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Abstract: Articular cartilage allows the human body to buffer and absorb stress during normal exercise. It is mainly composed of
cartilage cells and the extracellular matrix and is surrounded by the extracellular microenvironment formed by synovial fluid and
various factors in it. Studies have shown that chondrocytes are the metabolic center of articular cartilage. Under physiological
conditions, the extracellular matrix is in a dynamic balance of anabolism and catabolism, and various factors and physical and
chemical conditions in the extracellular microenvironment are also in a steady state. This homeostasis depends on the normal function
of proteins represented by various ion channels on chondrocytes. In mammalian chondrocyte species, ion channels are mainly divided
into two categories: cation channels and anion channels. Anion channels such as chloride channels have become hot research topics in
recent years. These channels play an extremely important role in various physiological processes. Recently, a growing body of
evidence has shown that many pathological processes, abnormal concentration of mechanical stress and chloride channel dysfunction
in articular cartilage lead to microenvironment disorders, matrix and bone metabolism imbalances, which cause partial aseptic
inflammation. These pathological processes initiate extracellular matrix degradation, abnormal chondrocyte death, hyperplasia of
inflammatory synovium and bony. Osteoarthritis (OA) is a common clinical disease in orthopedics. Its typical manifestations are joint
inflammation and pain caused by articular cartilage degeneration, but its pathogenesis has not been fully elucidated. Focusing on the
physiological functions and pathological changes of chloride channels and pathophysiology of aseptic inflammation furthers the
understanding of OA pathogenesis and provides possible targets for subsequent medication development.
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Introduction

Articular Cartilage

In the healthy human body, articular cartilage covers the opposing bone surface between adjacent long bones and is an
important part of joints. Articular cartilage provides a smooth contact surface between bones, and due to the elasticity
and deformability of cartilage itself, it can cushion powerful vibrations and shock loads during joint movement, thus
facilitating safe and painless movement in healthy human body.

Anatomical studies have shown that articular cartilage is composed of many non-cellular components and a few types
of cartilage cells located in the cartilage lacuna.'* Cartilage cells, or chondrocytes, are the metabolic center of articular
cartilage. To withstand the extreme stress load during exercise, chondrocytes synthesize and secrete copious amounts of
extracellular matrix, which is essential for a healthy joint cavity microenvironment.®> The extracellular matrix of articular

Journal of Inflammation Research 2022:15 953-964 953
Received: 20 November 2021 © 2022 Lin et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 28 January 2022
Published: 11 February 2022

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-1589-3131
http://orcid.org/0000-0003-0522-8269
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Lin et al Dove

cartilage is mainly composed of type II collagen fibers interlaced with each other, while other types of collagen fibers
such as VI, IX and XI are also involved in its formation.""*"® For this reason, in the pathological process of cartilage
degeneration, a change in type II collagen content is important and is also a key factor in basic research. The non-
collagen components in the extracellular matrix mainly include anchoring proteins, which help chondrocytes become
fixed in the cartilage lacuna, and a large amount of aggrecan, which helps chondrocytes resist stress loads during
exercise.’

Cartilaginous lesions are accompanied by abnormal changes in cells and/or changes in the extracellular matrix and
environment. Therefore, the author will focus on cartilage cells and review recent research progress on osteoarthri-

tis (OA).

Osteoarthritis

OA is a chronic disease of the motor system caused by many factors including advanced age, reduced estrogen and
trauma. It is the second leading cause of dyskinesia in adults, mainly manifested as pain in the affected joint,
degeneration of articular cartilage, osteophyte hyperplasia and sclerosis of subchondral bone.” OA affects
>250 million people worldwide.® Most patients with OA have varying degrees of activity restriction and
a considerable number eventually develop disabilities.”*' Every year, >400,000 patients with OA receive joint
replacement surgery, the radical treatment for end-stage OA. Patients with OA experience a great financial burden
from medical expenses related to its treatment.’

