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INTRODUCTION

Abstract

Crohn's disease (CD) is a chronic inflammatory disease that leads to intestinal
stricture in nearly 35% of cases within 10 years of initial diagnosis. The unknown
pathogenesis, lack of universally accepted criteria, and absence of an effective
management approach remain unconquered challenges in structuring CD. The
pathogenesis of stricturing CD involves intricate interactions between factors such
as immune cell dysbiosis, fibroblast activation, and microecology imbalance. New
techniques such as single-cell sequencing provide a fresh perspective. Non-invasive
diagnostic tools such as serum biomarkers and novel cross-sectional imaging tech-
niques offer a precise understanding of intestinal fibrostenosis. Here, we provide a
timely and comprehensive review of the worthy advancements in intestinal stric-
tures in 2023, aiming to dispense cutting-edge information regarding fibrosis and to
build a cornerstone for researchers and clinicians to make greater progress in the

field of intestinal strictures.

KEYWORDS
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stricturing.®* Intestinal stricture is an unsolved health-threatening

problem. Although the therapeutic management of CD has

Crohn's disease (CD) is a chronic inflammatory disease with high
prevalence.? Complications requiring surgery may occur in up to 70%
of patients within 10 years of diagnosis, with half of them attributed
to the development of strictures.? The stricture may progress to form
a vicious circle, as associated complications such as abscess or fistula

formation can be treated with surgery, which may lead to re-

improved with the advent of novel therapeutic agents, an effective
approach to deal with CD-related stricture has not yet been
discovered. Intestinal stricture is often manifested as intestinal
fibrosis at the microscopic level. The mechanisms behind fibrosis
pathogenesis are still not fully understood. There is currently a

dearth of efficacious drugs for intestinal fibrosis.”® Here, we
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summarize a curated set of articles from the year 2023 that display
some refreshing breakthroughs concerning the underlying mecha-
nisms and diagnostic methods, alongside reports on improved and
new-advent management strategies for intestinal stricture, with the
hope of setting a stage for researchers and clinicians to have a more
inclusive look into intestinal stricture.

SEARCH STRATEGY

A comprehensive literature review was conducted using the PubMed
database, Web of Science, and Embase for relevant literature pub-
lished in 2023. The search terms were as follows (all fields): (“ste-
notic” OR “stenosis” OR “fibrosis” OR “fibrotic” OR “fibrostenotic” OR
“fibrostenosis” OR “stricture” OR “strictures” OR “stricturing” OR
“strictured” OR “constriction” OR “constrictions”) AND (“Crohn's
disease” OR “inflammatory bowel disease” OR “CD” OR “IBD”) AND
(Filters: from 1 January 2023 to 31 December 2023). References to
the identified articles were also examined for additional studies

meeting these criteria.

MECHANISM
Genetic markers associated with intestinal fibrosis

Genetic and epigenetic factors are involved in the induction and
progression of intestinal stricture in inflammatory bowel disease
(IBD).” Nucleotide-binding oligomerization domain 2 (NOD2) is one
of the most studied genes. Patients with NOD2 mutations show
increased expression of genes in activated fibroblasts and macro-
phages, especially those related to glycoprotein 130 (gp130).8 A
more recent study hypothesized that NOD2 might be a solitary
genetic factor contributing to the development of disease and is
specifically associated with the distinct ileal-stricturing phenotype,
therefore providing opportunities for personalized diagnosis, dis-
ease prediction, and targeted treatment.’ In addition, a study
showed that the genomic data of NOD2 alone can accurately pre-
dict the occurrence of stricturing disease even without taking any
clinical features into consideration at the time of diagnosis
(Figure 1b).*° Through bioinformatics approaches, the genes
COL1A1, CXCL10, MMP2, and FGF2 were identified as being
associated with CD. Among them, further investigation revealed an
upregulation of MMP2 and COL1A1 in animal models of CD
fibrosis, suggesting the potential implication of these genes in in-

testinal fibrosis.*!

