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Abstract
The etiology of inflammatory bowel disease (IBD) is multifaceted, involving genetic
susceptibility, immune dysregulation, alterations in the gut microbiota, and environmental
factors. Both intrinsic and extrinsic factors can disrupt the intestinal mucosal barrier,
leading to chronic nonspecific inflammation, local structural changes, and gastrointestinal
dysfunction. Historically, due to a lack of effective treatments, recurrent inflammation and
microcirculatory disturbances could result in complications such as intestinal fistulas,
strictures, obstructions, perforations, gastrointestinal bleeding, sepsis, etc., thereby
increasing the risk of intestinal cell carcinoma and mortality. While the overall incidence of
IBD remains at 0.5% in North America and Europe, its annual incidence is increasing in
Asia, Africa, and South America, resulting in a growing number of patients and warning
significant attention. Recent research has highlighted mesenchymal stem cell (MSC) therapy
as an innovative treatment option for IBD due to its capacity to modulate inflammatory
immune responses and promote tissue regeneration. A current preclinical study has shown a
promising result, with systemic administration of MSCs in patients with reduced intestinal
inflammation and no intestinal inflammation. In addition, in a new study, the use of
mesenchymal stem cell-derived exosomes (MSC-EXOs) was successful, a type derived from
mesenchymal stem cells, was successful, especially in patients with refractory anal fistula.
Consequently, MSC therapy has become a preferred approach in IBD treatment, showcasing
the potential application prospects for stem cell-based therapy in IBD. However, clinical
research in this field still needs to refine strategies and further explore to lay a solid
foundation.
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Background

Mesenchymal stem cells (MSCs) are a heterogeneous group of cells
that originate from the mesoderm during early embryonic
development, including stem cells and their differentiated descendants
from both early and subsequent stages of embryonic development.
MSCs can be isolated from various tissues such as dental pulp, dermis,
umbilical cord, bone marrow, adipose tissue, tendon and muscle. Due
to their therapeutic potential, both MSCs and MSC-EVs have been
extensively studied for their utility. MSCs are stem cells or somatic
precursors. Mesenchymal stem cells (MSCs) are also one of the most
extensively studied pluripotent stem cells [1]. Furthermore, their
ability to differentiate into multiple lineages and modulate
inflammation is a key defining feature of mesenchymal stem cells.
Mesenchymal stem cells are believed to promote a balanced
inflammatory and regenerative microenvironment in tissues under
conditions of severe inflammation. However, the differentiation and
implantation of MSCs at the site of injury are very brief. MSCs exert
their effects not through cellular replacement but by influencing tissue
repair through paracrine factors, among which Mesenchymal Stem
Cell-Exosomes (MSC-Exos) have garnered attention due to their ability
to carry complex proteins, nucleic acids, lipids, rich miRNA, and
deliver these contents to the recipient cells [2–4]. MSC-Exos can
reprogram the behavior of target cells. It regulates physiological and
pathological processes by affecting the proliferation, survival, gene
expression, and migration of recipient cells. MSC-Exos are easier to
transport and store than MSCs. [5].
MSCs have strong anti-inflammatory properties and can treat

inflammation in many diseases. Currently, the potential of MSCs in the
treatment of various inflammatory diseases such as lung injury,
inflammatory bowel disease, renal injury, rheumatoid arthritis (RA),
and osteoarthritis (OA) is under investigation.. MSCs can create a
regenerative microenvironment and balance the inflammatory state
when tissues are damaged. MSCs can stimulate the homing,
differentiation, immune regulation and other functions of the body
when the body is in a very severe inflammatory state. In addition,
increasing evidence suggests that MSC derived extracellular vesicles
(MSC-EXOs) are important for the effects in the human body mainly
by transporting their components to recipient cells [6].
Research indicates that bone marrow-derived MSCs were initially

discovered in bone marrow mononuclear cells, and due to differences
in protein expression profiles, MSCs from different sources exhibit
slight variations in characteristics. They generally possess self-renewal
ability, multilineage differentiation potential, and immunomodulatory
capabilities, all meeting the minimum identification criteria set by the
International Society for Cellular Therapy. The basic definition of
mesenchymal stem cells includes the following features: (1) maintain
plasticity in standard culture media; (2) express surface markers
CD90, CD105 and CD73, but do not express surface markers CD14,
CD45, CD34, CD79a, CD19, CD11b, or HLA-DR (CD refers to Cluster
of Differentiation antigens, including various specific antigens located
on the surface of T cells). (3) differentiation into adipocytes,
osteoblasts, and chondrocytes under standard in vitro conditions
[7–10].
MSCS can modulate multiple effector functions due to their strong

immunosuppressive effects. It also interacts with cells of the adaptive
immune system and innate immunity. In addition, understanding
experimental studies in animal models can better grasp the molecular,
cellular and immune mechanisms related to IBD in cell therapy.
Therefore, some animal model studies have shown improvements in
colitis after MSC infusion, including reduced disease activity,
decreased inflammatory markers, and increased survival rates [7, 8].

