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Abstract: Osteoarthritis (OA) is an aging-related joint disease, pathologically featured with degenerated articular cartilage and deforma-
tion of subchondral bone. OA has become the fourth major cause of disability in the world, imposing a huge economic burden. At present,
the pathogenesis and pathophysiology of OA are still unclear. Complex regulating networks containing different biochemical signaling
pathways are involved in OA pathogenesis and progression. The p38MAPK signaling pathway is a member of the MAPK signaling
pathway family, which participates in the induction of cellular senescence, the differentiation of chondrocytes, the synthesis of matrix
metalloproteinase (MMPs) and the production of pro-inflammatory factors. In recent years, studies on the regulating role of p38MAPK
signaling pathway and the application of its inhibitors have attracted growing attention, with an increasing number of in vivo and in vitro
studies. One interesting finding is that the inhibition of p38MAPK could suppress chondrocyte inflammation and ameliorate OA, indicating
its therapeutic role in OA treatment. Based on this, we reviewed the mechanisms of p38MAPK signaling pathway in the pathogenesis of
OA, hoping to provide new ideas for future research and OA treatment.
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Introduction
Osteoarthritis (OA) is a leading cause of joint pain and disability, bringing huge socioeconomic costs in the global
context.? There are approximately 300 million individuals worldwide who are suffering from OA.> OA is characterized
by progressive degeneration of the articular cartilage (AC) and ligaments, as well as chronic synovitis and abnormal bone
remodeling. Knee and hip joints are the most commonly affected synovial joints.* With the progression of OA, patients
will suffer from increasingly severe pain, limited autonomic activity, and even disability. Recent studies indicate that the
progression of OA is affected by multiple factors, such as aging, gender, genetics, obesity, etc.” However, most of the
current therapies for OA, including the oral administration of non-steroidal anti-inflammatory drugs (NSAIDs) and
glucosamine, are limited to symptom relief and pain management. Disease-modifying drugs which can reverse the
progression of OA are still not available.® Orthopedic surgeries, typically total joint replacement surgeries, remain the last
choice for OA treatment.” Although orthopedic surgeries are able to improve the quality of life to some extent, potential
complications such as pain, opioid abuse, infection, and poorer joint function must be taken into consideration when
opting for surgical intervention.®® Thus, finding new therapeutic targets for the development of disease-modifying
treatments is of great importance.

The mitogen-activated protein kinase (MAPK) is a kind of serine/threonine protein kinase widely existing in
eukaryotic cells. It can be activated by multiple internal and external stimulators, such as extracellular signals, physical
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stimulation, bacteria, tumor growth factor (TGF) and inflammatory cytokines like interleukin (IL)-1 and IL-6. After being
activated, MAPK transfers the extracellular signal to the nucleus and regulates the activity of transcription factors, which
will eventually alter the expression of related genes and induce cell reaction.'® Existing research suggests that the MAPK
signaling pathway and OA progression are internally related. The dysregulation of the MAPK signaling pathway will
accelerate the inflammatory response, leading to the release of massive cartilage matrix degrading enzymes and
aggravation of cartilage degeneration.'® Therefore, MAPK is deemed to play an important role in the progression of
OA and is currently considered as a major signaling pathway in the regulation of OA.""'* The subfamilies of MAPK
include p38MAPK, extracellular regulated protein kinases (ERKSs), and c-Jun N-terminal kinase (JN K).’ To date, MAPK
and the receptor tyrosine kinases, including ERKs, JNK and p38MAPKs have been confirmed to be involved in the
pathogenesis of OA.'>"'> This paper aimed to review the regulatory effects of the p38MAPK signaling pathway in the
pathogenesis of OA, hoping to provide new targets for future OA treatment.