Cellular players in fibrosis

Intestinal stricture is a macroscopic pathological condition, and its
microscopic manifestations typically include intestinal fibrosis. Fi-

broblasts and myofibroblasts are the two primary cells responsible

for intestinal fibrosis. In a previous study, four subsets of fibroblasts
in intestine fibrosis were classified based on unbiased single-cell
profiling, each expressing different transcriptional regulators and
functional pathways. Fibroblasts and myofibroblasts are relevant to
fibrosis as they produce various extracellular matrix (ECM) pro-
teins.*? A study collected samples of normal ileal and colon tissues
and their counterparts with CD stricture or inflammation. Using
single-cell sequencing and timing analysis, CHMP1A, TBX3, and
RNF168 have been identified as regulatory factors associated with
collagen expression in myofibroblasts, showing a strong correlation
with the development of intestinal fibrosis.® Cell-cell interaction
modelling unveiled the pivotal signaling role of CXCL14+ fibroblasts
and MMP/WNT5A + fibroblasts in CD strictures. The expression of
CDH11 (a cell-cell adhesion molecule specific to fibroblasts) was
widely observed and upregulated, indicating its significant involve-
ment in stricture formation.'* Wnt-B-catenin signaling in myofibro-
blasts may be connected to stricture formation. There is an elevation
in the number of cells expressing B-catenin in the fibrotic strictured
intestine. Activation of the Wnt-B-catenin signaling pathway results
in upregulation of Collagen-1 expression in CCD-18Co myofibro-
blasts. Besides directly activating B-catenin, Wnt ligands oligomeri-
zation of Frizzled (Fzd) also plays a role. Upregulation of the Wnt
receptor Fzd8 by TGF-B directly contributes to the increase in
Collagen-I expression independent of the B-catenin pathway.'® Fzd5
exhibits specific expression and is necessary for epithelial prolifera-
tion in the intestine (Figure 1a).X® The cross-way between Wnt and
Fzd has great potential to be further explored.

Research investigating the mechanisms and preclinical studies in
various organs have unveiled the indispensable involvement of im-
mune cells in both the initiation and regression of fibrosis.2” A pre-
vious study has demonstrated that IBD patients commonly exhibit an
increase in PDE4B- and TNF-expressing macrophages, as well as a
decrease in CD39-expressing intraepithelial T cells in the colonic
mucosae. But the role of macrophages and T cells in the pathogenesis
of fibrosis still needs digging.'® Macrophages, in particular, are clas-
sified into two main subsets: M1 and M2 macrophages. M1 macro-
phages typically promote tissue inflammation, whereas M2
macrophages release cytokines that facilitate tissue repair and miti-
gate inflammation. Nevertheless, excessive accumulation of M2
macrophages can lead to an overactive tissue repair response,
culminating in fibrosis and stricture.?” Th1 and Th17 cells (particu-
larly gut microbiota antigen-specific T cells) are linked to the devel-
opment of CD. Th17 cells cause more severe fibrosis despite inducing
similar levels of intestinal inflammation to Th1 cells.2® Many genes
were differently expressed between Th1l and Th17 cells, of which
Amphiregulin (Areg, a member of the epidermal growth factor (EGF)
family that is overexpressed in Th17 cells) is of great significance as it
promotes the proliferation and motility of human intestinal myofi-
broblast through activation of mammalian target of rapamycin
(mTOR), thus triggering fibrosis. Mechanically, interleukin-6 (IL-6)
and interleukin-21 (IL-21) promote Areg expression through activa-
tion of Stat3 in Th17 cells. Thus, AREG may be a potential thera-
peutic target for CD fibrosis.2°
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FIGURE 1 Fibroblasts play a key role in excessive ECM deposition and stricture formation in IBD. Th17 cells and Stat3 signalling pathway
drive fibrosis in IBD via activation of fibroblasts (a). AIEC suppresses let-7b secretion from intestinal epithelial cells, leading to the
transformation of intestinal macrophages into fibroblasts and intestinal fibrosis. NOD2 mutations contribute to the activation of fibroblasts
and macrophages, potentially leading to development of strictures (b). HuctMSCs and ISCs exhibit therapeutic effects in IBD-related fibrosis by
inhibiting proliferation, migration, and activation of fibroblasts and promoting tissue regeneration (c). Dysregulated lipid metabolism genes
contribute to fibrogenesis in adipose tissue, and the FC3 subset of fibroblasts is associated with intestinal fibrosis. Additionally, stem cells
promote fibrogenesis through modulation of lipid metabolism and fibroblast function (d). AIEC, adherent-invasive Escherichia coli; HucMSCs,
Human umbilical cord mesenchymal stem cells; IBD, inflammatory bowel disease; ISCs, intestinal stem cells.

