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Abstract 
Inflammatory bowel diseases ( IBD ) are a group of chronic relapsing gastrointestinal inflammatory diseases with significant global 
incidence. Although the pathomechanism of IBD has been extensi v el y inv estigated, sev eral aspects of its pathogenesis remain un- 
clear. Long non-coding RNAs ( lncRNAs ) are transcripts with more than 200 nucleotides in length that have potential protein-coding 
functions. LncRNAs play important roles in biological processes such as epigenetic modification, transcriptional regulation and post- 
tr anscriptional re gulation. In this re vie w, w e summarize recent ad v ances in r esear c h on IBD-related lncRN As fr om the perspecti v e of 
the overall intestinal microenvironment, as well as their potential roles as immune regulators, diagnostic biomarkers and therapeutic 
targets or agents for IBD. 

Ke ywords: lncRN As; inflammatory bow el diseases; intestinal barrier; intestinal micr oenvir onment; imm une r egulator; dia gnostic 
biomarker; therapeutic target 
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Introduction 

Inflammatory bo w el diseases ( IBD ) refer to a group of c hr onic r e- 
la psing gastr ointestinal inflammatory disorders. Ulcer ativ e colitis 
( UC ) and Crohn’s disease ( CD ) are the two major IBD subtypes [ 1 ].
The UC-associated inflammation is limited to mucosal layers of 
the colon and r ectum, r esulting in continuous superficial ulcer- 
ation to the intestinal bo w el w all [ 2 ]. In contr ast, CD commonl y 
involves the terminal ileum as well as the colon and presents 
different phenotypes, including stricture and penetration due 
to fibrosis and fistulas, respectively [ 3 ]. Abdominal pain and 

bloody diarrhea, weight loss, malnutrition, and fe v er ar e the most 
common IBD symptoms, whose diagnosis requires a combination 

of symptoms, endoscopy, histopathology, and laboratory tests [ 2 ,
3 ]. Due to its high pr e v alence in western countries and the recent 
significant increase in incidences in eastern countries, IBD is a 
huge global social and economic burden [ 4 ]. The exact patho- 
genesis of IBD has not been fully determined, ho w ever, multiple 
factors, including genetic bac kgr ound, envir onmental factors,
and immune response dysregulation have been implicated [ 5 ].
Changes in any component of one of the above-mentioned 

factors are sufficient to induce IBD [ 6 ]. Intestinal immune system 

dysfunction-induced inflammatory changes are k e y precursors 
of IBD [ 7–10 ]. Besides, IBD occurr ence and de v elopment ar e 
also regulated by complex environmental factors [ 11 ]. These 
risk factors can lead to intestinal barrier dysfunctions, which 
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s central to IBD pathogenesis [ 12 ]. T hus , impro ving intestinal
arrier function may be a potential ther a peutic str ategy for IBD.
s a k e y pr o-inflammatory cytokine, tumor necr osis factor ( TNF )
an cause barrier defects and inflammatory cascades, leading 
o prolonged disease course [ 13 ]. Anti-TNF treatment has been
he mainstay of biologics in the last 20 years, with the ability
o significantly restore intestinal barrier function and improve 
reatment outcome [ 14 ]. Ho w ever, after cessation of treatment, a
umber of patients experience a r ela pse of inflammation [ 15 ]. The
v er all risk of r ela pse one year after discontinuation of anti-TNF
her a py is 28% in UC and 40% in CD [ 16 ]. The lack of clarity in
BD pathogenesis and the difficulty in its treatment emphasizes 
he need to uncover the underlying causative mechanisms to 
acilitate the de v elopment of effective drugs. 

Long non-coding RN As ( LncRN As ) ar e tr anscripts of longer than
00 nucleotides in length that have no evident protein-coding 
unctions [ 17 ]. They participate in various biological processes,
uch as epigenetic modification regulation, function as transcrip- 
ional enhancers, recruitment of transcription factors, modifi- 
ation of protein translation or stability, and act as molecular 
ponges for miRNAs among others [ 18–22 ]. In IBD pathogenesis,
ncRNAs are involved in microbial defense, mucosal barrier func- 
ion regulation, intestinal epithelial restitution, innate and adap- 
iv e imm une r esponses , and pathwa ys associated with cellular
omeostasis [ 1 ]. Given the significant role that lncRNAs play in
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Figure 1. Structure of intestinal barriers. Intestinal homeostasis of a healthy body depends on four barriers. Beneficial bacteria in gut microbiota form 

an important microbial protective barrier against pathogens. Biochemical barriers include mucus, antimicrobial peptides, tissue repair factors, 
secretory IgA, and bacterial metabolites, all of which can inhibit the proliferation, adhesion and invasion of pathogenic bacteria. Physical barriers 
constitute intact intestinal mucosal epithelium, tight junctions, adhesive junctions and desmosomes between epithelial cells, which can effectiv el y 
block bacteria, viruses and endotoxins . T he immunological barrier is mainly composed of GALT and diffuse immune cells, which can recognize 
antigens in the intestinal envir onment, activ ate innate and ada ptiv e imm unity, r esist inv asion by pathogenic micr oor ganisms, and suppr ess imm une 
responses when necessary. 
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he pathogenesis of IBD, we consolidate the existing knowledge on
he mechanisms and expression patterns of lncRNAs implicated
n the initiation and advancement of IBD from the perspective of
he ov er all intestinal micr oenvir onment. 

As for lncRNAs as biomarkers for diagnosis of IBD and drug tar-
ets for tr eatment, m ultiple r e vie ws compr ehensiv el y anal yzed
he distinct in expression profiles of lncRNAs in both colonic tis-
ues and plasma of patients with IBD using advanced techniques
uch as microarray or RNA sequencing, and highlighted the
romising potential role of some lncRNAs as novel and valuable
iagnostic biomarkers as well as promising therapeutic targets
r drugs for IBD [ 23–25 ]. Ho w e v er, some existing pr oblems hav e
ot been solv ed, suc h as sensitivity , specificity , consistency and
tability for lncRNAs themselves, and experimental design flaws
or r esearc hers. We further put forw ar d our o wn insights based
n the above problems, with a goal of contributing to the clinical
 pplication and tr ansformation of lncRNAs in the context of
BD. 

verview of intestinal barrier 
he intestinal barrier consists of micr obial, bioc hemical, physical
nd imm unological barriers, whic h together play a r ole in main-
aining the intestinal homeostasis ( Fig. 1 ) [ 26 ]. Beneficial bacteria
n the gut form an important microbial protective barrier against
athogens. Alterations in the composition of intestinal flora
tructur e can pav e the way for potential pathogens to colonize
nd invade the intestinal tract. T his , in turn, triggers the release of
nflammatory cytokines through interactions with host immune
ells, ultimately exacerbating intestinal damage [ 27 ]. Biochemical
arriers include the m ucus, antimicr obial peptides, tissue repair
actors ( tr efoil factors ) , secr etory IgA, and bacterial metabolites,
ll of which can inhibit the proliferation, adhesion and invasion of
athogenic bacteria [ 28 ]. Physical barriers ( mechanical barriers )
efer to the intact intestinal mucosal epithelium and tight junc-
ions, adhesive junctions and desmosomes between epithelial
ells, which can effectively block bacteria, viruses and endotoxins
 29 ]. Immunological barriers include gut associated lymphocyte
issues ( GALT ) and diffuse immune cells . T he intestinal immune
ystem can recognize antigens ( bacteria, viruses, toxins ) in the
ntestinal envir onment, activ ate innate and ada ptiv e imm unity,
liminate antigens, and effectiv el y r esist pathogenic inv asion
hile suppressing immune responses when necessary to balance

mmune defense and maintain homeostasis [ 30 ]. IBD stems
r om structur al c hanges in intestinal flor a, abnormal imm une
esponses, as well as damage to intestinal biochemical and
hysical barriers. In many of these biological processes, lncRNAs
lay a k e y role. 

unctional mechanism of lncRNAs and its 

egula tory r oles in IBD 

tudies have shown that lncRNAs can regulate gene expression
hr ough div erse mec hanisms inv olving follo wing methods: signal,
ecoy, guide, scaffold, post-tr anscriptional r egulation, and pr otein
oding, thus modulating important biological processes ( Fig. 2 )
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Figure 2. Mechanisms of lncRNA function. ( A ) As signals, lncRNAs dir ectl y inter act with tr anscriptional factors to indicate gene r egulation. ( B ) As 
deco ys, lncRN As can titrate away transcription factors away from chromatin, blocking effects of transcriptional factors. ( C ) lncRNAs act as decoys for 
miRNA target site, titrating miRNAs a wa y from their mRNA targets and indicating mRNA expression. ( D ) As guides, lncRNAs can recruit chromatin 
modifying enzymes to target genes, either in cis or in trans to distant target genes . ( E ) As scaffolds , lncRNAs can bring together multiple proteins to form 

ribonucleoprotein complexes. ( F ) For post-transcriptional regulation, lncRNAs directly modulate processing of their mRNA targets at multiple levels, 
including translation, splicing and degradation. ( G ) For protein coding, eIF4E recognizes sORF on lncRNA to recruit ribosomes and initiate translation. 
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[ 17 , 20 , 31 ]. The first archetype of lncRNAs is “signal”. LncR- 
NAs ar e tr anscribed in a spatiotempor al manner in response to 
de v elopmental cues, div erse stim uli, or cellular context. They ac- 
tiv el y participate in the specific signal pathways as molecular 
signals . T he second function of lncRNAs is that of acting as de- 
co y. LncRN As act as a “molecular sink” for RNA-binding proteins.
Certain lncRNAs function as miRNA decoys by binding to com- 
plementary sites on the coding sequences or 3’ UTRs of target 
gene transcripts . T hrough this interaction, they indirectly regu- 
late pr otein expr ession fr om specific mRN As [ 32 , 33 ]. The thir d 

action mode of lncRNA is the guide. LncRNAs interact with RNA 

binds protein ( s ) , then dir ect the localization of ribonucleopr o- 
tein complex to specific tar gets. Furthermor e, lncRNAs can func- 
tion as molecular scaffold to recruit multiple effector partners 
( suc h as r epr essiv e and activ ated c hr omatin modifiers ) , ther eby 
r epr essing or activating target gene expression, respectively. In ad- 
dition, lncRNAs dir ectl y modulate the pr ocessing of their mRNA 

targets at post-transcriptional levels, including translation [ 34 ],
splicing [ 35 ] and degradation [ 36 ]. Importantly, recent studies have 
found that numerous short or small ORFs ( sORFs or smORFs ) 
on lncRNAs have ability to encode peptides [ 37–41 ]. These trans- 
lation pr oducts serv e as nov el potential pr ognostic biomark- 
ers and ther a peutic tar gets for the dia gnosis and tr eatment of 
diseases. 
Based on the molecular mechanism of lncRNAs mentioned 

bo ve , lncRNAs are involved in IBD processes by regulating mi-
r obial defense, m ucus barriers, intestinal epithelial restitution,
nnate and ada ptiv e imm une r esponses ( Table 1 ) . 

