and STAT3,
and inflammatory responses. This suggested that the
JAK2/STAT3 pathway might regulate the initiation of
inflammatory responses. Teng et al. imposed IL-1p to
treat primary human OA chondrocytes and observed
that IL-1p significantly enhanced the level of inflam-
matory cytokines TNF-a and IL-6. They showed that
TRIMS59 reversed this situation by inhibiting the JAK2/
STATS3 signaling pathway [35]. In addition to IL-1f3, IL-6
also induces an inflammatory response in chondrocytes.
Wang et al. conducted an OA model with IL-6-treated
chondrocyte in vitro and found that Angiotensinogen
(AGT) promoted IL-6-induced inflammatory responses
of chondrocytes via activating the JAK2/STAT3 pathway.
Inhibition of JAK/STAT could reverse the high level of
IL-1B, and nitrite induced by IL-6 [39]. In another study,
Sonia Nasi et al. found that basic calcium phosphate
(BCP) crystals stimulated IL-6 secretion in chondrocytes,
further amplified in an autocrine loop through activa-
tion of JAK2/STATS3 signaling pathway [40]. Zhang et al.
found that inhibition of IncRNA DANCR reduced not
only IL-6 but also IL-8 expression by the JAK2/STAT3/
miR-216a-5p signaling pathway in cartilage samples from
OA patients [41]. Tong et al. [42] followed the same view
that the high expression of IL-8 in OA was concentration
and time-dependent and was attenuated by JAK2 inhibi-
tors or STAT3 siRNA. Besides, the inhibitors of JAK2
could reduce the expression of IL-6 and IL-7 in chon-
drocytes of OA C57BL/6 mice [31]. The above results
indicated that JAK2/STAT3 is a critical pathway that
modulates inflammatory responses in chondrocytes, the
specific mechanisms of the JAK2/STAT3 pathway in OA
should be further explored in in-depth studies.
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Programmed cellular death

Aggregation of inflammatory responses may lead to
programmed cell death, mainly including the aberrant
levels of cell proliferation, apoptosis, and autophagy
that exerted a disruptive influence on cartilage integrity
and progression [43]. JAK2/STAT3 signaling pathway
plays an important regulatory role in articular chondro-
cyte survival and apoptosis. Zhang et al. reported that
the IncRNA DANCR was found to slow down the pro-
gression of OA by the suppressing JAK2/STAT3/miR-
216a-5p pathway and promoting the proliferation and
preventing chondrocytes apoptosis [41]. Agreeing with
Zhang, Rong et al. [29] suggested that Hypo-sEV miR-
216a-5p modulated chondrocyte proliferation, migra-
tion, and apoptosis inhibition via inactivating the JAK2/
STAT3 pathway. In another in vitro experiment, CHON-
001 chondrocytes were treated with IL-1p to mimic OA.
Zhang et al. found that CIRC_PDEIC promoted C-C
motif chemokine ligand 2 (CCL2) expression by com-
petitively binding to miR-224, which activated the down-
stream JAK/STAT3 pathway and led to OA cartilage
degradation [44]. Additionally, some hormones could
exert similar anti-apoptosis effects as noncoding RNA via
inhibiting the JAK2/STAT?3 signaling pathway. An in vivo
study by Shao et al. conducted experiments on chondro-
cytes in a mouse OA model and confirmed that PTH
(1-34) could suppress chondrocyte apoptosis by down-
regulating the expression of caspase-3 via inhibiting the
JAK2/STAT3 pathway. Moreover, they found that PTH
(1-34) did not affect JAK2/STAT3 phosphorylation but
instead affected JAK2/STAT3 transcription and transla-
tion [31]. Numerous studies have shown that IL-1f treat-
ment could induce apoptosis of chondrocytes and trigger
the activation of JAK2/STAT3 signaling pathway [31, 32].
Recently, multiple studies have reported that inhibition
of the JAK2/STAT3 signaling pathway is able to rescue
IL-1B-induced apoptosis and reduce OA cartilage degra-
dation [35, 36, 45]. Therefore, the JAK2/STAT3 pathway
positively mediated chondrocyte apoptosis. And the inhi-
bition of JAK2/STAT3 pathway could protect against OA
by reducing apoptosis and enhancing the proliferation of
chondrocytes. Apart from regulating chondrocyte prolif-
eration and apoptosis, JAK2/STAT3 could alleviate carti-
lage degradation by mediating autophagy. The transition
process from autophagy to apoptosis impacts chondro-
cytes in the OA progression [46]. In contrast to apop-
tosis, autophagy dominates intracellular homeostasis
and may have complex mechanisms at diverse stages of
progression [47]. Zhang et al. [48] treated chondrocytes
with JAK2 inhibition and observed that JAK2 inhibition
increased the expression of autophagy markers Beclin-1
(Bec-1), autophagy protein 5 (ATG5), and microtubule-
associated protein light chain 3 (LC-3), in the apoptosis
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of SD rat’s primary chondrocytes induced by leptin. Thus,
programmed cellular death plays an important role in
the pathogenesis of OA. The relationship between pro-
grammed cellular death and the JAK2/STAT3 signal-
ing pathway in the progression of OA deserves further
exploration.

