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1 | INTRODUCTION

Osteoarthritis (OA) is a common chronic disease of the joints, which
characterized by degeneration of articular cartilage and secondary os-

teogenesis (Schiraldi et al., 2016). The development of OA affects not
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Abstract

IRE1 is an important central regulator of unfolded protein response (UPR) in the en-
doplasmic reticulum (ER) because of its ability to regulate cell fate as a function of stress
sensing. When misfolded proteins accumulated in chondrocytes ER, IRE1 disintegrates
with BIP/GRP78 and undergoes dimer/oligomerization and transautophosphorylation.
These two processes are mediated through an enzyme activity of IRE1 to activate en-
doribonuclease and generates XBP1 by unconventional splicing of XBP1 messenger RNA.
Thereby promoting the transcription of UPR target genes and apoptosis. The deficiency
of inositol-requiring enzyme 1a (IRE1a) in chondrocytes downregulates prosurvival fac-
tors XBP1S and Bcl-2, which enhances the apoptosis of chondrocytes through increasing
proapoptotic factors caspase-3, p-JNK, and CHOP. Meanwhile, the activation of IREla
increases chondrocyte viability and reduces cell apoptosis. However, the understanding of
IRE1 responses and cell death fate remains controversial. This review provides
updated data about the role IRE1 plays in chondrocytes and new insights about the

potential efficacy of IRE1 regulation in cartilage repair and osteoarthritis treatment.
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only the articular cartilage but also subchondral bone, joint capsule, sy-
novial membrane, and muscle around the joint, which causes severe harm
to the whole joint (Barnett, 2018; Hunter & Bierma-Zeinstra, 2019). The
global incidence of OA affects 25% of adults by 2030, and soon will be
the largest cause of disability (Wallace et al., 2017). Worthy mention, the
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current treatment for OA is limited. Mild OA is mostly undergoing phy-
sical therapy, drug treatment, such as nonsteroidal antiinflammatory
drugs and glucosamine (Cooper et al., 2019; Harrison-Munoz et al., 2017).
Patients with severe OA are at risk of low quality of life, and joint re-
placement. But, the efficacy of joint replacement is poor and the cost is
high (Dieppe, 2011). Hence, a deep understanding of pathomechanisms
that involve OA is the only conceivable way to improve medical inter-
ventions for curing OA.

Generally, chondrocyte apoptosis is an important process in the
occurrence and development of OA (Dai et al, 2018; Hosseinzadeh
et al,, 2016; Park et al., 2020). The term “apoptosis” was first recognized
as a morphologically different type of cell death from normal cell death
(Kerr et al., 1972). In normal cell survival, apoptosis is a natural phe-
nomenon that stops the growth and division of cells (Obeng, 2021);
Specifically, apoptosis is a process that mediates gene regulation and
eventually leads to induce cell death (Obeng, 2021). Apoptosis of eu-
karyotic cells occurs mainly through exogenous apoptosis pathway
mediated by one of the following death receptors, endogenous apoptosis
pathway mediated by mitochondria, or apoptosis pathway mediated by
endoplasmic reticulum stress (ERS). Nevertheless, ERS has attracted in-
creasing attention (Chen et al., 2008; Galitskii, 2005; Moon et al., 2016).
The apoptosis of chondrocyte in OA mediated by ERS has been discussed
by several studies which revealed that many extracellular and intracellular
factors can promote ERS induced apoptosis (Hwang & Kim, 2015; Lotz
et al,, 1999; Zhuang et al., 2020). However, there are still many problems
to be solved. The mechanism ERS mediates downregulation of inositol-
requiring enzyme 1a (IRE1a) triggering preapoptotic signals particularly in
the OA disease remains to be clear. This article mainly focuses on the
mechanisms through which IRE1a regulates chondrocyte apoptosis in OA
through ERS. The deep understanding of IRE1la-mediated chondrocyte
apoptosis is supposed to demonstrate some interesting options con-
tribute to blockage apoptosis process in the chondrocyte or at least slow
down chondrocyte apoptosis and cartilage loss and enhances cartilage

repair.