ncRN As regula te gut microbial defence 

stablishing and sustaining beneficial interactions between the 
ost and commensal micr obiota ar e crucial factors for main-
aining host health. Commensal microbiota inhabits virtually all 
ost mucosal surfaces, with the majority residing within the gas-
r ointestinal tr act. Ther e ar e thousands of bacterial species of
our major bacterial phyla ( Firmicutes , Bacteroidetes , Proteobacteria 
nd Actinobacteria ) in the whole human gut microbiome [ 42 ]. Gut
icrobiome composition or species diversity in the gut varies 
ith diet, age, and drug factors among others [ 43 ]. In healthy

ntestines, the phyla Bacteroidetes , Firmicutes , Actinobacteria , Pro-
eobacteria , and Verrucomicrobia predominate, and play a role in
he production of epithelial metabolites [ 44 ]. In CD, the micro-
iota sho w ed a significant decrease in the abundance of Firmi-
utes and Bacteroidetes and an increase of Enterobacteria . Reduced
lostridium spp . and incr eased Esc heric hia coli abundance have
een reported in UC [ 45 ], resulting in increased intestinal col-
nization by infectious pathogens . T he abundance of Roseburia
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Ta ble 1. Kno wn mechanisms of lncRNAs involved in regulation of UC and CD. 

LncRNAs Sample Targets Biological function Reference 

Up-regulated in UC 

DANCR Animal model miR-125b-5p Promote inflammation and down-regulate protective 
pr oteins le v el 

[ 66 ] 

CCAT1 Clinical sample 
( Colonic tissue ) 

miR-185–3p/MLCK Up-regulate MLCK and further increase barrier 
permeability 

[ 74 ] 

H19 Clinical sample 
( Colonic tissue ) 

miR-675–5p/VDR Decrease vitamin D receptor and TJ proteins 
expr ession, r esulting in the epithelial barrier 
dysfunction 

[75] 

H19 Animal model miR-675/ZO-1 and 
E-cadherin 

Destabilize and r epr ess the translation of ZO-1 and 
E-cadherin mRNAs, resulting in destruction of 
intestinal epithelial barrier function 

[ 76 ] 

H19 Animal model miR-141/ICAM-1, 
miR-139/CXCR4 

Up-regulate the expression of ICAM-1 and CXCR4 
targeting miR-141 and miR-139, thus enhancing the 
imm unosuppr essiv e and promoting cell proliferation 
and migration 

[ 109 ] 

H19 Animal model miR-331–3p/TRAF4 Promote TRAF4 transcription, thereby aggravating 
intestinal injury 

[ 110 ] 

NEAT1 Animal model ZO-1, Claudin-5 and 
Occludin 

Promote the inflammatory response by modulating 
the intestinal epithelial barrier and through 
exosome-mediated polarization of macr opha ges 

[ 78 ] 

NEAT1 Clinical sample 
( Colonic tissue ) 

TNFRSF1B/NF- κB p65 Promote NF- κB p65 translocation and mediate 
intestinal inflammation 

[ 87 ] 

NEAT1 Clinical sample 
( Colonic tissue ) 

miR-603/FGF9 Inhibit cell viability, and enhance cell apoptosis and 
the production of cytokines 

[ 94 ] 

NEAT1 Animal model miR-204–5p/PI3K-Akt Incr ease r elease of inflammation cytokines [ 97 ] 
NEAT1 Clinical sample 

( Colonic tissue ) 
miR-410–3p/LDHA Enhance IECs dysfunction by breaking the 

homeostasis of the glucose metabolism 

[ 101 ] 

ITSN1-2 Clinical sample 
( Colonic tissue 
and PBMCs ) 

miR-125a/IL-23R Promote CD4 + T cell activation, proliferation, and 
T h1/T h17 cell differentiation, and increased 
inflammatory cytokines 

[ 140 ] 

ANRIL Clinical sample 
( Colonic tissue ) 

miR-323b- 
5p/TLR4/MyD88/NF- κB 

Promote cell apoptosis and cytokine production [ 84 ] 

NORAD Clinical sample 
( Colonic tissue ) 

miR-552–3p/MYD88 Increase cell apoptosis, inflammation, and o xidati ve 
stress 

[ 85 ] 

IFNG-AS1 Clinical sample 
( Colonic tissue ) 

NF- κB, PI3K/Akt Enhance inflammation and increase cell apoptosis [ 88 ,89 ] 

PINT Clinical sample 
( Colonic tissue ) 

p65/EZH2/TNF- α Act as a modular scaffold of p65 and EZH2 to 
coordinate their localization and specify their 
binding to the target genes ( TNF- α) 

[ 91 ] 

NAIL Clinical sample 
( Colonic tissue ) 

Wip1/p38/NF- κB Inactivating Wip1 and further active NF- κB subunit 
p65, incr easing pr oinflammatory cytokines 

[ 92 ] 

MALAT1 Clinical sample 
( Colonic tissue 
and plasma ) 

LncRNA 

ANRIL/PI3K-AKT 

pathway 

Promote the apoptosis of colonic epithelial cells [ 93 ] 

SNHG5 Clinical sample 
( Colonic tissue ) 

miR-375/JAK2 Suppress cell proliferation and promote cell 
apoptosis 

[ 108 ] 

CRNDE Cell model miR-495/SOCS1 Promote colonic epithelial cell apoptosis [ 111 ] 
KIF9-AS1 Clinical sample 

( Colonic tissue ) 
miR-148a-3p/SOCS3 Enhance the colon injury and inflammation and 

increase the apoptosis colonic cells 
[ 112 ] 

BC012900 Clinical sample 
( Colonic tissue ) 

PPM1A/TP53-p53 Up-r egulate PPM1A, whic h in turn activ ate the 
expression of tumor suppressor gene TP53/p53, 
leading to G2/M cell cycle arrest and apoptosis 

[ 116 ] 

OIP5-AS1 Animal model miR-26a-5p/IL-6 Increase IL-6 expression [ 147 ] 
Do wn-regula ted in UC 

PlncRNA1 Cell model miR-34c-5p/MAZ/ZO-1 Inhibit the expression of MAZ, ZO-1, and occludin to 
destroy intestinal epithelial barrier integrity 

[ 77 ] 

CDKN2B-AS1 ( ANRIL ) Clinical sample 
( Colonic tissue ) 

Claudin-2 Decreased colonic barrier integrity [ 79 ] 

MEG3 Animal model miR-20b-5p/CREB1 Decrease cell viability and increase inflammatory 
responses 

[ 25 ] 

MEG3 Animal model miR-98–5p/IL-10 Increased ROS, inflammatory cytokine production 
and promote cell apoptosis and pyroptosis 

[ 105 ] 
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Table 1. ( Continued ) 

LncRNAs Sample Targets Biological function Reference 

ANRIL PBMCs and 
serum 

NF- κB Increase inflammatory cytokine production and 
inflammation 

[ 99 ] 

CDKN2B-AS1 Clinical sample 
( serum ) 

miR-195–5p miR-16–5p Promote cell apoptosis and increase inflammation 
response 

[ 100 ] 

78 583 Clinical sample 
( colon tissue ) 

miR3202/HOXB13/IL-10 Increase inflammation response [ 88 ] 

GAS5 Clinical sample 
( Colonic tissue ) 

MMP2/MMP9, 
Krüppel-like factor 2 

Increase inflammatory damage [ 90 ] 

Mirt2 Clinical sample 
( plasma ) 

MAPK/IL-22 Decrease IL-22 expression and increase apoptotic 
rate of colonic epithelial cells 

[ 98 ] 

TUG1 Clinical sample 
( Colonic tissue ) 

miR-142–5p/SOCS1 Enhance cell injury and inflammation [ 102 ] 

TUG1 Animal model HuR/c-mycmiR-29b- 
3p/CDK2 

Suppress cell proliferation and promote cell 
apoptosis 

[ 104 ] 

PMS2L2 Clinical sample 
( plasma ) 

miR-24 Up-regulate miR-24 via methylation to promote cell 
apoptosis 

[ 115 ] 

Gm31629 Clinical sample 
( Colonic tissue ) 

YB-1/E2F Suppress cell proliferation and epithelial 
r egener ation 

[ 117 ] 

Up-regulated in CD 

DQ786243 PBMCs CREB, Foxp3 Regulate the function of Treg through CREB and 
Foxp3 

[ 143 ] 

CNN3-206 Clinical sample 
( colonic tissue ) 

miR-212/Caspase10 Incr ease a poptosis, migr ation and inv asion of 
intestinal epithelial cells 

[ 114 ] 

01 272 Clinical sample 
( colonic tissue ) 

miR-153–5p Activate the epithelial-mesenchymal transition 
( EMT ) , causing the loss of epithelial cells and 
increases tissue damage 

[ 116 ] 

Do wn-regula ted in CD 

MALAT1 Clinical sample 
( colonic tissue ) 

miR-146b- 
5p/NUMB/CLDN11 

Destroy intestinal mucosal barrier and intestinal 
homeostasis 

[ 80 ] 

LOC102550026 Animal model miRNA-34c-5p/Pck1 Incr ease r eactiv e oxygen species and 
proinflammatory cytokines, and contributed to M1 
polarization 

[ 148 ] 