Characteristics of p38MAPK Signaling Pathway
The p38MAPK signaling pathway is a member of the MAPK super family (see Figure 1 for the basic information of
p38MAPK pathway). It was discovered by Brewster et al'® in 1993 when they were studying fungi under the hypertonic
environment. In 1994, Han et al'” first cloned p38MAPK from the mouse liver cDNA library and found that it was tyrosine-
phosphorylated in response to the endotoxic lipopolysaccharide (LPS). There are four subtypes of P38, namely P38a, P38,
P38y and P383. More specifically, P38a and P38B can be further divided into two isomers P38al/02 and P38B1/p2."® Each
subtype has its own genetic code and is distributed in different tissues: P38a is widely present in various tissues; P38 is the
most abundant subtype in the brain tissue; P38y mainly exists in the skeletal muscle; and P385 is commonly found in testes,
pancreas, prostate, small intestine, etc.'® The amino acid sequences of all homologous kinases are highly similar that all
kinases contain the “Thr-XAA-Tyr” tripeptide sequence and their homology is over 50%.%°

The p38MAPK pathway transmits extracellular signals into cells through a cascade reaction involving multilevel kinases.
MAPKK3 and MAPKKG6 are the main activators of p38MAPK.>' Three key kinases are required to be activated sequentially
to induce the MAPK cascade reaction:*> MAPKKK (TAK, MLK3 and ASK), MAPKK (MKK3 and MKK6), and MAPK.
A variety of extracellular stimuli can activate the p38MAPK pathway in articular chondrocytes and induce phosphorylation
cascades. These stimuli include but are not limited to inflammatory factors and cytokines in the articular fluid, changes of
osmotic pressure, changes of biological stress and rays.”> 2> The activation of MAPKKK is followed by the phosphorylation
of the double sites of Thr (tyrosine) and Tyr (threonine) on the “T-ring structure” of p38MAPK, which is executed by MKK3/
MKKS6. Then, p38MAPK will be activated subsequently. The activated p38MAPK can either enter the nucleus or migrate to
other sites, and then activate the transcription factors (eg, ATF2/6, MAX, HSF-1, CHOP/GADD153, myocyte enhancement
factor-2, nuclear transcription factor 8, AT, H-1/2, ETS-1, ELK-1, and SAP-1) accordingly.26

Recent studies have provided ample evidence, supporting that the p38MAPK signaling pathway is associated with
a variety of age-related diseases.>’ >? For example, according to Moreno-Cugnon et al, the elevated p38MAPK activity
was associated with neural stem cell aging.”” Chen et al suggested that RAB7 was a protective factor for intervertebral
discs, which retarded the intervertebral disc degeneration by inhibiting the p38MAPK pathway.?' In the report published
by Kheiri et al, p38MAPK was revealed to play a role in the progression of Alzheimer’s disease, and its inhibitors
delayed or even reversed the progression of the disease.’> As a degenerative joint disease closely related to aging process,
OA has been found regulated by p38MAPK in several key aspects (Figure 2).

Key Biomolecules Involved in p38MAPK-Regulated OA Progression
MMPs and ADAMTS

OA is a common senile degenerative joint disease affecting all kinds of tissues of the whole joint, including cartilage,
subchondral bone, synovial membrane, and infrapatellar fat pad.' The main pathological features of OA are chondrocyte
degeneration and extracellular matrix (ECM) disintegration.”*? Chondrocytes are the only cell type in the articular
cartilage, responsible for the homeostasis of ECM through the synthesis of collagen II and aggrecan. The degradation of
articular cartilage is caused by the principal matrix degrading enzymes. Two main categories of enzymes participate in
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Figure | Basic mechanism of p38MAPK pathway. The P38MAPK signaling pathway involves three key kinases: MAPKKK (beige box), MAPKK (blue box), and MAPK (orange
box). P38MAPK signaling pathway can be affected by extracellular stimuli (red box) and then enter the nucleus to active transcription factors (green box).

this process: the disintegrin-like and metalloproteinase with the thrombospondin motifs (ADAMTS) family and the
MMPs, which degrade aggrecan (ADAMTS) and collagen (MMPs) respectively.>*