JAK2/STAT3 signaling pathway and subchondral bone

in OA

Subchondral bone, the bone component under calci-
fied articular cartilage, protects articular cartilage from
external mechanical loads by distributing the loads
evenly over the joint surface [49, 50]. A growing num-
ber of studies have noted that the progression of OA is
regulated by subchondral bone—cartilage crosstalk [49,
50]. Microstructural alterations in subchondral bone
are responsible for cartilage instability and lead to carti-
lage degeneration over time. The subchondral bone and
osteochondral junction may be subjected to inappropri-
ate external mechanical loading, thereby compromis-
ing their integrity [51]. Some studies have shown that
the JAK2/STAT3 signaling pathway played an important
role in subchondral bone remodeling. The phosphoryla-
tion of JAK2 and STAT3 could facilitate osteoblast dif-
ferentiation [52]. The activity of osteoclast and osteoblast
played an important regulatory role in bone modeling,
reconstruction, and dynamic homeostasis. Zhu et al.
conducted that the murine long bone-derived osteo-
cytic Y4 cell line (MLO-Y4) cells stimulated by hypoxia
stably expressed hypoxia-inducible factor-la (HIF-1a).
The results showed that HIF-1la enhanced the level of
RANKL by activating JAK2/STAT3 pathway in MLO-Y4
and facilitated RAW264.7 cells to differentiate into osteo-
clasts in vitro. Moreover, their findings indicated that the
facilitation of osteocyte-mediated osteoclastogenesis by
HIF-1a via JAK2/STAT3 regulation may be a mechanism
for enhancing bone resorption in OA [53]. In addition to
hypoxic factors, hormones also have a direct intervention
on subchondral bone in the presence of adequate blood
supply to subchondral bone through the modulation
of JAK2/STAT3 [30]. In a collagenase-induced mouse
model of OA, Shao et al. treated the OA model with the
intermittent intervention of PTH (1-34), confirming that
the inhibition of the JAK2/STAT3 pathway could inhibit
subchondral bone remodeling and preserve subchon-
dral bone microarchitecture [31, 32]. Besides, they found
that STAT3 inhibitors could suppress RANKL-induced
osteoclastogenesis and prevent bone loss caused by ova-
riectomy, thus mitigating the progression of OA. Con-
sistent with this view, Latourte et al. demonstrated that
STAT3 inhibition has chondroprotective effects in the
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destabilization of the medial meniscus (DMM) mouse
model of OA, they observed that STAT3 inhibitors sig-
nificantly reduced OARSI scores and osteophyte size [54,
55]. In conclusion, the beneficial effects of JAK2/STAT3
inhibition on cartilage include an increase in subchon-
dral bone mass and further protection of the subchondral
microarchitecture from deterioration.