2 | ERS AND IRE1

Endoplasmic reticulum (ER) is a largest membranous organelle in
eukaryotic cells. It involves in postsynthesis modification and trans-
port of proteins, lipid and steroid synthesis, regulation of Ca2+ bal-
ance and secretion, and other cell processes (Schwarz &
Blower, 2016). High-quality protein folding is essential for cell sur-
vival and function as well as for normal biophysiology (M. Wang &
Kaufman, 2016). ERS can be triggered when proteins become un-
folded and/or misfolded and accumulate in ER due to various en-
dogenous and exogenous factors, including hypoxia, hunger,
oxidative stress, and protein synthesis overload (Zheng et al., 2019).
Initially, ER resumes normal cellular function by increasing the
synthesis of molecular chaperones involved in protein folding (Kopp
et al., 2019). The suspension of protein translation activates series of
signaling pathways that result in unfolded protein response (UPR).
UPR is not always effective in the regulation of ER homeostasis
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(M. Wang & Kaufman, 2016). If ERS persists, it will lead to
dysfunction of ER that consequently activates related apoptotic
pathways to mediate cell death (Tan et al., 2008).

ERS is associated with a variety of pathological changes. Accu-
mulation of unfolded and/or misfolded proteins in the ER lumen can
trigger downstream pathways and effector mechanisms, remodeling
ER to restore homeostasis (Hetz et al., 2020). This is an adaptive
mechanism to deal with protein disorders, and the main response
pathway is UPR (Tavernier et al., 2017). UPR has three sensorable
branches, which are IRE1, protein kinase R-like ER kinase (PERK) and
activating transcription factor 6 (ATF6) (Bergmann & Molinari, 2018),
see Figure 1. After the accumulation of unfolded and/or misfolded
proteins in ER lumen, ERS is initiated, and the ER sensor senses the
stress signal and disassociates with molecular chaperones. The dis-
integrated molecular chaperones bind with unfolded and/or mis-
folded proteins to modify produced proteins and reduce the degree
of ERS (Pinkaew et al., 2017). The molecular chaperone systems
commonly used in UPR mainly include HSP70 (BIP)/HSP40 (Dnal)
proteins), HSP90 (GRP94), calnexin/calreticulin, and protein disulfide
isomerases (Fedeles et al., 2015). BIP/GRP78 is a major ER chaperone
and one of the most abundant proteins in ER, and is considered to be
the main sensor for the activation of UPR (Bakunts et al., 2017), see
Figure 2. However, the specific mechanism of BIP/GRP78 as a mo-
lecular chaperone and transduction of ERS signal is still unclear. Some
scholars believe that unfolded and/or misfolded proteins are re-
cruited to the substrate-binding domain of BIP/GRP78 to activate
ERS sensing under the action of J-domain chaperone molecule
(Behnke et al., 2015; Kopp et al., 2019). Among the three ER trans-
membrane proteins mediated UPR, IRE1 is the most conserved gene
from yeast to human, and it has two subtypes: IRE1la and IRE1p.
IRE1a is commonly expressed in most cells and tissues, while IRE1 is
limited to gastrointestinal epithelial cells (Y. Liu et al., 2015;
Sepulveda et al., 2018). Further, IRE1B acts as a dominant-negative
suppressor of IRE1a and affect how barrier epithelial cells manage
the response to stress at the host-environment interface. Worthy
mention, IRE1a plays an important role in chondrocytes, as presented
in Figure 1, it involves cell differentiation, extracellular matrix (ECM)
production, and the expression of chondrocyte pro-survival factors
XBP1S and Bcl-2 (Han et al., 2013; Wu et al., 2018). IRE1 is a dual
enzyme with both serine/threonine kinase and endoribonuclease
activity (Sepulveda et al., 2018). When unfolded and/or misfolded
proteins are accumulated in the ER, IRE1 disintegrates with BIP/
GRP78 and undergoes dimer/oligomerization and transautopho-
sphorylation through its enzyme activity to activate en-
doribonuclease activity and generate XBP1 by unconventional
splicing of XBP1 messenger RNA (mRNA), thereby promoting the
transcription of UPR target genes including BIP, ERDJ4, SEC. 61aq,
and HERP (Fedeles et al., 2015).

