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Inflammatory bowel disease (IBD) is a group of recurrent chronic inflammatory
diseases, including Crohn'’s disease (CD) and ulcerative colitis (UC). Although IBD
has been extensively studied for decades, its cause and pathogenesis remain
unclear. Existing research suggests that IBD may be the result of an interaction
between genetic factors, environmental factors and the gut microbiome. IBD is
closely related to non-coding RNAs (ncRNAs). NcRNAs are composed of
microRNA(miRNA), long non-coding RNA(Inc RNA) and circular RNA(circ RNA).
Compared with miRNA, the role of Inc RNA in IBD has been little studied. Lnc RNA
is an RNA molecule that regulates gene expression and regulates a variety of
molecular pathways involved in the pathbiology of IBD. Targeting IBD-associated
Inc RNAs may promote personalized treatment of IBD and have therapeutic value
for IBD patients. Therefore, this review summarized the effects of Inc RNA on the
intestinal epithelial barrier, inflammatory response and immune homeostasis in
IBD, and summarized the potential of Inc RNA as a biomarker of IBD and as a
predictor of therapeutic response to IBD in the future.

KEYWORDS
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1 Introduction

Inflammatory bowel disease (IBD) is a group of immune-mediated chronic, non-specific
and recurrent inflammatory diseases, which can involve the whole digestive tract, mainly
including Crohn’s disease (CD) and ulcerative colitis (UC) (1). CD is characterized by
affecting all layers of the intestinal wall in any part of the gastrointestinal tract in a
discontinuous manner most commonly at the end of the terminal ileum or perianal
region. The main symptoms are abdominal pain, weight loss, and varying degrees of
diarrhea, often accompanied by complications such as stenosis, abscess, and fistula. In
contrast, UC is characterized by inflammation that begins in the rectum and spreads
proximally in a continuous manner, but the inflammation is limited to the mucosa and
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submucosa of the gut. Diarrhea, mucopurulent bloody stool and
tenesmus are typical symptoms of active UC. As the incidence of IBD
continues to increase globally, this disease is receiving increasing
attention (2). Currently, the commonly used drugs for the treatment
of IBD include aminosalicylic acids, glucocorticoids,
immunosuppressants and biological inhibitors, which are mainly
aimed at inducing and maintaining remission. 5-aminosalicylic acid
(5-ASA), an active ingredient of aminosalicylic acid drugs, can treat
IBD by anti-inflammatory and antioxidant effects (3). In UC patients,
5-ASA can also prevent colon cancer by regulating immunity and
correcting intestinal flora imbalance. The adverse reactions of 5-ASA
containing sulphapyridine (SP) were great, so the new preparation
mesalazine was developed for clinical use. Mesalazine has a good
effect on mild to moderate UC, but the effect on CD is not uncertain.
The ECCO guidelines published in 2020 clearly state that it is not
recommended for the induction and maintenance of remission in CD
(4). Glucocorticoids can inhibit the activation of pro-inflammatory
genes by regulating the transcription of anti-inflammatory protein
genes and induce the degradation of pro-inflammatory gene mRNA
to achieve anti-inflammatory effect (5). In the treatment of IBD with
steroids, we should not only pay attention to hormone-related
adverse reactions, which are related to the dose, administration
method and duration of drugs (6), but also pay attention to
hormone resistance. Immunosuppressants reduce the body’s
immune response by inhibiting lymphocyte proliferation and
activation. Because immunosuppressive agents need to be treated
for a period of time to reach a stable plasma concentration, they are
not suitable for the treatment of IBD in the acute phase. Studies have
found that long-term use of immunosuppressants can increase the
incidence of infection (7), which is an important factor leading to
death in IBD patients. Biological agents can bind to specific targets
and improve intestinal mucosal injury in IBD patients by blocking
downstream inflammatory response and lymphocyte migration,
thereby controlling symptoms and disease progression. At present,
many biological agents have been used in the clinical stage for
different pathways and targets. Common adverse reactions include
infections, gastrointestinal reactions, allergies, headache and even
severe infections, opportunistic infections and malignant tumors.
Although the above drugs are effective at present, they have many
limitations, because the etiology and pathogenesis of IBD are unclear.
A growing body of evidence suggests that IBD may be the result of an
interaction between genetic factors, environmental factors and the
gut microbiome. Therefore, understanding its pathogenesis will help
to explore better treatments.

RNA can be divided into messenger RNAs (mRNAs) that have
the ability to encode proteins and non-coding RNAs (ncRNAs) that
do not have the ability to encode proteins. Studies have found that
only a small part of the 3 billion base pairs of the human genome
has the ability to encode proteins, and the remaining about 98%
of RNA is ncRNAs (8), including microrna (miRNA), small
nucleolar RNA (snoRNA), long non-coding RNA (IncRNA), and
circular RNA (circ RNA). NcRNAs play a key role in the regulation
of some intracellular processes in prokaryotic and eukaryotic
organisms. It involves the transcriptional and post-transcriptional
levels of gene expression regulation, including mediating chromatin
modification, regulating the activity of transcription factors,
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affecting the stability and processing and translation of mRNA,
and regulating the function and localization of proteins. MiRNA,
about 18-24 nucleotides in length, is post-transcriptional regulator
that regulate post-transcriptional gene silencing to block translation
by targeting the 3’ -untranslated region (3’UTR) of specific mRNA
(9). At present, we have conducted the most thorough research on
miRNA, and found differences in miRNA expression in IBD. In
addition, miRNA plays a pro-inflammatory or anti-inflammatory
role in regulating the pathogenesis of IBD, such as dysautophagy,
activation of necrosis factor-k B (NF-kB), and increased
permeability of intestinal epithelium (10).