JAK2/STAT3 signaling pathway and synovium in OA

The synovium consists of synovial cells, fibroblasts, and
macrophages. Synovitis is a joint lesion in which the
synovial membrane is irritated and becomes inflamed,
resulting in an imbalance in fluid secretion [56]. In syno-
vitis, the cytokines produced by synovial cells contain
interleukin 1 (IL-1), IL-6, interleukin 17 (IL-17), and
tumor necrosis factor-a (TNF-a) [57], which increase
detrimental mediators and aggravate synovial inflam-
mation and cartilage deterioration [58]. Synovitis is con-
sidered a joint lesion in which the synovium is irritated
and inflammatory. Hence, it aberrantly affects the patho-
logical progression of OA [59]. JAK2/STAT3 signaling
pathway effectively mediates inflammation in OA syno-
vial cells [60]. SI00A8/A9 alarmins, recently considered
as a joint inflammation marker. Carrion et al. found that
IL-22 induced STAT3 phosphorylation and diminished
the regulatory effect of IL-22 on S100A8/A9 and MMP1
after inhibiting the activity of JAK2 in fibroblast-like
synoviocytes (FLSs) [61]. In another study, Gyurkovska
et al. found that JAK2 inhibition reduced inflammation
in synovial cells by inhibiting STAT3 phosphorylation
[62], and substantially reduced leptin-induced IL-6 and
IL-8 production in FLSs [42, 63]. Above all, the JAK2/
STAT3 signaling pathway exerts regulatory effects on the
synovium in OA. In addition, phosphorylated STATS3,
activated by JAK, is translocated to the nucleus, pro-
motes transactivation of receptor activator of nuclear
Kappa-B (RANKL) in stromal/osteoblastic cells. CXC-
motif ligand (CXCL)16 induced activation of the JAK2/
STAT3 pathway, which played a fundamental role in
CXCL16-induced RANKL expression. A study compared
OA and rheumatoid arthritis (RA) patients and indicated
that CXCL16 and RANKL expressions were lower in
patients with OA than that in patients with RA. Li et al.
[64] showed that CXCL16 was highly expressed in OA
synovium and upregulated RANKL expression via the
JAK2/STAT3 pathway. The above studies showed that
the JAK2/STAT3-mediated regulatory network of chon-
drocyte, synoviocyte, and osteoblast/osteoclast functions
in OA should not be overlooked. It indicates that JAK2/
STAT3 plays a pivotal role in the progression of OA and
is a potentially vital target in OA treatment.
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Fig. 4 Therapeutic approaches to regulate JAK2/STAT3 signaling pathway in osteoarthritis. MicroRNAs, Traditional Chinese Medicine, and small
molecule compound inhibitors are important therapeutic approaches for regulating OA through the JAK2/STAT3 signaling pathway. (Created with

BioRender.com.)

Therapeutic approaches to regulate JAK2/STAT3

in OA

Following the understanding of the role of the JAK2/
STAT3 pathway in the pathogenesis of OA. Targeting the
JAK2/STAT3 pathway for the treatment of OA has been
exhibited and illustrated, including microRNAs, tradi-
tional Chinese medicine and small molecule compound
inhibitors (Fig. 4, Table 2).

MicroRNAs

JAK2/STAT3 signaling pathway regulated by microR-
NAs (miRNAs) can ameliorate the pathogenesis of OA.
MiRNAs are endogenous substances that play a gene
regulatory role in the process of growth, progression,
and disease progression of living organisms, and have
become an important new target for new drug progres-
sion. An increasing number of studies have highlighted
that the microRNAs may serve as a key entry point
for the JAK2/STAT3 pathway in the treatment of OA
[65, 66]. For example, study has showed that miR-375
inhibitor improved OA chondrocyte metabolism and
oxidative stress via activating the JAK2/STAT3 signal-
ing pathway. Zou et al. showed that miR-375 could bind
specifically to the 3'UTR region of JAK2 mRNA by dual
luciferase reporter analysis, suggesting that JAK2 was