IRE1 is an important central regulator of UPR in the ER because
of its ability to regulate cell fate as a function of stress sensing as
presented in Figure 2, although the mechanism by which IRE1 reg-
ulates these different pathways remains unclear (Lamriben &
Hebert, 2018). In the absence of ERS, the chaperone BIP/GRP78
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FIGURE 1 Misfolded protein response mediates IRE1 apoptotic signaling in the chondrocyte. the accumulation of unfolded protein induces the
activation of three sensor signals in the chondrocytes (ATF6, PERK, IRE1) that initiate endoplasmic reticulum stress (ERS). The initiation of ERS promotes
several signaling pathways, which mainly attempts to reduce ERS and remove unfolded protein. BiP is the main unit separate from IRE1 and

move towards unfolded protein and then activates the interaction between GRP78, IRE1, and HSP47 that enhances apoptotic signaling and reduces
survival signaling. The activation of PERK induces the phosphorylation of ELF2a that inhibits protein translation and supports apoptosis responses.
Further, the interaction between GRP78 and ATF6 in response to the accumulation of unfolded protein blocks the collection of translated protein and
promotes apoptosis responses. ATF6, activating transcription factor 6; IRE1, inositol-requiring enzyme 1; PERK, protein kinase R-like ER kinase

binds to the luminal domain of IRE1, resulting in allosteric inhibition
of IRE1 kinase, and thus IRE1 remains inactive (Carrara et al., 2015).
However, how IRE1 stimulates endoplasmic ER sensing, it is also
unclear. In yeast experiments, some scholars believe that the luminal
domain ligand binding slot of IRE1 binds unfolded and/or misfolded
proteins to sense ERS, thus leading to allosteric activation of IRE1
(Karagoz et al., 2017; P. Walter & Ron, 2011). In terms of the in-
activation of ERS sensor, some scholars believe that under the action
of ERDJ4, the cavity domain structure of IRE1 combines with the
BIP/GRP78 ATPase domain to make IRE1 allosteric and return to the

monomer state (Amin-Wetzel et al., 2017).

3 | IRE1-RELATED SIGNALING
PATHWAYS

IRE1 has been reported to involve several signaling pathways including
cell survival and death signaling in various types of cells, see Table 1.
Under normal conditions, BIP/GRP78 binds to ERS sensors, namely
IRE1, PERK, and ATF6, which are inactive (Carrara et al., 2015). UPR is

triggered when there is an increase in unfolded and/or misfolded
proteins in the ER lumen, during UPR, BIP/GRP78 and ERS sensors are
separated from each other (P. Walter & Ron, 2011). BIP/GRP78 binds
unfolded proteins or misfolded proteins to modify unfolded and/or
misfolded proteins and can also identify and target proteasomal de-
gradation through ER-associated degradation mechanism (ERAD) to
reduce the effects of ERS (Olzmann et al., 2013). After IRE1 is dis-
sociated from its chaperone protein BIP/GRP78, it is oligomerized and
activated by transautophosphorylation, leading to the activation of its
kinase and endoribonuclease domains (Lee et al.,, 2003). Activated
IRE1a cleaves a 26-nucleotide fragment from XBP1 mRNA to produce
a transcription factor encoding the XBP1 protein (Yoshida et al., 2001).
This transcription factor regulates ERS adaptation by inducing genes
involved in protein folding and quality control, such as the expression
of ER chaperone genes, adipose genes, and ERAD genes (He
et al., 2010). In addition, the endoribonuclease activity of IRE1 is also
involved in the degradation of mRNAs, ribosomal RNAs, and micro-
RNAs (Dufey et al., 2020). If the stress factors persist, UPR threshold
exceeds and consequently apoptosis process being induced (Sepulveda
et al., 2018).
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FIGURE 2 The failure in protein accumulation in the chondrocyte stimulates the formation of the BiP- GRP78 complex. This complex
promotes PERK signaling to induce elf2a phosphorylation, which activates ATF-4 to induce comprehensive apoptosis response and inhibiting
protein translation. Further, BiP-GRP78 complex mainly mediates IRE1 activation. IRE1 in this case stimulates several apoptotic signals

such as RIDD that induce BiD cleavage that promotes mitochondrial-dependent apoptosis through caspase-3 and caspase-9. The activation of
IRE1a dependent apoptosis promotes XBPS1s that mediates proapoptosis signaling (CHOP), which enhances cell apoptosis and inhibits

cell survival factors. IRE1, inositol-requiring enzyme 1; PERK, protein kinase R-like ER kinase; RIDD, regulated IRE1-dependent decay

Moreover, ER homeostasis is often disrupted by internal and ex-
ternal factors as the aggregation of misfolded proteins in cells, and the
ERAD-related IRE1 signaling pathway is the main quality control me-
chanism for clearance of misfolded proteins in the ER (Sun et al., 2015).
However, the specific molecular mechanism of ERAD in the IRE1
signaling pathway remains to be discussed, and the properties of
ERAD degradable substrates need to be further explored. SEL1L-
HRD1 is one of the important members of ERAD in the IRE1 signaling
pathway, and it identifies, transplants and degrades some misfolded
proteins in the ER (lida et al., 2011). In the absence of stress, IRE1
interacts with the SEL1L-HRD1 ERAD complex which is ubiquitinated.