In contrast to miRNA, the role of Inc RNA in IBD has been
poorly studied. Lnc RNAs are more than 200 nucleotide RNA
molecules that are structurally similar to miRNA and may have A
cap-like structure and polyA tails. According to current findings,
they exhibit different functional roles, including regulating protein
coding through chromatin remodeling, regulating gene expression
through transcription, post-transcription, or guiding chromatin
modification complexes to bind to specific genomic sites (11), and
regulating protein activity and stability. The role of Inc RNA in
immune dysfunction and autoimmune diseases such as rheumatoid
arthritis (12), osteoarthritis (13), asthma (14), and type 1 diabetes
mellitus (15) has attracted more and more attention. Existing
studies have shown that Inc RNA plays an important role in the
pathophysiology of IBD (16). Qiao et al. found the first association
between Inc RNA and IBD in 2013 (17). They found that patients
with clinically active CD had significantly higher levels of Inc RNA
DQ786243 expression in peripheral blood cells compared with
healthy controls or with inactive disease (17). Another IncRNA
associated with CD pathophysiology is NRON, which is a non-
coding repressor of NFAT. The molecule is involved in the RNA-
protein complex, which prevents nuclear translocation of NFAT to
inhibit NFAT. Leucine-rich repeat kinase-2 (LLRK2), a putative CD
susceptibility gene, is also part of an RNA-protein complex. Some
researchers have proposed a molecular mechanism of CD severity
by finding that LRRK2-deficient mice are more sensitive to DSS-
induced colitis (18). Similarly, another IncRNA, BC012900, was
found to be significantly up-regulated in active UC tissues and
stimulated by cytokines and pathogens through known IBD
molecular pathways such as Toll-like and NOD2 receptors (19).

In this review, we highlight the role of Inc RNA in regulating gene
expression and influencing the pathogenesis of IBD, as well as their
potential as biomarkers and predictors of therapeutic response in IBD.
By summarizing the effects of Inc RNA on intestinal epithelial barrier,
inflammatory response and immune homeostasis in inflammatory
bowel disease, this paper emphasizes the importance of Inc RNA in
individualized therapy and treatment of IBD patients.

2 Roles of lnc RNAs in IBD

2.1 LncRNAs and intestinal
barrier dysregulation

Intestinal barrier is mainly composed of intestinal epithelial
cells and tight junction proteins between epithelial cells (20), which
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can block various harmful substances, such as intestinal microbiota,
microbial products and antigens. Under normal circumstances,
intestinal epithelial cells are constantly renewed to ensure the
integrity of the intestinal epithelium. However, when hemorrhagic
shock, acute pancreatitis, severe trauma and other conditions occur,
the intestinal mucosa will appear ischemia or hypoxia, and the
intestinal barrier will be damaged, causing the displacement of
harmful substances and bacteria in the intestinal cavity, and even
causing systemic inflammatory response syndrome or multiple
organ dysfunction (21). Studies in patients with IBD have shown
that the intestinal barrier function is disrupted regardless of
whether the IBD disease is active or dormant. In addition, a
decrease in compact connectin, increased apoptosis of epithelial
cells, increased intestinal permeability, and disruption of intestinal
barrier function were observed in patients with CD (22). Increased
permeability of the intestinal epithelium was also observed during
the inactive phase of the disease, suggesting a high probability of
disease recurrence. In terms of intestinal barrier function, Inc RNAs
can maintain intestinal homeostasis through various aspects, such
as regulating intestinal epithelial regeneration and intestinal
immunity (23, 24). At present, many studies have revealed the
relationship between Inc RNAs and intestinal barrier in IBD, and
further indicated the role of IncRNAs in IBD.

2.1.1 Lnc RNA H19

H19 is an imprinted gene located on human chromosome 11p15.5
(Figure 1) (25). Lnc RNA H19 is mainly expressed in the embryo,
generally decreased at birth, and significantly increased in tumors (26).
We found that H19 promotes epithelial-mesenchymal transformation,
and its knockdown can inhibit the growth of multiple myeloma cells
through the NF-xB pathway, suggesting that H19 may play a role in
the development of inflammatory diseases (27). Zou et al. reported
that overexpression of Lnc RNA H19 increased the abundance of
miR-675p and decreased the expression of zonula occludin 1 (ZO-1)
and E-cadherin (E-cad), thus destroying the integrity of the intestinal
barrier (28). This process is blocked by ubiquitous RNA-binding
protein HuR. In another study, miR-675p was identified as a regulator
targeting the 3’-untranslated region (3’UTR) of VDR mRNA in
ulcerative colitis patient tissues (29). H19 expression exhibited a
negative correlation with vitamin D receptor (VDR) mRNA
expression (29). In the above studies, we can speculate that Lnc
RNA H19 increases the abundance of miR-675, which targets VDR
mRNA, causes the decrease of ZO-1 and E-cad expression, and finally
destroys the intestinal barrier. Based on the function of HI19 as a
competing endogenous RNA (ceRNA), another target of action for
Lnc RNA H19 in the intestinal barrier was discovered (30, 31). Zhi
et al. found that during acute intestinal ischemia, miR-874 promoted
paracellular permeability by changing the level of TNF-o and TJ
proteins through targeting the 3UTR of aquaporin 3 (AQP3), causing
disruption of intestinal barrier function (32). Su et al. verified that Lnc
RNA HI19, as a ceRNA, regulated the expression of AQP3 by
competing with miR-874, causing intestinal barrier dysfunction (33).