Intestinal stem cells maintain homeostasis and contribute to
disease pathogenesis. Mesenchymal stem cells (MSCs) can regulate
both local and systemic innate and adaptive immune responses by
releasing a range of mediators, such as immunosuppressive mole-
cules, growth factors, exosomes, chemokines, complement compo-
nents, and metabolites, when facing the exposure of an inflammatory
environment.?! They have strong self-renewal and multi-lineage
differentiation potential and have significant therapeutic effects.
Human intestinal organoids were developed in a planar system with
open lumens; Increasing matrix hardness levels were seen in patients
with IBD, which decreased stem cell homeostasis, resulting in fewer
epithelial cells.? Stiffness also reduced the number of LGR5+, ISCs,
and KI-67+ proliferating cells.?> Exosomes derived from human
umbilical cord mesenchymal stem cells (hucMSC-Ex) mitigate IBD-

related fibrosis by suppressing the extracellular regulated protein
kinase (ERK) pathway and TGF-B-induced proliferation, migration,
and activation of human intestinal fibroblasts (Figure 1c).2® Addi-
tionally, Olfactomedin-4-expressing cells promote ISC differentiation
into goblet cells. Blocking molecular pathways mitigates fibrosis.??

Molecular pathways in fibrosis

Fibrosis is characterized by excessive extracellular matrix (ECM)
deposition. Matrix metalloproteinases (MMPs) participate in this
process. Abnormalities in TGF-beta signaling and MMP production
were detected in the mucosal tissue that overlies strictures in Crohn's
disease.?* In the fibrotic terminal CD ileum, MMP-1, -14, and TIMP-1
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expression are significantly increased, suggesting their potential
involvement in fibrosis development. Similarly, MMP-1 and -3 are
upregulated in the muscularis and submucosal tissue of the fibrotic
intestine. In CD patients with stricturing disease, the balance between
collagen types | and Il leans towards degradation, whereas type V
collagen leans towards formation.?°> Besides, Elevated expression of
MMP-13is observed in CD patients with strictures, regulated by IL36R
signaling. Targeting MMPs via the IL36R pathway may represent a
potential therapeutic strategy for combating fibrosis in CD.?¢

Several other pathways also directly contribute to fibrosis and
ECM accumulation. For instance, the absence of P2X7 in mice
resulted in an augmented accumulation of collagen and elevated
expression of various profibrotic markers, such as Col4 and Col5a1l in
fibroblasts, which increased the risk of stricture.?” Dysregulation of
the NOD-like receptor thermal protein domain associated protein 3
(NLRP3) signaling pathway contributes to excessive ECM production
by intestinal fibroblasts. Inhibition of NLRP3 decreases the prolifer-
ation of intestinal fibroblasts and collagen production, suggesting
that targeting NLRP3 can be a potential therapeutic strategy to
prevent the development of intestinal fibrosis in IBD.?® Sirtuin 4
(SIRT4) and Sirtuin 5 (SIRT5) are two other mitochondrial cytokines
that interact in fibrosis. SIRI4 hinders SIRT5's stabilizing interaction
with glutaminase 1, therefore impeding ECM deposition by inhibiting
glutaminolysis. The decrease in SIRT4 is negatively associated with
disease severity.??

Furthermore, according to classical cognition, chronic inflam-
mation and fibrosis in the intestine are closely linked. Cytokines,
including interleukins, contribute to the formation of fibrosis. Nox4,
miRNAs, the AGE/RAGE pathway, senescence pathway, and the
Nrf2/ARE signaling pathway are also implicated in the mechanisms
underlying fibrosis (Table 1).25-26:30-35

