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Abstract: Long non-coding RNA (LncRNA), with transcripts over 200 nucleotides in length, play critical roles in numerous
biological functions and have emerged as significant players in the pathogenesis of osteoarthritis (OA), an inflammatory condition
traditionally viewed as a degenerative joint disease. This review comprehensively examines the influence of LncRNA on the
inflammatory processes driving OA progression, focusing on their role in regulating gene expression, cellular activities, and
inflammatory pathways. Notably, LncRNAs such as MALATI1, H19, and HOTAIR are upregulated in OA and exacerbate the
inflammatory milieu by modulating key signaling pathways like NF-kB, TGF-B/SMAD, and Wnt/B-catenin. Conversely, LncRNA
like MEG3 and GASS, which are downregulated in OA, show potential in dampening inflammatory responses and protecting against
cartilage degradation by influencing miRNA interactions and cytokine production. By enhancing our understanding of LncRNA’ roles
in OA inflammation, we can better leverage them as potential biomarkers for the disease and develop innovative therapeutic strategies
for OA management. This paper aims to delineate the mechanisms by which LncRNA influence inflammatory responses in OA and
propose them as novel targets for therapeutic intervention.
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Introduction
Osteoarthritis (OA) represents the most common type of joint disorder encountered in orthopedics. It presents clinically
with a range of symptoms, including joint swelling and deformation, pain and stiffness, impaired joint mobility, and
severe disability." The number of OA patients is rising with the aging global population. According to epidemiological
studies, 46.3% of middle-aged and older persons in China have primary OA,? and OA places a heavy burden on global
public health.® OA is characterized by progressive degeneration and loss of articular cartilage, accompanied by secondary
bone metaplasia. Clinical manifestations of OA include changes in the internal architecture of joints, alterations in
periarticular ligaments, sclerosis of subchondral bone, and inflammation of the synovial membrane.* Even though the
exact cause of OA is still unknown, an increasing amount of research points to the inflammatory response as a key factor
in the disease’s progression. Inflammation causes joint pain and stiffness and accelerates the degradation of cartilage and
surrounding tissues by various pathways, leading to intra-articular neovascularization and fibrotic changes that accelerate
the degeneration of joint structures.

In this complex inflammatory environment, long non-coding RNAs (LncRNAs) have emerged as key regulators.
A family of transcripts made from RNA longer than 200 nucleotides, LncRNAs are a subset of non-coding RNAs
(ncRNAs).” LncRNAs have recently garnered increased attention due to their pivotal role in regulating gene expression.
LncRNAs are crucial in numerous biological processes, particularly in regulating apoptosis and inflammatory
responses.®’ LncRNAs play an essential function in OA, participating in the inflammatory response to OA by regulating
cytokine expression, regulating signaling pathways, and interacting with other non-coding RNAs.* ' Thus, a thorough
examination of the precise roles played by LncRNAs in the inflammatory response of OA will not only shed light on the
disease’s pathophysiology but also offer fresh approaches to both diagnosis and treatment.
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Inflammatory Responses in OA

Inflammation is a complex pathophysiological process involving a variety of genes and signaling pathways. It is an
adaptive response of the organism to various stimuli or harmful factors.'" Depending on the duration and nature of the
inflammation, it is referred to as acute or chronic. Acute inflammation is a rapid defense reaction designed to eliminate
the noxious stimulus and initiate the healing process quickly; when acute inflammation fails to eradicate the noxious
stimulus completely and persists, it evolves into chronic inflammation, leading to long-term tissue damage and repair
imbalance, which can lead to a series of chronic diseases.'>'?

While traditionally viewed as a condition resulting from mechanical wear and tear OA involves chronic loading and flawed
joint biomechanics that culminate in the breakdown of articular cartilage. This degradation initiates a pathological cycle of
stiffness, swelling, and reduced joint mobility.'*'> Recently, an expanding volume of research has highlighted the crucial role
that chronic inflammation plays in the development of OA. It is common to observe heightened levels of inflammatory
cytokines such as interleukin-1f (IL-1), interleukin-6 (IL-6), and tumor necrosis factor-a (TNF-a) in the synovial fluid and
joint tissues of those affected by OA.'®'® In osteoarthritis models, the state of the cartilage, synovial membrane, and
subchondral bone has been improved as a result of suppressing the expression of these inflammatory cytokines.?’=*

These inflammatory cytokines induce cartilage catabolism and inhibit the anabolic processes essential to cartilage
homeostasis.”> For example, IL-1B, TNF-q, and IL-6 can stimulate the secretion of catabolic enzymes-matrix metal-
degrading proteases MMP-1, MMP-3, MMP-9, MMP-13,?*2* and encourage the production of ADAMTS, which is
responsible for the aggregator molecules’ proteolysis.>” Significant amounts of cartilage matrix are degraded because of
elevated MMP and ADAMTS activity and expression.’' Simultaneously, inflammatory mediators hinder the synthesis
of type II collagen, aggregated proteoglycans, and other essential components, leading to reduced production of the
cartilage matrix.”>>* They also induce chondrocyte apoptosis and senescence, leading to impaired migration of
chondrogenic progenitor cells, thus depriving cartilage of its regenerative potential.®>> Inflammatory cells, secreted by
macrophages, dendritic cells, and fibroblasts in the synovial layer, infiltrate the synovium. This infiltration leads to
hyperplasia and increased vascularization of the synovium, therefore encouraging the development of OA.

IL-1pB induces autocrine secretion in the form of autocrine secretion as a means of stimulating the synthesis of other
chemokines (TNF-a, IL-8, CCL5, CCR1, CCR2, etc)., which induce the recruitment and transport of inflammatory cells

3638 which induce the recruitment and transport of inflammatory and mesenchymal

and mesenchymal progenitor cells,
progenitor cells, releasing MMPs that destroy peripheral cartilage and promote osteoclast-mediated periarticular bone
remodeling. Inhibition of IL-1f expression reversed MMP, ADAMTS, IL-6, and TNF-a expression, and attenuated
chondrocyte apoptosis.>® IL-1RI, the TLR receptor family, is the component of the IL-1p receptor and mediates the pro-
inflammatory effects of IL-1B.** The IL-1 type I receptor (IL-1RI) and TNF-R1 receptor expression is significantly
upregulated in OA chondrocytes relative to normal chondrocytes.*'**?