a target gene of miR-375. MiR-375 suppression signifi-
cantly increased the expression of p-JAK2 and p-STAT3
and alleviated damaged chondrocytes, while the protec-
tive effect of miR-375 suppression was reversed after
JAK2 siRNA treatment. Thus, the miR-375 inhibitor
could protect chondrocytes, antagonize oxidative stress,
suppress apoptosis, and maintain ECM homeostasis by
activating the JAK2/STAT3 signaling pathway [67]. Simi-
larly, Lu et al. has found that the epigenetic silencing of
miR-375 involved cartilage degradation by targeting the
JAK2/STAT3 pathway in OA [28]. Besides, Wang et al.
reported that miR-149-5p, a downregulated miRNA in
OA cartilage tissue, also decreased IL-6-induced chon-
drocyte inflammation in OA. They found that Angio-
tensinogen (AGT) was targeted by miR-149-5p, which
promoted IL-6-induced inflammatory responses in oste-
oarthritic chondrocytes by activating the JAK2/STAT3
pathway. Therefore, they concluded that under the regu-
lation and immediate association of miR-149-5p, AGT
facilitated IL-6-induced inflammatory response in OA
through JAK2/STAT3 pathway. In another vivo experi-
ment, Chiu et al. found that the high expression of miR-
149-5p c restore cartilage homeostasis and thus arrest
cartilage hypertrophy in human chondrocyte cell lines
C20A4 and C28/12 [68]. Another miRNA, miR-216a-5p,
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also played an important role through the JAK2/STAT3
signaling pathway in OA. The role of miR-216a-5p in SEV
acquired from bone marrow mesenchymal stem cells
under hypoxia and their potential biological mechanisms
to promote osteoarthritis repair in vivo has attracted
attention. Rong et al. showed that JAK2 was identified as
the target gene of miR-216a-5p, and suppression of JAK2
enhanced the inhibitory effect of miR-216a-5p-Hypo-sEV
on IL-1B-triggered chondrocytes apoptosis. Hypo-sEV
miR-216a-5p could promote chondrocyte proliferation,
and migration, and reduce apoptosis via inhibiting the
JAK2/STAT?3 signaling pathway [29]. Moreover, the role
of miRNA and IncRNA interactions in the JAK2/STAT3
pathway is also gradually being elucidated. For example,
Inc RNA DANCR mediated the pathological process of
OA chondrocytes through acting as a competitive endog-
enous RNA for miR-216a-5p. Inc RNA DANCR inhibi-
tion suppressed proliferation, and inflammation, and
promoted apoptosis of OA chondrocytes through the
miR-216a-5p/JAK2/STAT3 signaling pathway. Addition-
ally, circRNAs are engaged in pathogenesis by robust
binding and repression of miRNA transcription, which
subsequently impacted downstream mRNA expression.
Yao et al. found that the knockdown of circ-PED1C could
promote the mitigation of cartilage degeneration via
sponging miR-224-5p [45]. While CCL2 was targeted by
miR-224-5p, which activated the JAK2/STAT3 signaling
pathway, thus leading to cartilage degradation and exac-
erbating the pathological process of OA [44]. Given the
promising future of miRNAs in OA therapy and drug
progression through the JAK2/STAT3 pathway, research
and progression work is in full swing, and revealing their
mechanism of action in diseases is a key and difficult
issue that needs to be investigated in depth in order to
fully develop their role in disease therapy.