ERS reduces ubiquitination of IRE1, resulting in the dissociation of the
IRE1a-ERAD complex, leading to the activation of a series of signaling
pathways (Sun et al., 2015). This is consistent with the final results of
the binding of BIP to unfolded and/or misfolded proteins leading to
IRE1 to
According to the experiments of some scholars, IRE1 is the real
substrate of SEL1L-HRD1 ERAD complex (Sun et al., 2015). IRE1 as
the endogenous substrate of ERAD, BIP is essential (Sun et al., 2015).
Because the absence of BIP leads to no interaction between IRE1 and
ERAD, the IRE1 protein tends to stabilize; If the BIP is in the state of
increase, the opposite result will be obtained (Sun et al., 2015).

the self-activation of form a dimer.
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TABLE 1
Cell type

Mesenchymal stem cell

HUANG ET AL.

Signaling pathway

IRE1-XBP1 signaling way

Fibroblast IRE1-RIDD signaling way
CD8a +cDCs IRE1-XBP1 signaling way
Macrophage IRE1-c-Jun signaling way
T cell IRE1-XBP1 signaling way
LO2 cell BiP-IRE1-CHOP

Pulmonary artery smooth

signaling way

IRE1-XBP1 signaling way

The function of IRE1 in different signaling pathways of various cell types

Function

Involved in osteoblast differentiation through promoting Osx transcription (Tohmonda
et al.,, 2011)

Involved in HCPT-induced apoptosis of fibroblasts, prevent scar adhesion after knee
surgery (X. Li et al., 2016)

Control ER homeostasis, cell-to-cell contact and antigen processing (Osorio et al., 2014)

Free cholesterol loading of macrophages leads to an apoptotic response that is partially
dependent on initiation by activation of IRE1 (F. Li et al., 2008)

Controlling endoplasmic reticulum stress or targeting IRE1a-XBP1 signalling may help
to restore the metabolic fitness and antitumour capacity of T cells in cancer hosts
(Song et al., 2018)

Emodin-induced excessive ROS generation and redox imbalance promoted apoptosis,
which was mainly associated with BiP/IRE1a/CHOP signaling-mediated ER stress
and would be enhanced by oxidative stress-mediated mitochondrial dysfunction
(Qiu et al., 2021)

IRE1a-XBP1 pathway is involved in the process of hypoxia-induced pulmonary vascular

muscle cells

remodeling; 4u8c could restrain hypoxia-induced cell proliferation and migration

and reverse the hypoxia-induced apoptosis arrest, while quercetin excited excessive
ERS and the IRE1 pathway in hypoxic PASMCs and promoted apoptosis (Cao
et al.,, 2019)

SH-SY5Y cell

IRE1-MAMs signaling way AR peptides enhance cytotoxicity and mitochondrial damage in SH-SY5Y cells by

targeting MAMs (Chu et al., 2021)

Mouse liver cell

IRE1-MAMs signaling way IRE1a deficiency resulted in marked alterations in mitochondrial physiology and energy

metabolism under resting conditions (Carreras-Sureda et al., 2019)

Abbreviations: IRE1, inositol-requiring enzyme 1; RIDD, regulated IRE1-dependent decay; ROS, reactive oxygen species.