TNF-a, meanwhile, is secreted by the same cells that secrete IL-1f in the joints, and its biological effects are exerted
when TNF-a binds to TNF-R1 and TNF-R2 receptors present on the surface of individual cell membranes. The presence
of the structural death domain (DD) in the TNF-R1 receptor, capable of recruiting two different TNF-R1 complexes, is
functionally primarily involved in activating inflammatory responses and cell-cell transduction, leading to cell lysis.** IL-
1B and TNF-a each promote the phosphorylation and subsequent degradation of the IkB kinase complex (IKK) through
unique pathways, resulting in the liberation of previously restrained NF-kB. Once released, NF-kB moves to the nucleus,

initiating the transcription of a broad array of pro-inflammatory genes,***’

including IL-6, IL-8, MMPs, cyclooxygenase-
2 (COX-2). These gene products not only intensify the inflammatory response within the synovium but also elevate the
levels of Inflammatory factors through a positive feedback loop, thereby perpetuating a self-sustaining cycle of
inflammation.*® In addition, p38MAPK and terminal kinase (JNK) are also activated, leading to the activation of
transcription factors such as AP-1, further amplifying the intensity of inflammatory signals. Through direct and indirect
methods, the combined action of these signaling pathways induces the expression of genes associated with inflammation
and leads to degenerative changes in chondrocytes and synoviocytes.*” !

IL-6 is low in resting cells but is highly expressed in the OA synovium, synovial fluid, cartilage, and subchondral

bone after being stimulated by TNF-a and IL-1B.°% After binding to its IL-6R receptor, highly expressed IL-6 activates

6564 e Journal of Inflammation Research 2024:17

Dove!


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

Dove Hu et al

inflammatory signaling pathways such as JAK kinase phosphorylation, STAT3 transcription factor phosphorylation, and
nuclear translocation via the gp130 signal transducer receptor and ultimately induces a series of pro-inflammatory genes
to form a highly inflammatory microenvironment.>*>> The result is a highly inflammatory microenvironment, which
leads to proliferation and pathological changes in synovial cells, resulting in proliferation and hypertrophy of synovial
tissue. The release of large quantities of MMPs disrupts chondrocyte homeostasis.”®>” At the same time, activation of
JAK and STAT3 by IL-6 induces an osteoblast-dependent inflammatory response,>® promoting osteoclast formation and
affecting subchondral bone homeostasis.””**

In OA, excess reactive oxygen species (ROS) result in oxidative stress, which provokes inflammatory responses in
intra-articular tissues and affects the homeostatic regulation of cartilage and synovium.®' Multiple pro-inflammatory
factors act synergistically to exacerbate oxidative stress in various ways, inducing overproduction of reactive ROS and
exacerbating OA.%* %4

Furthermore, the interaction of inflammatory cytokines, induces the expression of enzymes such as phospholipase A2
(PLA2), inducible nitric oxide synthase (iNOS), and cyclooxygenase-2 (COX-2). This leads to the production of
inflammatory mediators, including nitric oxide (NO) and prostaglandin E2 (PGE2), which exacerbate chondrocyte

65,66

apoptosis and matrix degradation by promoting chondrocyte matrix degradation enzyme expression and also activate

synoviocytes and other immune cells.®”-*® The inflammatory response is enhanced, leading to structural damage and joint
dysfunction.®®"

In conclusion, the inflammatory response in osteoarthritis (OA) is a multifaceted and layered process that involves
numerous cytokines and signaling pathways. These inflammatory elements play crucial roles in maintaining joint
homeostasis and health within OA contexts. By stimulating the expression of pro-inflammatory genes, these mediators
intensify the damage to joint tissues. Targeting these inflammatory pathways, and inhibiting the mediators and their
signaling processes, has shown to alleviate symptoms of OA, suggesting that this approach could be an effective strategy

for treating the condition (Figure 1).

LncRNA Structure and Function
The Encyclopedia of DNA Elements (ENCODE) project has revealed that less than 3% of the human genome is
translatable into proteins., and more than 80% is transcribed into various non-coding RNAs (ncRNAs).”> Among these

The mechanism of inflammation in OA

y IL-18. IL-6. TNF-a

TLR/NF kB i JAKISTAT3

mﬂammatlon

A e o © o © Inflammatory
\ CAO P ACHC factor

Vo LN

Cartilage Synovial Subchondral
\ degradation hyperplasia osteosclerosis

Secondary
osteophyte
formation

Figure | The mechanism of inflammation in OA: In osteoarthritis (OA), inflammatory factors such as IL-1B, IL-6, and TNF-a trigger inflammation by activating multiple
signaling pathways, including the TLR/NF-kB, p38 MAPK, JAK/STAT3, and Wnt pathways. The TLR/NF-kB pathway promotes inflammation through the activation of IKK,
while the p38 MAPK pathway exacerbates inflammation via JNK and Wnt signaling, and the JAK/STAT3 pathway is influenced by TNF-a and ROS. These inflammatory signals
work together to cause pathological changes such as cartilage degradation, synovial hyperplasia, subchondral osteosclerosis, and osteophyte formation, thus accelerating the
progression of OA. Created with BioRender.com.
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ncRNAs, some are processed into small RNAs, while the majority are transformed into RNA molecules exceeding 200
nucleotides in length. These longer sequences, which do not overlap with known coding genes and are autonomously
transcribed, are referred to as long non-coding RNAs (LncRNAs).”

The principal LncRNAs can be categorized based on their genomic origins, structural characteristics, and functional
roles into categories such as Intergenic LncRNAs (LincRNAs), which do not cross any protein-coding sites and are
located on genomic sites between protein-coding genes or intergenic regions;’* Intronic LncRNAs (Intronic LncRNAs)
located in intronic protein-coding regions in either orientation;”> Justice LncRNA (Sense LncRNA), is transcribed from
the exonic region of the coding strand of a protein-coding gene;’® Conversely, Antisense LncRNA is characterized by its
partial overlap with the antisense strand of a coding gene;’’ Bidirectional LncRNA that overlaps the opposite reverse
promoter region of neighboring coding genes and is transcribed in the opposite direction,”® etc.

In general, LncRNAs share a large number of features with messenger RNAs (mRNAs), possessing a 5’ cap structure
and a 3’ poly(A) tail. RNA polymerase II transcribes these RNA molecules and subsequently undergo splicing and RNA
editing to produce isomeric transcripts.’®

LncRNAs are crucial for controlling how genes are expressed. They affect the gene transcription process by
interacting with transcription factors or modulating their activity.*® This regulation not only activates or inhibits gene
transcription but also involves the precise regulation of specific cellular environments and conditions. In addition,
LncRNAs have the capability to bind to mRNAs, influencing mRNA stability, splicing, transport, and translation. This
interaction plays a crucial role in globally regulating gene expression and protein synthesis. More specifically, ncRNAs
protect mRNAs from degradation by forming complexes with mRNAs or by instructing the spliceosome to recognize
specific splice sites to produce different mRNA variants.®! LncRNAs can also act as competitive endogenous RNAs
(cRNAs), indirectly regulating gene expression by binding to miRNAs and “adsorbing” them, thus reducing the
inhibitory effect of miRNAs on target genes. This LncRNA network establishes a complex hierarchy of molecular
regulation, enabling cells to precisely regulate gene expression in a dynamic environment.*> LncRNAs are also involved
in RNA splicing, editing, and modification, affecting RNA maturation and function. They also interact with specific
proteins, affecting their function, localization, and stability, and sometimes even act as molecular scaffolds, organizing
and coordinating interactions between multiple molecules.®> Through the above different regulatory pathways, LncRNA
is pivotal in regulating various biological processes, including cell state and differentiation. It also plays a crucial role in
regulating the onset and progression of numerous inflammatory diseases.