2.1.2 PLnc RNA1

Prostate cancer-upregulated long noncoding RNA1 (PLnc
RNAL), a newly discovered IncRNA transcript, also known as
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FIGURE 1

LncRNA H19 increases the abundance of miR-675, but it is blocked
by HUR. miR-675 targets the 3'UTR of VDR mRNA to reduce the
translation of ZO-1 and E-cad, causing intestinal barrier dysfunction
In addition, miR-874 targets the 3'UTR of AQP3 and increases the
level of TNF-0, which enhances intestinal paracellular permeability
and also causes intestinal barrier dysfunction.

CBR3 antisense RNA 1 (CBR3-AS1), located on chromosome
21q22.12, is upregulated in hepatocellular carcinoma (34),
esophageal squamous cell carcinoma (35) and prostate cancer
(Figure 2) (36). Overexpressed PLnc RNA1 has been reported to
protect the intestinal epithelial barrier from damage by dextran
sulfate sodium (DSS) (37). This is due to the fact that miR-34c binds
to PLnc RNALI and can directly target the 3"'UTR of Myc-associated
zinc-finger protein (MAZ), thereby regulating the expression of
ZO-1 and occludin to regulate intestinal barrier function. In
addition, the knockdown of PLnc RNA1 can reduce the
expression of MAZ, and its effect can be reversed by down-
regulating miR-34c, which indicates that PLnc RNAI can also
directly regulate the expression of MAZ (37).

2.1.3 Lnc RNA SPRY4-IT1

The SPROUTY4 intron transcript 1 (SPRY4-IT1) on
chromosome 5q31.3 is transcribed from the SPRY4 gene (Figure
3) (38). Previous studies have shown that SPRY4-IT1 is essential for
maintaining basal epithelial barrier function. Xiao et al. found in a
study that IncRNA SPRY4-IT1 protected intestinal barrier function
by stabilizing TJ mRNA and enhancing its translation (39). This
study showed that by silencing SPRY4-IT1, the mRNA expression
of TJ proteins ocgludin, claudin-1, claudin-3 and JAM-1 could be
reduced, resulting in impaired intestinal barrier function (39).
Conversely, increasing the level of SPRY4-IT1 increased the
expression of TJ protein, which promoted the function of the
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intestinal barrier (39). SPRY4-IT1 directly interacts with T] mRNA,
and SPRY4-IT1 can also bind to RNA-binding protein HuR and
then interact with TJ mRNA to increase the number of TJ protein
and promote the function of intestinal barrier.

2.1.4 Lnc RNA uc.173

Lnc RNA uc.173 is a transcribed ultra-conservative (T-UCR)
region transcript representing the homologous region of human,
rat, and mouse genomes (Figure 4) (40). A study determined the
expression of 21 T-UCR genes, including uc.173, in mouse
intestinal mucosa from the whole genome profile analysis, and
found that increasing the expression of Lnc RNA uc.173 gene could
increase the growth of intestinal epithelial cells, while decreasing the
expression level reduced the renewal of intestinal epithelial cells
(IECs) (41). This is due to the fact that IncRNA uc.173 destroys the
pri-miR-195 transcript and induces degradation of miR-195 to
down-regulate the expression of miRNA195, thereby stimulating
intestinal epithelial cell renewal. It was later found that the
complementary sequence capable of interacting with Lnc RNA
uc.173 was located in the central stem region of pri-miR-195
(upstream of the 3’ terminal), indicating that this region can
control the degradation of pri-miRNA. However, the relationship
between miR-195 and IECs has not been clearly clarified so far.

2.1.5 Lnc RNA BC012900

At present, the study of BC012900 is not thorough. A recent
study reported that some cytokines such as TNF-o. can regulate the
expression of UC-related IncRNAs such as BC012900 (42). They
further demonstrated that overexpression of BC012900 can
significantly inhibit IEC cell proliferation and increase the

1
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FIGURE 3

LncRNA SPRY4-IT1 has a protective effect on the intestinal barrier.
SPRY4-IT1 can directly interact with TJ mRNA to promote the
production of TJ proteins to protect the intestinal barrier.
Alternatively, the SPRY4-IT1/HUR complex can also bind to TJ
mMRNA, which protects a protective effect on the intestinal barrier.
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sensitivity of IEC cells to apoptosis (42). However, the
mechanism by which BC012900 further induces increased
apoptosis in IEC cells is unclear. Since PPM1A expression is also
increased in cells with increased BC012900 expression, they
hypothesized that PPM1A expression may be one of the
mechanisms by which BC012900 regulates apoptosis, based on
previous reports that overexpression of PPM1A induces G2/M
cell cycle arrest and apoptosis (43).