The most important articular manifestation of OA is cartilage degeneration or cartilage destruction, in addition to
other intra-articular or extra-articular diseases such as bone hyperplasia, joint fluid changes, subchondral bone sclerosis
and inflammatory slip. Moreover, OA often leads to chronic pain, which is caused by factors such as inflammation.
However, some studies have shown that calcium ion-activated chloride channels can regulate the excitability of neurons,
and this feature may be involved in the generation, development and maintenance of acute or chronic pain.'' In related
animal experiments, this conclusion has also been verified to a certain extent.'?

Academia has not arrived at a definite consensus on the pathogenesis of OA. Therefore, theories on the mechanism of
OA involve various disease processes. In recent years, several remarkable theories on either a single aspect of OA or
multiple, interactive mechanisms of pathology have emerged, including those involving changes in the extracellular
microenvironment, abnormal extracellular matrix metabolism, cellular inflammatory response and abnormal cell death.
One kind of theory involves the role of the chloride channels in OA, and many researchers have demonstrated that
chloride channels participate in OA pathogenesis.

Chloride Channels and OA

In the process of articular cartilage cell response to various stimuli, ion channels (including cation channels and anion
channels) are considered to be important nodes that regulate cartilage cell function.> Among them, the chloride (C1)
channel is an important part of the anion channel, and it plays an irreplaceable biological function. Generally, Cl~
channels are not one protein or a kind of protein, but a family of proteins that perform physiological functions through
different mechanisms, including voltage-dependent CI™ channels (CIC), cystic fibrosis transmembrane conductance
regulator channels (CFTR), swelling-activated CI~ channels, Ca**-activated CI~ channels and coordination gate-
dependent ligand-gated CI~ channels.”'® These CI” channels are believed to be involved in important physiological
activities such as regulating ion homeostasis, maintaining cell excitability and muscle tension, mediating nerve signal or
hormone transmission and material transport and regulating cell volume and survival.'* '8

In recent years, more and more studies have turned their attention to this field, in an attempt to find the potential
relationship or mechanism between the chloride channel and OA. And as mentioned above, the CI™ channels distributed
on chondrocytes are involved in the regulation and progress of various physiological activities. After summarizing recent
literatures and our experimental results, we believe Cl™ channels play an imperative role in pathogenesis of OA,
including changes of extracellular microenvironment, abnormal metabolism of extracellular matrix, inflammation and
abnormal cell death. These studies have demonstrated some specific mechanism of CI" channels and the pathogenesis
of OA.
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Extracellular Microenvironment and the Pathogenesis of OA

Findings from previous studies have suggested that the osmotic pressure of joint fluid in healthy human joints is
hypertonic at 404 + 57 mOsm/L, while the osmotic pressure of joint fluid in joints with OA is reduced to 297 + 16.9
mOsm/L."” ' We know that changes in the osmotic pressure of the cell’s environment will affect the volume of the cell
and cause a series of changes in subsequent physiological and metabolic cell processes.”” Research by Yamada and other
scholars has shown that, in healthy joints, articular cartilage cells are exposed to an overall relatively hypertonic dynamic
osmotic environment and protect themselves from swelling and destruction through regulatory volume decrease (RVD).
Furthermore, if the cell is in a relatively hypotonic environment for a long time and the pathological change in osmotic
pressure exceeds the threshold of cell self-regulation, its RVD mechanism can no longer fully compensate, and the cell
will continue to swell until death, triggering OA.*>%>

In addition to the above-mentioned changes, the cellular edema resulting from the pathological hypotonic environ-
ment caused by OA can also lead to the activation of a volume-sensitive outward rectifier (VSOR) chlorine current.
Relevant studies have confirmed that the VSOR chlorine current initiates RVD. Osteoarthritis can also cause acidification
of the extracellular environment (pH<5.0), which activates acid-sensitive outward rectification (ASOR) chloride currents.
Under hypotonic and acidic stimulation, chondrocytes VSOR and ASOR chloride currents are co-activated. Prolonged
activation will inactivate the VSOR current, impair the volume regulation ability of chondrocytes and aggravate
chondrocyte death.?¢2°