PBMCs: Peripheral blood mononuclear cells. 
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intestinalis ( R. intestinalis ) , one of the dominant intestinal commen- 
sal microbiotas, was found to be decreased in both UC and CD 

patients. R. intestinalis -deriv ed fla gellin amelior ates IBD colitis by 
suppressing inflammatory responses via inhibiting miR-223–3p- 
mediated activation of the NOD-like receptor protein 3 ( NLRP3 ) in- 
flammasome and production of pro-inflammatory cytokines [ 46 ].
Butyr ate secr eted by R. intestinalis enhances the binding of tran- 
scription factor specificity protein 3 ( Sp3 ) to TLR5 promoter re- 
gions, up-r egulating TLR5 tr anscription, pr otecting a gainst micr o- 
bial infections, inflammation, tissue injury and colitis [ 47 ]. More- 
ov er, R. intestinalis incr eases ZO-1 pr otein expr ession [ 48 ] and stim- 
ulates thymic stromal lymphopoietin ( TSLP ) production in in- 
testinal epithelial cells ( IECs ) via TLR5, inducing the secretion of 
IL-10 and TGF- β by dendritic cells ( DCs ) , which promotes anti- 
inflammatory regulatory T cells ( Tregs ) differentiation to inhibit 
inflammation [ 49 ]. Targeted colonization by magnetic nanoparti- 
cle internalized R. intestinalis has been de v eloped as a novel ther- 
a peutic str ategy a gainst colitis [ 50 ]. lncRN As w as found to regu- 
late R. intestinalis fla gellin-mediated alle viation of colitis. R. Intesti- 
nalis flagellin activated lncRNA HIF1A-AS2 promotor via increas- 
ing Stat1 phosphorylation, promoting Stat1 nuclear translocation, 
ther eby activ ating pr omotor of HIF1A-AS2. Ele v ated HIF1A-AS2 
inhibited inflammatory responses induced by flagellin in Dex- 
tran Sulfate Sodium ( DSS ) treated animals by inactivating the 
NF- κB/JNK pathway, suggesting that as a negative regulator of 
inflammatory responses , HIF1A-AS2 ma y be a no v el ther a peutic 
gent for colitis [ 51 ]. It was reported that lncRNA NKILA bound
o NF- κB/I κB, and dir ectl y masked the phosphorylation motifs of
 κB, thereby inhibiting IKK-induced I κB phosphorylation and NF-
B activation [ 52 ]. Whether HIF1A-AS2 can also bind to NF- κB/I κB
omplex and inhibit NF- κB signaling by masking the phosphory-
ation sites of I κB and stabilizing the complex needs to be further
nv estigated. Micr oarr ay anal ysis of mice colonic endothelial cells
reated with DSS and flagellin sho w ed significant up-regulation
f 1206 lncRNAs and down-regulation of 628 lncRNAs [ 51 ]. These
ndings establish a compr ehensiv e database for inv estigating the
egulatory impact of lncRNAs on IBD, particularly concerning the 
efense against intestinal commensal bacteria. 

Neonatal necr otizing enter ocolitis ( NEC ) , a serious inflamma-
ory bo w el disease of ne wborns, has m ultifactorial etiopathogen-
sis . T he abundance of Fusobacterium nucleatum ( F. nucleatum ) in
EC patients is higher than in healthy individuals [ 53 ]. In mice
odels, F. nucleatum a ggr av ated colitis, incr eased MPO activity lev-

ls, and promoted the secretion of pro-inflammatory cytokines 
n colon tissues. Mec hanisticall y , F . nucleatum selectiv el y activ ated
ncRNA ENO1-IT1 transcription via upregulating the binding effi- 
iency of transcription factor SP1 to the pr omoter r egion of ENO1-
T1, inducing IRF5 mRNA and protein expression through spong- 
ng miR-22–3p, further increasing the expression of various in- 
ammatory cytokines, and a ggr av ating colitis [ 54 ]. Thus, lncRNA
NO1-IT1 is an important target for F. nucleatum in NEC-associated
nflammation. Hong et al. reported that F. nucleatum promoted 
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Figure 3. Intestinal commensal bacteria target lncRNAs to regulate immune responses and affect intestinal homeostasis. LncRNA ENO1-IT1 and IRF5 
can form competing endogenous RNA ( ceRNA ) networks and crosstalks occur through shared miR-22–3p. LncRNA HIF1A-AS2 can target 
tr anscriptional r egulators ( NF- κB ) to r egulate r elated molecular signaling pathwa ys . 
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l ycol ysis and tumorigenesis of colorectal cancer by targeting
NO1-IT1 [ 54 ]. These findings show that intestinal commensal
acteria can target lncRNAs to regulate immune responses, which
lters the intestinal homeostasis ( Fig. 3 ) . 

Micr obial or ganisms and their pr oducts can affect the host’s
ucosal barrier function and immune responses to commen-

al microbes. To date, se v er al studies hav e explor ed the r elation-
hip between intestinal microbial composition and lncRNAs ex-
r ession pr ofiles [ 55–57 ]. Liang et al. conducted a study where
hey observed distinct lncRNA expression profiles in intestinal
issues that enabled the differentiation of germ-free mice from

ice re-colonized with various types of microorganisms . T hese
ndings str ongl y suggest that lncRNA expr ession pr ofiles hold
romise as an effective tool for distinguishing and characteriz-

ng differ ent micr obial compositions in the gut [ 56 ]. Ther efor e, we
elie v e that the altered intestinal microbial composition in IBD
ill cause changes in the lncRNA expression profile of intesti-
al tissue . T his is also confirmed by another study [ 55 ]. Braun
t al. used hier arc hical All-a gainst-All association testing ( HAllA )
o identify specific significant associations between lncRNAs and

icrobial abundance Amplicon Sequence Variants ( ASVs ) in UC.
he data r e v ealed positiv e association betw een lncRN A GA T A6-
S1 and Blautia , between lncRNA LINC01272 and Streptococcus and
eillonella , and a negative association between GA T A6-AS1 and
nterococcus . Furthermor e, the r esearc hers observ ed that the de-
r eased expr ession of lncRNA HIF1A-AS2 in the gut epithelium of
ice resulted in heightened susceptibility to DSS-induced colitis.
his susceptibility was concomitant with significant changes in
he composition of gut microbiota. On the other hand, the pres-
nce of lncRNA HNF1A-AS1 played a crucial role in preserving
he integrity of the intestinal mucosal barrier. Reduced expression
f HNF1A-AS1 led to more severe mucosal injury, consequently
ausing alterations in the microbial community [ 51 ]. 

In summary, the intricate interplay between microbial
bundance and mucosal lncRNA expression play a critical
 ole in pr eserving intestinal homeostasis. Ho w e v er, the pr e-
ise mechanisms through which microbial signals influence
he regulation of lncRNA expression require further in-depth
nvestigation. 

ncRN As regula te m ucosal bioc hemical and 

hysical barriers 

vidence has indicated that intestinal homeostasis is influenced
ot only by the gut microbiota composition, but also by mi-
r obial pr oducts. Gut micr obiota and their pr oducts can not
nly induce the production of secretory IgA ( sIgA ) [ 58 ] and an-
imicrobial peptides ( AMPs ) [ 59 , 60 ], but also stimulate the re-
ease of mucins [ 61 ], which constitute the biochemical barrier
f the intestine. Mucins are produced by goblet cells and se-
reted into the intestinal lumen. Based on their structure and
ocalization, mucins can be divided into secretory mucins and
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membr ane-bound ( tr ansmembr ane ) m ucins. Secr etory m ucins 
form a pr otectiv e layer ov er or gans and create a biochemical bar- 
rier against pathogens while membrane-bound ( transmembrane ) 
m ucins ar e r etained in the plasma membr ane due to the pres- 
ence of a tr ansmembr ane domain, whic h plays a role in trans- 
mitting signals [ 62 ]. Mucin 2 was the first gel-forming mucin to 
be discov er ed in humans . T hinner and discontinuous mucus and 

decr eased expr ession of MUC2 m ucin hav e been r eported in UC 

patients and in DSS-induced colitis mice models [ 62–64 ]. Sup- 
pr essed MUC2 m ucin le v els may be attributed to alter ed tr ans- 
lation or altered post-translational levels, independent of MUC2 
m ucin tr anscription r ates [ 65 ]. LncRNAs ar e important gene ex- 
pr ession r egulators by tar geting miRN A to influence mRN As sta- 
bility of encoding genes. For instance, lncRNA DANCR was up- 
regulated while miR-125b-5p, MUC2, zonula occludens 1 ( ZO-1 ) 
and Claudin-2 expression levels were suppressed in DSS-induced 

UC mice models. Silencing DANCR inhibited inflammatory fac- 
tor expr ession, up-r egulated MUC2, ZO-1 as well as claudin-1 
pr otein le v els and suppr essed cell a poptosis, ther eby attenuat- 
ing DSS-induced endothelial injury . Notably , these effects could be 
counteracted by miR-125b-5p inhibitor [ 66 ], suggesting that miR- 
125b-5p increased the translation of targets by both transcrip- 
tional and post-tr anscriptional mec hanisms, r ather than r epr es- 
sive function. 

The epithelial cells located beneath the mucus layer are the 
integral components of the protective epithelial barrier against 
bacterial invasion and play an important role in maintaining in- 
testinal homeostasis . T he complete epithelial barrier limits inter- 
actions between the host immune responses and intestinal micro- 
biota [ 67 ]. The thinning of the mucus layer caused by various fac- 
tors increases the direct interaction between bacteria and the ep- 
ithelial cells [ 68 ]. Dysregulated intestinal epithelial barriers mean 

a decline of intestinal defense and thus an incr eased c hance of 
colitis occurrence and development. 