2.1.6 Lnc RNA CRNDE

CRNDE is a gene symbol for Colorectal Neoplasia
differentientially expression (Figure 5) (44). It has been reported
that Lnc CRNDE is highly expressed in colorectal cancer,
hepatocellular carcinoma, and pancreatic cancer, and decreased in
renal pheochromocytoma and ovarian cancer (45). CRNDE may
affect tumorigenesis through regulation of miRNAs (46, 47). Studies
have found that CRNDE may be related to the progression of IBD
(48). In colitis tissue and colonic epithelial cell lines induced by
dextran sulfate sodium(DSS), CRNDE can inhibit miRNA-495
expression and increase the expression of cytokine signaling
pathway inhibitor (SOCS1) (48). By interfering with the
expression of CRNDE, IBD symptoms were alleviated in mice.
Chu et al. found that miRNA-495 expression decreased in UC, and
miRNA-495 could prevent IEC apoptosis through JAK signaling
(49). It has also been suggested that SOCS1 can induce IEC
apoptosis by promoting IFN-y (50). Suppressor of cytokine
signaling (SOCS1), a member of the cytokine signaling pathway
inhibitor family, is induced by interferon (IFN)-y-mediated JAK
signaling pathway. It is widely considered to be a protein that
restricts cytokine receptor signaling (51). In animal models of
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FIGURE 4

Complementary regions of pri-miR-195 interacting with IncRNA
uc.173. There is a complementary region in the central stem region
of pri-miR-195 that interacts with IncRNA uc.173.
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FIGURE 5

LncRNA CRNDE promotes apoptosis of colonic epithelial cells by
inhibiting miR-495 and increasing SOCS1. miR-495 can inhibit
SOCS1, and LncRNA CRNDE can increase SOCS1 by inhibiting miR-
495 to increase P53 phosphorylation, increase activated Caspase-3,
and promote apoptosis of colon epithelial cells.

colitis, p53 has been proven to mediate apoptosis of IECs (52). Cui
et al. showed that SOCS1 increased p53 phosphorylation and
promoted IFN-y-induced apoptosis of IECs (50). Therefore, it can
be speculated that Inc CRNDE regulates IEC apoptosis through the
CRNDE/miR-495/SOCS1 axis, which also indicates that CRNDE is
a potential target for the treatment of IBD.

2.1.7 Lnc NEAT1

Lnc NEAT1 is a key component in building the ribo-riboprotein
complex to regulate DNA-mediated activation of innate immune
responses (53) and has also been found to play an important role in
innate immune responses (54). Liu et al. found that NEAT1 was
overexpressed in both DSS induced mouse models and tumor
necrosis factor (TNF) -o-induced inflammatory cell models, and
epithelial cell permeability increased in both mice and cell models
compared to control cells (55). However, inhibition of NEAT1 can
reverse its effects. This suggests that NEAT1 may affect the integrity
and permeability of the intestinal epithelial barrier in patients with
IBD. They also found that DSS could induce M1 macrophage
activation, which was suppressed when NEAT1 expression was
suppressed. Favre et al. demonstrated that low-dose photodynamic
therapy (LDPDT) can improve T-cell-mediated colitis in mice (56).
Subsequent studies have verified that PDT can alleviate DSS
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induced colitis in mice by regulating PI3K-AKT signaling
pathway through Lnc NEAT1-miRNA204-5p axis, but whether
PDT can alleviate clinical symptoms of IBD patients still needs
further experimental verification (57).

2.1.8 Other Lnc RNAs

CDKN2B-AS1 has more than 20 splicing variants, including
typical splicing linear RNA and reverse splicing circular RNA
molecules. Some studies have shown that downregulation of
CDKN2B-ASI can destroy Claudin-2 and cause the proliferation
of intestinal epithelial cells, thus enhancing the intestinal barrier
function (58). Another Lnc RNA, colon cancer-associated transcript
1 (CCAT1), was found to be overexpressed in IBD tissues. Ma et al.
reported that CCAT1 expression was positively correlated with
myosin light chain kinase (MLCK) (59). MLCK maintained the
stability of MLCK mRNA by reducing the binding of miRNA-
1853p to MLCK mRNA. MLCK and its phosphorylated products
can increase intestinal permeability. CCAT1 and MLCK jointly
accelerated the development of IBD (59).

The above studies suggest that IncRNAs not only regulate the
apoptosis of epithelial cells in IBD, but also affect intestinal tight
junction proteins and regulate the intestinal physical barrier
through other mechanisms.