CIC-3 is an ion channel encoded by the gene chloride voltage-gated channel 3 (CLCN3), which plays a key role in
cell electrical activity and volume homeostasis, and is also involved in cell proliferation, migration, invasion and
apoptosis. CIC-3 upregulates matrix metalloproteinase-9 (MMP-9), which promotes the pathological metabolism in
extracellular matrix.*® Furthermore, under the long-term stimulation of a pathologically hypotonic environment (180
mOsm/L), CIC-3 participates in the regulation of the chloride current of chondrocytes through swelling-activated
chloride current, cell swelling and RVD, which in turn causes the regulates prostaglandin E, (PGE2) release in human
OUMS-27 chondrocytes.*® Studies have confirmed that the expression of CIC-7 channels in chondrocytes in a hypotonic
state is reduced, and this change leads to hyperpolarization of the resting membrane potential of chondrocytes and
increases cell death. Other researchers have actively downregulated the expression of CIC-7 channels in healthy
chondrocytes, and similar changes can be observed in these cells. Thus, the CIC-7 channel and the aforementioned
CIC-3 channel are both involved in the pathological changes of cartilage cell death and enhanced extracellular matrix
catabolism in OA.>'

Leucine-rich repeat-containing 8A (LRRC8A), which has been discovered recently, is proved to be the main
component of the volume-regulated anion channel (VRAC). As an important component of the cell volume-sensitive
chloride channel, LRRC8A participates in many pathophysiological processes.*> > Studies have shown that artificially
reducing the osmotic pressure of the extracellular fluid induces cell swelling, which activates the release of caspase-1 and
the inflammatory factor IL-1P through the NLRP3 inflammasome, and then triggers a series of cellular inflammatory
reactions, and a large number of activated inflammatory factors will eventually lead to inflammatory cell death.*®-’
These pathophysiological processes are related to the abnormal increase in cell volume mediated by the abnormal
activation of cell chloride ion channels. One previous study showed a functional deactivation and disordered distribution
of LRRC8A chloride channels in OA chondrocytes,?” which we believe may be a new and valuable research direction.

Abnormal Metabolism of the Extracellular Matrix and OA

The metabolism of the articular cartilage matrix is the physiological basis for maintaining normal articular cartilage
function. Cartilage matrix metabolism is divided into anabolism and catabolism, which co-exist in dynamic balance
under normal circumstances. Chondrocytes secrete aggrecan, type II collagen, type I collagen, matrix metalloproteinases
and other substances to maintain the homeostasis of the extracellular matrix, thereby maintaining normal structure and
function of articular cartilage.®***° Under the combined action of inflammatory factors, mechanical stimulation and

other external inducing factors, the level of catabolism in the cartilage matrix will be significantly higher than the level of
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anabolism, resulting in imbalances in articular cartilage matrix metabolism, destruction of the extracellular matrix and the
triggering of OA.*"**

Matrix metalloproteinase (MMP) is a large family of proteins that require metal ions such as Ca®" and Zn*" as
cofactors for their active forms. Their main physiological function is to participate in the catabolism of the extracellular
matrix. In the past, these proteins have mostly been associated with the migration, invasion or metastasis of tumor cells
or other cells. Hsu et al have shown that proliferative vitreoretinopathy is related to increased catabolism of the
extracellular matrix around retinal pigment epithelial cells.*’ They found in further experiments that MMP-14 plays
a key role in the degradation of the extracellular matrix, while the activity of MMP-14 is regulated by chloride
intracellular channel 4 (CLIC4).*> However, when Guan et al studied the migration and invasion mechanisms of cancer
cells, they found that CIC-3 can regulate the expression level of MMP-9 through the phosphorylation of the PI3K/Akt/
mTOR signaling pathway. In fact, they also found that cancer cells can express and secrete MMP-9 through this signal
pathway to enhance the catabolism of extracellular matrix to achieve migration and invasion.*® Similarly, Wang et al
showed that CIC-3 can also increase the transcriptional activity of nuclear factor-kB (NF-kB) in cancer cells to
upregulate the expression of MMP-3 and MMP-9, which can also promote malignant migration and invasion.*’ In
addition, in several reports on the pathogenesis of endometriosis, it was found that CIC-3 can promote the abnormal
metastasis and invasion of endometrial cells by mediating the upregulation of MMP-9.4%7!