The intestinal epithelial barrier defense system consists of a 
protein complex between adjacent cells, including tight junctions 
( TJ ) , adherent junctions ( AJ ) and desmosomes [ 69 ]. As a network of 
tr ansmembr ane pr oteins, TJ pr oteins contr ol par acellular perme- 
ability [ 70 ]. Increased permeability was observed in UC, in tandem 

with TJ structural abnormality and down-regulation and redistri- 
bution of TJ or AJ proteins [ 71–73 ]. LncRNAs are involved in regu- 
lating the structure and functions of TJ, including the endocytosis 
of junction pr oteins, r educed TJ pr otein expr essions and activ at- 
ing the myosin light-chain kinase ( MLCK ) to promote cytoskele- 
tal contractions . T he lncRNA CC AT1 expr ession le v el is incr eased 

in UC patients and acted as a sponge for miR-185–3p, by bind- 
ing the 3 ′ untranslated region ( UTR ) of MLCK mRNA to inhibit its 
expression. T he MLCK pla ys a crucial role in myosin light chain 

( MLC ) phosphorylation and the subsequent TJ proteins distribu- 
tion, leading to increased paracellular permeability [ 74 ]. LncRNA 

H19 was found to be up-regulated in UC patients. It serves as a 
precursor for miR-675 and increases the cellular abundance of 
miR-675, whic h tar gets the 3’ UTR sequence of vitamin D r ecep- 
tor ( VDR ) mRNAs to suppress ZO-1 and E-cadherin expressions,
resulting in epithelial barrier defects [ 76 ]. The RNA-binding pro- 
tein ( HuR ) pr e v ents the stim ulation of miR-675 caused by ov er- 
expression of H19, promotes ZO-1 and E-cadherin expressions, 
and r estor es epithelial barrier functions [ 76 ]. LncRN A PlncRN A1 
acts as a sponge for miR-34c, negativ el y r egulating the expres- 
sion of miR-34c. Ov er expr essed lncRN A PlncRN A1 do wn-regulates 
miR-34c to target Myc-associated zinc finger protein ( MAZ ) and 

up-regulates its expression. Physiologically, MAZ can bind pro- 
moter regions of ZO-1 and occludin and its up-regulation pro- 
otes ZO-1 and occluding expr essions, ther eby pr otecting intesti-
al epithelial barrier functions [ 77 ]. Ele v ated lncRNA NEAT1 ex-
r ession incr eases colon tissue permeability and suppresses the
xpressions of junction complexes ( ZO-1, claudin-5 and occludin ) .
he knockdown of NEAT1 reduced colon tissue permeability and 

ncreased the expression of junction complexes, maintaining in- 
estinal barrier integrity [ 78 ]. Compared to controls, downregu-
ated lncRNA CKDN2B-AS1 expr ession wer e noted in active UC
atients, resulting in increased colonic barrier damage. Claudin- 
, as the major molecule that regulates the barrier, was almost
ntir el y absent in CDKN2B-AS1 down-regulated cells. Mecha- 
isticall y, CKDN2B-AS1 down-r egulation incr eased colonic bar- 
ier damage by suppressing claudin-2 expression [ 79 ]. LncRNA
ALAT1 was significantly down-regulated in intestinal mucosa 

f CD patients and in colitis mice models. MALAT1 knoc k out mice
er e highl y susceptible to DSS-induced colitis. MALAT1 pr omoted

ntestinal barrier functions and intestinal homeostasis by spong- 
ng miR-146b-5p, which targeting increased the expressions of api- 
al junction complex ( AJC ) pr oteins ( NUMB and CLDN11 ) . Ther e-
ore, the MALAT1-miR-146b-5p-NUMB/CLDN11 pathway has a vi- 
al role in maintaining intestinal barrier integrity and intestinal 
omeostasis [ 80 ]. These findings show that various lncRNAs are

nvolved in IBD processes. 
In summary, in the regulation of the intestinal mucosal bar- 

ier, lncRNAs exhibit diverse mechanisms of action. They can di-
 ectl y tar get the downstr eam gene mRNAs, ther eby influencing
r ocesses suc h as splicing, editing, subcellular distribution and
tability . Additionally , lncRNAs can establish competing endoge- 
ous RN A ( ceRN A ) netw orks with mRN As b y sharing miRN A re-
ponse elements . Furthermore , lncRNAs ma y serv e as miRNA pr e-
ursors and provide a scaffold for RBPs and miRN As, thereb y con-
r olling the expr ession of m ucin and tight junction proteins . T hese
ntricate processes collectively contribute to the maintenance of 
iochemical and physical barriers in the intestines, crucial for pre-
erving intestinal homeostatic status ( Fig. 4 ) . 

ncRN As regula te epithelial cell prolifer a tion and 

poptosis 

nflammatory cytokines from various mucosal immune cells, in 

ddition to controlling multiple aspects of the immune response,
an also disturb the balance between intestinal epithelial cell 
 IEC ) pr olifer ation and a poptosis in inflammatory intestines [ 81 ].
he IECs function as physical barriers between the lumina and the
xternal environment to affect host defenses, mucosal homeosta- 
is, and imm une r esponses [ 82 ]. Epithelial cell a poptosis incr eases
ith the pr ogr ession of IBD and excess apoptosis of IECs destroys

pithelial barrier integrity, ther eby pr omoting micr obial inv asion
nd antigen uptake, and enhancing inflammatory responses [ 83 ].
her efor e, during IBD pathogenesis, epithelial remodeling often 

ccurs sim ultaneousl y with imm une r esponses. LncRNAs affect
ell pr olifer ation, differ entiation, a poptosis, and migr ation via a
eries of signaling pathways or regulatory networks ( Fig. 5 ) . 

F- κB pathway 

ncRNA ANRIL is up-regulated in colonic mucosa tissues of UC
atients. Suppr ession of ANRIL negativ el y r egulated the expr es-
ion of miR-323b-5p, which in turn down-regulated its down- 
tr eam tar get, TLR4. The inhibiting effects of ANRIL on cell apop-
osis and pro-inflammatory cytokines production may also be 
c hie v ed by downregulating the miR-323b-5p/TLR4/MyD88/NF- 
B pathway, thus inhibiting the de v elopment of UC [ 84 ]. Higher
e v els of lncRNA NORAD wer e observ ed in colonic m ucosal
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F igure 4. LncRN As regulate mucosal biochemical and physical barriers. ( A ) LncRNAs directly target mRNA and regulate their splicing, editing, 
subcellular distribution and stability. ( B ) LncRNAs and mRNAs can form competing endogenous RNA ( ceRNA ) networks in which crosstalks occur 
thr ough shar ed miRNA r esponse elements. ( C ) LncRNAs act as pr ecursors of miRN A and scaffolds of RBPs and miRN As. 

t  

i  

κ  

H  

r  

1  

i  

a  

[  

u  

3  

s  

T  

w  

i  

i  

L  

a  

a  

I  

a  

T  

8  

l  

a  

m  

s  

t  

g  

M  

t  

κ  

e  

c  

r  

s  

a  

t  

N  

c  

c  

o  

fl

P
L  

m  

i  

e  

e  

s  

b  
issues of UC patients [ 85 ]. NORAD inhibition impaired TNF- α-
nduced cell apoptosis and inflammation by modulating the NF-
B signaling via the miR-552–3p/MYD88 axis. LncRNA 78583 and
O XB13 w er e significantl y down-r egulated and miR-3202 was up-

egulated in UC patients. Lnc78583 up-regulated HOXB13 and IL-
0, down-regulated phosphorylated NF- κB ( p-NF- κB ) and inhib-
ted miR-3202 expression, suggesting that it plays a pr otectiv e r ole
gainst intestinal inflammation by targeting miR-3202/HOXB13
 86 ]. In addition, lncRNAs could dir ectl y tar get mRNAs to reg-
late gene expression. LncRNA NEAT1 can directly bind to the
’UTR of the TNFRSF1B mRNA and activ ated inflammatory r e-
ponse via up-regulating TNFRSF1B, which is a receptor of TNF- α.
NFRSF1B activ ated its downstr eam molecule, NF- κB p65, which
as then tr anslocated fr om the cytoplasm to the cell nucleus,

nitiating the inflammatory cascade by recruiting IL1R1, a pro-
nflammatory effector [ 87 ]. Bioinformatics analysis sho w ed that
ncRN A IFNG-AS1 w as significantl y up-r egulated in UC patients,
nd IFNG-AS1, which is located adjacent to the IFNG gene, was
ssociated with SNP rs7134599, a susceptible locus to UC. T hus ,
FNG-AS1 enhances inflammatory responses via recruiting NF- κB
nd up-r egulating downstr eam inflammatory mediators, suc h as
NF- α, IFNG and IL-1 β, a ggr av ating intestinal inflammation [ 88 ,
9 ]. In inflamed mucosa of UC patients, down-regulation of the
ncRNA GAS5 increased the expression of MMP2 and MMP9, which
re important mediators of inflammatory response. One potential
ec hanism by whic h ov er expr ession of GAS5 suppr esses the tr an-
cripition of MMP2 and MMP9 is by recruiting the histone methyl-
r ansfer ase pol ycomb r epr essiv e complex 2 to the promoter re-
ion of these target genes, thereby inmeding their expression.
eanwhile, GAS5 alleviated LPS-induced inflammatory damage

hr ough up-r egulating Krüppel-like factor 2 and inhibiting the NF-
B pathway, exerting strong anti-inflammatory effects [ 90 ]. High
xpr ession le v el of lncRN A PINT w as observ ed in intestinal m u-
osal tissues of UC patients [ 91 ]. PINT acted as a transcriptional
 egulator of se v er al NF- κB-dependent cytokines and c hemokines,
uch as TNF- α and ICAM-1, and as a modular scaffold for p65
nd EZH2, coordinating their localization and specific binding to
he target genes ( TNF- α) . LncRN A N AIL w as up-regulated in UC.
AIL regulated inflammation via inactivating Wip1, which could
oactivate p38 and NF- κB, leading to differentiation of precursor
ells in bone marrow into immature myeloid cells, recruitment
f macr opha ges to the site of inflammation and expression of in-
ammatory genes in colitis [ 92 ]. 

I3K/Akt pathway 

ncRNA MALAT1 and lncRNA ANRIL wer e up-r egulated in colonic
ucosa tissues and plasma of UC patients. In addition, a signif-

cant positiv e corr elation w as found betw een the expr ession le v-
ls of the two lncRNAs in UC patients. LncRNA MALAT1 over-
xpr ession up-r egulated lncRNA ANRIL, whic h pr omoted a popto-
is of fetal human cells ( FHCs ) . Pr e vious r esearc h r eported that
oth lncRNA MALAT1 and lncRNA ANRIL had cross talk with the
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F igure 5. LncRN As regulate epithelial cell proliferation and apoptosis. ( A ) LncRNAs regulate the expression of downstream target genes through 
sponge miRNA, and then activate the NF- κB pathway, promoting inflammation and apoptosis. ( B ) LncRNAs directly target mRNAs to regulate gene 
expr ession, activ ating the NF- κB pathway and promoting inflammation and apoptosis. ( C ) LncRNAs act as modular scaffolds for RNA binding proteins, 
coordinating their localization and specific binding to the target genes, inducing cell apoptosis and inflammation. ( D ) LncRNA NEAT1 regulates glucose 
metabolism via miR-410–3p/LDHA axis, influencing intestinal barrier homeostasis. ( E ) LncRNA LINC01272 promotes TGF- β1-induced 
epithelial-mesenc hymal tr ansition ( EMT ) by tar geting miR-153–5p, leading to loss of epithelial cells and incr ease in tissue dama ge. 
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PI3K-AKT pathway [ 93 ], leading to the speculation that the PI3K- 
Akt pathway contributes in the pathogenesis of UC by mediat- 
ing the interaction between MALAT1 and ANRIL. LncRNA NEAT1 
was up-regulated in the colon tissue of UC patients. MiR-603 was 
down-regulated in NEAT1-knockdown, which increased cell via- 
bility and decreased cell apoptosis and production of cytokines.
Fibr oblast gr owth factor 9 ( FGF9 ) was a potential target of miR-603 
and negativ el y r egulated by miR-603 [ 94 ]. FGF9 affected se v er al 
biological processes, including inhibition of apoptosis and regula- 
tion of inflammatory response via the PI3K/Akt signaling pathway 
[ 95 , 96 ]. In addition, NEAT1 regulated the release of cytokines as 
well as cell surviv al, a poptosis, pr olifer ation, and differ entiation 

via the miRNA-204–5p/PI3K-Akt3 axis in DSS-induced mice [ 97 ]. 

