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Abstract

Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by chronic inflammatory responses in the joints,
synovial hyperplasia, persistent abnormal proliferation of fibroblast-like synoviocytes (FLSs), and cartilage erosion, leading
to joint swelling and destruction. The underlying mechanisms of this disease entail a complex interplay of factors, with long
noncoding RNAs (IncRNAs) serving as the main contributors. These IncRNAs, which are over 200 bp in length, are involved
in regulating inflammatory responses, joint damage, and FLS growth. Studies have shown that IncRNAs have a dual function
in the progression of RA, as they can both promote the disease and control inflammatory responses to reduce symptoms.
Nevertheless, our current understanding of the dual function of IncRNAs in the development of RA is incomplete, and the
exact molecular mechanisms involved in this process remain unclear. This study aims to elucidate the molecular mechanisms
by which IncRNAs exert their inhibitory and stimulatory effects, as well as explore the potential of IncRNAs in diagnosing,

predicting the prognosis, and targeting therapy for RA.
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Introduction

Following the physiological immune response to autoanti-
gens in autoimmune diseases, tissue damage is observed.
Rheumatoid arthritis (RA) is a chronic autoimmune disease
with a prevalence of 0.5 to 1% among populations, and com-
plex mechanisms lead to its pathogenesis [1, 2]. The mecha-
nism of RA pathogenesis is complex and has not yet been
fully elucidated. Howeyver, it is speculated that fibroblast-like
synoviocytes (FLSs) play a vital role in the inflammatory
responses and joint damage associated with RA pathogen-
esis [3-5]. In normal conditions, the joints are covered with
a synovial membrane, which is usually thin and contains
two or three layers of FLSs [6, 7]. In contrast, in RA dis-
ease, this coating layer becomes a vascular structure with a
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large number of active FLS, which leads to joint destruction
due to increased migration, invasion, and proliferation of
FLSs [8, 9]. Vascular endothelial growth factor (VEGF) and
basic fibroblast growth factor (bFGF) can boost angiogen-
esis and vascular regeneration, improving blood flow to the
synovium, giving more nutrients and cytokines to inflamma-
tory cells, and making arthritis worse [10, 11]. Besides, RA
synovial fibroblasts (RASF) are essential for the onset and
development of RA, as well as for differentiating RA from
other joint disorders [12]. Consequently, several pathological
features, including infiltration of inflammatory cells, syno-
vial tissue hyperplasia, pannus formation, and progressive
destruction of articular cartilage and bone, characterize this
inflammatory disease and manifest as erosive and symmetric
polyarthritis [13, 14]. Despite the challenges, researchers
have dedicated significant efforts to elucidate the molecular
mechanisms associated with RA, with a particular focus on
noncoding RNAs (ncRNAs) [15-18]. The ncRNAs are RNA
types that do not encode proteins, and they are essential in
the regulation of a wide array of fundamental cellular mech-
anisms [19]. Long ncRNAs (IncRNAs) are longer than 200
nucleotides and can regulate gene expression via multiple
mechanisms [20]. The mechanisms of IncRNAs are mul-
tifaceted, involving transcriptional interference, chromatin
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remodeling, promoter inactivation, activation of accessory
proteins, transport of transcription factors, oligomerization
of activator proteins, and the epigenetic repression of gene
expression [21-24]. Their involvement is especially signifi-
cant in the context of inflammation and autoimmunity [25].
Accordingly, IncRNAs are involved in the regulation of cell
differentiation, proliferation, activation, and function in the
context of inflammatory responses, thereby influencing the
underlying mechanisms of autoimmune diseases [26-29].
However, when considering RA, IncRNAs emerge as intri-
cate ncRNAs, owing to their ability to adopt complex and
contradictory roles that contribute to both the promotion and
inhibition of disease pathogenesis. Similar to other autoim-
mune disorders, IncRNAs can exacerbate RA by inducing
inflammation and disrupting the balance of immune regu-
lation [30]. On the other hand, other IncRNAs may offer
protective impacts through the suppression of inflammatory
responses and the enhancement of apoptosis in pathogenic
cells, diminishing the severity of manifestations related to
RA [31]. This duality draws attention to the complexity of
IncRNA functions in RA, where inflammatory settings and
other pathological variables can affect their expression. In
light of this, it is necessary to understand the mechanisms
of the dual function of IncRNAs in RA to increase the pos-
sibility that new therapeutic targets for RA regulation may
be discovered by better understanding these mechanisms.
Besides, the identification of novel and effective diagnos-
tic biomarkers is of paramount importance. In this paper,
we provide an overview of the paradoxical functions of
IncRNA, we shed light on recent research advancements
and processes related to the IncRNA network in the context
of RA.