Bacterial modulation of intestinal fibrosis

Emerging evidence suggests that the gut microbiome plays a significant
role in fibrosis. While fibrosis can occur in various tissues and organs,
the involvement of the gut microbiotain the fibrotic process appears to
be exclusive to the intestine. Bacterial translocation into the lamina
propria activates immune and non-immune cells through pattern
recognition receptors (PRRs) such as Toll-like receptors (TLRs) and
nucleotide-binding and oligomerization domain (NOD)-like receptors
(NLRs), resulting in the production of pro-fibrotic factors.*? Previous
research has indicated that adherent-invasive Escherichia coli (AIEC)
and its flagellin can bind to TLR5, leading to the activation of IL-33/ST2
signaling, thus promoting intestinal fibrosis.3® A recent study also un-
covered the mechanisms by which AIEC interacts with intestinal cells,
contributing to the development of fibrosis in CD. AIEC suppress the
secretion of extracellular vesicle let-7b from intestinal epithelial cells,
either directly promoting the transformation of intestinal macro-

phages into fibroblasts or indirectly causing abnormal expression of

TGF-BR1; both outcomes ultimately result in the development of in-
testinal fibrosis (Figure 1a).3”

Microbiota may affect the disease course through the adipose
tissue. In a previous study, it was found that bacterial translocation
from the gut to mesenteric adipose tissue (MAT) occurs to some
extent in healthy tissue. However, in conditions of chronic intestinal
inflammation like in CD, the gut microbiota is constantly disrupted.®®
Crohn's disease mesenteric adipose tissue (CD-MAT) exhibits a sig-
nificant enrichment of Enterobacteriaceae members compared to
non-CD controls, among which viable Klebsiella variicola are exclu-
sively isolated in CD-MAT. This specific strain of K. variicola triggers a
pro-inflammatory response in vitro and worsens colitis in animal
models by disrupting the intestinal barrier via inhibition of the zonula
occludens (ZO-1) expression.39 Derived from the gut microbiota,
indole-3-propionic acid (IPA) interacts with pregnane X receptor
(PXR) to regulate intestinal inflammation and fibrosis. Deletion of
PXR leads to exacerbated fibrosis, increased neutrophil infiltration,
and enhanced innate cytokine production, while administration of
IPA reduces inflammation and fibrosis.*® A significant reduction in
the diversity of mucosal-associated microbiota was observed in
stricturing CD compared to the non-stricture areas. Specifically, the
abundance of Lactobacillus, Oscillospira, Subdoligranulum, Hydro-
genophaga, Clostridium, and Allobaculum decreased in stenotic seg-
ments. Among them, the decrease of Oscillospira was the most
significant, and this particular bacterial genus is negatively associated

with fibrosis and surgery recurrence.*!

Creeping fat in intestinal fibrosis

Crohn's disease can be characterized by the presence of creeping fat
(CrF), which refers to mesenteric fat that wraps around the impaired
bowel wall.*? Previous studies have suggested that adipose tissue,
particularly CrF, secretes adipokines and cytokines that contribute to
intestinal damage and fibrogenesis. The excessive secretion of fatty
acids serves as a potent stimulus for human intestinal myofibroblasts
(HIMCs) proliferation, contributing to muscular layer thickening and
fibrotic constriction.*® Transcriptomic analysis shows that genes in
CrF exhibiting an increasing trend are associated with immune cell
responses, specifically B-cell and T-cell activation. Conversely, genes
showing a decreasing trend in CrF are involved in cell trafficking and
migration, suggesting a heightened state for inflammatory re-
sponses.** Single-cell sequencing technology analysis discovered a
novel subpopulation of fibroblasts known as FC3 that predominantly
accumulate in CrF. FC3 can induce inflammatory responses and
modulate Smad phosphorylation, which is associated with intestinal
fibrosis regulation.*®

Dysfunction of lipid metabolism is also an important factor to be
taken into consideration. During the progression of intestinal fibrosis,
a close correlation was observed between 15 hub genes associated

with lipid metabolism and significant alterations in 14 lipid
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TABLE 1 Mechanisms and molecular pathways associated with intestinal fibrosis in 2023.

Molecular In vitro/in vivo models

ECM proteins  Colon biopsies, Patients' serum

Interleukin-36 Colon biopsies, Mice-derived

fibroblasts, MMP13 deficient mice

NOX4 Colitis NOX4—/— mice

Smad7 Smad7—/— mice

COX-2 PEG2  TNBS-induced mice

MicroRNAs Both in vivo and in vitro studies
AGE/RAGE Both in vivo and in vitro studies
Nrf2/ARE Both in vivo and in vitro studies

Mechanism

MMP-1, -3, -14, and TIMP-1 expression increased in
fibrosis CD; Collagen types | and Il leans towards
degradation; Collagen type V collagen leans
towards formation.