Extracellular vesicles

Extracellular vesicles (EVs) derived from host cells, including
membrane vesicles (MVs) and extracellular vesicles (EVs), also take
part in communication within the intestinal microenvironment [11,
12]. Accumulating evidence suggests that vesicles are essential for

maintaining intestinal homeostasis. At the same time, vesicles are an
important way of cell-biota and cell-to-cell communication [13].

Origin, composition, and function of extracellular vesicles
EVs are mainly falled into three major types: microvesicles, exosomes,
apoptotic bodies, each with characteristic tags. Exosomes are small
extracellular vesicles (sEVs) ranging from 40 to 200 nm (or 30 to 150
nm) in size, secreted by most cells. Exosomes are uniform vesicle
populations formed by budding of the multivesicular body membrane
into the lumen. Microvesicles formed by budding of the cell
membrane are EVs ranging from 200 to 1000 nm in size. Apoptotic
bodies (500 to 2000 nm) are products of apoptotic cell disintegration
[14]. Both exosomes and microvesicles serve as appropriate carriers
for passing molecules which contains genetic information on recipient
cells.
The interior of EVs has a special cell-derived component, including
proteins, lipids, nucleic acids, and glycoconjugates. Proteins are a
crucial component of EVs, diverse in type and structurally complex,
primarily categorized into two classes: structural proteins (such as
Alix, CD9, TSG101, CD63, Hsp90) and specific proteins (such as
MHC-I, MHC-II, CD80, TGF-β, CD86, FasL) [15]. Additionally, EVs
carry nucleic acids, approximately 200 bp in size, which play a
significant role in EV function, including genomic DNA, RNA and
mitochondrial DNA . EVs can transport extracellular nucleic acids to
other cells and tissues. EVs contain a variety of RNA types, mostly
including mRNA and small regulatory RNAs, with exosomes being
particularly enriched in small non-coding RNAs. In comparison to
RNA, there is increasing evidence suggesting the presence of various
DNA types in EVs, including single-stranded and double-stranded
DNA, mitochondrial DNA, genomic DNA, and even
reverse-transcribed complementary DNA (cDNA). These DNA
components are believed to be involved in the adjustment of
inflammation. These DNA components are also considered biomarkers
for conditions like cancer, viral infections, and chemotherapy
resistance [11].
In the gastrointestinal tract, EVs are primarily secreted by immune
cells and intestinal epithelial cells (IECs). Extensive research has
indicated that EVs are significant contributors to communication
between IECs, the microbiota, endothelial cells, and immune cells
[16]. EVs play a crucial role in the regulation of vascular and
epithelial barrier functions in the context of inflammation and wound
healing in the intestines. They also serve as important modulators for
immune cell recruitment. The molecular cargo within extracellular
vesicles in the digestive tract depends on the parent cell and
determines their functions. Derived from immune cells EVs contribute
to immune system evasion, while those derived from IECs have been
shown to be obvious regulators of IEC-induced immune tolerance.
These functions are essential for enterovirus mediated immune
response, intestinal barrier regulation, and intestinal microbiota
formation in the context of IBD [17].

Biogenesis, composition, and therapeutic roles of exosomes
Exosomes are a subset of EVs, typically ranging in size from from 40 to
200 nm (or 30 to 150 nm), and play a crucial role in cell-to-cell
communication between organs and cells. Almost all types of cells
secrete exosomes, which contain a variety of biomolecules, including
RNA, DNA, and proteins [18, 19]. Exosomes are endosomal vesicles
that limit early membrane budding production, which gradually
mature into intracavicular vesicles (ILVs) and prevent their
degradation in cytoplasmic lysosomes by passing to multivesicles
(MVBs) through endobudding. The endosomal sorting complex
required for transport (ESCRT), a complex comprising approximately
30 proteins organized into four complexes (ESCRT-0, -I, -II, and -III),
controls the development of ILVs. Additionally, two important
proteins, TSG101 (a commonly used marker protein for exosomes) and
ALIX (an exosome-associated protein), are involved in exosome
biogenesis [20].
Exosome secretion can also occur through ESCRT-independent
mechanisms. Exosome release is influenced by various physiological
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factors and cellular conditions, such as lipopolysaccharides, tumor
necrosis factor-α, interferons, and hypoxia. Other factors secreted by
injured organs, containing healing RNA and induce stem cells,
protein-rich exosomes, promoting tissue homeostasis maintenance
[21].
Circulating exosomes are taken up by recipient cells through three