Biology and function of IncRNAs

LncRNAs have more than 200 nucleotides and based on
their genomic location, include intergenic IncRNAs, natural
antisense IncRNAs, and internal IncRNAs [32, 33]. Through
interactions with DNA, RNA, and proteins, IncRNAs
regulate multiple cellular functions such as epigenetic
regulation, and protein metabolism [21-24]. For instance,
types of molecular sponges, which are deceptive IncRNAs,
bind to transcription factors and lead to the isolation of target
genes [34]. On the other hand, guide IncRNAs also bind
to ribonucleoprotein complexes and lead to binding to the
specific DNA sequence, and scaffolding IncRNAs also act
as a central platform [30, 35]. These molecules also play
a significant role in the pathogenesis of various types of
diseases, i.e., inflammatory and autoimmune diseases [36,
37]. As IncRNAs are implicated in the regulation of both
the differentiation and activation of immune and other
cell types, their relevance to these disease mechanisms
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is evidently significant [38]. The findings regarding RA
disease are in agreement with the earlier discussed points.
It is worth noting that IncRNAs can be altered in immune
cells (such as T cells, macrophages, etc.) and non-immune
cells (e.g., fibroblasts like synoviocytes, osteocytes, etc.),
during RA autoimmune disorder and induce alterations in
the progression of the disease [39]. The subsequent sections
will explore the roles of IncRNAs in mediating interventions
within both immune and non-immune cell types in the
context of RA.