The interconnection between the p38MAPK signaling pathway and ADAMTs has not yet been elucidated clearly.
However, sufficient evidence has supported that the p38MAPK signaling pathway can progressively suppress the
synthesis and increase the degradation of type Il collagen by inducing the expression of MMPs, thus accelerating
cartilage destruction and the course of OA.*> 7 MMPs are a family of proteinases that is responsible for regulating ECM
turnover. Both MMP-1 and MMP-13 have significant effects on the degradation of the OA cartilage matrix. The
difference lies in that MMP-13 is more inclined to lyse type II over type I and III collagen, while MMP-1 is more
inclined to lyse type IIT and MMP-8 type I collagen.*® Yu et al found that Interferon a2b exerted an anti-fibrosis effect in
a MAPK signaling pathway-dependent manner by increasing the level of MMP-13 and IL-10 in Kupffer cells.*
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Figure 2 Pathophysiology of OA related to p38MAPK. Aggrecan and collagen (purple box) are major components of cartilage. They are able to decomposed by
a disintegrin-like and metalloproteinase with the thrombospondin motifs (ADAMTS) and matrix metalloproteinase (MMP) (red box) respectively. P38MAPK can induce
expressions of MMP. IL-B and TNF-a (blue box) are always at a high level in cartilage of OA Patients. P38MAPK is also involved in this process.

IL-1B and TNF-a
Another key pathophysiological change in OA is the presence of inflammatory factors. The role of catabolic or pro-
inflammatory cytokines, such as IL-1 and TNF-a, has been demonstrated in the pathophysiology of OA.** Cytokine
inhibitors have already been applied as a treatment of OA, which has received promising results.*' Common inflamma-
tory factors include IL-1p, IL-6, IL-15, IL-17, IL-18, as well as the tumor necrosis factor (TNF-a); in particular, IL-13
and TNF-a have been well studied.*? IL-1 is the most classic inflammatory regulator and the initiating factor of
inflammation. As early as in the 1970s, Howell et al discovered that the supernatant of macrophages cultured in vitro
could promote the degradation of cartilage and promote the secretion of metalloproteinases by chondrocytes. IL-1p,
a subtype of IL-1, is produced primarily by activated mononuclear macrophages. Studies have shown that the serum level
of IL-1p is related to OA progression, and elevated levels of IL-1B are found in the synovial fluid, synovial membrane,
cartilage, and subchondral tissue in patients with OA.** IL-1B has been reported to be involved in a variety of signaling
pathway mediated OA processes, such as P3SMAPK, Wnt, and NF-kB.">** As one of the IL-1 inhibitors, Diacerein has
been widely used in clinical practice.* There is another inhibitor, lutikizumab, which is being intensively studied
recently.*® However, it did not significantly alleviate OA patients’ pain in Phase II clinical trials, preventing it to be a new
hope to cure OA.*¢

TNF-a is mainly produced by macrophages, fibroblasts and chondrocytes. Elevated levels of TNF-o have been
detected in all sites, accompanied with elevated levels of IL-1p.*” TNF-a can bind to two membrane receptors, TNF-R1
and TNF-R2. Specifically, TNF-R1 can be activated effectively in the dissolved state and in the membrane form, while
TNF-R2 can only be activated in the membrane form.** At present, TNF-R1 has been shown to have a greater effect on
cartilage destruction than TNF-R2, but they both play an important role in signal transduction. The binding of TNF-a and
TNF-R1 leads to the interaction of TNFR-associated death domain protein (TRADD) binding proteins with other binding
egg whites (eg, TRAF2, CIAP1, CIAP2, and RIP1). The produced complex is then ubiquitinated by RIP1 and binds to
TAK1, Tables 1 and 2, eventually leading to phosphorylation of IKK and activation of the transcription factor NF-kB.*’
The similarity between TNF-a and IL-1f is that the MAPK signaling pathway is activated in all of these physiological
processes. The activated pathway transmits intracellular signals rapidly, which will lead to altered expressions of related
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Table | Factors Affecting p38MAPK and Progression of OA

Han et al (2020)°

Wang et al
(2017)*!
Lei et al (2019)*'

Kang et al (2016)°®

Mesenchymal Stem Cells (BMSCs)
OA patients’ Knee Cartilage

Dawley rats, weighing 300—400
g (5 females and 5 males)
Normal Human Cartilage

Young (2-week-old) and old
(2-year-old) New Zealand White
rabbits

Kruppel like factors |11
(KLFIT)

Pyruvate dehydrogenase
kinase isoform 2 (PDK2)
LncRNA small nucleolar
RNA host gene |
(SNHGI)