The Role of LncRNA in the Inflammatory Response to OA

Recent research has revealed that IncRNAs are integral to the pathogenesis of osteoarthritis (OA), although their precise
functions remain to be fully elucidated. Through microarray and comprehensive transcriptomic analyses, numerous
studies have identified variations in IncRNA expression levels in OA patients compared to healthy controls. These
findings show that certain IncRNAs are either overexpressed or downregulated, suggesting a potential link to the
characteristics of the disease.

LncRNAs Regulated in OA Inflammation
Malat|
The MALAT1 gene, categorized as a LincRNA, is situated in a gene-dense region on human chromosome 11q13.1. This
highly conserved, nuclear-resident LncRNA spans approximately 6.7—7 kb and is expressed across a diverse range of
cells and tissues. Although MALAT1 lacks introns and Poly A tails, it can be stabilized and prevented from degradation
by processing the 3 end, which contains a triple helix structure.®* As the key member of the LncRNA family, MALAT1
is implicated in numerous diseases and biological processes.® Research indicates that MALAT] is significantly over-
expressed in the cartilage and synovial tissues of individuals with OA, and this overexpression is closely linked to the
upregulation of various inflammation-related genes.

Specifically, MALATI regulates key inflammatory signaling pathways, such as the NF-kB and MAPK pathways,
significantly promoting the expression and release of inflammatory mediators. For example, overexpression of MALAT1
accelerates LPS-induced pyroptosis and inflammatory responses, while silencing MALAT1 inhibits NF-xB activation,
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thus weakening these inflammatory responses.®® Furthermore, MALAT]1 acts as a competing endogenous RNA (ceRNA),
interacting with miRNAs (such as miR-150-5p, miR-146a, and miR-9), indirectly regulating NF-xB activation and
consequently leading to the release of large amounts of pro-inflammatory cytokines such as IL-6, IL-1p, and TNF-q.®"-%
Additionally, MALAT1 knockdown can suppress the LPS-induced upregulation of the p38 MAPK pathway, thereby
reducing the expression of IL-1, TNF-0.*® Moreover, MALAT1 can regulate the TLR4 signaling pathway to enhance the
release of IL-1B and TNFa, further aggravating the inflammatory response.®

During the pathogenesis of OA, MALAT1 expression is significantly upregulated in IL-1B-treated OA chondrocytes.
As a ceRNA, MALAT1 competes with miR-150-5p, promoting AKT3 expression. Silencing MALAT1 inhibits cell
proliferation and activates the apoptotic pathway, leading to an increase in apoptosis markers such as cleaved-PARP, Bax,
and Bcl-2. This knockdown of MALAT1 also increased elevated MMP-13 and ADAMTS-5 expression while reducing
collagen II and aggrecan, thus accelerating ECM (extracellular matrix) degradation and contributing to OA progression.”
Additionally, in OA, MALAT1 acts as a ceRNA by binding to miR-146a, activating the PI3K/Akt/mTOR signaling
pathway. Studies have shown that silencing MALAT1 promotes type II collagen synthesis and reduces the expression of
IL-6, MMP-14, and COX-2, providing significant protection against the production of inflammatory factors and LPS-
induced cartilage degradation.”

Apart from its interaction with miR-146a, MALAT1 also binds to miR-145, promoting ADAMTSS expression while
suppressing the expression of key cartilage matrix markers such as COL2A1, ACAN, and COMP, leading to further
cartilage degradation.””> Moreover, MALATI binds to the transcription factor KLF5, promoting the transcriptional
upregulation of CXCL11, which exacerbates inflammatory damage and significantly increases the release of IL-1f3 and
IL-18, accelerating OA progression.”® Further studies have shown that MALAT1 can promote nuclear translocation of
NF-xB p65 and B-catenin, thereby upregulating the expression of iNos, Cox2, and MMP13 mRNA in OA chondrocytes,
significantly intensifying the inflammatory response.”* As a ceRNA for miR-9, MALAT] can also indirectly target NF-
kB, inducing the release of large amounts of inflammatory mediators from chondrocytes, damaging the ECM, and
promoting OA development.”

MALAT1 expression is not only elevated in OA chondrocytes but also significantly increased in osteoblasts of OA
patients. In particular, in the serum of OA patients, MALAT1 is positively correlated with DKK1 levels. DKK1 is an
endogenous inhibitor of the Wnt/B-catenin signaling pathway, which mediates bone loss by inhibiting osteoblast
differentiation and further drives OA pathology.”® Additionally, MALAT1 expression in the synovial tissues of OA
patients is significantly higher than in non-OA patients, and the secretion of IL-6, CXCL8, CXCLS5, IL1p, and CCL2 by
synovial fibroblasts is much higher in OA patients compared to non-OA patients. Silencing MALAT1 not only reduces
CXCLS expression and secretion but also globally affects mRNAs involved in regulating cell growth, proliferation, and
inflammatory responses.”’ In general, the expression of MALATI in OA is increased, which mainly plays a more pro-
inflammatory role in OA cartilage, synovial membrane and subchondral bone, inducing inflammatory response.

PVTI

The PVTI gene is located on human chromosome 8q24.21 and mouse chromosome 15 in the cancer-associated coding
region, which comprises multiple exons and introns, does not encode proteins but is functionally significant within the
cell through various mechanisms. It plays a vital role in regulating various biological processes such as gene expression,
cell proliferation, apoptosis, inflammatory responses, and oncogenesis.”® In addition to its involvement in the develop-
ment of various diseases, recent studies have demonstrated that PVT1 expression is significantly elevated in OA,
particularly in the cartilage and synovial tissues of OA patients. PVT1 plays an important role in OA pathogenesis by
regulating inflammatory signaling pathways and ECM metabolism.”’

Firstly, PVT1 enhances inflammatory responses by activating classical inflammatory signaling pathways such as
MAPK and NF-kB. In OA patients and IL-1B-treated chondrocytes, PVT1 expression is significantly upregulated,
accompanied by increased secretion of inflammatory cytokines such as TNF-a and IL-6. Silencing PVT1, however,
restores cell viability and significantly reduces the release of inflammatory mediators, thereby protecting chondrocytes
from IL-1B-induced apoptosis and inflammatory responses.’”'%’ This phenomenon may be due to PVTI acting as
a ceRNA by sponging miR-27b-3p, which indirectly regulates the expression of TNF receptor-associated factor 3
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(TRAF3). Overexpression of PVT1 leads to increased TRAF3 expression, activating the downstream NF-«kB signaling
pathway and aggravating the inflammatory response, while silencing PVT1 upregulates miR-27b-3p and inhibits TRAF3
expression, thus reducing inflammation.'®

Secondly, PVT1 regulates inflammatory responses and ECM degradation in OA through interactions with multiple
miRNAs. As a ceRNA for miR-140 and miR-211-3p, PVTI regulates the expression of ADAMTS-5 and MMP-13,
leading to elevated levels of TNF-a, IL-6, and other inflammatory cytokines, thereby accelerating ECM degradation and
promoting OA progression.'?!'%% Additionally, PVT1 upregulation is closely associated with the increased expression of
matrix metalloproteinases (MMP3, MMP9) and inflammatory factors such as NO, PGE2, IL-6, and TNF-a. These
elevated levels are accompanied by reduced expression of cartilage matrix components, including aggrecan and type 11
collagen.'® Studies have shown that silencing PVT1 can inhibit IL-1B-induced chondrocyte metabolic dysfunction and
inflammatory responses, indicating that PVT1 plays a crucial role in cartilage degradation and inflammation.