LncRNAs, non-immune cells, and RA environment

The pathogenesis of RA is largely attributed to immune
cells; nonetheless, non-immune cells also make substantial
contributions to the disease's progression [30]. In line with
this, in RA-induced lesions, IncRNAs lead to increased FLS
proliferation by inducing or inhibiting related signaling path-
ways [30]. However, the mechanisms related to the prolifera-
tion of synovial cells caused by IncRNAs are still not clear.
In this regard, IncRNA-S56464.1, which is highly expressed
in the lesions of RA patients, leads to increased proliferation
in synovial cells through the activation of wingless and int 1
(Wnt) signaling pathways [40, 41]. In other words, B-catenin
in the nucleus leads to increased expression of genes related
to proliferation such as myelocytomatosis cellular oncogene
(c-myc) and cyclin D1 [42]. Meanwhile, IncRNA ZNF667-
AS1 in FLS tissues has a significant decrease in RA disor-
ders compared to normal tissues in healthy individuals [42].
Furthermore, in the inflammatory conditions in RA disease,
osteoclasts differentiate significantly under the influence
of receptor activator nuclear ligand factor kB (RANKL).
As a result, excessive proliferation and differentiation of
osteoclasts leads to increased bone erosion, cartilage dam-
age, and bone matrix destruction [43]. In this regard, it has
been shown that the use of a lentivirus along with IncRNA
HOX antisense intergenic RNA (HOTAIR) in osteoclast
and synovial cells, leads to an increase in IncRNA HOTAIR
expression and subsequently decreases the activity of matrix
methaloporeteases (MMP)—2 and MMP-13. As a result, the
disablement of bone and cartilage matrix and subsequent
joint damage is reduced [44]. Bedsides, it has been shown
that the proliferation, differentiation, and apoptosis of osteo-
clasts are regulated by the phosphatidyl 3-kinase (PI3K)/
AKT signaling pathway [45]. In this regard, colorectal
neoplasia differentially expressed (CRNDE) inhibits glyco-
gen synthase kinase-3 beta (GSK-3f) expression through
increasing AKT phosphorylation. Consequently, proteins
related to the cell cycle (like cyclin D1/p21) are inhibited
by GSK-3p, which in turn causes the inhibition of cell pro-
liferation in osteoclast [46]. Furthermore, the increase of
catenin phosphorylation and its degradation is observed
following the activity of GSK-3f [30]. Accordingly, it has
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been shown that IncRNA nuclear factor Y B (LncNFYB)
leads to increased extracellular signal-regulated kinase 1
(ERK1/2) activity following annexin A2 (ANXA?2) phos-
phorylation and subsequently increases cell proliferation.
As a result, the increase of IncNFYB promotes FLS prolif-
eration in RA disease and disease progression [47]. Moreo-
ver, it has been discovered that Lnc-AL928768.3 activates
lymphotoxin f-mediated nuclear factor kappa B (NF-xB)
signaling to stimulate proliferation, invasion, and inflamma-
tion, while inhibiting apoptosis of RA-FLS [48]. Besides,
IncRNA HAND2-AS1 sponged miR-143-3p/tumor necrosis
factor alpha-induced protein 3 (TNFAIP3) stimulated apop-
tosis and prevented proliferation, invasion, migration, and
inflammation of RA-FLSs [49]. These findings indicate the
presence of the Keapl-Nrf2/ARE pathway and the IncRNA
DANCR/miR-486-3p/keap! functional axis [50]. Following
that, the impacts of IncRNA DANCR knockdown on inflam-
mation and oxidative reactions could be reversed by silenc-
ing miR-486-3p and overexpressing the keapl gene [50].
Furthermore, the low expression IncRNA DANCR modu-
lates the immune-inflammatory response in RA by block-
ing the release of inflammatory factors from RA-FLS and
enhancing antioxidant activity by sponging miR-134-5p and
stimulating its mediated Keap1-Nrf2/ARE signaling path-
way [50]. Figure 1 shows different signaling pathways and
different IncRNAs involved in RA pathogenesis. In addition,
the IncRNA HOTAIR leads to the enhancement of angio-
genesis by activating the transcription of VEGF, increasing
invasion, and increasing the expression levels of CD34 and
CD105 [51]. Also, this IncRNA promotes the activation of
the phosphatidylinositol 3' -kinase (PI3K/AKT) pathway
and subsequently increases the proliferation, migration, and
angiogenesis of vascular endothelial cells in RA synovial
cells [35]. It has also been shown that after inhibiting the
AKT/mammalian target of the rapamycin (mTOR) pathway
through miR-141 by maternally expressed 3 (MEG3), RA
progression is prevented [32]. Moreover, IncRNA gastric
adenocarcinoma associated (GAPLINC) also enhances the
pro-inflammatory response in FLS cells after inhibiting the
expression of miR-382-5p and miR-575 [52].

LncRNAs, immune cells, and RA environment

During recent studies, it has been shown that RA as
an irreversible chronic autoimmune disease leads to
prominent inflammatory responses and ineffective
immune responses [53]. In other words, in RA disorder,
following excessive secretion of inflammatory cytokines
such as IL-1B, TNF-a, and etc., it leads to a local
inflammatory response and involvement of T cells, B
cells, and macrophages [30]. There are some cell-specific
expression patterns associated with IncRNAs in immune
cells, and they play an important role in immune cell