Previous studies have confirmed that excessive deposition of the extracellular matrix is an important cause of scar
formation. The low expression of CIC-2 can reduce the expression of type I collagen, and type I collagen endangers the
chondrocyte extracellular matrix. Excessive type I collagen deposition destroys the normal cartilage matrix structure,
thereby causing increased degradation of the extracellular matrix, which initiates and accelerates the general manifesta-
tions of OA.>°

Decreased estrogen levels are currently recognized as one of the risk factors for OA, which is most likely to appear in
postmenopausal women.*>>>* Studies have shown that in the absence of estrogen protection, the extracellular matrix of
chondrocytes is prone to metabolic imbalance, and the catabolism is significantly increased.”” >’ In addition, our team’s
previous research showed that normal estrogen levels significantly inhibit cell volume-activated chloride current and IL-
1B activated chloride current in healthy chondrocytes. Furthermore, estrogen inhibits IL-1B-induced LRRC8A chloride
channel distribution disorder through the microRNA-140 (miRNA-140) pathway.’® This indicates that the LRRCSA
chloride channel may serve as an important target of estrogen and participate in the regulation of the occurrence and
development of OA after menopause.

As mentioned earlier, in chondrocytes, enhanced extracellular matrix catabolism is also an important factor promoting
the occurrence and progression of OA. Therefore, if this process also exists in cartilage, it means that chloride channels
may participate in extracellular matrix metabolism by regulating the expression of the MMP protein family, thereby
contributing to the occurrence and progression of OA. And chloride channels may be under the influence of changes of
extracellular microenvironment, which initiate OA (Figure 1).

Inflammatory Factors, Apoptosis and Pyroptosis in OA

Inflammation Mediated by Chloride Channel in Chondrocyte Initiates Apoptosis and

Pyroptosis

Inflammation is an important protective response of the healthy human body from exogenous infection and injury, but
inflammation often becomes the key point of disease progression in non-infectious diseases. Some previous studies have
shown that inflammasomes play an important role in inflammatory response. '

Inflammasomes are an important part of the innate immune system including nod-like receptor pyrin domain 1
(NLRP1), NLRP3, NLRC4, AIM2 and Pyrin. And researches prove that NLRP3 is the one of most common inflamma-
some that regulates most of inflammation in cell and initiates abnormal cell death. NLRP3 inflammasome has been
reported to participate in several chronic inflammatory diseases and some metabolic diseases.®® Furthermore, the
mentioned studies showed that the activation of NLRP3 inflammasome depends on the ion-current, including K, Ca®*

and CI~, which is produced by the activation of cellular ion channel.®*®*
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Figure | Abnormal extracellular microenvironment and extracellular matrix metabolism. In age-mediated degeneration of articular cartilage, presence of high concentration
of proton and hypotonic microenvironment pathologically activates chloride channels on the chondrocyte membrane, which upregulates PI3K-Akt-mTOR signal pathway and
activates NF-kB (D Changes of the chondrocytes). Thus, the overexpressed MMPs which are upregulated by NF-kB induce abnormal metabolism of cartilage matrix and
initiate OA (@ Degeneration of the cartilage matrix). Created with BioRender.com.

Chloride Channels and NLRP3 Inflammasome in Inflammation

The volume-sensitive chloride current of OA chondrocytes has been clinically shown to be significantly reduced,
suggesting the RVD mechanism that depends on chloride channels is damaged. Our further study found that this
phenomenon depends on inflammation-related proteins caspase-1, caspase-3, NLRP3 and high expression of the
inflammation factor IL-1p. Furthermore, IL-1p can induce the continuous opening of the chloride channel of healthy
chondrocytes and damage the RVD mechanism of healthy chondrocytes, which participate in the pathogenesis of OA.*’
The above-mentioned inflammation-related proteins cause abnormal intracellular skeleton distribution and abnormal
extracellular matrix metabolism in healthy chondrocytes, thus damaging healthy cells or even leading to cell death.?”-%
This further explains the mechanism of the aforementioned pathological processes in OA. Chen et al studied epithelial
cells and macrophages to show that vitamin A affects the expression of downstream Chloride Channel Accessory 1
(CLCA1) and other Ca**-sensitive chloride channels by regulating the expression of IL-4, which may be related to
subsequent inflammation.® However, there are no reports of experiments on chondrocytes with similar mechanisms. In
addition, Kim et al found that the chloride current of the Ca*"-sensitive chloride channel was significantly enhanced in
airway epithelial cells treated with IL-4, and they posited that this mechanism might be related to allergic rhinitis and
other allergic reactions.®’ These findings confirm the relationship between Ca”*-sensitive chloride channels and inflam-
matory factors in other areas of the body.