Moreover, PVT1 exacerbates OA inflammatory responses by modulating multiple signaling pathways. PVT1 down-
regulates miR-146a levels, indirectly amplifying inflammatory responses, while also activating the TGF-B/SMAD4
signaling pathway, further intensifying inflammation. Silencing PVT1 has been shown to increase miR-146a expression
and inhibit the TGF-B/SMAD4 signaling pathway, thereby reducing the expression of inflammatory mediators and
alleviating OA progression.'® Another study revealed that PVT1 expression is significantly upregulated in the serum of
OA patients and in LPS-stimulated chondrocytes. At the same time, miR-93-5p expression is downregulated, while
HMGB1 mRNA and protein levels are markedly increased.'®® HMGBI, as a damage-associated molecular pattern
(DAMP), activates the TLR4/NF-kB signaling pathway, leading to a sustained inflammatory environment and further
exacerbating cartilage damage and ECM degradation.'”® PVT1 activates the TLR4/NF-kB pathway in C28/12 cells
through the miR-93-5p/HMGBI1 axis, significantly increasing the expression of IL-6, IL-1p, TNF-a, and MMP-13, while
downregulating aggrecan levels, thereby accelerating OA progression.'®>

Finally, PVT1 also regulates the proliferation and inflammatory response of fibroblast-like synoviocytes through
epigenetic mechanisms. Fibroblast-like synoviocytes play a key role in tissue destruction in OA, and Sirt6 has been
identified as a target of PVT1. PVT1 promotes the methylation of the Sirt6 promoter, thereby suppressing Sirt6
expression, which in turn promotes the proliferation and inflammatory response of fibroblast-like synoviocytes. This
mechanism has been validated in a mouse collagen-induced arthritis model.'”” According to current studies, PVTI1
enhances inflammatory response, induces synovial hyperplasia, promotes cartilage degradation, damages chondrocyte
function, thus aggravates osteoarthritis and leads to pathological progression of OA.

HI9

The H19 gene is in the 11p15.5 region of the human chromosome. After RNA polymerase II is transcribed, spliced, and
polyadenylated, the H19 transcript is transported from the nucleus to the cytoplasm.'®® H19 is highly expressed in
embryonic tissues; however, its expression significantly decreases after birth, leading to inhibited H19 expression in
adults.'® In recent years, H19 has been involved in a variety of pathophysiological activities, in particular the
inflammatory response. H19 can positively regulate TLR4 expression,''” rising P38 and P65 levels, two important
NF-«B factors,''" affect the activity of key kinases in the MAPK pathway (eg, ERK, JNK, and p38)''? and promotes the
activation of inflammatory signaling pathways via multiple pathways, releasing large quantities of inflammatory
cytokines, thereby promoting inflammatory signaling and playing a key role in the development of OA.”

H19 overexpression treatment raised the level of apoptosis in chondrocytes and hindered cell proliferation. H19
expression was shown to be upregulated in OA samples and chondrocytes, but this was reversed by H19 knockdown,
which can be achieved by targeting miR-106a-5p.''* The H19 content of C28/12 chondrocytes exposed to LPS was
significantly elevated compared with the pristine control and increased dose-dependent with LPS. Silencing H19 LncRNA
can reduce levels of the IL-1f, IL-6, and TNF-a through miR130a uptake and repair damage to LPS-treated C28/12 cells. 14

H19 was not only highly expressed in OA chondrocytes, but its expression was also significantly higher in OA
synovial tissue compared to normal or control groups. In synovial cells transfected with H19, the gene directly targeted
JNK2 and NF-kB, leading to increased levels of inflammatory cytokines including TNF-a, IL-6, and IL-1p.'"
Upregulation of H19 in the cytoplasm of fibroblast-like synovial cells was found to enhance its miRNA-sponge effect
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and accelerate miR-103a degradation. Additionally, H19 promoted the production of IL-15 and Dkk-1, IL-15 is
a multifunctional pro-inflammatory cytokine that significantly contributes to the induction of pro-inflammatory factors
such as TNFa, IL-6, and IL-1B. The expression of Dkk-1 was found to positively correlate with the degree of
inflammation, indicating its role as a marker of inflammatory severity.''® In addition, H19 can regulate IL-6 and
macrophage infiltration involved in angiogenesis''’ and activates the AKT pathway, regulates levels of the vascular
endothelial growth factor VEGF and the endothelial-type nitric oxide synthase eNOS, and promotes lumen formation.''®
This leads to the formation of synovial and subchondral lumens. The result is increased neovascularization in the
synovium and subchondral bone, which paves the way for inflammatory cells and metal matrix-degrading enzymes to

exacerbate OA lesions.

HOTAIR

The HOTAIR gene is positioned on human chromosome 12q13.13, situated between the HOXC11 and HOXC12 genes,
and is identified as an oncogenic LncRNA. Transcribed by RNA polymerase 1I, HOTAIR functions through its
interaction with chromatin, primarily by associating with the Polycomb Repression Complex 2 (PRC2). Additionally,
it can bind to the lysine-specific demethylase complex 1 (LSD1), facilitating the methylation of H3 Lys27 (H3K27me3)
and the demethylation of H3 Lys4 (H3K4me?2) to repress gene expression. HOTAIR also influences miRNA biosynthesis
and function, thereby regulating the expression of downstream target genes.''” HOTAIR is not only pivotal in
tumorigenesis and development but also activates the expression of various proteins involved in the inflammatory
signaling pathway, such as NF-kB, TNFa, and MAPK. This activation leads to the upregulation of numerous proteins
that contain structural protein kinase domains. Additionally, HOTAIR promotes the aggregation of key proteins and
complexes within the inflammatory signaling pathway, including the TNFa/NF-xB signaling protein complex, the [kB
kinase complex, and the IKKA-IKKB as well as the IKKB kinase complexes.'?’