proliferation, differentiation, activation, and immune
homeostasis [54]. For instance, it has been discovered
that T cells, peripheral blood mononuclear cells (PBMCs),
synovial cells, or exosomes isolated from patients with
RA have abnormalities in IncRNA H19, FAM66C,
HOTAIR, lincRNA-p21, C5T1, LOC100652951, and
LOC100506036. The aberrant expression of IncRNAs in
T cells and macrophages can either enhance or eliminate
immune-mediated inflammation in RA [54]. On this basis,
in RA, increased levels of the IncRNAs LOC100652951
and LOC100506036 exacerbate the inflammatory
response [55]. Also, it has been shown that the host
gene 14 (SNHG14), a small nucleolar RNA, controls
inflammation in many disorders [56]. In other words, by
upregulating rho-associated protein kinase 1, SNHG14
increases inflammation and neurologic impairment
induced by cerebral ischemia/reperfusion (I/R) damage
[56]. For instance, in lipopolysaccharide (LPS)-stimulated
acute lung injury, SNHG14 reduces inflammation and
pulmonary injury, and in ischemic stroke, SNHG14
stimulates inflammation [57, 58]. SNHG14 also promotes
excessive mitophagy in cerebral infarction to exacerbate
neuronal damage caused by oxygen—glucose deprivation/
reperfusion by miR-182-5p/BCL2 interacting protein axis
3 [59]. It has also been shown that SNHG14 increases
the secretion of pro-inflammatory cytokines by targeting
the miR-17-5p/malformation kinase 1 (MINK1) axis and
activating the N-terminal kinase (JNK) signaling pathway,
resulting in the progression of RA [60]. In this way, it
has been reported that the overexpression of MINKI1
causes the silencing of SNHG14, as a result, it causes
the inhibition of cell proliferation and the reduction of
pro-inflammatory cytokines in macrophages. In addition,
the MINK1 activates p38 mitogen-activated protein
kinase (MAPK) in the downstream region of the ERK
pathway [60]. It has been demonstrated that the Kelch-
like ECH-associating protein 1- nuclear factor erythroid
2 related factor 2-antioxidant response element (Keap1-
Nrf2/ARE) pathway is regulated by the low expression
of IncRNA differentiation antagonizing nonprotein
coding RNA (IncRNA DANCR) and leads to the
suppression of inflammatory and oxidative responses in
RA patients [50]. The following piece concentrates on
the upstream regulators of this process in RA because
proteins between Keapl and Nrf2 can collaborate to
influence oxidative-antioxidant mechanisms. When this
interaction is impeded, Nrf2 cannot be degraded, Keapl
is inhibited, and cytoplasmic Nrf2 concentrations enhance
and are transferred to the nucleus, which upregulates the
transcription of antioxidant-related genes. Numerous
IncRNAs that exhibit irregular expression are also helpful
in initiating and advancing RA [61]. Since, oxidative
stress causes an excessive increase in the production of
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Fig. 1 Different signaling pathways and different IncRNAs involved
in the pathogenesis of the RA. NF-kB; Nuclear factor kappa B,
MEG3; Maternally expressed gene 3, SNHGI14; Small nucleo-
lar RNA host gene 14, protein kinase B (AKT)/mammalian tar-
get of rapamycin (mTOR);, NF-yB; Nuclear factor Y subunit B,

free radicals, it causes the oxidation of other molecules
in the body. For example, in RA patients, it was shown
that the reduction of LINC00638 expression regulates
the Nrf2/HO-1 signaling pathway and thus leads to
increased inflammation and stimulation of the oxidative
stress response [62]. In other words, the Nrf2/HO-1
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HOTAIR; HOX antisense intergenic RNA, PI3K/AKT; phosphati-
dylinositol 3-kinase (PI3K)/protein kinase B (AKT), VEGF-A; Vas-
cular endothelial growth factor, Nef2/HO-1; nuclear factor erythroid
2-related factor transcription factor / Hemoxygenase 1. Note: (Arrows
with “4" shows stimulate effect of the agent)

signaling pathway affects antioxidant enzymes, regulates
cellular redox responses, and affects other antioxidant
enzymes [48]. For instance, it is demonstrated that
1inc00324 influences T cells' immune response during
RA's pathogenesis by activating the nuclear factor kappa
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Fig.2 Long noncoding RNAs (LncRNAs) promotive effects in the pathogenesis of RA. TNF Tumor Necrosis Factor, IL Interleukin, STAT Sig-
nal transducer and activator of transcription, Wnt Wingless-related integration site

B (NF-kB) signaling pathway. In addition, 1linc00324 acts
as competing endogenous RNAs (ceRNA) by effectively
binding to miR-10a-5p and reactivating the NF-kB
pathway in CD4" T cells [29, 63].

LncRNAs dual modulatory role in RA
LncRNAs promoting RA

The regulatory roles of different IncRNAs in RA have been
the subject of increasing research in recent years [24, 64].
Inflammation processes and genes linked to inflammation
have been found to be important in the development of
RA [16, 65]. RA is a complicated disorder involving the
interactions of multiple genes and proteins that are influ-
enced by environmental and epigenetic factors [66, 67].
Recent findings have demonstrated that IncRNAs not only
affect gene expression but also interact with chromatin
regulators, affecting various aspects of chromatin biology
including DNA replication, response to DNA damage,
and repair [20, 68]. These IncRNAs may also have a role