different mechanisms, including fusion ,ligand-receptor uptake, and
endocytosis. Exosomes are precisely targeted and internalized by
ligand receptor-mediated uptake to transport bioactive substances to
the cell. Exosomes are internalized into target cells by specific
receptors, such as integrins, CD9 (a leukocyte differentiation antigen),
lysosome associated membrane protein-3 (CD63), and CD81 (a
member of the quadritransmembrane protein superfamily). Cell
membrane of exosomes with the cell membrane releases the
substances produced by exosomes into the cytoplasm of the target cell
[22].
Four-transmembrane proteins, antigen-presenting proteins,

adhesion proteins, membrane transport proteins, fusion proteins are
four classes of proteins that constitute exosomes and serve as
biomarkers characteristic of exosomes. Adhesion proteins play a role
in exosome maturation and binding to target cells. Major
histocompatibility complex (MHC) class I and II, along with other
antigen-presenting proteins, are involved in immune regulation,
immunomodulation, and activation. Examples of membrane transport
and fusion proteins involved in exosome synthesis, secretion, and
downstream cell fusion include synaptosome-associated protein
(SNAP), annexins, and Ran-binding protein 5b (Ran5b) [23].
The elements of MSC-EXOs signify workable pursuits for the

diagnosis and cure of IBD. For example, an in vivo find out about the
usage of a mouse IBD mannequin confirmed that therapy with human
umbilical cord-derived mesenchymal stem cell exosomes
(hUC-MSC-EXOs) decreased macrophage infiltration in colon tissue,
suppressed the expression of IL-7-carrying miR-146a in MSC-EXOs,
efficaciously downregulated the expression of IL-1 receptor-associated
kinase 1 (IRAK1) and TNF receptor-associated issue 6 (TRAF6) [24].

Mechanisms of MSC therapy in IBD

The therapeutic outcomes of MSCs principally show up via paracrine
signaling, soluble elements (growth elements and cytokines), and
extracellular vesicles (EVs). Therefore, the MSC secretome can be
considered a novel therapeutic product [25]. It offers several
advantages, including (1) easier handling in clinical practice; (2)
easier assessment of safety, dosage, and efficacy; (3) storage without
toxic cryopreservatives; and (4) cost-effectiveness due to scalability,
storage, and suitability for ready-to-use applications [6].

Anti-Inflammatory effects
Mesenchymal stem cells regulate immune adaptive cells from a
plethora of T-cell effectors to a regulatory microenvironment rich in
regulatory T cells (Tregs) through the secretion of paracrine factors,
including hepatocyte growth factor (HGF), transforming growth
factor-β (TGF-β), nitric oxide (NO), indoleamine 2,3-dioxygenase
(IDO) and prostaglandin E2 (PGE2). IL-10 is another
immune-regulatory cytokine generated by MSCs, contributing to
intestinal homeostasis, and its deficiency exacerbates DSS-induced
colitis, while supplementation of IL-10 may serve as an alternative
therapy for IBD [6]. Through these soluble factors, mesenchymal stem
cells exert anti-inflammatory outcomes on a variety of sorts of
immune cells. In this regard, it has been suggested that MSCs
downregulate Th1 and Th17 responses whilst upregulating.
Treg-mediated responses and Th2, contributing to the amelioration

of colonic infection [26]. Additionally, MSCs specific NOD2 and bind
the ligand muramyl dipeptide (MDP), bettering the secretion of
anti-inflammatory elements such as PGE2 and IL-10, stimulating the
proliferation of Tregs. Therefore, the anti-inflammatory motion of
umbilical cord-derived mesenchymal stem cells (UC-MSCs) is stronger
via the activation of the cyclooxygenase-2 (COX-2) signaling by way
of NOD2, subsequently decreasing the severity of sickness in a murine

colitis model. Furthermore, co-administration of MIS416 (a particle
that prompts NOD2 and TLR9 signaling) with UC-MSCs can beautify
the therapeutic outcomes of MSCs [27]. Additionally, different
particular mechanisms are related with the anti-inflammatory
outcomes of MSC-derived EVs.