The upregulation of HOTAIR results in increased levels of MMP-13 and ADAMTS-5, accompanied by a decrease in
type II collagen and aggregated proteoglycans. Additionally, there is an elevation in apoptosis-associated factors such as
caspase-3, caspase-9, and Bax. These changes regulate ECM degradation, promote chondrocyte apoptosis, and contribute
to the development of OA.'?""'*?> While HOTAIR depletion attenuated LPS-induced chondrocyte apoptosis and CHON-
001 inflammatory response, this could be due to the LPS-induced increase in HOTAIR levels, which adsorbs miR-1277-
5P and increases SGTB expression,'>* and SGTB, as a membrane-associated serine protease, regulates inflammatory cell
behavior, inflammatory mediator production, and cell signaling pathways via a mechanism regulating SGTB
expression.'?* CXCL12 interacts with its receptor CXCR4 to activate inflammatory signaling pathways, leading to the
release of inflammatory cytokines such as TNF-a, IL-6, and IL-8. This amplifies the inflammatory response, induces the
secretion of MMPs, and leads to the degradation of the periarticular ECM.'*> Studies have shown that HOTAIR
inhibition decreases CXCL12 expression in chondrocytes by up-regulating miR-107 content and thus up-regulating
type II collagen and aggregated proteoglycans and down-regulating MMP-13 and MMP-9 expression.'*° In a model of
IL-1p-induced arthritic chondrocytes influenced by HOTAIR, there was an observed increase in ADAM10, MMP-13, IL-
6, and TNF-a levels, as well as higher reactive ROS levels compared to controls. In this model, miR-222-3p, which is
targeted by HOTAIR, plays a crucial role; its overexpression inhibits, while its knockdown exacerbates, the inflammatory
damage induced by IL-1p in chondrocytes.'?” ETV1, as a target of miR-17-3p, could promote LPS-induced cell damage
by activating the MAPK/c-Jun and NF-«B pathways. In the osteoarthritic chondrocyte model, HOTAIR down-regulated
miR-17-3p levels, up-regulated ETV1 expression, activated MAPK/c-Jun and NF-kB pathways, and aggravated inflam-

matory cell injury that promotes, which promotes the OA process.'*®

Other LncRNAs

NEATI, transcribed from human genes on chromosome 11, is aberrantly expressed in a wide range of cancers, playing
a significant role in tumor formation, treatment response, and prognosis. Additionally, NEAT1 is crucial in immunity
and inflammation, influencing these processes through signaling pathways such as Wnt/B-catenin and NF-kB.'*’
NEATI is overexpressed in OA cartilage tissue and IL-1B-induced chondrocytes. This overexpression targets miR-
543, leading to the upregulation of inflammation-related genes such as PLA2G4A and the suppression of p-Akt and
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Bcl-2 expression. Additionally, it enhances the expression of MMPs and interleukin. Conversely, a miR-543 mimic
can reverse the effects of NEAT1 overexpression, inhibit PLA2G4A expression, reduce apoptosis and
inflammation.'%°

The downregulation of miR-150-5p by NEAT1 leads to an increase in f-catenin expression in OA chondrocytes. This
activation of the Wnt/B-catenin results in the upregulation of MMP and ADAMTS expression, thereby facilitating the
development of OA."?° NEAT1 correlates negatively with miR-146a-3p expression and positively with TrkB
expression,'*! and TrkB has a promoter effect on the production and release of pro-inflammatory chemokines in OA
synovium,'** miR-146a/b inhibits the NF-kB pathway, regulates inflammation of cartilage and synovium, and can also be
inhibited by adsorption of miR-146a/b,'3*!3

production by adsorbing miR-193a-3p, miR-16-5p, which alleviate OA symptoms.'*>'*¢ Overexpression of osteopontin

and also regulates chondrocyte inflammation, apoptosis, and ECM

(OPN) activates the NF-kB pathway, essential for producing various inflammatory mediators, including chemokines and
cytokines such as IL-1, CXCL1, and CCL2. This activation results in the spontaneous production of NO, PGE2, IL-1p,
IL-6, and IL-8, which further amplifies the inflammatory response.'*” Additionally, in synoviocytes from OA patients,
knocking down NEAT1 reduces OPN protein levels, leading to decreased levels of MMP13, IL-6, and IL-8, inhibiting
synoviocyte proliferation and effectively slowing OA progression.'*®

THRIL, located on human chromosome 12, plays a crucial role in regulating the inflammatory response. It is involved
in the modulation of inflammation by interacting with specific signaling pathways and cytokines, highlighting its
significance in the broader context of immune regulation. In the LPS-induced OA chondrocyte injury model, THRIL
expression was up-regulated by LPS while exacerbating cellular inflammatory injury, as evidenced by loss of cell
viability, increased apoptosis and overproduction of pro-inflammatory cytokines, explained by the fact that THRIL
overexpression inhibited miR-125b production and exacerbated JAK1/STAT3 and NF-«xB pathways activation of JAK1/
STAT3 and NF-kB pathways.'** Furthermore, in fibroblastic synoviocytes, THRIL promotes an increase in the levels of
pro-apoptotic markers Bax and cleaved caspase-3, while decreasing the levels of the anti-apoptotic protein Bcl-2. It also
stimulates synovial proliferation and activates the PI3K/AKT pathway, leading to significant releases of IL-18 and MMP-
3. These activities collectively intensify the inflammatory response.'*°

XIST, located at the X chromosome inactivation center on chromosome Xq13.2, plays a critical regulatory role across
a broad spectrum of human diseases. It is implicated in various conditions including cancer, pulmonary fibrosis, inflamma-
tion, neuropathic pain, and OA, highlighting its significance in both genetic and epigenetic regulation across different
pathological states.'*' XIST is expressed at high levels in osteoarthritic cartilage tissue and chondrocytes, interacts
negatively with miR-149-5p, targets DNMT3A, and regulates OA progression.'*? Furthermore, XIST targets miR-376¢-
5p by acting as a ceRNA for miR-376¢-5p and competing with OPN to target miR-376c-5p, thus counteracting miR-376¢-
Sp-mediated inhibition of OPN. This led to high OPN expression in OA cartilage and synovial membrane, promoted IL-18,
IL-6 and TNF-a production, and reduced anti-inflammatory cytokine in M1 macrophages, exacerbating the inflammatory
environment of OA and promoting OA progression.'* In addition, vascular cell adhesion molecule type 1 (VCAM-1)
promotes leukocyte aggregation at sites of inflammation and exacerbates the inflammatory response, and its increase also
attracts monocytes to adhere to human osteoarthritic synovial fibroblasts (OASF). Research has indicated that elevated
levels of XIST in the OA patients’ synovium enhance the expression of VCAM-1. This increase promotes the adhesion of
monocytes to OASFs, thereby intensifying the inflammatory environment associated with OA."**

LncRNAs Downregulated in OA Inflammation

MEG3

MEGS3 is situated on human chromosome 14q32 and encodes a 1.6 kb RNA sequence, which includes several imprinted
genes, covering both maternal and paternal imprints. The DLK1 gene, positioned about 100 kb from the MEG3 locus,
interacts closely with MEG3. Together, they form the DLK1-MEG3 imprinted region on chromosome 14q32, high-

lighting a complex pattern of gene regulation that involves imprinting from both parents.'*

MEGS3 is expressed in
numerous normal tissues and is recognized as the first LncRNA to exhibit tumor suppressor effects. It is found to be

underexpressed in a variety of cancers. Additionally, MEG3 is widely implicated in a range of disorders, including
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metabolic conditions, immune system dysfunctions, cardiovascular diseases, and degenerative diseases, underlining its
broad impact on human health.