MAPK pathway 

LncRNA Mirt2 le v els wer e significantl y lo w er in the plasma of UC 

patients. Mirt2 silencing led to increased apoptotic rates of HC- 
nEpCs, which contributed to the de v elopment of UC. Ele v ated le v- 
els of Mirt2 may lead to the deactivation of MAPK pathway, which 

decreased the production of pro-inflammatory cytokines and in- 
creased the production of the anti-inflammatory IL-22, suggesting 
its potential as a treatment for UC [ 98 ]. 
ncRNA/miRNA r egulator y networks 
ncRNA ANRIL expr ession was negativ el y corr elated with the risk
f IBD, inflammation, and active disease status in IBD [ 99 ]. Its
v er-expr ession might inhibit the production of inflammatory cy-
okines pr oduction, pr e v ent cell a poptosis and maintain barrier
unction, suggesting its potential as a ther a peutic tar get in UC.
NRIL inter acts with v arious miRNAs, including miR-195–5p and
iR-16–5p, to modulate inflammation response, cell pr olifer ation 

nd apoptosis [ 100 ]. The glucose metabolism in the IECs of UC
atients was r emarkabl y higher when compar ed to that in nor-
al controls . T he increased glucose metabolism was facilitated
 y LncRN A NEAT1 and inhibited b y miR-410–3p, leading to a ggr a-
ation of LPS-induced dysfunction in the IECs. Lactate dehydroge- 
ase A ( LDHA ) , a k e y enzyme in glucose metabolism, was dir ectl y
argeted by miR-410–3p. Inhibiting NEAT1 maintained the home- 
stasis of the glucose metabolism, ther eby alle viating dysfunction
n the IECs [ 101 ]. This effect is thought to be mediated via the miR-
10–3p-/LDHA axis. LncRNA TUG1 was down-regulated in colonic 
ucosa tissue of UC patients and in TNF- α-treated HT-29 cells

 102 ]. Forced ov er-expr ession of TUG1 can inhibit miR-142–5p and
p-r egulate SOCS1 expr ession. High expr ession of SOCS1, whic h
elongs to the suppressors of cytokine signaling ( SOCS ) family,
ed to suppression of pro-inflammatory cytokines production and 
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romoted cell viability [ 103 ]. T hus , the TUG1/miR-142–5p/SOCS1
xis is considered a crucial pathway that modulates immune re-
ponses in UC. TUG1 could also serve as a central platform for
omeostasis by binding distinct effector molecules. Binding of
UG1 to HuR positiv el y r egulated the HuR/c-myc axis, r esulting

n HuR up-regulation and subsequently c-myc up-regulation, pro-
oting IECs pr olifer ation and m ucosal gr owth. In contr ast, bind-

ng of TUG1 to miR-29b-3p negativ el y r egulated the miR-29b-
p/CDK2 axis, e v entuall y leading to CDK2 r estor ation, inhibiting
ntestinal m ucosal gr owth. This implies that TUG1 maintained
ntestinal epithelial homeostasis by regulating the balance be-
ween the HuR/c-myc signaling and the miR-29b-3p/CDK2 sig-
aling pathways [ 104 ]. LncRNA MEG3 and IL-10 le v els wer e sig-
ificantl y decr eased wher eas miR-98–5p was up-r egulated in UC
odels . MEG3 o v er-expr ession alle viated inflammatory r esponse,
 poptosis, and pyr optosis by up-r egulating IL-10 via sponging
iR-98–5p [ 105 ]. MEG3 could also competitiv el y binds to miR-20b-

p to promote CREB1 transcription [ 25 ]. Inhibition of CREB1, a
ranscription factor belonging to the basic leucine zipper family,
liminated its anti-inflammatory effect in UC [ 106 , 107 ]. LncRNA
NHG5 was up-regulated in intestinal mucosa tissues of UC pa-
ients. Down-regulation of SNHG5 can up-regulate miR-375 and
own-r egulate JAK2, ther eby pr omoting cell pr olifer ation and in-
ibiting cell apoptosis [ 108 ]. Similarly, forced over-expression of

ncRNA H19 increased cell proliferation and epithelial regenera-
ion and decreased the levels of inflammatory cytokines by target-
ng the miR-141/ICAM-1, miR-139/CXCR4 and miR-331–3p/TRAF4
xis [ 109 , 110 ]. Up-regulation of lncRNA CRNDE promoted colonic
pithelial cell apoptosis via the miR-495/SOCS1 axis [ 111 ]. LncRNA
IF9-AS1 silencing attenuated the colonic cell apoptosis and alle-
iated colon inflammation-induced intestinal injury by regulat-
ng the miR-148a-3p/SOCS3 axis [ 112 ]. Up-regulation of lncRNA
INC01272 in tissue and plasma samples of CD patients promoted
GF- β1-induced epithelial-mesenchymal transition ( EMT ) by tar-
eting miR-153–5p, leading to loss of epithelial cells and increase
n tissue damage [ 113 ]. In colon tissues of CD patients, there was a
otable rise in the expression of LncRNA CNN3-206. The increased
xpression led to up-regulation of Caspase 10 by absorbing miR-
12, consequentl y enhancing a poptosis, migr ation and invasion of
ECs [ 114 ]. 

ther r egulator y networks 
t has been reported that lncRNA PMS2L2 was down-regulated
n the plasma of UC patients. LncRNA PMS2L2 ov er-expr ession
n human colonic epithelial cells ( HCnEpCs ) suppressed LPS-
nduced cell apoptosis by inhibiting miR-24 expression via pro-

oting the methylation of miR-24 gene [ 115 ]. Ov er expr ession of
ncRNA BC012900 in active UC resulted in the increased expres-
ion of PPM1A ( protein phosphatase ) , activating the expression of
he tumor suppressor gene TP53/p53 , which led to G2/M cell cy-
le arrest and apoptosis [ 116 ]. LncRN A Gm31629 deficienc y exac-
rbated intestinal inflammation and delayed epithelial r egener a-
ion. Conv ersel y, its ov er-expr ession pr omoted cell pr olifer ation,
acilitated epithelial r egener ation and pr otected the intestinal
 ucosa a gainst inflammation dama ge. Mec hanicall y, Gm31629

inds to YB-1 protein and pr e v ents its degr adation, thus, pr omot-
ng the expression of E2F target genes CCND1 [ 117 ]. This indicated
hat lncRNAs can bind to specific enhancers ( nucleic acids and
roteins ) to exert synergistic effects. 

In summary, the above findings demonstrate that lncRNAs reg-
late the occurrence and development of IBD through diverse
ec hanisms: ( 1 ) lncRNA dir ectl y tar gets and r egulates mRNA

plicing, editing, subcellular distribution and stability; ( 2 ) lncR-
As and mRNAs can form competing endogenous RNA ( ceRNA )
etworks with crosstalk between them thr ough shar ed miRNA r e-
ponse elements; ( 3 ) lncRNAs act as the precursor of small lncRNA
nd the scaffold of RBP and miRNA; ( 4 ) lncRNAs interact with pro-
eins to regulate downstream pathw ays; ( 5 ) lncRN As interact with

iRNA and participates in epigenetic regulation; ( 6 ) lncRNAs bind
o tr anscriptional r egulators to r egulate r elated molecular signal-
ng pathwa ys , suc h as macr opha ge polarization. 

ncRN As regula te immune responses 

isruptions in the composition or function of gut microbiota,
long with a thinner mucus layer and compromised epithelial
ell barrier, collectiv el y contribute to the activation of the host
mm une r esponse . T his imm une r esponse is mediated, in part,
y v arious imm une cells suc h as dendritic cells, macr opha ges,
eutrophils , T cells , and innate lymphoid cells, along with the
resence of inflammatory cytokines . T hese immune factors play
 pivotal role in initiating and advancing IBD progression. The
mbalance between pro-inflammatory and anti-inflammatory cy-
okines in IBD pr e v ents the resolution of inflammation and in-
tead leads to disease pr ogr ession and tissue destruction [ 118 ].
le v ated pr o-inflammatory cytokine le v els contribute to a pr o-
nflammatory cascade that promotes epithelial injury, intesti-
al barrier defects, and tissue damage [ 119 ]; and yet, anti-

nflammatory cytokines, as an important part of cytokine net-
orks, can also be used for treatment of chronic intestinal in-
ammation. LncRNAs, acting as biological regulatory molecules,
emonstrate distinct expression within various cells , tissues , and
rgans . T his allows them to play a role in host immune responses
 Fig. 6 ) . 

nnate immune responses 
nnate immunity is the first line of defense against pathogens. In-
ate imm une cells, suc h as dendritic cells ( DCs ) , macr opha ges,
eutrophils and innate lymphoid cells can sense the changes

n intestinal homeostasis and respond to pathogen associated
olecular patterns ( PAMPs ) . Defective innate immune responses

an lead to IBD. 
Dendritic cells ( DCs ) play a critical part in induction of IBD

mmune pathogenesis by sensing environmental changes and
ransmitting signals [ 120 ]. Changes in microbiota, decreased mu-
us layer and increased permeability of epithelial barriers in IBD
nhances the entry of antigens into the lamina propria to ac-
ivate DCs . T he PAMPs ar e r ecognized by Toll-like receptors of
Cs, resulting in inflammation by secreting pro-inflammatory cy-

okines and chemokines to recruit neutrophils, as well as trans-
ating innate to ada ptiv e imm une r esponses. LncRNA MALAT1
v er-expr ession pr omotes dendritic cell-specific intercellular ad-
esion molecule-3 grabbing nonintegrin ( DC-SIGN ) expression by
cting as a molecular sponge for miR-155, favoring the transition
f DCs to tolerant phenotypes [ 121 ]. In DSS-induced colitis mice
odels, melatonin promoted bone marrow derived dendritic cell