2.2 LncRNAs and immune
homeostasis dysregulation

IBD is not only an inflammatory disease of intestinal mucosa,
but also an abnormal immune disease caused by immune deficiency
of intestinal mucosa (60). Nf-kB is an important immune response
factor. When its inhibitory protein is phosphorylated and degraded
by proteases, Nf-xB is transferred to the nucleus. It causes
transcription of target genes such as interleukin-1f (IL-1f),
interleukin-6 (IL-6), interleukin-8 (IL-8), and interferon y (IFN-y)
(61). Studies have reported that colitis may be caused by excessive
inflammatory events such as activation of NF-xB and increased
expression of pro-inflammatory factors (62, 63). Since the gut
contains complex immune cell populations and inflammatory
networks, the precise etiology and pathogenesis of IBD have not
been thoroughly studied (64). The intestinal immune system can
maintain a complex balance between the intestinal
proinflammatory and anti-inflammatory responses. Once the
balance is broken, it may lead to the occurrence of IBD.
Stimulated by interleukin-1b, IL-6, IL-8, and TNF, NF-xB triggers
the transcription of pro-inflammatory cytokines (65). Currently,
many studies have revealed that Inc RNAs can affect immune
homeostasis in IBD.

2.2.1 IFNG-AS1

IFNG-AS]1 is a non-coding transcript located on human
chromosome 12 adjacent to the IFNG gene (66). By comparing
adult UC patients, Jurkat T cell model and mouse colitis model,
Padua et al. found that IFNG-AS1 was associated with IBD
susceptibility locus SNP rs7134599, and IFNG-AS1 could
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positively regulate the key inflammatory factor IFNG in CD4 T cells
(66). Gomez et al. demonstrated that IFNG-ASI1 regulates IFNG
levels by binding to and actively regulating the histone
methyltransferase complex MLL/SET1 (67). The MLL/SET1
complex can turn genes on and off at lysine 4 (K4) through
methylation of histone H3 (68). Therefore, IFNG-AS1 may
promote the action of Thl cytokines (IFNG, IL2) and reduce the
action of Th2 cytokines (IL10, IL13) through the MLL/SET1
complex (69). These results suggest that Inc RNA IFNG-ASI is a
potential target for the treatment of IBD patients.

2.2.2 LINC01882

There is variation in the genetic locus of protein tyrosine
phosphatase 2 (PTPN2) in IBD (70). PTPN2 regulates cytokine
signaling by acting on a variety of phosphorylated proteins (71).
Scharl et al. demonstrated that PTPN2 regulates autophagy in IECs
and that there is a link between SNP rs2542151 and lower levels of
PTPN2 protein in colon fibroblasts (72). SNPS at the PTPN2 locus
were highly correlated with the DNA methylation level of four CpG
sites downstream of PTPN2 and the expression level of the IncRNA
LINCO01882 downstream of these CpG sites (73). LINC01882, also
known as LOC100996324 and RP11-973H3.4, is down-regulated in
anti-CD3/CD28-activated CD4+ T cells and can inhibit T cell
activation by inhibiting the expression of ZEBI, KLF12 and
MAP2K4 to suppress IL-2 expression (73). It has been found that
LINCO01882 is involved in some autoimmune diseases including
IBD. For example, LINC01882 ameliorates acute graft-versus-host
disease (aGVHD) via skewing CD4+ T cell differentiation toward
Treg cells (74). They also found that LINC01882 promoted Treg
differentiation in CD4+ T cells via sponge let-7b-5p (74). This is a
target for induction of immune tolerance, which offers the
possibility of an effective therapeutic target for patients with
aGVHD. LINCO01882 is involved in IL-2 expression, which affects
the immune response, homeostasis, and differentiation of a variety
of lymphocytes, including Tregs. Changes in the number of Tregs
contribute to the progression of autoimmune diseases. At present,
there are few studies on LINC01882 and IBD, and their relationship
still needs to be further explored.

2.2.3 DQ786243

Tregs are important for maintaining intestinal self-tolerance,
and their dysfunction is associated with CD and its degree of
inflammation (65). Forkhead box P3 (Foxp3) is a major
transcription factor controlling the development and function of
Tregs. Kim et al. identified a T-cell receptor response enhancer in
the first intron of Foxp3 that was dependent on a cyclic-AMP
response element binding protein (CREB)/activating transcription
factor (ATF) site overlapping a CpG island (75). Therefore, the
generation, development, and function of Tregs are dependent on
Foxp3 and CREB. Some studies have found that IncRNA DQ786243
and CREB are significantly overexpressed in patients with active CD
compared with healthy people or patients with inactive CD (17).
However, Foxp3 expression was decreased in inactive CD patients,
and there was no significant difference between active CD and
healthy people (17). DQ786243 may have a significant effect on the
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regulation of CREB and Foxp3 genes. Qiao et al. found that
DQ786243 could promote CREB and Foxp3 expression and
CREB phosphorylation after transfection in Jurkat cells (17). In
addition, DQ786243, CREB and Foxp3 mRNAs were all associated
with C-reactive protein (CRP), an important serum biomarker of
inflammation (17). All these findings suggest that IncRNA
DQ786243 is associated with CD, and DQ786243 may regulate
the function of Tregs by affecting the expression levels of CREB
and Foxp3.