IL36R signaling pathway regulates the expression of MMP13.

NOX4 inhibits TGF-B-mediated inflammation injury and fibrosis.

Smad7 inhibits the increase of collagen content and protein
expression of a-smooth muscle actin infibrosis.

The expression of COX-2 and PGE2 were increased in the
inflammatory site and pre inflammatory dilated site of the
mice model of intestinal stenosis.

MiR-155 inhibited high mobility group box transcription
factor 1 (HBP1), resulting in the activation of
fibrosis-related pathway.

AGE/RAGE increased in patients and DSS-treated mice
compared to controls.

Nrf2 agonists prevented transformation of intestinal

Reference

Biel C, et al®®

Koop K, et al?®

Lee Y, et al®®

Schuler C, et al®!

Johnson JC, et al®?

Aggeletopoulou |, et al*®

Pompili S, et al®*

Li B, et al®®

fibroblasts into myofibroblasts by inhibiting the
TGF-/Smad axis.

Abbreviations: AGE/RAGE, advanced glycation end products/receptor of AGEs; ARE, antioxidant response element; CD, Crohn’s disease; COX-2,
cyclooxygenase-2; DSS, dextran sulfate sodium; ECM, extracellular matrix; EMT, epithelial-mesenchymal transition; MMP, matrix metalloproteinases;
NOX, nicotinamide adenine dinucleotide phosphate oxidases; Nrf2, Nuclear factor erythroid 2-related factor; PEG2, prostaglandin E2; TGF-B,

transforming growth factor-g.

metabolites.*® Single-cell RNA-seq (scRNA-seq) analysis identified a
subset of mesenchymal stem cells that promote adipogenic differ-

entiation, leading to the formation of CrF.*”

Besides, adipose-derived
stem cells (ASCs) separate from fibrosis and excrete exosomal miR-
103a-3p, thereby activating fibroblasts via the transforming growth
factor beta receptor 3 (TGFBR3) targeting pathway and facilitating
Smad2/3 phosphorylation (Figure 1d). Targeting this pathway could

be a promising approach to mitigate intestinal fibrosis.*

DIAGNOSIS

Precise assessment of intestinal fibrosis in individuals with CD con-

tinues to pose a challenge.

Pathological diagnosis

Pathological diagnosis remains the gold standard. Histopathological
evaluation of strictures involves assessing various microscopic fea-
tures. Fibrosis of the submucosa and increased thickness of the
bowel wall layers are considered appropriate for diagnosing small
bowel strictures. However, scoring systems for inflammation and
fibrosis have a large degree of heterogeneity and theres is still no

uncertain appropriateness. It is worth noting that increased

muscularis propria thickness is a characteristic of CD strictures, with
muscular hypertrophy and fibrosis being considered as appropriate
causes of these changes.*’ (Table 2).

Intestinal ultrasound

Ultrasound is a valuable tool for assessing fibrosis. The relationship
between ultrasound parameters and histopathological findings in pa-
tients with CD was investigated. Previous studies demonstrated that
ultrasonography (US)-based real-time elastography (RTE) has good
efficacy in assessing fibrosis.®® In 2023, the presence of hyper-
echogenic spiculates was found to be associated with fibrosis, while
marked vascular signals were indicative of inflammation.®* Addition-
ally, ultrasound measurements of wall thickness showed good reli-
ability compared to histological measurements. Another study focused
on ultrasound shear wave elastography, which demonstrated corre-
lations between ultrasound stiffness measurements and mucosal
inflammation and smooth muscle hypertrophy, providing further in-
sights into the pathophysiology of stricturing ileal Crohn's disease.®®
Comparing findings from double balloon enteroscopy (DBE) and IUS in
86 CD patients, IUS demonstrated a detection rate of 70.0% sensi-
tivity, 98.2% specificity, and 88.4% accuracy for diagnosing small in-
testinal stenosis when meeting two or more parameters. Younger
patients with ileocolonic disease had higher stenosis-detection rates
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by 1US.>8 A systematic review compared ultrasound (US) and histo-
pathology for evaluating intestinal fibrosis. Ultrasound elastography
showed moderate to good accuracy in diagnosing fibrosis, with point
shear wave elastography being more accurate. Children diagnosed
with ileal CD requiring surgical resection may display more severe
imaging features of the ileocecal valve, such as loss of mural stratifi-
cation and severe fibrofatty proliferation. These features are associ-
ated with both active inflammation and chronic fibrosis, and may not be

observed in children who are receiving medical treatment.>®

Cross-sectional imaging techniques

Currently, the most commonly used diagnostic methods are magnetic
resonance imaging (MRI) and computed tomography (CT) since they
are non-invasive and quickly evaluate active transmural inflammation
(Table 2).505153-5557.59.60,62