 BMDCs ) tr ansformation into imm une toler ant phenotypes by af-
ecting lncRN A ENSMUST00000226323. F r om a molecular inter ac-
ion perspective, lncRNA ENSMUST00000226323 interacted with

iRN A-709. Ywhaz and Ccl9 , tw o piv otal genes in the PI3K-Akt
athw ay, w er e pr edicted to be the tar gets of miRNA-709. ENS-
UST00000226323, Ywhaz and Ccl9 might play regulatory roles

n the PI3K-Akt pathway through miRNA-709 and participate in
unctional changes of BMDCs in colitis ( Fig. 6 A ) [ 122 ]. T herefore ,
ncRNAs regulate IBD by altering BMDCs functions. 
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F igure 6. LncRN As regulate immune responses and epithelial restitution. ( A ) LncRNAs affect the transformation of BMDCs into immune tolerant 
phenotypes. ( B ) LncRNA regulate Th cell differentiation to balance the production of inflammatory c ytokines. ( C ) LncRN As are involved in neutrophil 
infiltration to promote IBD occurrence and development. ( D ) LncRNAs participate in regulation of autophagy to regulate intestinal homeostasis. ( E ) 
LncRNAs promote cell proliferation to sustain the maintenance and functions of ILC3s. ( F ) LncRNAs participate in exosome-mediated polarization of 
macr opha ges. 
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Macr opha ges ar e abundant in the lamina propria of intesti- 
nal mucosa to maintain intestinal homeostasis. In IBD, the 
macr opha ge phenotype shifts to M1 during inflammatory pro- 
gr ession, whic h secr etes pr o-inflammatory cytokines, wher eas 
during disease remission, the macrophage phenotype shifts to 
M2, whic h secr etes anti-inflammatory cytokines . LncNEAT1 pla ys 
a role in inflammatory responses by regulating intestinal ep- 
ithelial barrier and through exosome-mediated macr opha ge po- 
larization. Inhibition of NEAT1 suppresses inflammatory re- 
sponses by promoting macrophage M1 transformation to M2, 
ther eby impr oving intestinal epithelial barrier permeability [ 78 ].
Due to the anti-inflammatory activities of M2 macr opha ges,
M2-macr opha ge-deriv ed extr acellular v esicles ( M2-EVs ) hav e be- 
come k e y mediators in many inflammatory disease processes 
[ 123 ]. The M2-EVs play anti-inflammatory roles via surface-bound 

c hemokine r eceptors and anti-inflammatory cytokines r eleased 

by M2 macr opha ges. LncRNA MEG3 can be deliv er ed by EVs to 
r egulate IBD pr ocession [ 25 ]. M2-EVs suppr ess inflammatory r e- 
sponses by up-regulating lncRNA MEG3, whic h competitiv el y bind 

miR-20b-5p to promote cAMP response element binding protein 1 
( CREB1 ) tr anscription, ther eby r educing inflammatory r esponses 
in UC. The results indicate that M2-EVs can be utilized to treat UC 

and other diseases ( Fig. 6 F ) . 
Neutrophils play a major role in UC mucosal inflammation 

and injury by secreting toxic mediators, including neutrophil elas- 
ase, m yelopero xidase, reacti ve o xygen species and proinflamma-
ory cytokines [ 124 ]. Based on biological functions of non-coding
N As inv olv ed in UC r ecurr ence and pr ogr ession, Lu et al. con-
tructed competing endogenous RN A ( ceRN A ) netw orks of lncR-
 As, microRN As and mRN A. They found that 4 lncRNAs, 5 miR-
 As, and 52 mRN As are inv olv ed in interleukin famil y signals,
eutr ophil degr anulation, ada ptiv e imm unity, and cell adhesion
athways [ 125 ]. Correlation analyses sho w ed that ceRN A net-
orks are highly associated with most of the UC-associated infil-

r ating imm une cells, particularl y neutr ophils, macr opha ges and
 cells. LncRNA MIR4435-2HG acts as a miRNA sponge for TGF-
1 and activated TGF- β signaling, suggesting that MIR4435-2HG 

s a crucial mediator of inflammatory processes. Yin et al. dis-
ov er ed and v alidated a nov el ceRNA imm unor egulatory axis in
lcer ativ e colitis-associated colorectal cancer ( CAC ) progression 

 126 ]. LncRNA NEAT1 functions as ceRNA to sponge miR-1–3p and
r omote IL6ST expr ession. Neutr ophils wer e the centr al imm une
ells in CAC de v elopment, and IL6ST expr ession was positiv el y
orrelated with neutrophil counts. Upregulated IL6ST affected the 
F- κB pathway and neutrophil infiltration, and promoted CAC de-
elopment ( Fig. 6 C ) . 

As components of the innate immune system, innate lym- 
hoid cells ( ILC ) r eside in m ucosal surfaces to pr omote imm une
 esponses, maintain m ucosal integrity and facilitate lymphoid 

rganogenesis [ 127 ]. Intestinal group 3 ILCs ( ILC3s ) are enriched in
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ntestinal lamina propria [ 128 ] and lncKdm2b is highly expressed
n ILC3s [ 129 ]. LncKdm2b expr ession r ecruits the c hr omatin or-
anizer ( Satb1 ) and the nuclear remodeling factor ( NURF ) com-
lex onto the Zfp292 promoter region to initiate its transcription,
her eby pr omoting their pr olifer ation to sustain the maintenance
f ILC3s. Deregulated ILC3 functions can lead to colitis occurrence
nd de v elopment [ 130 ]. Ther efor e, we postulate that lncKdm2b
articipates in the de v elopment of colitis ( Fig. 6 E ) . 

Autophagy is an evolutionarily conserved process in eukaryotes
hr ough whic h dama ged pr oteins and or ganelles ar e degr aded in-
ide the l ysosomes [ 131 ]. Autopha gy plays a vital role in main-
aining intestinal homeostasis and functions, regulating gut mi-
robiota composition and altering host imm une r esponses [ 132 ].
he lncRNAs interact with autophagy to regulate intestinal home-
stasis. LncRNA H19 participates in the regulation of autophagy
nd in functions of paneth and goblet cells in the intestinal epithe-
ium [ 133 ]. Intestinal mucosal tissue samples from patients with
e psis and se ptic mice models exhibited incr eased le v els of H19,
 esulting in autopha gy inactiv ation, defects of paneth and goblet
ells and disruption of epithelial barrier functions. Deregulated
xpressions of autophagy associated genes, such as Atg16L1 , Atg5 ,
nd Atg7 have also been reported in IBD patients [ 134 ]. The exact
echanisms by which H19 deletion activates intestinal epithelial

utopha gy hav e not been determined. Mec hanisticall y, HuR ( an
NA binding protein RBP that can bind H19 ) regulates autophagy
y altering ATG expression [ 135 ]. Suppressed HuR levels in the

ntestinal mucosa of IBD patients were accompanied by specific
uppression of ATG16L1 level. HuR directly bound mRNAs encod-
ng ATG5/12/16 via 3-UTRs, enhanced their stability and transla-
ion, and increased cellular abundances of ATG proteins ( Fig. 6 D )
 136 ]. Ther efor e, we postulate that under IBD conditions, H19 com-
etitiv el y binds HuR, ther eby inhibits autopha gy by suppr essing
TGs expressions and repressing paneth and goblet cell functions.
his leads to disruption of the intestinal epithelial defense and ag-
r av ates m ucosal injury as well as inflammation. In futur e, stud-
es should be performed to confirm this phenomenon and to elu-
idate on the underlying mechanisms. 

daptive immunity 

da ptiv e imm unity functions in tandem with innate imm unity to
r oduce effectiv e imm une r esponses a gainst inv ading pathogens.
 l ymphocytes ar e vital players in ada ptiv e imm une r esponses.
riginal T cells are activated and are differentiated into differ-
nt subsets, such as Th1, Th2, Th17 and Treg cells. In IBD, T
ell response disorders and imbalanced T cell subsets lead to
isturbances in cytokine r elease, whic h disrupts gut homeosta-
is. P athologicall y, CD manifests with Th1 and Th17 immune
esponses, while UC is considered to be Th2-mediated disease
 137 , 138 ]. Dysregulated lncRNAs regulate the activities and dif-
erentiation of T cells and further affects the balance between
ro-inflammatory and anti-inflammatory cytokines ( Fig. 6 B ) [ 139 ].
ncRN A ITSN1-2 w as up-regulated in UC patients and was closely
ssociated with high risks and activities of IBD. ITSN1-2 acts as
 ceRNA of IL-23R, and its up-regulation promotes the activa-
ion and pr olifer ation of CD4 + T cells as well as the differen-
iation of T h1/T h17 cells by sponging miR-125a [ 140 ]. LncRNA
FNG-AS1 is positiv el y corr elated with UC se v erity. Ov er-expr essed
FNG-AS1 activate primary T cells, leading to up-regulation of Th1
ro-inflammatory cytokines ( IFNG and IL2 ) , and down-regulation
f Th2 anti-inflammatory cytokines ( IL10 and IL13 ) [ 141 ]. The
FNG-AS1-induced cytokine switching might involve T-bet, which
egulates T cell differentiation and IFNG-AS1 expression [ 142 ].
ncRNA DQ786243 le v els wer e significantl y ele v ated in activ e CD
atients, r elativ e to healthy controls and inactive CD patients
 143 ]. DQ786243 up-r egulated CREB expr ession and phosphory-
ation le v els, whic h is critical for activities of the TCR r esponse
lement in forkhead box P3 ( Foxp3 ) , a master transcription factor
hat regulates Tregs functions and development [ 144 , 145 ]. These
ndings imply that DQ786243 influences IBD processes by affect-

ng the expressions of CREB and Foxp3 via regulating Treg func-
ions. By analyzing the transcriptome of CD4 + T cells in the termi-
al ileum propria of CD patients , a no vel lincRNA XLOC_000 261
as identified to be a negativ e r egulator of ROR γ t ( a Th17-defining

ranscription factor ) and impacts the pro-inflammatory capac-
ty of Th17 cells, which affects adaptive immune responses in
D [ 139 ]. Li et al. analyzed the expression profiles of long non-
oding RNAs in intestinal mucosa of CD patients and found
hat lncRNA ENST00000487539.1_1 promotes Th17 cell differen-
iation by regulating related target genes, such as IL17, ROR γ -
, TGF- β, MHC-II, IL-22 [ 146 ]. Further studies are needed to in-
estigate the biological functions and underl ying mec hanisms of
NST0000487539_1.1. 