in the development, progression, and prognostic value of
the disease. Among them, homeobox (HOX)-associated
IncRNAs, such as HOXA transcript at the distal tip (HOT-
TIP), have been found to be biologically significant in
fibroblast-like synoviocyte in RA. For example, HOTTIP
recruits histone H3K4 methyl transferase lineage leukemia
1 (MLL1) to the promoter region of toll-like receptor 4
(TLR4), leading to an exacerbation of the inflammatory
response [69]. Clinical evidence has demonstrated that
RA patients have significantly higher expression levels of
the IncRNA DANCR and miR-486-3p/Keapl mRNA. This
dysregulated expression is positively correlated with oxi-
dative stress and the activation of the NF-kB transcription
factor, leading to the upregulation of inflammatory mark-
ers [50]. Additionally, it has been demonstrated that the
overexpression of LncNFYB in FLS induced the activa-
tion of extracellular signal-regulated kinase 1/2 (ERK1/2)
by promoting cell proliferation, which contributed to the
development of RA [47]. According to Liu et al., Wutou
decoction (WTD) caused epigenetic changes, includ-
ing histone alterations, which are most likely connected
to WTD's anti-inflammatory properties in RA [70]. An
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Table 1 (continued)

LncRNAs promotive effect in RA progression

Ref

Expression model target Outcome

IncRNAs

Author, year

[60]

miR-17-5p /MINK1-JNK pathway  Promoted pro-inflammatory

Human

Up

LncRNA SNHG14

Jihui Zhang et al. 2021

cytokines production, RA devel-

opment

[87]

Promoted the proliferation of FLS

Whnt signaling pathway and
sponges miR-152-3p

Fibroblast-like synoviocytes

Up

IncRNAS56464.1

Hui Jiang et al. 2021

and development of RA

innovative technique to identify the possible mechanism
behind WTD protection was proposed by Zhang et al.
First, the medication CIPHERCS suggested potential tar-
gets of the composite chemicals in WTD. An intersection
analysis of the known RA-related targets and the probable
targets of WTD was then conducted [71]. The effect of
WTD against RA was thought to be mediated by the genes
at the junction. Because the SHCI protein is involved in
the control of apoptosis, inflammation, and the generation
of reactive oxygen species (ROS), we were interested in
the SHC adaptor protein 1 (SHC1) gene during the inter-
section. The SHC1 gene is close to the LOC101928120
gene [72, 73]. The long noncoding RNA LOC101928120
interacts to the histone deacetylase HDACI1, which may
control the expression of SHC1 [74]. The transcriptional
factor Aryl hydrocarbon receptor (Ahr) may target the
LOC101928120 gene, according to bioinformatics stud-
ies [74]. Numerous herbal extracts have been shown to
influence transcription factors, including estrogen receptor
2 (ESR2) and Ahr [75-78]. WTD stimulated Ahr-medi-
ated transcription, which in turn elevated the expression
of LOC101928120. The histone 3 protein was deacetylated
as a result of LOC101928120 attracting HDACI to it. His-
tone 3 deacetylation is linked to the inhibition of SHC1
gene expression [76]. As a result, the decrease of SHC1
expression in chondrocytes lessened the negative effects
of IL-1b. According to reports, WTD has a variety of bio-
logical impacts on RA [74]. In light of these findings, it is
possible to use IncRNAs as a biomarker for the progres-
sion of RA. This review looks at a number of IncRNAs
that may be involved in RA development (Fig. 2). Table 1
summarizes additional IncRNAs that have been implicated
in RA progression.