Regenerative impact
Mesenchymal stem cells secrete a variety of biomolecules, including
cytokines, growth factors, and lipids, that influence tissue renewal,
migration, immunomodulation, and epithelial regeneration [28].
Proper tissue regeneration requires neovascularization to provide
oxygen, nutrients, and growth factors. This suggests that inducing
angiogenesis is another major mechanism of MSC action in tissue
regeneration. MSCs promote endothelial cell proliferation and
migration by secreting molecules such as vascular endothelial growth
factor (VEGF), angiopoietin-1 and -2 (ANG-1 and -2), platelet-derived
growth factor (PDGF), epidermal growth factor (EGF), fibroblast
growth factor (FGF), transforming growth factor-β1 (TGF-β1), TGF-α,
monocyte chemotactic protein-1 (MCP-1), chemokine ligand 5
(CXCL5), matrix metalloproteinases (MMPs), and more [29]. Studies
suggest that MSCs promote the survival and limit colonic tissue
damage and regeneration of colonic epithelial cells, such as atrophy,
inflammation, and developmental deficiencies, through growth
factors, cytokines, and EVs [30].

MSCs therapy for IBD-associated intestinal fibrosis

Currently, there is very confined lookup on the feature and
mechanisms of MSCs in intestinal fibrosis. However, the existing few
studies largely demonstrate promising prospects for MSCs in the
treatment of intestinal fibrosis, offering potential opportunities for
prevention and treatment. MSCs adjust intestinal fibrosis by secreting
EVs, boom factors, or using producing cytokines. MSCs inhibit the
activation and proliferation of pro-fibrotic immune cells, such as mast
cells, Th17 cells, M1 macrophages, and Th2 cells, and promote the
technology of anti-fibrotic Tregs and M2 macrophages. Additionally,
MSCs inhibit epithelial-mesenchymal transition (EMT) and the
technology of myofibroblasts.
Both allogeneic and autologous mesenchymal stem mobile
transplants are secure and consequently therapeutic choices for
fibrotic diseases, fistulizing colitis (e.g., Crohn's disease), and
refractory connective tissue diseases, as they are non-immunogenic
[31]. Furthermore, systemic administration of MSCs for treating
refractory radiation-induced colitis is effective and secure, relieving
pain, diarrhea, inflammation, bleeding, and fistula formation whilst
regulating an extend in lymphocyte subsets closer to Tregs and
lowering activated effector T cells.One study showed that intravenous
infusion and intravenous injection of MSCs significantly reduced
fibrosis and scar tissue compared to the phosphate-buffered saline
(PBS) treatment group after rat anal sphincter muscle injury[32].
EVs derived from MSCs impact the improvement of intestinal
fibrosis via their proteins and RNA. One study by Yang and his
colleagues indicated that exosomes containing miR-200b alleviated
colon inflammation-related fibrosis by preventing
epithelial-mesenchymal transition (EMT) [33]. An other recent
experimental investigation on CD examined the effects of MSCs
overexpressing telomerase and hypoxia-inducible factor 1-alpha
(HIF-1α) on pro-inflammatory stimulation-induced activated
endothelial fibrosis and inflammation. The researchers discovered that
EV-MSC-T-HIFC not only inhibited inflammation but also stopped
TGF-β-treated fibroblasts from differentiating into myofibroblasts
[34].
Fibrosis and the development of perianal fistulas are intimately
associated. Mesenchymal stem cells appear to be an alternate
treatment option for fistulas, according to studies. Patients suffering
from fistulizing Crohn's disease (CD) may experience fewer fistulas
when treated with allogeneic adipose-derived mesenchymal stem
cells. Furthermore, it is safe to inject autologous MSCs produced from
adipose tissue, which can heal 57% of patients with fistulas and lessen
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secretion in the remaining patients [35]. Moreover, long-term clinical
trials have demonstrated the safety and efficacy of both autologous
and allogeneic adipose-derived mesenchymal stem cells in the
treatment of fistulas, with encouraging outcomes [36, 37].

Reduction of Apoptosis
There has been an increase in interest in studies examining MSCs'
anti-apoptotic pathways in different organ damage models [38].
Adipose tissue-derived mesenchymal stem cells (AT-MSCs) cause the
anti-apoptotic markers B-cell lymphoma-2 (BCL2) and survivin, as
well as the cell proliferation marker nuclear protein Ki67, to be
upregulated, while apoptosis indicators like TUNEL staining, annexin
V (a reagent for detecting cell apoptosis), caspase-3, and caspase-9 are
downregulated [39]. Extracellular vesicles (EVs) containing
miRNA-146a-5p are also present in bone marrow-derived
mesenchymal stem cells (BM-MSCs). These EVs decrease inflammation
and neuronal death by downregulating nuclear factor of activated
T-cells 5 (NFAT5) and IL-1 receptor-associated kinase 1
(IRAK1).Mesenchymal stem cells that produce IL-37b have been
suggested as a treatment for IBD because they can stop cell death and
inflammation. Moreover, EVs generated by BM-MSCs prevent cell
death in animal models by lowering the cleavage of caspase-9,
caspase-8, and caspase-3 [40].