Cyclosporine A (CsA)
and tacrolimus (FK506)

Authors (Year) Samples Factors Pathway(via) Findings
Liao et al (2020)'* | 30C57bl/6 Mice Advanced oxidation p38MAPK, 1TNF-a, IL-1B
protein products NADPH oxidase4-
(AOPPs) dependent,
Shan et al (2019)"* | Normal Human Cartilage Angiopoietin-like 2 p38MAPK, NF-xB TIL-1B, IL-6
(ANGPTL2) (integrin a5p1) JECM,
Ma et al (2019)" Human Bone Marrow TGF-B1 p38MAPK, ERK, 1SOX9, Collagen Il, Aggrecan, GAG

JNK, Smad
p38MAPK

P38MAPK, ERK,
INK

p38MAPK, NF-kB
(miR-16-5p)

p38MAPK

loxidative stress levels, apoptosis
levels, activity of ERS-related
pathways

Tmesenchymal stem cells (MSCs)

INO, PGE2, IL-6, TNF-0, i-NOS,
COX-2, MMPs, ADAMTs

|Senescence of articular
chondrocytes

Benabdoune et al OA patients’ Knee Cartilage Resolvin DI p38MAPK, JNK, 1Bcl2, AKT, GSH.
(2016)*? NF-kB (IL-1B) |lactate dehydrogenase release
Zheng et al Adult SD rats CTRP9 p38MAPK, NF-kB TIL-1B, IL-6
(2020)*® IMMPs
Table 2 The Natural Products and Traditional Chinese Medicine Extracts of p38MAPK
Authors (Years) Samples Extracts Regulate Pathways
Ren et al (2018)”° ATDCS cells Piperine miR-127, MyD88 NF-kB, p38MAPK
Fan et al (2019)%° ATDCS5 cells Astragalus polysaccharide (APS) miR-92a, KLF4 axis NF-«B, p38MAPK
Jin et al (2018)®' ATDCS cells Resveratrol (RSV) miR-146b NF-kB, p38MAPK
Li et al (2019)%2 ATDCS cells Tetramethylpyrazine (TMP) MyD88 NF-kB, p38MAPK
Feng et al (2020)% OA patients’ Cartilage Salvianolic acid A (SAA) 1Collagen Il, Aggrecan. NF-xB, p38MAPK
IMMPI, MMP13,
ADAMTS-5
Li et al (2021)8* KOA model mice Wang-Bi Tablet (WBT) tglycosaminoglycans NF-«B, p38MAPK
lIL-6

genes and increased secretion of inflammatory factors, chemokines, adhesion factors, inflammatory mediators and

enzymes.*” Whether inflammatory factors are the cause of or have any effect on cartilage destruction remains unclear.

However, it has been confirmed that the p38MAPK signaling pathway is an important regulator. A various of inhibitors
or non-coding RNAs(ncRNAs) inhibit the p38MAPK signaling pathway and down-regulate IL-1p and TNF-a expression,
thereby reducing the progression of OA.%%>?

Regulatory Roles and Potential Targets of p38MAPK Pathway in OA

It has been well established that p38MAPK is involved in multiple systemic chronic diseases such as OA, Alzheimer’s

disease, heart disease, chronic obstructive pulmonary disease, renal fibrosis and obesity.”> >’ Most of these diseases are

associated with chronic systemic inflammation, and the course of disease is difficult to be completely reverse

54-57
d.

Pathologically, OA is featured by the degeneration of cartilage. The mechanism that initiates chondrocyte changes and

Journal of Inflammation Research 2022:15

https:

727

Dove:


https://www.dovepress.com
https://www.dovepress.com

Li et al Dove

cartilage damage in OA is not clear. At present, it is believed that the p38MAPK signaling pathway plays a pivotal role
in the cartilage degeneration process in OA, and the degeneration of cartilage and damage of chondrocytes will further
promote the process of OA.>**% Zhang et al created articular cartilage defect rabbit knee joint models to detect the
influence of Notch inhibitor (DAPT) combined with p38MAPK inhibitor (SB203580) on cartilage degradation.>
Compared with the control group, the inhibition of the Notch/p38MAPK signaling pathway was found to promote
the recovery of articular cartilage, accelerate chondrocyte proliferation, and promote the recovery of knee injury in
rabbits.