In the above-mentioned description, extracellular hypotonicity induces activation of chloride channels and initiates
RVD in cell. Green et al found that extracellular hypotonic pressure induces the activation of NLRP3 inflammasomes,
which convert the inactive precursors of IL-1p and IL-18 into their active forms and activate the downstream volume-
sensitive chloride channel of LRRC8A.®® This process is considered one of the mechanisms of cell inflammatory
necrosis.””®"*%® Furthermore, other research demonstrated that this procedure also responds to other stimulations.®”
And recent studies showed that inhibition of chloride channels blocks the release of IL-1p and activation of NLRP3
inflammasome, which is regarded as a potential target for advanced treatment or medication.®

In addition to those located on the membrane, CLIC family is an important part of chloride channel proteins. It is
composed of six highly conserved subtypes, which can exist and function either as soluble monomers or as a whole-
membrane channel after structural rearrangement. They are widely involved in the inflammatory response of tissue
damage and the progression of tumors. CLICs are observed to play a similar function on cell membrane as the traditional
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transmembrane VRAC, although they were regarded as the intracellular channel which transport Cl™ only inside the
cell.°” Related research has shown that CLIC-1 is highly expressed on the tumor cells of a variety of human cancers, and
it is involved in tumor progression and metastasis.’ Studies have shown that CLIC-1 can shuttle between the cytoplasm
and cell membrane, and participate in the process of regulating cell adhesion to the extracellular matrix. This process is
achieved by CLIC-1 regulating the new extracellular matrix through the PIP5Ks signaling pathway.”” TME16A and
CLCALI are Ca**-activated chloride channels that have been discovered recently.”"”> Previous studies have shown that
they participate in the enhancement of the production and secretion of inflammation mucus in the airway, which is
regulated by high levels of IL-13. This process is closely related to the production of inflammatory mucus,’*”* although
no similar studies of chondrocytes exist.

Classic apoptosis is a process of caspase-dependent programmed cell death, which is beneficial to organisms
generally. However, pyroptosis is defined as another kind of caspase-dependent programmed cell death, which is initiated
by inflammasomes and other inflammatory factors. Therefore, the early studies of pyroptosis focused on pathophysio-
logical processes of infectious inflammation and researches did discover and demonstrate significant results.”* Recently,
a myriad of researches have demonstrated that pyroptosis is also involved in and regulates aseptic inflammation through
some specific pathways.”> Further studies showed that NLRP3 inflammasome mediates pyroptosis in articular cartilage,
which initiates chondrocyte death and cartilage degradation.”® A case in point, chronic hyperplasia of inflammatory
synovium also initiates cartilage degradation, and recent study proofed that IL-1p may be produced from inflammatory
synovium.”” And Zhao et al demonstrated that NLRP3 inflammasome interacts with fibroblast-like synoviocyte to
regulate the expression and activation of IL-1Pand IL-18, which were proved to cause the pyroptosis of chondrocyte
and initiate cartilage degradation.”® And Domingo et al demonstrated that CLIC plays a critical function in inflammation
mediated by NLRP3 inflammasome and the activation of CLIC1 and CLIC4 activates NLRP3 inflammasome and induces
pyroptosis.”’ Moreover, CLIC-dependent chloride current regulated downstream potassium efflux and mitochondrial
reactive oxygen species (ROS), which actually activates NLRP3 inflammasome. Their research demonstrated that CLIC-
dependent chloride efflux is an essential and proximal upstream event for NLRP3 inflammasome activation.®® Zhao et al
demonstrated that extracellular lactate accumulation promotes activation of NLRP3 inflammasome and degeneration of
extracellular matrix, which initiate inflammation and pyroptosis®® (Figure 2). Pyroptosis not only occurs in chondrocyte
and cause cartilage degradation but also occurs in other tissues. Synovial macrophage can provide a protective barrier for