Antioxidant effects
One prevalent and significant pathogenic mechanism in illnesses is
oxidative stress [41]. An imbalance between pro-oxidants, or free
radicals, and antioxidants causes oxidative stress, which alters the
structure of lipids, proteins, and DNA and causes pathological damage
or injury to cells or tissues. The most researched free radicals are
reactive oxygen species (ROS), which include superoxide anion
(O2(-)), hydroxyl radicals ((·)OH), and hydrogen peroxide (H2O2).
Tissue homeostasis depends on the dynamic balance between ROS
production and metabolism; when this balance is upset, oxidative
stress and tissue damage result [42].
The constitutive expression of antioxidant enzymes like superoxide

dismutase 1 (SOD1), SOD2, catalase (CAT), glutathione peroxidase
(GPx), high levels of the antioxidant glutathione (GSH), and other
proteins like heat shock protein 70 (HSP70) and sirtuins (SIRT) may
be the reason for the resistance of MSCs to oxidative damage, as
reported in several studies [43]. Mesenchymal stem cells have been
shown to have anti-oxidative properties in both vitro and in vivo
settings across a range of disease models, such as ischemia damage,
aging, and gastrointestinal inflammation. Numerous methods have
been found, such as the recovery of free radicals, the enhancement of
the body's natural antioxidant defense, immunological modulation via
the suppression of reactive oxygen species (ROS), and the repair of
damaged cells' mitochondrial activity [39, 41]. Furthermore, MSCs
can lower ROS and macrophage and monocyte myeloperoxidase
(MPO) activity, which lowers the pro-inflammatory phenotype of
these cells [44]. EVs generated by BM-MSCs lowered malondialdehyde
(MDA) and MPO activity, enhanced antioxidant enzymes (SOD and
GSH), and decreased oxidative disturbances in a rat colitis model [40].
These findings imply that mesenchymal stem cells induce immune

regulation to prevent oxidative damage based on their antioxidant
properties.

Immune system modulation
In the gut, MSCs control how each immune cell behaves.
Mesenchymal stem cells encourage M1 macrophages to polarize
toward the M2 phenotype by suppressing inflammation in them. MSCs
downregulate CD80, CD86, and IL-12 in DCs, which prevents DCs
from maturing and activating. Additionally, PGE2, IL-10, TGF-,
indoleamine 2,3-dioxygenase (IDO), and IL-6 can be secreted by MSCs
to restrict the growth of T cells and NK cells, lower the production of
inflammatory cytokines in Th1 and Th17 cells, and so reduce
immunological responses and inflammation [45].
Tumor necrosis factor-alpha-stimulated gene 6 (TSG-6) and

Prostaglandin E2 (PGE2) can be secreted by MSCs under inflammatory

activation [46]. It has been discovered that TSG-6 inhibits the
migration of neutrophils, the signal transduction of immune cells
residing in tissue, and the polarization of macrophages,approaching
the M2 subtype. Additionally, PGE2 has the ability to attach to
macrophage receptors, converting them from the M1 subtype to the
M2 subtype and reducing inflammation [47].
Research indicates that MSCs have the ability to suppress DC
maturation and activation by downregulating the expression of CD80,
CD86, and IL-12 in DCs [48]. Moreover, MSCs have the ability to
inhibit mature DC migration and reduce their antigen-presenting
capacity. Furthermore, MSCs can cause DCs to differentiate into
tolerogenic dendritic cells (TDCs), which effectively reduces
inflammation by suppressing effector T cells and encouraging the
activation of Treg cells.