ncRNAs as diagnostic biomarkers for IBD 

he expr ession pr ofile of lncRNA in colonic biopsy and plasma
amples is significantly different between IBD patients and
ealthy controls [ 116 , 148–151 ]. This indicates that lncRNAs hold
otential as valuable diagnostic markers for IBD ( Table 2 ) . Wu et
l. identified 329 and 126 lncRN As, which w er e up-r egulated and
own-r egulated in activ e UC tissues, r espectiv el y, compar ed with
ormal control tissues [ 116 ]. Li et al. reported that lncRNA Mirt2
nd lncRNA IFNG-AS1 were negatively correlated, with Mirt2 be-
ng down-regulated and IFNG-AS1 being up-regulated in UC pa-
ients’ plasma compared with healthy contr ol. Receiv er oper ating
 har acteristic ( ROC ) curve showed that the area under the curve
 AUC ) was 0.86 for plasma Mirt2 ( 0.92 in another study ) and 0.84
or plasma IFNG-AS1 [ 98 , 152 ]. This suggested the promising di-
 gnostic v alues of these tw o lncRN As for UC. IL-22, kno wn for its
nti-inflammatory properties , pla y a crucial role in inhibiting in-
estinal inflammation. Of particular interest is the positive cor-
 elation observ ed between IL-22 and Mirt2 in UC patients. Fur-
her analysis of the relationship between IL-22/Mirt2 and plasma
-r eactiv e pr otein ( CRP ) le v els r e v ealed a significant and inv erse
orrelation between the plasma levels of IL-22 and Mirt2 with
RP le v els. CRP, an acute phase reaction protein ( APRP ) , is com-
only used to assess inflammatory status. Given these findings,
 combined assessment of IL-22, Mirt2, and CRP le v els in plasma
olds promise for aiding in the diagnosis and prognosis assess-
ent of UC. The lncRNA MALAT1 le v el was markedly higher in

olon tissues of UC patients compared with healthy controls, with
UC of 0.94, indicating that lncRNA MALAT1 could efficiently dis-

inguish UC patients from health controls [ 94 ]. Wang et al. re-
orted that lncRNA KIF9-AS1, LINC01272 and DIO3OS might be
otential diagnostic biomarkers for IBD [ 153 ]. In this study, com-
ared with healthy controls, KIF9-AS1 and LINC01272 were sig-
ificantl y up-r egulated wher eas DIO3OS wer e down-r egulated in
issue and plasma samples from UC patients and CD patients.
he AUC of KIF9-AS1, LINC01272 and DIO3OS expression was
.872, 0.777 and 0.653 between UC patients and healthy controls
nd 0.811, 0.887 and 0.794 between CD patients and healthy con-
r ols, r espectiv el y. LncRNA ANRIL le v els wer e lower in UC patients
nd CD patients compared with the contr ols. ROC curv e anal yses
ho w ed that lncRN A ANRIL could distinguish UC patients and CD
atients fr om contr ols with an AUC of 0.789 and 0.771, r espec-
iv el y [ 99 ]. In addition, lncRNA ANRIL expr ession was lower in both
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Table 2. Dia gnostic v alues of lncRNAs as biomarkers for UC and CD. 

Sta tistical indica tors 

LncRNAs Sample Compared groups Sensitivity ( % ) Specificity ( % ) AUC P value Reference 

Up-regulated in UC 

ITSN1-2 colonic tissue active UC vs. healthy controls − − 0.857 − [ 140 ] 
remission UC vs. healthy controls − − 0.678 −
active UC vs. remission UC − − 0.754 −

PBMCs active UC vs. healthy controls − − 0.828 −
remission of UC vs. healthy controls − − 0.741 −
active UC vs. remission UC − − 0.649 −

MALAT1 plasma UC vs. healthy controls − − 0.94 − [ 93 ] 
IFNG-AS1 plasma UC vs. healthy controls − − 0.84 < 0.05 [ 152 ] 
LINC01272 plasma UC vs. healthy controls − − 0.777 < 0.0001 [ 152 ] 
KIF9-AS1 plasma UC vs. healthy controls − − 0.872 < 0.0001 [ 153 ] 
LINC00657 serum UC vs. healthy controls 92.3 100 0.923 < 0.0001 [ 155 ] 
Do wn-regula ted in UC 

CDKN2B-AS1 serum UC vs. healthy controls 0.822 0.968 0.894 − [ 84 ] 
active UC vs. remission UC 0.733 0.624 0.714 −
mild UC vs. moderate UC 0.494 0.730 0.609 −
mild UC vs. se v er e UC 0.494 0.800 0.667 −
moderate UC vs. severe UC 0.667 0.511 0.562 −

ANRIL PBMCs UC vs. healthy controls − − 0.789 − [ 98 ] 
Mirt2 plasma UC vs. healthy controls − − 0.92 < 0.05 [ 102 ] 
Mirt2 plasma UC vs. healthy controls − − 0.86 < 0.05 [ 152 ] 
DIO3OS plasma UC vs. healthy controls − − 0.653 0.001 [ 153 ] 
Up-regulated in CD 

LINC01272 plasma UC vs. healthy controls − − 0.887 < 0.0001 [ 152 ] 
KIF9-AS1 plasma UC vs. healthy controls − − 0.811 < 0.0001 [ 153 ] 
Do wn-regula ted in CD 

DIO3OS plasma CD vs. healthy controls − − 0.794 < 0.0001 [ 153 ] 
ANRIL CD vs. Health control 86.1 64.2 0.803 [ 154 ] 

Active CD vs. healthy controls 85.7 83.6 0.903 
Remission CD vs. healthy controls 93.2 50.7 0.732 
Active CD vs. Remission CD 85.7 71.2 0.839 −

Testing method: RT-qPCR 
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active CD patients and remission CD patients in comparison with 

healthy contr ols. ROC curv es r e v ealed that ANRIL expr ession had 

an AUC of 0.803, which could distinguish patients with CD from 

the controls with 86.1% sensitivity and 64.2% specificity. ANRIL 
also sho w ed good v alues in differ entiating activ e CD patients fr om 

controls with AUC of 0.903, sensitivity of 85.7% and specificity of 
83.6%, remission CD patients from controls with AUC of 0.732,
93.2% sensitivity and 50.7% specificity and active CD patients 
from the remission CD patients with AUC of 0.839, 85.7% sen- 
sitivity and 71.2% specificity [ 154 ]. Corr elation anal ysis sho w ed 

that ANRIL expression was negatively correlated with ESR, CRP 
and IL-6 le v els in UC and CD patients, suggesting its potential 
value for IBD management [ 99 , 154 ]. A study conducted in Egypt 
reported that serum lncRNA 00657 could efficiently distinguish 

UC fr om contr ols with an AUC of 0.923, 92.3% sensitivity of and 

100% specificity [ 155 ]. The expr ession le v el of intestinal m ucosa 
and peripheral blood mononuclear cells ( PBMCs ) lncRNA ITSN1-2 
was higher in active UC patients and remission UC patients com- 
pared with health controls. ROC curves analysis revealed that in- 
testinal mucosa ITSN1-2 sho w ed an excellent pr edictiv e v alue in 

active UC with a high AUC of 0.857 and UC of remission with AUC 

value of 0.678 compared with healthy controls. Similarly, PBMCs 
ITSN1-2 sho w ed an excellent pr edictiv e v alue in activ e UC with 

AUC of 0.828 and a moderate predictive value in remission UC 

with AUC of 0.741 compared with healthy controls . Furthermore ,
intestinal mucosa and PBMCs lncRNA ITSN1-2 showed an accept- 
able value in distinguishing active UC patients from remission UC 
atients with AUC of 0.754 and 0.649, r espectiv el y [ 140 ]. Similar re-
ults were observed in patients with CD. Intestinal mucosa ITSN1-
 was up-regulated in active CD patients compared with healthy
ontr ols and ROC curv es anal ysis further disclosed that intestinal
 ucosal ITSN1-2 pr esented with an excellent v alue in pr edicting

ctive CD risk with AUC 0.873. As for PBMC ITSN1-2, it was found
o be up-regulated in active CD and remission CD patients com-
ared with healthy controls. ROC curves analysis further exhib- 

ted that PBMC ITSN1-2 illuminated an excellent value in predict-
ng active CD risk with AUC 0.891 and maid value in predicting
-CD risk with AUC 0.716. Mor eov er, intestinal m ucosa and PBMC

TSN1-2 was positiv el y corr elated with both CRP and ESR in CD
atients. As for UC patients, intestinal mucosa ITSN1-2 was only
ositiv el y associated with ESR, while it did not correlate with CRP.
urthermore, PBMC ITSN1-2 sho w ed a positive correlation only
ith CRP, not with the ESR. In summary, ITSN1-2, similar to CRP
nd ESR, holds promise as a potential biomarker for assessing the
isease activity of IBD. 

Although the dysregulation of lncRNAs in IBD tissue or plasma
amples is a potentiall y v aluable dia gnostic biomarker for IBD,
he IBD pathological process is complex and not fully eluci-
ated, ther e is curr entl y no single gold standard test for dia g-
osing IBD. Ther efor e, a combination of se v er al lncRNAs might
e necessary to provide an accurate diagnosis. A transcriptomic 
andsca pe r e v ealed 370 up-r egulated lncRN As and 375 do wn-
egulated lncRNAs in inflamed UC. The best Support Vector Ma-
hines ( SVM ) classifier performance based on the comparison 
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etween differ entiall y expr essed lncRNAs identified in the in-
amed UC and healthy contr ols effectiv el y distinguished inflamed
C and CD fr om the contr ols with 94.6% and 100% accuracy,
00% and 100% specificity and 86.7% and 100% sensitivity, respec-
iv el y. The classifier distinguished inflammatory CD from controls
 accuracy 100%, sensitivity 100%, sensitivity 100% ) , inflamed UC
r om non-inflamed UC ( accur acy 91.7%, specificity 88.9%, sensi-
ivity 83.3% ) , inflamed CD from non-inflamed CD ( accuracy 86.4%,
pecificity 78.3%, sensitivity 95.2% ) , and inflamed CD from in-
amed UC ( accuracy 77.8%, specificity 60.0%, sensitivity 90.4% )
 114 ]. LncRN A CDKN2B AS1 w as excellent in distinguishing UC pa-
ients from healthy controls with an AUC of 0.894. Furthermore,
DKN2BAS1 combined with miR-16–5p and miR-195–5p could
tr ongl y impr ov e the dia gnostic efficacy for UC, with an AUC of
.995, which was higher compared with the that of CDKN2B-AS1
nd miR-16–5p combined ( AUC = 0.978 ) and CDKN2B-AS1 and
iR-195–5p combined ( AUC = 0.975 ) . For distinguishing between

ctive and remission UC patients, CDKN2B-AS1, miR-16–5p, and
iR-195–5p combined diagnosis had an AUC of 0.817, which was

igher than the diagnosis of CDKN2B-AS1 ( AUC = 0.714 ) , miR-
6–5p ( AUC = 0.710 ) and miR-195–5p ( AUC = 0.639 ) individually.
ndividual CDKN2BAS1 could distinguish mild-to-moderate UC
atients and mild-to-se v er e UC patients with an AUC of 0.609
nd 0.667, r espectiv el y. In comparison, combining CDKN2B-AS1
ith miR-16–5p and miR-195–5p impr ov ed its efficacy in the di-
 gnosis of mild-to-moder ate UC ( AUC = 0.638 ) , mild-to-se v er e
C ( AUC = 0.720 ) , and moder ate-to-se v er e UC ( AUC = 0.610 )