Worthy mention, the IRE1/XBP1 signaling pathway is an im-
portant member of the IRE1-related signaling pathway, which is not
only a part of cellular program that protects chondrocytes' ERS, but
also controls cell development and survival (F. Walter et al., 2015). In
chronic ERS response, the internal working rhythm of chondrocytes
tends to induce apoptosis rather than the UPR to alleviate ERS (Tabas
& Ron, 2011). However, the generation of IRE1/XBP1 signaling
pathway is mainly due to the interference of internal and external
factors, which leads to the activation of IRE1 to adapt to the en-
vironment, and then produces a series of reactions. The deletion of
XBP1 will lead to functional changes in the cell signaling pathway, but
does not affect cell survival. However, it leads to its death in mucosal
dendritic cells, demonstrating tissue-specificity of XBP1 under the
action of IRE1 (Tavernier et al., 2017). Among them, the cell death
caused by IRE1/XBP1 signal changes could not attribute to activate
CHOP or -Jun amino terminal kinase (JNK) signaling pathways under
ERS, but the ATF4-dependent adaptive comprehensive stress re-
sponse may play a major role (Tavernier et al., 2017), see Figure 2. In
ER protein homeostasis, IRE1 plays a central regulatory role, guiding
ER stress recovery or cell apoptosis. However, the specific role of
IRE1 between both mechanisms is still not fully elaborated. Sure, it is
well known that IRE1-BIP is the classical IRE1 silencing binding point.
But in a recent paper, Sepulveda et al. (2018) reported that HSP47
could compete with BIP to perform signaling in combination with

IRE1 (Shamrock et al., 2021), See Figure 1. Interestingly, HSP47 was
previously thought to be associated with collagen transport (Kéhler
et al., 2020). The new insights put forward by Sepulveda et al. (2018)
undoubtedly provide a new idea for researchers studying the IRE1
signaling pathway, and the relevant role of HSP47 and IRE1 is still
under study. Some scholars believe that the interaction between
HSP47 and IRE1 improves the shear efficiency of XBP1 and provides
a guarantee for the homeostasis of proteins in the ER (Lamriben &
Hebert, 2018). In addition, HSP47 also regulates protein synthesis
through the IRE1-regulated IRE1-dependent decay (RIDD) signaling
pathway. It blocks the increase of misfolded proteins during ERS; its
overexpression enhances the attenuation of mRNA, and then mod-
ulates the apoptosis function induced by IRE1 (Lamriben &
Hebert, 2018).

However, in the absence of ERS signaling, DNA damage can also
activate IREla signaling, which is different from classical signaling
pathway. It specifically activates RIDD signaling (Chevet et al., 2015).
This raises the question that if IRE1 signaling pathway plays a crucial
role in ER stress; how does IRE1 be activated in the absence of ERS?
Some scholars found that the activation of C-ABL kinase can cause
the self-phosphorylation of IRE1, and then activate the transduction
of IRE1-dependent RIDD signaling pathway, thus affecting the sur-
vival of cells (Dufey et al., 2020). In fibroblasts, even if XBP1 mRNA is
cut off after IRE1 activation, the IRE1-dependent RIDD signaling
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pathway can still be active to regulate the cell cycle and affect cell
survival (Dufey et al., 2020). IRE1 endoribonuclease activity is in-
volved in the regulation of mRNA stability after DNA damage re-
sponse, affecting cell cycle and apoptosis, which is consistent with
the role of IRE1 in nonclassical pathway.

4 | IRE1-MEDIATED APOPTOSIS IN
CHONDROCYTES

In the past few years, the study of IRE1-mediated apoptosis has be-
come more extensive. However, the specific mechanism of IRE1 sig-
naling pathway mediated chondrocyte apoptosis remains to be further
studied. It is well known that IRE1 is a single transmembrane protein
with an intracavitary domain and cytoplasmic domain (CD) that per-
form different tasks on different sides of the endoplasmic omentum
(Adams et al., 2019). Under the ERS condition, cells will initiate the
UPR to reduce the stress degree and slow down the damage to cells
(Hetz & Papa, 2018). If the rate of unfolded and/or misfolded proteins
in the ER is greater than the cellular remission caused by the UPR, then
IRE1 initiates apoptotic signaling through a series of signaling path-
ways. The continuous release of inflammatory factors in OA leads to
chronic ER stress, and eventually a large quantity of misfolded proteins
accumulates in ER lumen, which then trigger cell apoptosis mainly
through the IREI signaling pathway (Zhang et al., 2019).