In recent years, an increasing number of upstream activators or inhibitors of the MAPK pathway that can regulate the
function of p38MAPK signaling pathway and affect the progression of OA have been discovered. Liao et al established
a rodent OA model via anterior cruciate ligament transection (ACLT) and found that advanced oxidation protein products
(AOPPs) were deposited in the model cartilage.'? The authors’ further investigation confirmed that AOPPs increased the
expressions of TNF-a and IL-1f in mice’s chondrocytes through the p38MAPK pathway and accelerated the cartilage
degeneration in the progression of OA. Moreover, apocynin (NADPH oxidase inhibitor) decreased the expressions of
TNF-0 and IL-1B and attenuated the progression of OA (the OARSI scores were decreased in the group added with
apocynin). According to the study by Shan et al, the upregulation of angiopoietin-like 2 (ANGPTL2) exacerbated the
chondrocyte injury through the NF-xB and p38MAPK signaling pathways.'® In the human OA cartilage, ANGPTL2 is
upregulated, which consequently activates NF-kB and p38/MAPK signaling via integrin a5B1 in primary chondrocytes.
In addition, Zhou et al reported that the OA infrapatellar fat pad (IPFP) induced cartilage degradation and inflammation
by activating the p38MAPK and ERK1/2 pathways, in which IL-1B and TNF-a are key factors. They further proposed
that modulating the effect of IPFP on cartilage might be a promising intervention strategy for knee OA.%°

Recently, the interaction between p38MAPK and pro-inflammatory factors has drawn growing attention, and
a considerable number of new studies have been conducted. The activated transcription factor (ATF) 2 and myocyte
enhancing-factor (MEF) 2C are the main substrates of p38MAPK.®"**> The phosphorylation of ATF2 regulates the
production of a variety of inflammatory cytokines, including but not limited to TNF-o, IL-1, IL-6, etc., and the
phosphorylation of MEF2C upregulates the transcription of the transcription factor c-Jun, thereby elevating its expres-
sion. Phosphorylated c-Jun under the inflammatory state can bind to the activator protein (AP)-1 sites in many cytokine
promoter regions, which will subsequently increase the expressions of inflammation-related genes, thereby playing an
important role in the inflammatory process.®> As reported by Ma et al,'* activation of the p38MAPK pathway promoted
the chondrogenic differentiation induced by TGF-B1, while inhibition of the p38 pathway could inhibit chondrogenic
differentiation. This finding may have a guiding value to the treatment of OA. Sun et al'® argued that inhibition of the
p38MAPK signaling pathway could suppress the apoptosis of human OA chondrocytes and the production of pro-
inflammatory cytokines. In the group treated with the p38 pathway inhibitor SB203580, lower serum levels of IL-1, IL-6,
and TNF-a were observed compared with the control group. The p38MAPK signaling pathway is closely related to
inflammatory factor production, which explains its effect on the progression of OA. The specific research contents are
summarized in Table 1.