Mucosal barrier repair
One important step in the therapy of IBD is the repair of the epithelial
barrier. MSCs regulate T cell immunity and epithelial cell proliferation
to both protect and promote the repair of the epithelial barrier [49].
Studies reveal that the primary mechanism by which mesenchymal
stem cells restore the intestinal mucosal barrier is through the release
of vesicles or cytokines. Initially, MSCs secrete specific molecules that
control the development microenvironment of intestinal stem cells
(ISCs) and encourage their differentiation into intestinal epithelial
cells (IECs). Second, mesenchymal stem cells produce substances that
lessen intestinal wall permeability and encourage the healing of
injured IECs. Furthermore, it has been demonstrated that
MSC-secreted vesicles inhibit the death of IECs in an IBD animal
model by lowering the cleavage of caspase-3, caspase-8, and
caspase-9. By secreting pro-angiogenic substances, MSCs can also
encourage lymphatic endothelial cells' (LECs) migration, proliferation,
and development of lymphatic vessels.
Although MSCs that have migrated to the intestinal mucosa have
the ability to differentiate into IECs and myofibroblasts, this is not the
main mechanism of healing and is not very common. The homing rate
of IBD lesions is greatly increased by local injection of MSC
preparations, exhibiting positive local effects and establishing the
groundwork for the therapeutic use of local injection treatment for
perianal fistulas in Crohn's disease (CD) [50, 51].

Enhancing the bacterial microbiota
MSCs release a variety of antimicrobial peptides, including IL-10,
PGE2, IDO, and IL-17, all of which have been proven in several studies
to have antimicrobial action [44].
Lactobacilli promote intestinal stem cell regeneration by activating
the STAT3 signaling pathway and secreting IL, protecting the integrity
of the intestinal mucosa [52]. Lactobacilli also modulate oxidative
stress and immune responses, alleviating DSS-induced IBD.
Furthermore, lactobacilli regulate the Th17/Treg cell balance in
DSS-induced mouse colitis, which is widely recognized as crucial for
maintaining normal intestinal homeostasis [53]. In the IBD model,
MSC therapy dramatically boosts Firmicutes' abundance, which could
be one of its therapeutic benefits. While the specific processes by
which MSCs regulate these probiotic abundances are yet unknown, the
control of probiotics—like Firmicutes and Lactobacillus—is essential
to the healing of inflammatory bowel disease. This study raises the
possibility that MSC-gut microbiota interactions might be important in
the management of IBD. In IBD models caused by DSS, immune cells,
TGF-β, gut microbiota, and metabolites are significant factors. The
regeneration of gut microbiota, miRNA expression, and metabolite
synthesis are all facilitated by MSC treatment. Thus, the makeup of the
gut microbiota altered by MSC therapy may impact a patient's
vulnerability to DSS-induced colitis [54].
Please note that this translation is quite lengthy, and if you have any
specific questions or need further clarification on any section, feel free
to ask.

Experimental treatment and clinical application of MSCs in IBD

https://doi.org/10.53388/ghr2023-03-082


REVIEW
Gastroenterology & Hepatology Research 2023;5(4):19. https://doi.org/10.53388/ghr2023-03-083

5Submit a manuscript: https://www.tmrjournals.com/ghr

Intestinal stem cells (ISCs)
Innovative methods have demonstrated the viability of Intestinal stem
cells (ISCs), which are seen as a viable approach for stem cell
treatment. Preclinical research has also shown preliminary validation
for the effectiveness of ISCs in treating IBD. Advances in 3D
cultivation techniques and the development of an in vitro ISC growth
system have opened up new possibilities for individuals suffering from
refractory gastrointestinal illnesses like IBD [55].
Recently, Watanabe and colleagues cultured "intestinal organoids"

from human colon fragments and murine colon fragments in a 3D in
vitro culture system. These organoids were then injected into the
intestines of DSS-induced IBD model mice and sutured to the mice's
anus. Fluorescence imaging confirmed that the transplanted intestinal
organoids adhered to the damaged areas of the mouse intestines,
retaining the intestinal epithelial structure. Subsequently, it was
discovered that the attached intestinal organoids could expand within
the mouse colonic mucosa and reconstruct new intestinal epithelial
tissues. Finally, examination of mouse colonic specimens and tissue
showed that the transplantation of intestinal organoids significantly
reduced colonic inflammation and repaired intestinal damage [56].

iPSCs (Pluripotent stem cells induced)
Induced pluripotent stem cells, or iPSCs, have shown encouraging
outcomes in preclinical research. In a mouse model of inflammatory
bowel disease (IBD), it was discovered that induced mesenchymal
stem cells (iMSCs) could stimulate intestinal angiogenesis and the
proliferation of Lgr5+ ISCs and intestinal epithelial cells (IECs) just as
well as adipose-derived mesenchymal stem cells (ASCs). In a different
investigation, animals with DSS-induced colitis were given injections
of iPSCs that were generated from mouse skin fibroblasts. Within a
day of receiving iPSCs, mice's clinical symptom ratings significantly
improved. Following a 72-hour period, the mice exhibited notably
longer and heavier colon specimens, as well as lower levels of
transmural inflammation, mucosal ulcers, and inflammatory cell
infiltration in the colonic mucosa.
Spence and colleagues successfully generated definitive endoderm

from human pluripotent stem cells by inducing them with Activin A, a
TGF-β-related molecule. They then transferred the cells to a culture
environment containing Wnt3a protein (Wnt3a) and fibroblast growth
factor 4 (FGF4) to generate "intestinal organoids" with crypt-like
structures, containing various types of IECs and enteroendocrine cells
[45, 57].