2.2.4 MEG3

Maternally expressed 3(MEG3), a currently concerned IncRNA,
has been shown to have anti-inflammatory effects in a variety of
inflammatory diseases (76, 77). Wang et al. found that IncRNA-
MEGS3 was expressed at low levels in a H202 -induced Caco-2 cell
model and TNBS-induced ulcerative colitis in young rats (78). They
injected the IncRNA MEG3 overexpression vector into the UC rat
model and found that inflammatory cytokine levels and ROS release
were significantly decreased, and IL-10 expression was significantly
increased (78). IL-10 is a single-chain glycoprotein that can be
produced by adaptive and innate immune cells. It has anti-
inflammatory and immunomodulatory effects and can regulate
the role of other cytokines in immune and inflammatory diseases.
They also found that IncRNA MEG3 may inhibit the release of
inflammatory cytokines and ROS by stimulating IL-10 expression
(78). Their study similarly confirmed that pyroptosis and apoptosis
can be triggered during the pathogenesis of UC, and IncRNA MEG3
can prevent both types of cell death (78). Some studies have
reported that miR-98-5p can directly target IL-10 (79). Later they
confirmed that IncRNA MEG3 positively regulates IL-10
expression. In addition, knockdown of miR-98-5p was previously
shown to alleviate the symptoms of IBD (80). More importantly, the
elevation of IncRNA MEGS3 inhibited the upregulation of miR-985p
expression and promoted the expression of IL-10 by sponging miR-
98-5p in UC rats (78). In conclusion, IncRNA-MEG3 can alleviate
UC by up-regulating miR-98-5p-loaded IL-10 expression,
providing a new potential therapeutic strategy for UC treatment.

2.2.5 LUCAT1

LUCAT1 has previously been identified as a negative feedback
regulator of type I interferon (IFN) and inflammatory cytokine
expression in human bone marrow cells (Figure 6) (81). It was
originally found in lung epithelial cells. Vierbuchen et al. identified
the protein important in mRNA processing and alternative splicing as
the LUCAT1 binding protein (82). These binding proteins include
heterogeneous nuclear ribonucleoprotein (HNRNP) C, M and A2B1,
which participate in mRNA splicing and processing, including an
mRNA of anti-inflammatory gene NR4A2. At the same time, they
found that cells lacking LUCAT1 altered splicing of selected immune
genes. For example, splicing of nuclear receptor 4A2 (NR4A2) was
particularly affected by lipopolysaccharide (LPS) stimulation (82). In
cells lacking LUCAT], the expression of NR4A2 is reduced and
delayed, and the expression of immune genes is elevated in NR4A2-
deficient cells. These observations suggest that LUCATT1 is induced to
control the splicing and stability of NR4A2, which is partly responsible

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1406538
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Hu et al.

HNRNP

‘Q, g % HNRNPA2 nd
M LUCA Luca W - .

10.3389/fimmu.2024.1406538

HNRNP

NR4A2

» 1

inflammation

e

M e

LUCAT1 regulates the splicing and stability of NR4A2 to suppress interferon and inflammatory factors. LUCAT1 binds to HNRNPA2B1, HNRNPC,
HNRNPM and other proteins, participates in the splicing of NR4A2 mRNA, regulates the splicing and stability of NR4A2, and inhibits interferon and

FIGURE 6

inflammatory factors.

for the anti-inflammatory effects of LUCAT1. They also found that
LUCAT1 levels were elevated in patients with chronic obstructive
pulmonary disease (COPD) or IBD and that LUCAT1 levels correlated
with disease severity (82). Another study revealed Inc RNA-mediated
downregulation of innate immunity and inflammatory responses in the
SARS-CoV-2 vaccination breakthrough infections (83). They found
that LUCAT1 regulates NF-KB-dependent genes by regulating the
JAK-STAT pathway in addition to IFN genes (83). In summary,
LUCAT1 plays an important role in the regulation of inflammatory
diseases. Therefore, LUCAT1 may be used as a potential biomarker
and therapeutic target. It is necessary to conduct more studies on the
role of LUCAT1 in inflammatory diseases, which can provide new
treatment ideas for inflammatory diseases.

2.2.6 Other Lnc RNAs

HIF1A-AS2 is the Roseburia intestinalis flagellin-induced
IncRNA in gut epithelium. Quan et al. found that silencing
HIF1A-AS2 abrogated the anti-inflammatory effect mediated by
intestinal flagellin (84). They also found that HIF1A-AS2 inhibited
inflammation by inactivating the NF-xB/JNK pathway and
reducing the expression of cytokines such as TNF-a, IL-1b, IL-6,
and IL-12 (84). Moreover, knockdown of HIF1A-AS2 significantly
increased p65 and Jnk phosphorylation and fully abrogated
flagellin-mediated anti-inflammatory effects in vivo. Their study
provides new insights into the mechanisms by which Incrnas
regulate flagellin-mediated resolution of colonic inflammation.
Upstream stimulatory factor 1 (USF1) is a class of transcription
factors related to coronary artery disease (CAD) (85), which can be
used as a mediator to participate in the anti-inflammatory strategy
for the treatment of acute lung injury (86). Activating transcription
factor 2 (ATF2), a member of basic leucine zipper proteins, is widely
expressed in various tissues and participates in inflammatory
responses (87). Li et al. demonstrated the proinflammatory role of
IncRNA HIFIA-AS2 in atherosclerosis (88). Down-regulation of
IncRNA HIF1A-AS2 inhibits atherosclerotic inflammation by
reducing the binding of USFI to the promoter region of ATF2,
thereby reducing the expression of ATF2 (88). Therefore, HIF1A-
AS2 may be a negative regulator of intestinal inflammation and may
be a new target for the treatment of IBD in the future.