LncRNAs inhibiting RA

Apart from the numerous studies that have detailed the role of
IncRNAs in the progression of RA, there is a substantial body
of evidence indicating that IncRNAs can also impact inhibi-
tory inflammatory responses against the disease [88]. LncR-
NAs function as a crucial barrier to the effects on their target
genes through a variety of mechanisms, including the use of
miRNAs to induce gene silencing through mRNA degradation
or translation repression. For instance, the IncRNA HOTAIR
has been shown to lower the levels of miR-106b-5p in human
FLSs, thereby exerting an inhibitory effect on the progression
of FLS [89]. Along the same lines, findings from a study con-
ducted by Suxian Lin et al. revealed that miR-6089 decreased
the inflammatory markers such as MMP-1, TNF-a, and IL-6,
leading to suppressed proliferation and promoting apoptosis
in RA-FLSs by targeting the CCR4 [90]. Furthermore, stud-
ies have demonstrated that m6A-mediated IncRNA MAP-
KAPKS5-AS1 (MKS-AS1) in RA-FLSs with overexpression
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of miR-146a-3p may induce cell death and decrease inflam-
matory responses, both of which are linked to the ameliora-
tion of RA's features [31]. Given that miRNAs are one of the
most important targets of IncRNAs through the alteration of
the expression of various proteins, focusing on microRNA
could lead to potential therapeutic interventions. In addition,
the investigation of exosomes containing inhibitory IncRNAs
in RA is a promising field of study that aims to understand
the role of these molecules in the disease. Exosomes, small
vesicles released by cells, have been discovered to carry IncR-
NAs that can influence the development of RA [91]. Research
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has shown that specific IncRNAs can have a positive effect
on RA by inhibiting specific microRNAs and promoting the
expression of inflammation-related genes [92]. These findings
suggest that exosomes loaded with inhibitory IncRNAs can
potentially be used as therapeutic agents in the treatment of
RA by modulating immune responses and inflammatory pro-
cesses [93]. Further research is necessary to understand the
mechanisms and therapeutic potential of exosomes containing
inhibitory IncRNAs in the context of RA [94]. Regarding the
driving IncRNAs, clustered regularly interspaced short palin-
dromic repeats (CRISPR) methods can be used to reduce their
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expression and investigate their function. By targeting regu-
latory elements such as promoters or binding sites, IncRNA
expression can be reduced, providing valuable insights into
their role in various biological processes [95] (Fig. 3). Fur-
thermore, Table 2 provides a summary of other IncRNAs that
have been implicated in modulatory roles in RA.

Conclusions

As mentioned in previous sections, IncRNAs have a major
role in the diagnosis, treatment, and progression of RA.
On the other hand, considering the inflammatory and anti-
inflammatory role of IncRNAs, it has been reported that
they can inhibit or induce immunological and non-immu-
nological pathways related to RA disorder. For example,
some IncRNAs lead to the exacerbation of inflammation
and disorder in the immune system of RA individuals. It
has also been observed that clinical symptoms such as
synovial hyperplasia, pannus formation, and bone dam-
age in RA patients appear due to an imbalance in IncR-
NAs. LncRNAs are also involved in inducing the release
of inflammatory cytokines leading to an imbalance in the
immune microenvironment and subsequently promoting
the proliferation of FLSs, bone damage, and inhibition of
apoptosis in RA patients. In contrast, inhibiting the secre-
tion of inflammatory factors, maintaining the balance of
the immune system, inhibiting FL.S and osteoclasts func-
tion, promoting cell apoptosis that leads to reducing the
progression of RA and protecting the immune system
and joints. Furthermore, IncRNAs are involved in vari-
ous pathological processes necessary for the initiation and
progression of RA, including inflammation, abnormal cell
proliferation, migration, invasion, and cell death which can
be considered important biomarkers in the diagnosis of the
disease. In this regard, comprehensive investigations of
the functional roles of RA-related IncRNAs, differential
expression patterns, and possible associations with disease
onset are essential for their discovery and validation. In
this way, considering the importance of IncRNAs in RA,
it is necessary to understand their dual action mechanism
in RA disease as new strategy methods to regulate RA.
Also, with the progress of RA disease and the disruption
in the pathways related to carcinogenesis and malignancy,
as well as the lack of attention to treatment methods based
on gene therapy and immunotherapy, it is thought that
IncRNAs will be considered as new treatment methods.
In other words, IncRNAs can be considered as a target
to inhibit inflammatory IncRNAs and induce inhibitory
IncRNAs, as a result, reducing the progression of RA and
improving patients condition. Also, it is speculated that
IncRNAs can be used in combination with other anti-
inflammatory drugs, and as a result, it leads to increasing

@ Springer

the effectiveness and reducing the side effects of anti-
inflammatory drugs. However, the molecular mechanisms
related to IncRNAs in RA disease are not fully available.
It is hoped that more extensive studies will be conducted
in order to increase information on IncRNAs and the pro-
gress of RA so that they can be used as new therapeutic
targets for the development of IncRNA-based treatments
in RA disease and can potentially be considered in the
diagnosis and treatment of many diseases, especially RA
autoimmune disease.
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