NcRNA:s in the Regulation of p38MAPK Function

NcRNAs are a class of RNA molecules that do not encode for proteins but function to modulate cell physiology, regulate
cellular processes and shape cellular functions. ncRNAs account for more than 90% of the total RNA in cells, among
which microRNAs (miRNAs) are important members. miRNAs is an endogenous and genetically, highly conserved
single-stranded non-programmed small RNA with a length of 19-25 bases. miRNAs have been demonstrated to play
important roles in immunity, inflammation, infection and metabolism by binding to 3’-UTR, so as to regulate the
expressions of related genes.®* A large number of studies in the past decades have revealed that the occurrence and
development of OA is related to pro-inflammatory factors, cell apoptosis, MMPs secretion and the hydrolyzed protein of
VHE.®® Studies have also shown that miRNAs may become a new indicator for OA diagnosis and drug development.
Among the miRNAs associated with OA, some are closely linked with the p38MAPK signaling pathway. Lei et al
suggested that the long non-coding RNA, small nucleolar RNA host gene 1 (SNHG1), lowered the expressions of MMPs,
ADAMTS, collagen, and pro-inflammatory cytokines, and could directly interact with miR-16-5p to suppress the miR-16-
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5p expression.”' Furthermore, SNHG1 was indicated to alleviate the IL-1p-induced OA inflammation by activating the
miR-16-5p mediated p38MAPK and NF-kB signaling pathways.”' Zarfa et al examined the effect of hsa-miR-125b-5p on
the IL-1B-induced inflammatory genes in human OA chondrocytes. The authors reported that hsa-miR-125b-5p played
a negative synergistic role in the regulation of inflammatory genes, including MMP-13, by targeting the TRAF6/MAPKs/
NF-kB pathway in human OA chondrocytes.®® Yuan et al and Cao et al revealed a close relationship between miR-124,
miR-296-5p and p38MAPK, respectively.”>°” From what has been reported in the existing literature, miRNAs has been
shown to regulate the p38MAPK targeted genes, and consequently, affect the cartilage and chondrocytes through the
p38MAPK signal pathway, thereby interfering with the progression of OA.

p38MAPK Pathway as Therapeutic Targets in OA Treatment

The activation of the p38MAPK signaling pathway is involved in the pathological process of OA, making it a potential
treatment for OA by inhibiting this pathway. Current available approaches to inhibit the p38MAPK signaling pathway
can be divided into two types: biochemical inhibitors and natural products.

The research of small molecule p38a inhibitors developed rapidly in the last decade and hundreds of reports have
been published. Specifically, the small molecule P38a inhibitors that are currently under clinical study can be
roughly divided into pyridine imidazoles, pyridines, pyridopyrimidines, indoles, ureas and others. Among these
inhibitors, SB203580 (belonging to the class of imidazopyridines compounds) is the most widely used one.
SB203580 is also the first class of selective p38 inhibitors to be synthesized artificially.®® Instead of blocking the
activation of p38 by affecting the upstream kinase, it binds to ThrL06, the ATP-binding active site of p38. As
a result, p38 loses its ability to bind to ATP and will eventually lose its kinase activity.®” However, SB203580 is
mostly used in vitro or in animal experiments due to low drug selectivity and a high rate of toxic side effects.”® "
Other types of inhibitors, including pyridines, pyrimidines and indoles, also have the same problem. Pamapimod
(PAM), a novel p38MAPK inhibitor firstly discovered in 2008, could improve the signs and symptoms of RA and
other autoimmune diseases.”” In recent studies, Zhao et al reported that PAM could prevent ovariectomized-induced
bone loss by inhibiting p38-induced osteoclast formation and bone resorption;’* Zhang et al found that PAM

> and Zhao et al examined the emerging

protected chondrocytes from hypertrophy by inhibiting the p38 pathway;’
role of Resistin on the pathogenesis of OA.”® In the human cartilage, Resistin induces the expressions of proin-
flammatory factors, such as degradative enzymes, to inhibit cartilage matrix synthesis. This is achieved perhaps by
binding to the Toll-like receptor 4 and the adenylyl cyclase-associated protein 1 receptor, which then activates the
p38MAPK.”® A similar point of view was also claimed by Chen et al.”” They found that Resistin enhanced the
expression of vascular cell adhesion molecule type 1 and monocyte adhesion in human OA synovial fibroblasts by
inhibiting miR-381 expression through the p38 signaling pathway. Thus, PAM and Resistin may be regarded as
novel therapeutic targets for OA treatment in the future. In addition, Huang et al reported that the protease activated
receptor 2 (PAR2) antagonist AZ3451 attenuated the apoptosis of chondrocytes by activating autophagy in vitro,”®
while in vivo, the intraarticular injection of AZ3451 ameliorated cartilage degeneration in surgically induced rat OA
models. Furthermore, the p38MAPK, NF-«kB and PI3K/ Akt /mTOR pathways are involved in the protective
mechanism of AZ3451.7% Therefore, AZ3451 may serve as a promising strategy for OA treatment.