Comparing CT and MRE, a previous study suggested that the latter

and detect intestinal strictures
one is free of ionising radiation and therefore has become the most
widely applied method for stricture differentiation.?® Novel MRI
techniques, such as magnetization transfer MRl (MTR) and texture
analysis (TA), show promise in assessing intestinal fibrosis. Both MTR
and texture entropy are correlated with histopathological fibrosis,
with entropy demonstrating better results in tracking fibrosis in the
presence of inflammation.>® 68Ga-FAPI PET/MR enterography uti-
lizing fibroblast activation protein (FAP) inhibition shows potential
diagnostic value in detecting fibrosis.>” Additionally, the application
of Al technology has shown significant advancements in the diagnosis
of intestinal fibrosis.®> A study evaluating the efficacy of [68Ga] Ga-
FAPI-04 PET/CT showed high sensitivity in detecting endoscopic
lesions and correlated well with clinical and biomarker assessments,
indicating the value of Al technology in facilitating a more compre-
hensive and precise evaluation of fibrosis characterization.’® Through
exploring radiomics in MR enterography (MRE), another study found
that radiomic features were significantly associated with severe
fibrosis but not inflammation in Crohn's disease strictures. Radiomic
analysis could be a useful tool for evaluating fibrosis and guiding anti-
fibrotic therapies.’?

Endoscopy

Endoscopy plays an important role in the management of intestinal
disease and allows direct visualization of the narrowing bowel. It is
recommended to complete colonoscopy, even if imaging tests, such
as MRE, are negative, especially when patients have obstructive
symptoms, and to perform endoscopic balloon dilatation if neces-
sary.®? However, before performing video capsule endoscopy, it is
recommended to use the patency capsule procedure for ruling out
small bowel stenosis.®® Those CD patients with failed patency
capsule procedure tended to suffer worse outcomes such as intes-
tinal surgery and endoscopic dilation than those without. When
performing endoscopy, it is essential to clearly characterize the
number, severity and length of strictures, as well as the presence of
prestenotic dilatation and surrounding fistulas or abscesses.
Combining clinical presentation and endoscopic examination allows
for the assessment of the risk of future interventions in patients with
strictures (Table 2).59:¢°

Biomarkers

Serological markers are highly valued for diagnosing and predicting
fibrosis owing to their non-invasive nature, accessibility, cost-
effectiveness, and efficiency. A previous system review showed that
no biomarkers could pass the validation to diagnose intestinal
fibrosis.®” A predictive model was developed to forecast disease
progression over 5 years following diagnosis utilizing data from a ¢”
paediatric cohort in France. The best predictive model with an area
under the curve (AUC) of 0.80 consisted of 8 biomarkers, that is, the
location at diagnosis, 6 single nucleotide polymorphisms (SNPs), and
pANCA.®® In another cohort, 1129 proteomic markers and antimi-
crobial antibodies were analysed, identifying 22 biomarkers related
to complicated CD, among which six were related to fibrosis.®’
Microbiota and serum lipidomic biomarkers also show promise in
diagnosing fibrosis.*>7%71 However, their specificity and sensitivity
require validation, and larger cohorts are needed for more compre-
hensive data (Table 3).”?

TABLE 3 Serological markers for early detection of intestinal stenosis.

Markers Potency
pANCA Prediction
MMP-1, PAPP-A, IGFBP-2 Diagnosis
KIT, FAP, NTRK2

Bacterial flagellin antigens Diagnosis
Oscillospira Diagnosis
PEO-, SM, CE, LCDCA, ST Diagnosis

Correlation to fibrosis Reference

Positive Sarter H, et al®®
Positive Choung RS, et al®?
Negative

Positive Bourgonje AR, et al”®
Negative Zhan S, et al*!
Positive/Negative Ferru-Clément R, et al”?