In OA rat models, LncRNA MEG3 shows a downregulation trend in cartilage tissue, where it regulates OA
progression through the miR-16/SMAD?7 axis. Studies have shown that miR-16 is overexpressed in systemic inflamma-
tory response syndrome and significantly upregulated in OA rat models.'*® miR-16 inhibits the expression of SMAD7, an
intracellular antagonist of the TGF-f signaling pathway. The downregulation of SMAD7 promotes the production of
inflammatory cytokines, driving the inflammatory response and accelerating OA progression.'*”'*® Following MEG3
overexpression, there is an upregulation in the expression of chondrocyte-related markers such as MMP-13, collagen II,
and ADAMTSS. Additionally, it attenuates IL-1B-induced chondrocyte senescence and apoptosis, offering a potential
therapeutic effect on OA.'*°

Moreover, MEG3 reduces ECM degradation and inhibits OA progression by regulating the miR-93/TGFBR2 axis."*".
miR-9-5p is significantly elevated in OA cartilage tissue and promotes cartilage damage.'' KLF4, a transcription factor,
shows a downregulation trend in OA and is closely related to the inflammatory response in chondrocytes.'>> MEG3,
acting as an endogenous sponge, inhibits miR-9-5p expression, positively regulating KLF4 expression. This reverses the
damage caused by miR-9-5p to chondrocytes and cartilage tissue, enhancing chondrocyte viability and suppressing
apoptosis and inflammation.">?

FoxOl1, a crucial transcription factor involved in various biological processes, Dephosphorylation and activation of
FOXOT1 compete with Akt signaling and inhibit AKt-mediated IKK activation, thereby inhibiting NF-kB activity, which

lowers the inflammatory response.'>*

MEGS3 negatively regulates miR-361-5p and positively regulates FoxO1 expres-
sion, thus mitigating OA progression.'>> Meanwhile, vascular endothelial growth factor (VEGF) is highly expressed in
OA cartilage tissue, promoting angiogenesis, and exacerbating synovial inflammation in OA. MEG3, by activating p53
and binding to the Spl transcription factor site on the VEGFA promoter, negatively regulates VEGF expression, thereby

inhibiting OA progression.'*® Therefore, MEG3 may be a key target for the treatment of OA.

GASS
GASS, located on human chromosome 1g25.1. By selective splicing, these 12 exons are capable of generating two
mature RNAs: GAS5a and GAS5b. GASS transcripts have upstream 5° regulatory sequences and, therefore, belong to the
class of 5 TOP genes. These genes include not only genes encoding ribosomal proteins but also a number of ncRNA
genes involved in regulating protein synthesis and cell growth arrest. GASS5 is predominantly expressed in the cytoplasm
of cells that are in a growth-arrested state, indicating its potential role in regulating cell growth and metabolism. This
suggests that GASS could be crucial for cellular processes that control the cessation of cell division and metabolic
adjustments during growth arrest.'>’ GAS5 functions as a tumor suppressor gene rather than an oncogene, typically
exhibiting reduced expression in various cancers. It plays a significant role in the pathological processes of various
diseases, including diabetes and inflammatory conditions. Its underexpression in cancer highlights its potential as
a therapeutic target, underscoring its importance in maintaining cellular homeostasis and influencing disease progression.
LPS down-regulated GASS5 expression in the LPS-induced chondrocyte model, and the higher the concentration of LPS,
the lower the expression of GASS, strongly suggesting that GASS is closely associated with inflammatory responses in
OA."*® miR-146a is a miRNA that is upregulated in response to inflammatory stimuli and promotes OA progression by
targeting Camk2d and Ppp3r2 as well as pro-inflammatory factors.'>> GAS5 can function as an endogenous sponge for
miR-146a, absorbing this microRNA to regulate the expression of Smad4. By doing so, GASS inhibits chondrocyte
apoptosis and potentially slows the progression of OA. This mechanism underscores the importance of GASS5 in modulating

cellular responses and maintaining tissue integrity in the context of degenerative joint diseases.'®

NKILA

NKILA, an LncRNA spanning 2.6 kb, is located on human chromosome 20q13. It interacts with the NF-kB pathway,
playing a crucial role in regulating various biological processes. This interaction is significant in controlling inflamma-
tory responses, cell survival, and apoptosis, highlighting NKILA’s importance in cellular regulation and disease
pathology. Under normal conditions, NF-kB binding to IkB remains inactivated. When the cell is stimulated, IxB is

Journal of Inflammation Research 2024:17 hetps: 6571

Dove:


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

Hu et al Dove

degraded, releasing activated NF-«B into the nucleus and triggering transcription of target genes. NKILA inhibits NF-xB
activation by binding to the NF-kB/IkB complex, which stabilizes IkB and prevents its degradation. This action of
NKILA plays a pivotal role in the down-regulation of the NF-kB signaling pathway, influencing inflammatory and
immune resporlses.161

In the OA chondrocyte model, IL-1f exposure significantly reduces Smad2/3 phosphorylation levels in chondrocytes
and decreases NKILA expression. This reduction in NKILA levels leads to an increase in the expression of COX-2,
iNOS, MMP-13, NO, PGE-2, and TNF-o. Conversely, NKILA helps to inhibit the phosphorylation of p65 and IkBa,
which are part of the NF-xB signaling pathway. By modulating these pathways, NKILA reduces the release of
inflammatory mediators and may potentially slow the progression of OA. This dual role highlights NKILA’s complex
involvement in regulating inflammatory responses in OA.'®® In addition, NKILA, which is also weakly expressed in
human cartilage tissue with OA, can act as an LncRNA to uptake miR-145 overexpressed in osteoarthritic tissue,
upregulate SP1 expression, and modulate the NF-kB signaling pathway, which in turn affects tissue inflammation.'®®
Concurrently, overexpression of NKILA significantly reduces the levels of IL-6 and VEGFA by inhibiting the NF-xB
signaling pathway. This inhibition directly impacts angiogenesis, curbing excessive vascular growth. NKILA’s role in
controlling these key factors highlights its potential therapeutic value in conditions where modulation of angiogenesis

and inflammation is crucial.'®*

Other LncRNAs

ATB is a LncRNA located on human chromosome 14, is activated by transforming growth factor B (TGF-f) and is often
overexpressed in various cancers. It plays a significant role in disease development.'® It was found that in the serum of OA
patients, the level of LncRNA-ATB was much lower than in healthy subjects and that overexpression of LncRNA-ATB in
chondrocytes significantly promoted Akt phosphorylation in chondrocytes, facilitating chondrocyte proliferation and viability.'*®