81 However, some researchers observed that

the articular cartilage and restricts the severe inflammatory reaction.
pyroptosis caused by overexpression of inflammasomes and inflammatory factors occurs in synovial macrophage in
animal model with knee OA. They believed this phenomenon causes reduction of synovial macrophage and initiates
uncontrolled synovial inflammatory reaction in joint.”” In addition, some specific kinds of microRNA were proved to
inhibit chondrocyte pyroptosis and delay progression of OA.%* 5

We realized that pyroptosis may not only destroy imperative cell in joint but also destroy the barrier. And perhaps we
can attempt to develop and design some medications to inhibit pyroptosis in joint with OA. Fortunately, advanced
researches demonstrated that some medication or biological active substance including hypertonicity, hydrogen sulfide
(H,S) donor, dihydrotanshinone I and berberine could inhibit inflammation and pyroptosis by regulating activation of
NLRP3 inflammasome and other factors.>**>®” And other researchers have designed some medication to restrict
chondrocyte pyroptosis through regulating NLRP3 inflammatory in vitro, including icariin, indomethacin and
loganin ®*%°

Some scholars have confirmed the above-mentioned pathophysiological process by means of animal experiments,
which have shown that the abnormal pathological changes in the chondrocyte volume in a hypotonic environment may be
related to the increased activity of caspase-3 or caspase-7.°' This suggests that the final outcome of the process is related
to apoptosis. In their research on tumor cells, Zhou et al found that CIC-3 can be induced by dihydroartemisinin (DHA)
to upregulate its expression and CIC-3 leads to efflux of chloride ions and apoptotic volume decrease (AVD), which is
similar to RVD. Furthermore, the above-mentioned process upregulates the expression of caspase-3, which induces
apoptosis of cancer cells.”” Studies on other tissues or cells in the intestines and blood vessels have found similar CIC

family proteins involved in the process of caspase family-induced apoptosis.”
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Figure 2 Hypotonicity causes inflammation and chondrocyte death. Presence of high concentration of proton and hypotonic microenvironment pathologically activates
chloride channels on the chondrocyte membrane and enhances transmembrane CI™ current. Enhanced CI™ current initiates inflammation through NLRP3 inflammasome,
which activates IL- 1B and N-GSDMD. These typical inflammatory factors cause pathological inflammation in articular cartilage and causes abnormal cell death (apoptosis and
pyroptosis). Created with BioRender.com.

The mentioned studies examined the CIC-3 and CIC-7 subtypes of the CIC chloride channel family. Numerous studies
have confirmed that these subtypes can participate in the regulation of the apoptosis process induced by the caspase
protein family.®'***** Other studies have shown that overexpression of CIC-2 can reduce the expression of caspase-3 and
caspase-9, and thereby inhibit the occurrence of cell apoptosis.”® Previous studies have confirmed the presence of CIC-3
mRNA expression in articular cartilage.”® However, there have been few studies across the spectrum of CIC chloride
channel proteins on the mechanism of apoptosis induced by caspase family proteins in human chondrocytes. We believe
elucidation of this phenomenon may direct future novel research.

Mechanical Interaction and OA

Mechanical stimulation usually causes changes in cell volume. Previous studies demonstrated that abnormal mechanical
force, as an important factor, leads to cartilaginous lesion clinically.g’97 Overload of joints under physiological or
pathological conditions will significantly affect the normal metabolism of cartilage cells. For example, a high internal
dynamic load of joints and abnormal gait movement will cause an abnormal distribution of load forces in joints.”® '
Furthermore, mechanical factors such as anterior cruciate ligament injury or rupture and incomplete meniscus will also
affect the distribution of the entire joint load.'"”" These mechanical factors are considered an important cause of OA.
However, how this change affects cells under normal physiological conditions is still inconclusive, and this topic is the
focus of recent research on OA pathology. Wang et al found that in the MC3T3-E1 cell line, mechanical stimulation
induces the upregulation of CIC-3 expression. In addition, increased mechanical stimulation and CIC-3 overexpression
can also stimulate the expression of osteogenic markers, such as alkaline phosphatase (ALP), bone sialoprotein (BSP),
and osteocalcin (Oc). Furthermore, the authors pointed out that RUNX family transcription factor 2 (Runx2) and
transforming growth factor-la (TGF-1o)) may also be involved in this regulation'®* (Figure 3). The above-mentioned
process will eventually lead to osteoblast differentiation. Under normal circumstances, fracture repair may depend on this
signaling pathway, but in patients with OA, this may also be one of the mechanisms of subchondral bone sclerosis. The
unique cellular physiological functions of some kinds of cells depend on the transport of chloride ions between the