41 | IRE1-tumor necrosis factor receptor-
associated factor 2 (TRAF2)-apoptotic signal-
regulated kinase 1 (ASK1)-JNK signaling pathway
mediated apoptosis

When ERS occurs, ER homeostasis is disrupted by the folding of
overloaded proteins in the ER (Merksamer & Papa, 2010). Dysfunc-
tional ERS can lead to UPR, including activation of IRE1-dependent
signaling pathways that act as ERS transducers. Activated IRE1 binds to
TRAF2 through the CD domain, and recruits ASK1 to form an apoptotic
complex (Urano et al., 2000). In addition, chronic ERS is transmitted by
c-JNK, and downstream apoptotic molecules such as caspase-2 and
Bax are activated (Urano et al., 2000). When some scholars studied the
effect of Tetramethylpyrazine analogue (CSTMP) on the apoptosis of
NSCLC A549 cells, they found that CSTMP had obvious antiprolifera-
tion effect on A549 cells within the range of 50-150 mm (J. Zhang
et al., 2016). Under the action of CSTMP on NSCLC A549 cells, the
IRE1 signaling pathway of excessive stress on the ER was activated, and
the CD of activated IRE1la was combined with TRAF2 and ASK1 to
trigger the activation of JNK pathway (Nishitoh et al., 2002; J. Zhang
et al., 2016). The formation of the IRE1IA-TRAF2-ASK1 complex acti-
vates JNK and mediates partial cell death under irreversible ERS (Kanda
& Miura, 2004). Besides, mitochondria-mediated apoptosis is asso-
ciated with DNA damage. Oligomerization of Bcl-2 family proapoptotic
proteins, such as Bax and Bak, can promote the release of cytochrome

C, and then cytochrome C and caspase9 precursors form apoptotic
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complex to perform apoptosis. Some of the apoptotic proteins of the
Bcl-2 family are also localized in the ER and play corresponding roles
under ER stress, including regulating apoptosis (Carpio et al., 2015;
Rong & Distelhorst, 2008). This indirectly indicates that ERS-mediated
apoptosis and mitochondria-mediated apoptosis are not independent
of each other. Currently, further studies focus on the mechanism of
circ-RNA in the apoptosis of chondrocyte. Some scholars have reported
that in the model of chondrocyte injury induced by interleukin (IL)-1B,
circ-0114876 can induce the increase of TRAF2 expression, and the
inhibition of circ-0114876 can enhance the activity of chondrocytes,
reduce inflammatory response, and reduce cell apoptosis (Q. Wang
et al., 2021). However, the specific molecular mechanism of the
apoptosis of chondrocytes induced by circ-RNA in OA induced by IL-1
is still unclear. Thus, IRE1-TRAF2 complex could plays a role in the
induced apoptosis which associated with circ-RNA mediate chon-
drocyte apoptosis through IRE1-TRAF2-ASK1-JNK signaling pathway,
but this suggestion needs to be further explored in experiments.
Similarly, many scholars study the molecular mechanism of micro-
RNA to cartilage damage. Some scholars found that miR-502-5p levels
were significantly downregulated in OA joint tissues and IL-1f induced
chondrocytes (G. Zhang et al., 2016). Further, miR-502-5p inhibited the
viability of IL-1B-induced chondrocyte targeting TRAF2 inhibition, and
alleviated IL-1B-induced ECM metabolic imbalance and proinflammatory
cytokine production (G. Zhang et al., 2016). Altogether, the specific mo-
lecular mechanism of miR-502-5p's protective effect on IL-1B-induced
chondrocyte injury through targeting TRAF2 signaling pathway is sug-
gested to be associated with the role of IRE1 signaling pathway in car-
tilage injury under ERS condition, which needs further study. However,
this indirectly indicates that there is an undiscovered mechanism of IRE1-
TRAF2-ASK1-JNK signaling pathway in the regulation of chondrocyte

apoptosis.