Traditional Chinese medicine

A growing number of studies show that Traditional Chi-
nese medicine (TCM) has been accepted as an effective
complementary therapy for OA and is expected to be the
next generation of therapeutic drugs as an alternative to
synthetic compounds, which can alleviate the symptom
of OA through the JAK2/STAT3 pathway [69]. TCM is
mainly derived from natural medicine and its extracts,
with the theory of Chinese traditional medicine guiding
the clinical application of the drug [2]. Before the inven-
tion of extractive and synthetic chemistry, musculoskel-
etal disorders were treated with TCM [70]. For instance,
Danshen is one of the TCM, which can suppress apop-
tosis of primary chondrocytes and promote chondrocyte
proliferation. In animal experiments, Xu et al. found that
Danshen (1.05 g/day) or sodium hyaluronate (SH) signifi-
cantly elevated the expression of p-JAK2 and p-STAT3
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in the OA rabbits. This implied that the role of Danshen
was related to the JAK2/STAT3 signaling pathway. At
the same time, they established an in vitro OA model by
exposing chondrocytes isolated from normal rabbit carti-
lage to sodium nitroprusside (SNP). The phosphorylation
levels of JAK2 and STAT3 were reduced after SNP treat-
ment, which was able to be rescued by Danshen. Further-
more, inhibitors of JAK2 antagonized the anti-apoptotic
effects of Danshen, which further suggested that Danshen
could restore OA cartilage degeneration by activating the
JAK2/STAT3 signaling pathway. However, it is unclear
which component of Danshen plays a key role in this pro-
cess [71]. Although the main components in Danshen
affecting OA have not been proven, certain components
of TCM have now been shown to be beneficial in delay-
ing the pathological process of OA. For example, Dios-
genin (Dgn) is a steroidal saponin abundant in Dioscorea
opposite, which has the function of promoting the pro-
liferation and differentiation of osteoblasts and inhibit-
ing the formation of osteoclasts [72]. A previous study
has proved that Dgn exerted anti-OA effects by inhibit-
ing the expression of NF-kB and oxidative stress induced
by human monocyte line THP-1 cells, but its mechanism
of action had not been fully elucidated, while NF-kB and
JAK2/STAT3 signaling pathway were associated [35].
Recently, the relationship between Dgn and JAK2/STAT3
signaling pathway in OA has also been reported. Liu et al.
administered the Dgn intraperitoneally (100 mg/kg/day)
to the monosodium iodoacetate (MIA)-induced OA mice
model, they found that Dgn significantly increased the
protein expression levels of p-JAK2 and p-STAT3, effec-
tively reducing chondrocyte damage during OA pathol-
ogy. The inhibition of JAK2/STAT3 could reverse the
protective effect of Dgn. Thus, Dgn exhibited protective
effects against cartilage destruction via activating the
JAK2/STAT3 pathway [73]. Besides, curcumin is a com-
pound extracted from turmeric, a yellow pigment known
for its medicinal properties. Curcumin not only activated
monocytes and macrophages and released lysozyme by
inhibiting MCP-1, but also upregulated monocyte and
macrophage adhesion molecules and IL-1 and IL-6 lev-
els [74]. Li et al. constructed a mouse model of OA and
administered curcumin (100 mg/kg) intraperitoneally to
OA mice daily for 4 weeks. They found that curcumin
could effectively promote the activation of the JAK2/
STAT3 signaling pathway, inhibit chondrocyte apoptosis,
and improve mitochondrial resistance to oxidative stress
in chondrocytes [75]. The above studies confirmed that
TCM components played a positive role in improving OA
through the JAK2/STAT3 pathway, whereas TCM com-
pounds are complex and contradictory reports appeared.
For example, Resveratrol (RES) has been reported to alle-
viate OA by inhibiting the JAK2/STAT3 pathway. RES is a
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natural phenolic compound, which has protective effects
against osteoarthritis, including anti-apoptotic, anti-
inflammatory, and antioxidant effects [76]. Jiang et al.
found that RES (45 mg/kg) prevented the progression of
obesity-related OA in high fat diet models in C57BL/6 ]
mice. This progression was achieved by inhibition of the
JAK2/STAT3 pathway by RES in cartilage. In in vitro
study, RES exhibited the same effect in leptin-stimulated
human osteosarcoma cells SW1353 cells by blocking the
expression of p-JAK2 and p-STAT3. This suggested that
RES acts by inhibiting the JAK2/STAT3 signaling path-
way, and the specific mechanism of RES needed to be
further investigated [77]. All of the above studies indi-
cated that TCM alleviates OA through JAK2/STAT3
signaling pathway, implying that TCM may represent a
promising strategy for the treatment of OA progression
by regulating the JAK2/STAT3 signaling pathway. More
TCM components acting on the JAK2/STAT3 signaling
pathway have yet to be identified, and the mechanism
of action of TCM components regulating OA through
the JAK2/STATS3 signaling pathway needs to be further
investigated.

Small molecule compound inhibitors

Apart from microRNAs, various small molecule com-
pound inhibitors of JAK2/STAT3 appear to be efficacious
in OA and hold promise as future therapeutic options,
particularly in the progression of potential new drugs
and effective therapeutics. For example, AG490 acts
as an inhibitor of JAK2 to improve cartilage and bone
damage. This effect is associated with reduced expres-
sion of STAT3 and phosphorylated JAK2 in the joints
of arthritic mice [62]. Yao et al. [78] showed that AG490
(100 nM) significantly inhibited IL-1B-induced expres-
sion of JAK2 and STAT3 in primary chondrocytes of SD
rats. Other studies showed that AG490 has a beneficial
action against OA, Zhang et al. found that apoptosis and
autophagy-related protein expression can be altered by
AG490 after leptin-induced chondrocyte damage [79,
80]. Liu et al. [30] showed that AG490 (10 pum) could
downregulate p-JAK2 and p-STAT3 to improve the dam-
aged articular cartilage matrix. In addition to AG490,
other inhibitors of JAK2/STAT3 had a reversal effect on
cartilage degeneration, for instance, WP1066 was iden-
tified as a JAK2/STAT3 inhibitor, which rescued the IL-
6-induced phosphorylation of JAK2 and STAT3 levels.
Wang et al. showed that WP1066 could downregulate
the expression of JAK2/STAT3 to suppress the chon-
drocyte inflammation responses induced by IL-6 [39].
Analogously, Chiu et al. showed that tofacitinib is one
of the inhibitors targeting JAK and STAT3. The SD rats
received intra-articular injection of tofacitinib (10 mg/kg,
once per week for 4 weeks), which could upregulate the