LncRNA ANRIL, located on chromosome 9p21, shows significant
down-regulation in IBD disease (89). Qiao et al. explored the role of

Frontiers in Immunology

ANRIL and its possible mechanistic studies after stimulating UC to
cause inflammatory injury by lipopolysaccharide (LPS) treated human
embryonic cells (FHCs) (90). They found that inhibition of ANRIL
could negatively regulate miR-323b-5p to alleviate LPS-induced FHCs
damage (90). In addition, their results also indicated that miR-323b-5p
negatively regulated TLR4 expression (90). TLR4 was the target of miR-
323b-5p. It has been shown to be upregulated in UC, causing
inflammation and promoting UC development (91). Knockdown of
TLR4 reversed the effect of miR-323b-5p in inhibiting LPS-induced
injury in FHCs (90). TRL4 is the only TLR capable of activating the
MyD88-dependent signaling pathway (92). MyD88 is not only a key
downstream signaling ligand of TLR4 receptor complex, but also an
important adaptor protein of NF-kB signaling pathway (93). NF-kB
pathway is a central mediator involved in immune and inflammatory
responses (94), which can play a therapeutic role in UC. Therefore,
ANRIL may affect the development of UC by regulating the miR-323b-
5p/TLR4/MyD88/NF-kB pathway, which provides new ideas for the
treatment of UC in the future. Li et al. found many Incrnas differentially
expressed in CD mucosa, indicating that these IncRNAs were all
involved in the immune response (95). For example, IncRNA ATG
induces stress and apoptotic protease activation in intestinal epithelial
cells in the inflammatory environment of CD (96). Caspase-3-
mediated cleavage of ATGI16L1 is increased, leading to abnormal
autophagy in intestinal epithelial cells (96). When the activity of
DDXS5 in Th17 cells is increased, a large number of IncRNA Rmrp is
decomposed, which would bind to RORY-t, thus causing the latter to
undergo nuclear transport, acting on the corresponding promoter, and
promoting the development of Th17. Th17 maturation has a protective
effect on CD (42, 97, 98). In addition, ENST0000487539_1.1 levels are
increased in the serum of CD patients, and they can regulate Treg cell
function by regulating Foxp3 levels. They also hypothesized that these
IncRNAs might be involved in the regulation of intestinal mucosal
function through the genetic network of IncRNA-miRNA/TFs-
mRNAs (95).

3 Lnc RNA as an IBD biomarker and a
predictor of treatment response

The common methods for the diagnosis and treatment of IBD
include clinical manifestations, imaging methods, histopathological
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examination, and endoscopic evaluation. Because clinical features of
IBD vary among individuals, approximately one quarter of patients
have extraintestinal manifestations before diagnosis (99).
Histopathology and endoscopy are currently the “gold standard” for
diagnosing IBD (100, 101). Because both of these methods rely heavily
on skilled clinicians, diagnosis of IBD is difficult. At present, more and
more researchers are more inclined to use some biomarkers, such as C-
reactive protein (CRP), lactoferrin, calcaretin and so on. However, most
current biomarkers reflect systemic inflammation, are present in many
diseases, and lack a certain sensitivity and specificity, which can lead to
treatment delays and further disease progression. Therefore, it is urgent
to find out the biomarkers with high specificity and sensitivity.
LncRNAs have been shown to be valuable diagnostic markers for
various diseases due to their easy availability, stability, availability by
common molecular biology techniques such as qRT-PCR, rapid
detection, and quantification (102, 103). A variety of IncRNAs have
been shown to be associated with IBD. By monitoring the change of Inc
RNA level, the therapeutic effect and prognosis of IBD disease can be
evaluated. Many IncRNAs can be used as biomarkers to evaluate
clinical evaluation in patients with IBD.

Wang et al. demonstrated that IncRNA KIF9-AS1 and
LINCO01272 expression was significantly up-regulated, while
IncRNA DIO30S expression was significantly decreased in tissue
and plasma samples of IBD patients compared with healthy controls
(104). They also used ROC curve analysis to determine the specificity
and sensitivity of KIF9-AS1, LINC01272 and DIO30S, and the
results showed that the area under the ROC curve (AUCs) of these
three IncRNAs in IBD patients and healthy controls were mostly
greater than 0.76 (104). Therefore, IncRNA KIF9-AS1, LINC01272
and DIO30S may be potential diagnostic biomarkers for IBD. Ge
et al. compared the expression of IncRNA ANRIL in CD patients and
control group, and the results showed that the area under the curve
(AUC) of IncRNA ANRIL expression to distinguish CD patients and
control group was 0.803 (95%CI: 0.733-0.874) (105). They also found
that IncRNA ANRIL expression could distinguish the active and
remission stages of CD (105). They also found that IncRNA ANRIL
expression could distinguish the active and remission stages of CD
(105). In addition, IncRNA ANRIL expression was negatively
correlated with CD disease risk, disease activity, and
proinflammatory cytokine levels (105). With the development of
the disease, complications such as fistula and stenosis may occur in
the late stage of CD. Lncrnas can be used as biomarkers even when
complications occur. Visschedijk et al. demonstrated that IncRNA
RP11-679B19.1 is associated with recurrent fibrostenosis CD, but its
specific mechanism of action remains unclear (106).