4.2 | IRE1-RIDD signaling pathway mediated
apoptosis

As a central regulator of cell fate under ERS, IRE1 integrates in-
formation related to injury intensity and duration (L. Liu et al., 2019).
RIDD plays an important role in the outcome of cell apoptosis in-
duced by IRE1 overactivation (Tavernier et al., 2017). RIDD can also
lead to cell death under severe ERS conditions under the action of
IRE1 endonuclease (Hollien et al., 2009). Although this may com-
plement the UPR, which is an adaptive mechanism to reduce the
influx of proteins in ER, the RIDD pathway has also been shown to
trigger proapoptotic responses (Ghosh et al., 2014). Previous studies
have linked the IRE1-RIDD signaling pathway to inflammation and
apoptosis (Lerner et al., 2012). Huang and colleagues found that
mRNA degradation of IRE1-RIDD target genes (such as Bloc1S1 and
St3GAL5) in macrophages was associated with apoptosis in cells
infected with mycobacterium avium (Huang et al., 2016). In
Mycobacterium infected macrophages, the increased production of
reactive oxygen species (ROS) stimulates the activation of ERS, and
the activation of IRE1-RIDD leads to the mRNA degradation of RIDD
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target genes (Go et al., 2019). ROS-mediated ERS induced apoptosis
of macrophages infected with Mycobacterium avium by activating
IRE1a-RIDD (Go et al., 2019). It is well known that the production of
ROS is one of the important manifestations of inflammation in the
development of OA (Lepetsos & Papavassiliou, 2016). However, it is
still unclear whether the production of intra-articular inflammatory
factors can also mediate the apoptosis of chondrocytes caused by
IRE1-RIDD activation, which needs further exploration.

The research on the physiological effects of RIDD is still the tip
of the iceberg. Moreover, RIDD mainly works in a case of chronic ERS
or deletion of XBP1, and the activation of IRE1-RIDD appears to be a
highly selective process (Tavernier et al., 2017). Some scholars be-
lieve that the activation of IRE1-dependent RIDD plays a pro-survival
role in dendritic cells (Tavernier et al., 2017). This is inconsistent with
the cell apoptosis induced by IRE1-RIDD activation mediated by the
production of inflammatory cytokines. This is may be related to the
threshold after IRE1 activation. It has been suggested that the over-
active state of IRE1 induces proapoptotic pathways under conditions
of irremediable ER stress, but the size of the threshold is still

unknown.

5 | PROBLEMS TO BE SOLVED AND NEW
PROSPECTS

Certainly, IRE1 signaling pathway mediates ERS induced cell apop-
tosis. As known, OA development is inseparable from the apoptosis
of chondrocytes, but the exact mechanism that initiates chondrocyte
apoptosis is still uncertain. At present, several in-depth studies have
been conducted on IRE1 signaling pathway and the relation of this
pathway with chondrocyte apoptosis (Wu et al., 2018). However, the
blocking of chondrocyte apoptosis and enhancing cartilage re-
generation through direct blocking of IRE1 pathway have not been
studied neither in vivo nor in vitro. These kinds of studies could
significantly contribute to develop advance clinical studies leading to
the delay of the development of OA. Further, the study of cartilage
formation in the IRE1 knock out mice compared to overexpressed
mice can provide new understanding of the role IRE1 could play in
the cartilage regeneration or OA development. Furthermore, there
are many problems to be considered in the mechanism of IRE1 sig-
naling pathway mediating chondrocyte apoptosis such as the relation
of series of internal signal transduction to offset the interference of
external factors or internal factors leading to induce UPR and ERS in
the chondrocyte. The question we are trying to address here, the
boundary between the UPR that cells tolerate and that induces in-
tense apoptosis. Up to date the level of UPR chondrocyte can tol-
erate is unknown. We believe that continues accumulation of UPR
increases the stress that triggers cell apoptosis but temporary accu-
mulation, cells can tolerate with different ways. However, what ex-
tent does stress factor cause IRE1-mediated ERS-related apoptosis is
still unclear. We suggest that using cells with different mutation
models that express different levels of UPR could explore new

findings provide clear answer on what doses and levels of UPR can

stimulate cell apoptosis. Second, although IRE1 is the most conserved
transmembrane protein receptor in ER and also an important part of
ERS-related apoptosis, it's unclear whether some other ER trans-
membrane protein receptors, such as PERK and ATFé play the same
important role in chondrocyte apoptosis in combination with IRE1 or
there is another uncertain signal induces IRE1. The factors specially
trigger ERS-related apoptosis initiation by IRE1, PERK, and ATF6
remain to be studies. Using animal models with specific knock down
of related genes could explore clear understanding for ESR-related
initiators. Finally, IRE1 is an important receptor of ER transmembrane
protein, which plays an important role in physiological, pathological
and other mechanisms of action. Theoretically, blocking IRE1 can
slow down the apoptosis of chondrocytes and cartilage degeneration,
meanwhile it could delay the development of OA but what we need
to consider is the optimal condition to block IRE1 in the treatment of
OA. Researchers should consider that IRE1 is also an important
component of ER physiology which is supposed to modulate the
function of several genes that participate in the chondrocyte fate.
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