 100 ]. 
Although emerging evidence supports the use of lncRNAs as

otential diagnostic biomarkers of IBD, several issues need to be
 esolv ed befor e they can be applied in clinical application, includ-
ng sensitivity , specificity , wide applicability and stability of ex-
r ession. Notabl y, ther e may be many IBD-related lncRNAs, but
pecific serum diagnostic markers for the diagnosis of IBD are
ac king. Scr eening out lncRNAs with high sensitivity and speci-
city and stable expression as molecular markers among a vast
ool of lncRNAs with v arying expr ession c hanges is a c hallenging
ndeavor. To ensure the reliability and accuracy of these lncRNAs
s novel biomarkers, it is crucial to include an adequate number
f patients in the study. Mor eov er, for v alidation pur poses, it is es-
ential to r ecruit ne w patients, a step that is unfortunately lack-
ng in the vast majority of current published studies. In addition,
hanges in circulating lncRNA le v els in IBD patients may be due
o the body’s general pathophysiological response to the inflamed
o w el tissue, rather than due to direct secretions from intestinal
ucosa. T his ma y also explain why there is sometimes a lack of

onsistenc y betw een cir culating lncRN A le v els and intestinal m u-
osal lncRNA le v els [ 140 ]. In the case of non-inv asiv e or minimall y
nv asiv e sampling, it is likely that a pan-circulating biomarker will
e utilized in the near future to diagnose IBD ( similar to a com-
ined test of multiple markers ) . Undoubtedly, the growing global

nterest in lncRNAs and advancements in technology have paved
he way for exploring circulating lncRNAs as potential novel blood
iomark ers link ed to IBD. 

ncRNAs as therapeutic targets and agents 

or IBD 

part from their potential as diagnostic biomarkers, lncRNAs also
old promise for clinical applications as potential treatments for

BD. A potential strategy in this regard is to target specific lncR-
As for silencing or ov er-expr ession to mitigate the effects of
BD and pr ovide ther a peutic benefits . For example , vildagliptin, a
ipe ptid yl pe ptidase IV ( DPP-IV ) inhibitor, str ongl y inhibited the
xpression of lncRNA IFNG-AS1 and miR-146a, as well as the
I3K/Akt/NF- κB pathway, but activated CREB and nuclear factor
rythr oid 2-r elated factor 2 ( Nrf2 ) signaling pathwa ys , resulting
n alleviation of o xidati ve stress, inflammation and cell apopto-
is in acetic acid-induced colitis [ 89 ]. In a study focused on pedi-
tric patients with UC, r esearc hers examined the correlation be-
w een lncRN A GAS5 and the r esponse to glucocorticoid ther a py.
hey found that lncRN A GAS5 w as up-regulated in the PBMCs
f pediatric IBD patients who sho w ed an unfav or able r esponse to
lucocorticoid treatment. This suggests that lncRNA GAS5 holds
romise as a novel pharmacogenomic marker, which could be
tilized for personalized glucocorticoid ther a py in these patients.
or eov er, inhibition of GAS5 r estor ed glucocorticoid r esponse in

 efr actory patients [ 156 ]. LncRNA OIP5-AS1 and IL-17 were up-
 egulated wher eas miR-26a-5p was down-regulated in UC, with
IP5-AS1 serving as a miR-26a-5p sponge to modulate the Th17
ells and IL-6 expression. Further, vitamin D treatment could de-
rease OIP5-AS1 level in both CD4 + T cells and Th17 cells differ-
ntiation, ther efor e decr easing IL-6 le v el via OIP5-AS1/miR-26a-
p/IL-6 axis [ 147 ]. 

On the other hand, an alternativ e a ppr oac h involv es utiliz-
ng lncRNAs as potential ther a peutic a gents to tar get r ele v ant
athogenic mec hanisms, r ather than tr eating them as ther a peu-
ic targets themselves. A noteworthy example of this is the use of
fla vin 3-gallate , a natural compound that mimics the function of
ncRNA Gm31629. This compound has been shown to enhance the
r otein le v els of YB-1 and CCND1, along with mRNA le v els of E2F
arget genes, in colon tissues. Consequently, this facilitates epithe-
ial r egener ation and effectiv el y mitigates colitis induced by DSS
 117 ]. M2-EVs as critical mediators in various inflammatory dis-
ases [ 123 ], exerted potent anti-inflammatory effects by regulat-
ng surface-bound chemokine receptors and anti-inflammatory
ytokines released by M2 macr opha ges [ 157 ]. M2-EVs reduced
nflammatory response by up-regulating lncRNA MEG3, which
ompetitiv el y bound to miR-20b-5p to promote CREB1 transcrip-
ion, thereby enhancing cell viability and reducing inflammation-
nduced injury in UC. These results suggested that M2-EVs could
e a promising therapeutic target of UC [ 25 ]. Technically, one ap-
r oac h is to co-pac ka ge lncRNAs into M2-EVs with biomimetic
anoparticles to form nanoscale drug delivery systems ( DDS ) for
he treatment of IBD. Another approach is to transfect lncRNA di-
 ectl y into M2 with lentivirus and transfer from M2 to target cells
ia EVs pac ka ging, ther eby impr oving intestinal inflammation.
oth a ppr oac hes hav e been demonstr ated in studies of EV-coated
iRNAs for the treatment of IBD [ 158–160 ]. Finally, it is worth-
hile to mention that herb-partitioned moxibustion ( HPM ) could
lso regulate the expression and functions of lncRNAs. Wang et al.
ound that HPM impr ov ed intestinal inflammation of CD by up-
egulating the lncRNA LOC102550026/miR-34c-5p/Pck1 axis and
dipocytokine, PPAR, AMPK, FoxO, and PI3K-Akt signaling path-
a ys , whic h r eflect a potential molecular mechanism by which
PM impr ov es CD symptoms [ 148 ]. 
In summary, lncRNAs are novel therapeutic targets and agents

hat have not been fully exploited for IBD treatment. LncRNAs
ffect the occurrence and development of IBD through various
ec hanisms, r eflecting their clinical prospects as new therapeu-

ic targets and agents for IBD. With the maturation of lncRNAs in
ivo targeting technologies, such as the antisense oligonucleotide
echnology that is currently used to treat human diseases,
he de v elopment of lncRNA-tar geted ther a peutic r egimens is
easible. 
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Conclusion 

Evidence accumulated shows that lncRNAs participate in gene 
r egulation at m ultiple le v els ( epigenetic, tr anscriptional, and post- 
tr anscriptional r egulation, etc. ) to r egulate div erse biological and 

physiopathological contexts by interacting with DNA, RNA and 

pr oteins. Mor eov er, the ability of lncRNAs to code peptides has 
broadened our understanding of the important role of lncRNAs 
in the pathogenesis and de v elopment of diseases . T his r e vie w fo- 
cuses on the regulatory effects of lncRNA on the composition 

of intestinal flora, the integrity of the intestinal mucous layer,
the functionality of the epithelial barrier, and immune response 
thr oughout the de v elopment and pr ogr ession of IBD. Mor eov er,
the futur e a pplication of lncRNA as biomarkers and ther a peutic 
tar gets/a gents in IBD is discussed. 

Over the past few decades, researchers have made great ad- 
vances in uncovering the mechanism of miRNAs in IBD occur- 
r ence and de v elopment. LncRNAs hav e been implicated in the de- 
v elopment and pr ogr ession of IBD and been shown with poten- 
tial of clinical application in the pr ediction, dia gnosis, tr eatment 
and monitoring of IBD. Ho w e v er, man y critical, difficult issues 
must be resolved before lncRNAs can be applied in clinical prac- 
tice. Among them, testing methods ( micr oarr ay, RNA-sequencing 
and qRT-PCR ) and sample types ( plasma, colonic tissues ) should 

be standardized. Whereas microarray and RNA-sequencing have 
shown hundreds of lncRNA deregulated in IBD patients, the re- 
sults of different studies show wide variations and inconsisten- 
cies . For instance , the a ppr opriate method ( s ) for v alidating the 
function or application of a specific lncRNA remain uncertain and 

ambiguous in the current scientific liter atur e. In addition, lncR- 
NAs isolated from blood using minimall y inv asiv e methods could 

be used as ideal biomarkers, but whether their diagnostic value 
can r eac h the le v el in colon tissue is unknown. Like with many 
other r esearc h topics, the under-elucidated mec hanisms of lncR- 
NAs in IBD limits their applications in clinical practice. In lncRNAs 
tar geted ther a py, ther e ar e still m ultiple uncertainty factors, in- 
cluding c hoosing a ppr opriate tar geting methods and drug v ectors.
Although initial results from animal studies have been promising,
these strategies need to be further validated in clinical trials to 
assess their feasibility , efficacy , and safety . Despite the many sig- 
nificant challenges, considering the recent successes in COVID-19 
mRNA vaccines and other cancer drugs development, we strongly 
belie v e that lncRNAs ar e pr omising in clinical applications, in- 
cluding biomarkers, prognostic indicators and therapeutic candi- 
dates/targets. 

In conclusion, this r e vie w describes v aluable knowledge about 
the potential mechanisms of lncRN A inv olvement in IBD and 

summarizes new findings regarding the role of lncRNAs as di- 
agnostic markers and therapeutic targets/agents for IBD. How- 
e v er, further r esearc h in r elated fields is necessary to address the 
afor ementioned c hallenges and expedite the clinical translation 

of these findings. 
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