Abbreviations: CE, cholesterol ester; FAP, fibroblast activation protein; IGFBP-2, insulin-like growth factor binding protein 2; LCDCA, long-chain
dicarboxylic acid; MMP-1, matrix metalloproteinase-1; NTRK2, neurotrophic tyrosine kinase receptor; pANCA, perinuclear anti-neutrophil cytoplasmic
antibody; PAPP-A, pregnancy-associated plasma protein A; PEO, phosphatidylethanolamine ether; SM, sphingomyelin; ST, sitosterol sulfate.



LIU et AL

| 809

MANAGEMENT

Endoscopy and surgery are primarily used to alleviate stricture
rather than directly targeting fibrosis for treatment. As a result, there
is a growing need for the development of new drugs and innovative
techniques that specifically address fibrosis. In 2023, multiple studies
were conducted to assess the effectiveness of existing management
strategies and investigate potential new anti-fibrotic treatments

(Table 4).23,73—78,80—83

Endoscopic management

Endoscopic intervention is the primary approach for treating intes-
tinal strictures due to its convenience and minimal invasiveness
compared to surgery. Common techniques include endoscopic stric-
tureplasty (ES) and endoscopic balloon dilation (EBD). ES is effective
for non-fistulizing Crohn's disease patients with anastomotic stric-

tures, while strictureplasty may be safer in cases with accompanying

ulcers.”® Both mechanical dilation and EBD have shown similar safety
profiles and effectiveness for ileoanal and rectal strictures following
ileal pouch-anal anastomosis (IPAA), with no significant difference in
complications.”’ Balloon-assisted enteroscopy-based endoscopic
stricturotomy (BAE-based ES) has also been found to be effective and
safe for deep small bowel strictures.”> With ongoing advancements in
endoscopic techniques, there is great potential for further improve-
ments in safety, effectiveness, and patient outcomes. As research
continues to explore innovative methods, the future of endoscopic
interventions holds promise for enhanced precision and expanded
applications, ultimately benefiting patients with intestinal strictures.

Surgery

Surgery plays a crucial role in managing IBD. Approximately 70% of
individuals with Crohn's disease will undergo surgical intervention at
some point according to previous epidemiology study.®* In situations

where strictures persist despite endoscopic interventions or when

TABLE 4 Cutting-edge breakthroughs in the management of strictures in 2023.

Treatment Application scenario/pharmacodynamics mechanism Reference
Endoscopic ES Non-fistulizing patients with anastomotic strictures; stenosis Jia, et al”®
Management accompanied by ulcers
EBD Patients with IPAA Darlington K, et al”#
BAE-based ES Deep small bowel strictures Ning SB, et al”®
Surgery Surgery Strictures persist despite endoscopic interventions or when there is Senior K.”®
significant obstruction
Laparoscopic ileocecal Limited involvement (affected segment <40 cm) and predominantly Popivanov G, et al””
resection inflammatory terminal ileitis.
lleocolonic resection Anastomotic configuration, temporary diversion at the time of ileocolonic Bachour SP, et al’®
resection do not increase risk of anastomotic stricturing
Surgery Surgery yields a lower re-interventions rate compared with endotherapy Pal P, et al”’
Drug D-ceo2 Suppressing the expression of fibrosis-related genes, specifically a-SMA  Cao Y, et al®®
and Collagen 1/3; Reversing the activation of fibroblasts induced by
TGF-B1
Fraxinellone Inhibiting TGF-B-induced fibrosis responses by disrupting the TGF-B/ Wang J, et al®?
Smad2/3 signaling pathway and interfering with the interaction
between HSP47 and collagen.
sEVs Anti-inflammatory oxylipins in sEVs prevent inflammation and fibrosis. = Gémez-Ferrer M,
et al®?
MSCs Allogenic bone marrow- When injected with MSCs, some patients showed resolution of the Didamoony MA,

derived MSCs
week 48.

hucMSC-Ex

stricture at week 12, and some achieved complete resolution at

et al®®

HucMSC-Ex reduced inflammation-induced fibrosis in mouse models, and Wang Y, et al®®

inhibited fibroblast proliferation and migration through inhibiting ERK

phosphorylation.