Page 11 of 14

expression of miR-149-5p and moderate chondrogenic
hypertrophy by downregulation of JAK/STAT3 [68].
Notably, there is a type of small molecule inhibitor, Pran-
lukast (10 um), which could suppress the activation of the
JAK?2, so that reversing the enhancement levels of pro-
inflammatory cytokines to prevent the progression of OA
[81]. Recently, small molecule inhibitors that specifically
inhibit STAT3 have also emerged. In an MIA-induced
OA model, Lee et al. found that STA21, an inhibitor of
STAT3 blocked STAT3 dimerization and DNA binding
to alleviate joint pain and cartilage damage [82]. Another
small molecule inhibitor of STAT3, Stattic, significantly
represses its activation and nuclear translocation. Stattic
has a similar role in restraining STAT3 phosphorylation
and as a promising generation of osteoclast inhibitors.
Li et al. showed that Stattic inhibited RANKL-mediated
osteoclastogenesis and bone loss in vitro and vivo stud-
ies. However, Stattic had no significant effect on the
synovium or subchondral bone [54, 55]. Overall, these
findings demonstrated that diverse JAK2/STAT3 inhibi-
tors have their own correspondingly different roles, fur-
ther indicating that OA could be healed by directly or
indirectly targeting JAK2/STAT?3, but the clinical study is
still needed.

Conclusion and perspectives
As described in this review, JAK2/STAT3 is a compli-
cated signaling pathway with several regulators and
effectors. The JAK2/STAT3 signaling pathway plays an
instrumental role in the osteoarticular system, including
cartilage, subchondral bone, and synovium. Most signifi-
cantly, this signaling is significant for OA progression.
According to existing studies, targeting the JAK2/
STAT3 pathway is a feasible treatment for OA. However,
there are still gaps in the specific regulatory role of JAK2/
STAT3 in OA. Although most studies have shown that
inhibition of the JAK2/STAT3 signaling pathway allevi-
ates OA pathology, still some studies have reported that
activation of the JAK2/STAT3 signaling pathway facili-
tates recovery from OA, such as inhibition of miR-375,
Danshen, Dgn and curcumin. Simply activating or inhib-
iting JAK2/STAT3 to counteract OA may be a double-
edged sword, as different regulatory factors can alleviate
OA by activating or inhibiting the JAK2/STAT3 pathway.
For example, some herbs activate JAK2/STAT3, while
some hormones inhibit the pathway to arrest the pro-
gression of OA, where the side effects produced by JAK2/
STAT3 are not known. Moreover, most of the positive
side effects of the JAK2/STATS3 signaling pathway come
from different tissues in mammals. In other words, the
current experimental design is mostly limited to pre-
clinical studies such as cellular and animal experiments,
while the clinical application of JAK2/STAT?3 signaling in
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patients is still scarce. Accurate and efficient drug deliv-
ery is also a challenge that cannot be ignored. Therefore,
it is imperative to elucidate the functions and more spe-
cific molecular mechanisms of the JAK2/STAT3 signaling
pathway in different pathophysiological stages of OA. In
recent years, physical factor therapy has become a clini-
cal hot therapy for bone-related diseases. A novel idea is
that JAK2/STATS3 signaling can be combined with physi-
cal factor therapy to improve OA, including Pulsed elec-
tromagnetic field (PEMEF), extracorporeal shock wave
treatment (ESWT), and engineered cartilage and regen-
erative techniques, further developing more effective
applications for the treatment of OA. The JAK2/STAT3-
based therapies for OA become safe and valid when these
intractable points are addressed.

Therefore, the combined efforts of more relevant schol-
ars and experts are needed to conduct experimental anal-
yses and to develop an operative structure so that JAK2/
STAT3 signaling pathway can more effectively benefit
patients with OA. It is hoped that increasingly extensive
and well-designed pharmacological and clinical studies
will be based on conclusive evidence for multiple effec-
tive and comprehensive targeting of the JAK2/STAT3
signaling pathway.
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