Preclinical Research on mesenchymal stem cell therapy in bone
marrow
Because of their immunomodulatory and anti-inflammatory qualities,
bone marrow mesenchymal stem cells (BM-MSCs) are showing
potential as an IBD therapeutic strategy. Furthermore, by increasing
the level of circulating insulin-like growth factor 1 (IGF-1), BM-MSCs
promote the proliferation of IECs and hence support the integrity and
repair of the colonic epithelium [58].
Recent research suggests that intraperitoneal injection of MSCs

(2×106) can reduce the development of colitis and decrease serum
levels of IL12-, IL-6, and IL-1β in a colitis model [59]. This
anti-inflammatory effect may be attributed to Gal-3 secreted by MSCs,
which inhibits the inflammatory phenotype of DCs in colonic tissue.
Systemic injection of adipose tissue-derived MSCs (AT-MSCs)
(1×106) inhibits DSS-induced colitis by improving Tregs frequency
and promoting M2 polarization [60].
Transplanting human umbilical cord-derived MSCs (UC-MSCs)

reduced experimental colitis in a mouse model of TNBS-induced colitis
by stimulating CD5+ B cells and interleukin-10 (IL-10)-secreting
CD5+ regulatory B cells (Bregs) [79]. In the colonic tissue of treated
mice, human UC-MSC therapy also increased Tregs and decreased
Th1/Th17 cell numbers [61]. Treatment reduced symptoms, enhanced
macroscopic and histological scores, and raised the overall survival
rate [62].
Subsequent investigation revealed that mesenchymal stem cells may

release thrombospondin-1 (THBS1), which may stimulate IL-10+

regulatory B cells (Bregs), hence regulating the course and incidence
of colitis.
Presently, systemic infusion of UC-MSCs resulted in the activation of
endoplasmic reticulum (ER) stress-related proteins within 6 hours in a
mouse model of colitis [63]. Sustaining intestinal homeostasis and
facilitating protein folding, modification, and secretion brought on by
MSC treatment depend on adequate ER activity.

Clinical treatment studies with MSCs
Autologous. In a recent experiment, Lightner and colleagues showed
that colonic infusion of autologous adipose tissue-derived MSCs (35 ×
106 cells per patient) caused no serious adverse effects in 5 patients
with refractory Crohn's fistulas.. In a 6-week follow-up, three of the
patients completely stopped drainage [64]. Another phase I trial
involving 12 CD patients (NCT03803917) showed that autologous
AT-MSCs administered intracolonically were safe, with 57% of
patients achieving complete fistula closure. The most common side
effect was persistent stomach discomfort for many days following
surgery. In addition, one patient suffered urine retention, one had
mild bleeding during liposuction, and two patients had tiny abscesses
[35].
Similarly, intracolonial administration of autologous adipose
tissue-derived MSCs (1−2 × 107 cells per patient) was demonstrated
to be safe and viable in a phase I study including CD patients [65]. In a
different trial, 10 patients with refractory Crohn's fistulas received an
intravenous injection of autologous BM-MSCs (1−2 × 106 cells/kg)
without experiencing any serious side effects. Within six weeks of
starting treatment, three patients had their condition Activity Index
(DAI) lowered by intervention; nevertheless, three more patients
needed surgery as a result of their condition progressing [66].
Additionally, Dhere et al. documented the viability and safety of
administering autologous MSCs generated from bone marrow via
systemic injection (1 × 107 cells/kg) to 12 patients with CD [67].
Allogeneic. In a study by Zhang and colleagues, systemic injection of 1
× 106 UC-MSCs/kg decreased corticosteroid dosages, disease activity
indices (DAI), and Harvey-Bradshaw indices (HBI) in 82 patients (41
in the intervention group and 41 in the control group) without causing
serious adverse effects [68]. Perianal fistula repair was enhanced by
local allogeneic 3 × 107 MSC injection per patient. Furthermore,
allogeneic BM-MSCs (3−9 × 107) injected colonically decreased the
size of fistula tracts in CD patients four years later without causing any
long-term negative consequences [69]. In a phase I/IIa clinical trial,
local administration of allogeneic adipose tissue-derived MSCs (20 ×
106 cells per patient) resulted in complete closure of all existing fistula
tracts in 30% of patients, reduced fistula drainage counts in 69.2% of
patients, and achieved complete fistula healing in 56.3% of patients.
The patients included 24 CD patients. The outcomes show that using
allogeneic AT-MSCs to treat CD patients is safe, feasible, and
successful [70].