Not only can Lnc RNA serve as a biomarker, but it has also been
shown to be a predictor of therapeutic response in IBD. Ge et al.
found that changes in IncRNA ANRIL expression were associated
with infliximab treatment response (105). The expression of
IncRNA ANRIL increased in patients who achieved treatment
response with infliximab, while it remained stable in patients who
failed to achieve treatment response (105). Therefore, the change of
intestinal mucosal IncRNA ANRIL is related to the response to
infliximab treatment in CD patients, and its up-regulation can be
used as a marker of the response to infliximab treatment in CD
patients (105). Haberman et al. performed intestinal biopsies from
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IBD children undergoing endoscopy and treatment and found that
the expression of LINC01272 and HNF4A-AS1 was significantly
associated with more severe intestinal mucosal injury (89).
Calprotectin S100A8 is the most commonly used tissue
inflammation biomarker in clinical practice. They also found that
HNF4A-AS1 was negatively correlated with the calprotectant
S100A8, while LINC01272 was significantly positively correlated
with the calprotectant S100A8 (89). HNF4A-ASl1 is specifically
expressed in epithelial cells, and LINC01272 is specifically expressed
in monocytes, neutrophils, and myeloid dendritic cells (DC) (89).
Therefore, targeted IncRNA-directed therapy may become potential
new tissue-specific targets for RNA-based interventions.
Glucocorticoids (GCs) are effective drugs for inducing remission
in patients with IBD in clinical practice, which have anti-
inflammatory and immunosuppressive effects (107). The level of
IncRNA growth inhibition specific 5 (GAS5) was higher in patients
with poor GCs response than in those with good response.
Therefore, GAS5 may be associated with GCs resistance (108,
109). Some studies have found that the expression of IncRNA
GAS5 is different between GCs sensitive cells and GCs resistant
cells, and GAS5 is up-regulated in GCs resistant cells and
accumulates more in the cytoplasm (110). In conclusion, IncRNA
GASS5 can be considered as a novel pharmacogenomic marker that
contributes to the personalization of GCs therapy (Table 1).

4 Discussion

IBD is a recurrent chronic inflammatory disease in the
gastrointestinal tract. Due to its increasing incidence, it has become
a global health problem. Although the current drugs used in the
clinical treatment of IBD are effective, they have many limitations.
Given the complexity of IBD, in vivo approaches to investigate its
etiology are essential. Although mouse models of IBD have been
gradually developed and refined, the basic understanding of
transcriptome differences in these models is still at an early stage,
so the exact pathogenesis of these models is not fully understood.
Although the exploration of IncRNAs in existing studies is still in the
early stage, it has been pointed out that IncRNAs are involved in the
pathogenesis of IBD. In IBD, IncRNAs can affect intestinal tight
junction proteins, such as IncRNA H19, PLnc RNA1, Inc RNA
SPRY4-IT1, etc. LncRNAs can regulate the apoptosis of epithelial
cells, such as BC012900, IncRNA CRNDE and so on. LncRNAs also
regulate the gut physical barrier through other mechanisms, such as
the IncRNA CCAT]1. In addition, IncRNAs can affect the immune
response in IBD, such as Inc NEAT1, IFNG-AS1, LINC01882 and so
on. With the development of molecular biology technology,
monitoring the changes of Inc RNAs level can be used to evaluate
the efficacy and prognosis of IBD. LncRNA KIF9-AS1, LINC01272
and DIO30S may be potential diagnostic biomarkers for IBD.
LncRNA ANRIL expression is negatively correlated with CD
disease risk and disease activity, and is also related to the response
to biological agents. Therefore, IncRNAs play an important role in
regulating intestinal barrier and immune homeostasis. LncRNAs can
not only be used as biomarkers and predictors of treatment response
in IBD, but also as targets for IBD. Due to the complexity of IBD
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TABLE 1 LncRNAs proposed for IBD biomarkers and therapeutic predictors.
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LncRNAs Disease Source Method Change Application Reference
KIF9-AS1 UC&CD Colonic tissues & blood samples qPCR Upgrade Biomarker between (102)
IBD and HC
LINC01272 UC&CD Colonic tissues & blood samples qPCR Upgrade
DIO30S UC&CD Colonic tissues & blood samples qPCR Downgrade
ANRIL CD Colonic tissues qPCR Downgrade = Biomarker between (103)
CD and HC,
assessed the response
to infliximab
RP11-679B19.1 CD Tleal tissues Immunochip Upgrade Associated with (104)
recurrent fibrous
stenosis CD
LINC01272 CD Tleal tissues RNAseq Downgrade Associated with (105)
more severe
HNF4A-AS1 CD Tleal tissues RNAseq Upgrade intestinal
mucosal injury
GAS5 UC&CD Peripheral blood qPCR Upgrade Marker of (107)
glucocorticoid
therapy in children

UG, ulcerative colitis; CD, Crohn’s Disease; HC, healthy control; gPCR, quantitative real-time PCR; RNAseq, RNA sequencing.

pathogenesis, a single IncRNA may not be able to fully explain IBD.
Therefore, based on the close relationship between IncRNAs and IBD,
itis essential to clarify the mechanism of IncRNAs in IBD and explore
more promising treatment methods.
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