In addition to synthetic substances, an increasing number of natural products and extracts of Traditional Chinese
medicine (TCM) have also been proven to inhibit OA to varying degrees.””®* Due to the complex composition of
TCM, there was no sufficient evidence supporting its role in delaying the process of OA in the past. However, the
effects of TCM exacts have been fully demonstrated in relevant experiments that were carried out recently. The
ATDCS cell line is derived from the AT805 mouse teratoid carcinoma line. As a prechondral cell line, its
differentiation process is similar to that of chondrogenesis. Therefore, it is often used in cartilage related experi-
mental studies.®> Most of the experiments on TCM extracts induced ATDC5 cell damage using LPS so as to
simulate the process of OA.””® It has been revealed that TCM extracts could regulate miRNAs to inhibit
P38MAPK, NF-kB and other signaling pathways, thereby delaying the progression of OA.””*2 An experiment
using cells from patients with OA proved that Salvianolic acid A (SAA) inhibited the expressions of MMP-1, MMP-
13 and ADAMTS-5, and improved the synthesis of type II collagen and aggregates by down-regulating NF-xB and
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Table 3 The Other Inhibitors of p38MAPK

Authors (Years) Names Research Field Subject

Noguchi et al (2020)% I1R-p38l, 0 Islet Porcine

Damijanov et al (2009)%8 VX-702 RA RA patients

Wagner et al (2015)%” VX-702 Platelet Platelet

Ito et al (2008)>* P38IH Pancreas Canine

Bagley et al (20I6)95 RO3201195 Werner syndrome Werner syndrome cells

p38MAPK pathways.®® Another experiment based on knee OA (KOA) mice model showed that Wang-Bi tablets
(WBTs) could alleviate inflammation and prevent cartilage injury also by down-regulating NF-kB and p38MAPK
pathways.®* However, no human experiment at present can support these arguments, so there is still a lack of
higher-level evidence. The detailed contents of the literature above are presented in Table 2.

Future Research

To date, no method is available to reverse the progression of OA. Pharmacological treatments for OA are limited to
symptomatic relief but not disease modification. By targeting p38MAPK, the inhibitors like SB203580 and PAM may
become a new hope for the treatment of OA. However, further investigation is needed to figure out how SB203580,
as a competitive inhibitor of ATP, selectively inhibits the target without affecting the interaction between other
enzymes in vivo. PAM was once considered as a potential drug for rheumatoid arthritis (RA) treatment. Research on
its association with OA is still insufficient, but it provides referential significance as whether the inhibitors of p38
applied in other diseases can be used to treat OA. Noguchi et al designed the Peptide 11R-p381;;, a novel cell-
permeable p38MAPK inhibitor, and found that it could prevent porcine islet apoptosis and improve islet graft
function.®® VX-702, a novel p38MAPK inhibitor, has been used in the research of RA and platelet.®”*® The details
about the various inhibitors of p38 are listed in Table 3. TCM extracts are also a promising innovative approach,
which requires support from more in-depth research and further long-term clinical trials.”* " In addition, there are
many diseases being regulated by the p38MAPK signaling pathway, and most of these diseases involve chronic
systemic inflammation and are closely related to aging.’* >’ For example, MCC950, the NLRP3 Inhibitor, has anti-
inflammatory and anti-senescence effects on some chronic diseases such as Alzheimer’s disease.® In a recent study,
Ni et al found that the NLRP3 protein was upregulated in the human and mouse OA cartilage and the intra-articular
administration of MCC950 could postpone cartilage degeneration.’® Therefore, MCC950 might play a protective role
in the cartilage by regulating p38MAPK.?® The interconnection between p38MAPK regulated inflammation and
aging, as well as the potential synergistic/antagonistic effects between the inhibitors of different diseases, are worth
exploring and studying.

Conclusions

The pathophysiology of OA related to p38MAPK has not been sufficiently studied. A variety of in vitro and in vivo
experiments have shown that inhibiting the p38MAPK signaling pathway can suppress chondrocyte apoptosis, promote
cartilage repair, inhibit the production of inflammatory factors, and delay the course of OA. More research on the
P38MAPK signaling pathway is needed to better understand its regulatory role in OA and potential for translational
studies. The p38MAPK inhibitors may become a new therapy of OA.
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