Prospects and future directions

MSCs have been investigated as a new treatment for inflammatory
bowel disease (IBD) because of their immunomodulatory and
anti-inflammatory qualities. Mesenchymal stem/stromal cells (MSCs)
have been linked to improved tissue healing through potent
anti-inflammatory and immunomodulatory activities, according to a
growing body of research [71, 72]. In numerous animal studies of IBD
and some clinical trials involving IBD patients, MSCs have
demonstrated satisfactory therapeutic effects [73]. The therapeutic
properties of MSCs may be replicated by removing MSC-derived
exosomes (MSC-Exos) from MSC growing media, which increases the
viability and safety of clinical MSC applications [74].
There are still a number of obstacles in the way of MSC-Exos'
clinical use in IBD. First of all, MSC-Exo preparations vary widely
[75]. The biological properties of MSC-Exos can be influenced by the
MSCs' source and the culture environment, leading to variations in
their composition and biological roles [76]. Technically speaking, the
extraction of MSC-Exos lacks very sensitive and specific molecular
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markers; instead, it depends mostly on size and density for separation
and purification. As various subtypes of small extracellular vesicles
(sEVs) or biologically similar-sized macromolecules are mixed
together, it is hard to acquire comparatively pure MSC-Exo the
preparations [77]. The variety of extraction approaches leads to
differences in the purity of MSC-Exo preparations, affecting the rigor
of research and the similarities and reliability of studies. The
recognition methods for MSC-Exo preparations are varied and not yet
mature. Therefore, errors yet exist in deciding the purity and structure
of MSC-Exo preparations [78]. Both the physical properties and
production techniques of MSC-Exos need to be standardized,
compared, optimized, improved, and unified for better application in
clinical practice.
Second, it might be difficult to gauge MSC-Exos' efficacy. Evaluating

MSC-Exos' activity and potency is more difficult than determining
their purity and composition [77]. Predicting the therapeutic benefits
of MSC-Exos on IBD and quantifying the activity and composition of
effector molecules inside them are challenging problems. Further
investigation is still needed to fully understand the chemical makeup
of MSC-Exos in IBD, their effector molecules, and their precise
mechanisms of action. As of right now, the most pertinent expected
biological activities of MSC-Exos can only be used to evaluate the
therapeutic efficacy of these preparations; this may not accurately
reflect the molecular processes behind MSC-Exo preparations' actions
in IBD [78]. Moreover, opinions about the best way and amount to
administer MSC-Exo to patients with IBD are divided [79].
Achieving safe, effective, and standardized stem cell therapy for IBD

still requires significant progress. First and foremost, it's critical to
achieve homogeneity in stem cell preparations. Significant variation
arises from the effect of culturing conditions and tissue sources on
stem cells. It is difficult to establish uniformity when screening IBD
patients since there are currently no consistent criteria and controlled
comparisons for the tissue sources and growth conditions of stem cells.
Because of this variability, clinical research on IBD is not as consistent
as it might be. Individual variances in study outcomes can be
substantial, which makes it difficult to share and use the data and
ultimately restricts clinical translation.
Second, one must think about the possible risks associated with

stem cell treatment. Stem cells are much more sophisticated than
chemical medications or biologics, and little is known about their
structure and function at this time. The complete scope of stem cell
activity in vivo is still largely understood, and observations of stem
cell function in vivo are now restricted to certain illnesses. Clinical
translation is restricted by these possible therapeutic hazards.
Thirdly, stem cell treatment has to be standardized. There are

currently no established guidelines for the administration of stem
cells, including doses, timing, and methods; also, there are no
established indications or contraindications.
At this time, the majority of stem cell research in IBD is conducted

in the preclinical phase, with little clinical use in the treatment of
refractory IBD and isolated fistulas. On the other hand, stem cells are
anticipated to develop into a standard "weapon" in clinical treatment
as methods for using them advance, providing encouraging
opportunities for the management of IBD patients.
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