In the LPS-induced inflammatory injury model of ATDCS5 cells, the expression of IncRNA-ATB was significantly
suppressed. Conversely, overexpression of IncRNA-ATB led to the suppression of iNOS, COX-2, IL-6, and TNF-a
levels, thereby mitigating the LPS-induced cellular inflammatory injury. The potential therapeutic effect of LncRNA-
ATB in OA could stem from its ability to attenuate the inflammatory response and limit OA progression. This is achieved
through the regulation of miR-223, a microRNA associated with inflammatory processes. LncRNA-ATB reduces the
expression of crucial articulatory proteins such as MyD88 and p38 within the TLR4 signaling pathway, which in turn
inhibits the activation of the NF-xB and MAPK pathways. This regulatory effect helps to curb inflammation and may
potentially slow the degenerative processes characteristic of OA."¢’

PACER is located on chromosome 1q32.2, and its transcript is approximately 2.2 kb long. PACER is immediately
adjacent to the COX-2 gene (PTGS2). Upstream of COX-2, PACER can regulate transcriptional activation of the COX-2
gene by interacting with the p50 subunit of NF-«B and derepressing p50, which affects the inflammatory response and
other related biological processes and participates in various pathophysiological evolutions.'®®

PACER expression in the serum of OA patients is lower compared to healthy controls, which correlates with
increased levels of COX2, PGE2, TNF-q, and IL-1pB, and decreased levels of IL-4 and IL-10. Further studies showed
that silencing PACER in OA chondrocytes significantly raised COX-2 protein levels, along with PGE2, TNF-q, and IL-
1B levels, while the secretion of anti-inflammatory factors IL-4 and IL-10 significantly declined. Conversely, PACER
overexpression reversed these effects. Thus, PACER significantly influences the pathogenesis of OA by activating
COX2, which enhances PGE2 release and intensifies the inflammatory response, highlighting its critical role in the
inflammatory processes that drive the development and progression of OA.'®® PACER expression was found to be
significantly reduced in osteoarthritic cartilage from hip and knee joints, suggesting that PACER may play a protective
role in preventing inflammation-induced cartilage degeneration. This decrease indicates its potential involvement in
mitigating the progression of osteoarthritis.'”® PACER was found to improve OA symptoms by regulating the expression
of HOTAIR LncRNA, a LncRNA known to regulate inflammation and cell proliferation, which exerts a protective effect
on OA by inhibiting chondrocyte apoptosis and influencing the course of inflammatory responses through the regulation
of HOTAIR LncRNA expression.'”’
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OIP5-AS1, positioned on human chromosome 15q15.1, spans a coding length of approximately 3.5 kb. In recent
years, the research focus on OIP5-AS1 has expanded significantly, encompassing a variety of cancers and other diseases.
This increased attention highlights its potential role in the molecular mechanisms underlying these conditions and its
importance as a target for further investigation. It plays an important role in regulating biological processes such as gene
expression, cell proliferation, apoptosis, migration, and invasion. The up-or down-regulation of OIP5-AS1 is closely
linked to the onset, development, and prognosis of diseases.'”?

OIP5-AS1 expression was observed to be lower in OA specimens and IL-1-induced OA chondrocyte models compared
to controls, indicating that its down-regulation may play a significant role in OA progression. Overexpression of OIP5-AS1
in chondrocytes results in decreased secretion of IL-6, IL-8, and TNF-a. This modulation of cytokine levels contributes to
enhanced chondrocyte viability and migration and reduced apoptosis, highlighting the protective potential of OIP5-AS1 in
OA. These effects collectively suggest a protective role for OIP5-AS1 in maintaining chondrocyte health and potentially
mitigating the pathological progression of conditions like osteoarthritis. OIP5-AS1 is also responsible for reduced
apoptosis. OIP5-AS1 can up-regulate the inflammatory suppressor PGRN through miR-29b-3p uptake and protect OA
chondrocytes from damage by modulating the inflammatory response.'”® OIP5-AS1 can also inhibit activation of the PI3K/
AKT pathway via miR-338-3p uptake, reduce expression of IL-6, IL-8, MMPs, and attenuate inflammation and ECM
degradation.'” It also activates AMPK/Akt/mTOR signaling by promoting PPAR-y expression, enhances mitochondrial
autophagy, attenuates LPS-induced chondrocyte damage and delays the progression of OA.'”

Conclusions and Outlook

OA is one of the most common types of degenerative joint disease, endangering human physical and mental health and
imposing a considerable economic burden on the patient’s family and public health. Inflammation actively contributes to
the pathogenesis of OA, driving processes such as cartilage degeneration, subchondral bone destruction, and synovial
proliferation and inflammation. The different tissues of joints affected by OA can interact with a large number of pro-
inflammatory mediators via the same or different signaling pathways, which can exacerbate damage to joint tissues and
lead to a vicious circle that exacerbates the development of OA.

LncRNAs play a crucial role in the pathogenesis and progression of OA by modulating the inflammatory response through
various mechanisms. These binding to miRNAs, interactions with proteins, and effects on chromatin structure. Extensive
research has highlighted that the aberrant expression of specific LncRNAs correlates strongly with OA, revealing detailed
insights into their mechanisms of action in OA inflammation. For instance, HOTAIR influences chondrocyte inflammatory
responses by modulating the Wnt/B-catenin, while MALAT1 affects inflammation through the NF-xB. MEG3 is known to
suppress the inflammatory response via the p53 signaling pathway, and H19 exacerbates inflammation by competitively
binding to miR-29b-3p, which impacts various inflammatory mediators. Furthermore, many LncRNAs regulate the inflam-
matory response in OA through epigenetic modifications, including DNA methylation and histone modification, thus affecting
inflammation-related gene expression. These mechanisms highlight the complex roles LncRNAs play in both, directly and
indirectly, regulating inflammatory processes and modulating the progression of OA. This intricate interplay offers potential
targets for therapeutic interventions aimed at mitigating the debilitating effects of OA (Table 1).