extracellular and intracellular environments. Specifically, Harasztosi and Gummer discovered a chlorine-sensitive protein
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Figure 3 Mechanical interaction causes osteoarthritis. Abnormal stress and long-term mechanical stimulation upregulate the expression level of chloride channels, which
induce the overexpression of osteogenic factors (Runx2, TGF-B, etc). These biomarkers stimulate the differentiation from bone marrow mesenchymal cells (BMSCs) to
osteoblasts, and finally differentiate to osteocyte. (1. Changes of subchondral bone in articular cartilage) Therefore, the mechanism explains bone hyperplasia or subchondral
bone sclerosis in OA. (2. Bone hyperplasia or subchondral bone sclerosis in osteoarthritis). Created with BioRender.com.

Abbreviation: KOA, knee osteoarthritis.

called prestin in cochlea, and the skeletal protein of the experimental cell was deconstructed after treatment with
9-anthracenecarboxylic acid (9-AC), a chloride channel inhibitor that inhibits prestin function.'®® These results confirm
the importance of prestin, a chlorine-sensitive protein, in the normal function of the cochlea. We believe that a similar
mechanism may also exist in chondrocytes, whereby the activity of chloride channel proteins is inhibited, causing the
deconstruction of the structural proteins in chondrocytes to trigger cell death and OA. As mentioned above, high-
intensity exercise and inappropriate sports are believed to be a risk factor of cartilage degradation and OA. However,
a recent study demonstrated that moderate-intensity exercise alleviates chondrocyte pyroptosis by promoting autophagy
of chondrocyte, which avoids the release of inflammasomes.'**

Conclusion

OA is a common disease worldwide, mainly manifested in pathophysiological processes such as cartilage degeneration,
local aseptic inflammation and bone hyperplasia. However, the mechanisms of occurrence and progression of these
pathophysiological processes are not conclusive. We know that cartilage tissue is an organic whole composed of
chondrocytes, the extracellular matrix and the microenvironment. Once the factors that maintain homeostasis appear
pathologically, they are very likely to initiate or trigger OA through a certain pathway. Many recent studies have focused
on the cellular chloride ion channel, inflammatory factors and aseptic inflammation, which involved in the pathogenesis
of OA. Moreover, these factors also participate in pathological processes including change of extracellular microenvir-
onment, break of balance in extracellular matrix metabolism, apoptosis and pyroptosis. In recent years, more and more
studies have also shown that chloride channels are widely present in various types of cells and play a role in regulating
various physiological and pathological activities through different pathways and mechanisms. Moreover, more and more
studies have also demonstrated that inflammatory factors and inflammation regulated by chloride channels participate to
the regulation of OA pathogenesis. However, most of the above-mentioned studies are based on other types of cells. We
believe that future studies must use the above-mentioned conclusions as the starting point, for research on chondrocytes,
and a better understanding of the mechanism of OA will provide a theoretical basis for potential new medication targets
in the future. Fortunately, some researchers have gained achievements in novel medication, which targets key factors
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involved in the above-mentioned pathological processes (including chloride channels, NLRP3 inflammasome, etc).
Furthermore, more novel and potential medications are supposed to be developed and designed to ameliorate OA
through regulating pH and osmotic pressure in synovial fluid, controlling inflammation and inhibiting apoptosis and
pyroptosis of cells. We believe that this may be a potential therapeutic strategy for OA.
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