Abbreviations: BAE-based ES, Balloon-assisted enteroscopy-based endoscopic stricturotomy; CD, Crohn’s disease; D-CeO2, dextran-coated cerium
oxide; EBD, endoscopic balloon dilation; ES, endoscopic strictureplasty; FCSEMS, self-expandable metal stent; HSP, heat shock protein; hucMSC-Ex,
human umbilical cord mesenchymal stem cell-derived exosomes; IPAA, ileoanal and rectal strictures following ileal pouch-anal anastomosis; MSCs,
Mesenchymal stem cells; sEVs, human milk-derived small extracellular vesicles; TGF-B, transform growth factor-g; WT1, Wilms tumor 1; a-SMA,

a-smooth muscle actin.
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there is significant obstruction, surgical management provides better
outcomes.”® Resection surgery yields a lower re-intervention rate for
CD strictures compared with endotherapy. In most cases, re-
operation can also be avoided with comparable symptom free sur-
vival at 1 year. If, resection is needed, minimizing the interval be-
tween diagnosis and surgery is important to reduce postoperative
complications.”? The LIR!C trial provided evidence that early surgery,
defined as resection for luminal involvement without prior surgeries,
is not only a viable alternative to biologics but also reduces costs
significantly.””

Drug therapy

A previous STRIDENT study has proved that intensifying treat-to-
target drug therapy led to fewer treatment failures, decreased
inflammation associated with strictures, and greater enhancement in
stricture morphology.®° It is noted that this study focused solely on
evaluating drugs for stricture treatment, but not fibrosis The anti-
fibrotic effects of some emerging drugs are in focus. CeO2 has the
ability to suppress the expression of fibrosis-related genes as well as
serve as a contrast agent in CT.”* Another drug, fraxinellone, has
shown significant promise in preventing fibrosis by disrupting the
TGF-B/Smad2/3 signaling pathway.”> What's more, docosahexaenoic
acid, an omega-3 fatty acid, which derived from human milk was
found to be anti- fibrotic.8?

Mesenchymal stem cells

Mesenchymal stem cells (MSCs) hold promise as a therapeutic
approach for alleviating intestinal fibrosis associated with 1BD.%®
Extracellular vesicles derived from MSCs may be the reason for the
therapeutic effects.2® Furthermore, human umbilical cord MSC-
derived exosomes reduce inflammation-induced fibrosis and inhibit
the proliferation and migration of fibroblasts.?®

FUTURE OUTLOOK

Tremendous progress has been made in understanding, diagnosing,
and treating CD-related intestinal strictures in 2023. Advanced
technologies such as single-cell sequencing and intestinal organoids
have deepened our understanding of the roles of various players in
intestinal fibrosis, including subpopulations of fibroblasts, signaling
molecules like Areg, and pathways like Wnt. However, these studies
are insufficient to fully depict the complexity of fibrosis. Creeping fat
and gut microbiota play indispensable roles in fibrosis. Improvements
in MRI and CT methods, together with various serum markers hold
promise for more accurate, time- and cost-effective assessments.
However, current research faces some limitations. First, there is a
lack of high-fidelity animal models and simulated fibrotic microenvi-

ronments to fully elucidate the entirety of intestinal fibrosis. Second,

the precise mechanisms underlying the formation of intestinal
fibrosis remain incompletely elucidated. It may arise as a conse-
quence of chronic inflammation or it could be independent of
inflammation and associated with other pathways or interactions.
Thirdly, it is still difficult to accurately evaluate intestinal fibrosis
from clinical presentations and routine laboratory tests alone. The
widely used Montreal classification system fails to accurately predict
disease progression and even shows instances of disease regres-
sion.8¢ Lastly, even today, there is no generally accepted therapeutic
approach for intestinal fibrosis. In the future, advancements in more
sophisticated technologies such as SNP analysis and spatial multi-
omics will contribute to deeper understanding of the mechanisms
underlying fibrosis.2” With the help of Al, novel advancements in the
field of intestinal fibrosis diagnosis are on the horizon. These ad-
vancements will contribute to the certification of new approaches for
diagnosing and predicting intestinal fibrosis, as well as facilitate
clinical research on anti-fibrotic drugs. Moreover, the ongoing
research on new anti-fibrotic drugs offers hope for improved treat-
ment options in managing fibrosis. life. The advancements outlined in
this review regarding intestinal strictures will be consistently
upgraded and improved upon, confirming that a new era in the field

of intestinal fibrosis is around the corner.
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