Growing evidence suggests that LncRNAs play a critical role in the regulation of OA development and progression.
Targeted regulation of specific LncRNAs has emerged as a promising strategy to slow OA progression and promote
cartilage repair. Targeting LncRNA with drugs is a good treatment method. For instance, docosahexaenoic acid (DHA)
exerts anti-inflammatory effects, cartilage protection, and promotes cartilage formation by regulating MALAT1 expres-
sion. Studies have shown that MALATT1 plays a crucial regulatory role in OA pathology, providing significant protection
against inflammation and degradation in OA chondrocytes.”® Similarly, Achyranthes bidentata polysaccharides (ABPS),
an active component of traditional Chinese medicine, inhibit chondrocyte apoptosis by regulating NEAT1 expression,
thereby delaying OA progression.'’® Further studies indicate that tanshinone ITA (TAN) enhances the IL-1B-suppressed
expression of NEAT1 2 and regulates the transcription of cartilage phenotype-related genes, thereby promoting cartilage
regeneration in inflammatory environments.'’” In addition, xanthohumol (XH) inhibits the expression of LncRNA GASS3,
improving mechanically induced MMP-13 expression and reducing ECM degradation, demonstrating its potential

protective effect on OA progression.'”®
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Table | Role of LncRNA in OA Inflammation

LncRNA Expression in Role in OA Inflammation Pathways/Targets/Mechanisms Reference
OA
MALATI Upregulated Enhances the expression and release of Modulates NF-kB, TLR4, Wnt/B-catenin, PI3K/Akt/mTOR; acts as [91-96]
inflammatory mediators; modulates cellular a ceRNA interacting with miR-146a, miR-145, miR-9; affects
responses like pyroptosis and apoptosis cytokine release, ECM degradation, and cell proliferation.
PVTI Upregulated Promotes inflammatory responses, ECM Influences TLR4/NF-kB TGF-B/SMAD4 pathways; acts as [100-102,104,105,107]
degradation, and chondrocyte apoptosis. a ceRNA,; targets such as miR —146a, miR-93-5p, miR-27b-3p,
miR-140, miR-211-3p influencing MMP and cytokine levels.
HI9 Upregulated Enhance the release of inflammatory Regulates pathways like NF-kB, TLR4, JNK and AKT; interacts [113-116,118]
cytokines, affect the vitality and proliferation with miR-106a-5p, miR130a, miR- 103a affecting cytokine levels and
of chondrocytes, and promote angiogenesis ECM components.
HOTAIR Upregulated Contributes to chondrocyte apoptosis and Regulates pathways like NF-kB/TNFo, MAPK/c-Jun; modulates [123,125-128]
inflammatory responses. miRNA function impacting inflammatory signaling and ECM
degradation such as miR-1277-5P, miR-107, miR-222-3p, miR-17-3p
NEATI Upregulated Targets miRNAs to regulate inflammation and Involves Wnt/B-catenin and NF-kB pathways; interacts with [120,130,131,133-136]
apoptosis in chondrocytes. miRNAs like miR-543, miR-146a-3p, miR-193a-3p, miR-16-5p
affecting inflammation-related gene expression.
THRIL Upregulated Promotes inflammation and chondrocyte Modulates JAKI/STAT3, NF-kB, PI3K/AKT pathways; influences [139,140]
apoptosis, exacerbates inflammatory injury. cytokine production and cellular viability.
XIST Upregulated Regulates gene expression related to Acts as a ceRNA for miR-149-5p, miR-376c-5p; interacts with [142-144]
inflammation and chondrocyte viability. pathways like PI3K/Akt and affects cytokine levels and ECM
components.
MEG3 Downregulated Plays a role in reducing inflammatory Regulation of miR-16, miR-93 and other miRNAs; It affects TGF-B, | [146,150,151,153,155,156]
responses, chondrocyte apoptosis and TLR4/ NF-kB pathway and ECM degradation
reduces angiogenesis.
GASS Downregulated | Inhibits chondrocyte apoptosis and modulates Functions as a ceRNA for miR-146a; impacts Smad4 expression [158-160]
inflammatory responses. and inflammatory signaling pathways.
NKILA Downregulated Inhibit the activation of NF-kB, reduce the Stabilizes the NF-kB/IkB complex; modulates inflammation and [162—164]
expression of inflammatory mediators and cellular responses in chondrocytes.
angiogenesis
ATB Downregulated Reduces inflammatory mediators and Regulates Akt phosphorylation; affects MyD88 and p38 in the [166,167]
promotes chondrocyte viability. TLR4/NF-xB and MAPK pathways.
PACER Downregulated Modulates affecting inflammatory responses Interacts with NF-kB p50 subunit [169]
and cartilage degeneration.
OIP5- Downregulated Mitigates inflammatory responses and Regulates PI3K/AKT pathway, AMPK/Akt/mTOR; interacts with [173-175]
ASI promotes chondrocyte viability. miR-338-3p affecting cytokine expression and ECM integrity.

In addition to drug-targeted therapies, extracellular vesicles (EVs) have shown great potential as gene delivery
vehicles. EVs can selectively deliver downregulated LncRNAs to target tissues, providing a novel gene therapy approach
for treating OA and other degenerative diseases. Studies have shown that exosomes derived from bone marrow
mesenchymal stem cells (BMSCs), when injected into primary chondrocytes, can deliver MEG3, effectively reducing
IL-1p-induced chondrocyte senescence and apoptosis, indicating that MEG3 may be a potential therapeutic target for
OA.' Similarly, EVs derived from human mesenchymal stem cells (HMSCs) can deliver MALATI, promoting
chondrocyte proliferation, reducing inflammation and cartilage degeneration, and enhancing cartilage repair, further
highlighting the therapeutic potential of LncRNAs in OA.'” Nanotechnology also provides a novel perspective for
targeted LncRNA therapies.'®® With their excellent biocompatibility and degradability, nanoparticles have become ideal
carriers for delivering LncRNAs to specific tissues. By utilizing the precise targeting capabilities of nanoparticles, not
only can the efficiency of LncRNA therapies be improved, but safety can also be enhanced. However, despite the
enormous potential of nanotechnology in gene therapy, there is currently no systematic experimental research on
nanoparticle-based LncRNA delivery strategies in OA, and further exploration of the feasibility and applications in
this field is urgently needed.

Although progress has been made on the mechanism of action of LncRNAs in OA inflammation, many questions
still need to be answered. Firstly, current research into IncRNA function focuses mainly on a few known LncRNAs,
and in the future, we need to broaden the scope of research to systematically screen and identify more LncRNAs with
a role in OA inflammation. We need to use technological means such as single-cell sequencing to study whether
LncRNAs are specific to different cell types.'®' LncRNA as a biomarker is not accurate enough, and more IncRNA
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models containing IncRNA need to be proposed. The complex interactions between LncRNAs, miRNAs, and
circRNAs are crucial areas for future research. Understanding how these non-coding RNAs influence each other
could reveal new insights into cellular regulation and disease mechanisms, potentially leading to innovative therapeutic
approaches.

In future research, there are several directions worth considering. Firstly, with advances in high-throughput sequen-
cing technology, more LncRNAs will be identified and functionally annotated, and complete resolution of the LncRNA
mechanism in OA inflammation will be an important direction for future research. Translational clinical research is also
an important direction for future LncRNA research. Although some LncRNAs have been shown to have promising
therapeutic potential in laboratory studies, their safety and efficacy in clinical applications have yet to be verified by
many studies.

Overall, research into the mechanism of LncRNA’s role in OA inflammation is in full development.

Future studies should focus on expanding basic research and advancing clinical translation to offer new prospects for
the diagnosis and treatment of OA.
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