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Abstract

Perianal fistulizing Crohn’s disease (PFCD) is a complication of CD that signi-
ficantly impacts patients” quality of life, particularly their social and sexual well-
being. Despite advances in therapy, its treatment remains a major challenge in the
field of inflammatory bowel disease. The pathogenesis of PFCD involves in-
creased production of inflammatory cytokines by infiltrating macrophages and
lymphocytes, stimulation of the epithelial-to-mesenchymal transition, activation
of myofibroblasts, and elevated levels of matrix metalloproteinases. Mesenchymal
stem cells (MSCs) are multipotent stromal cells with self-renewal and differen-
tiation capabilities. Evidence from animal models and clinical trials indicates that
MSC injection into PFCD lesions suppresses the infiltration of inflammatory cells
and cytokines, resulting in complete fistula healing. More recently, MSC-derived
extracellular vesicles (EVs) have shown promising results in promoting fistula
healing, particularly in cases of refractory or relapsing fistulas. Notably, the
activation of macroautophagy (hereafter referred to as autophagy) in MSCs has
been shown to accelerate the healing process. This narrative review discusses the
mechanisms underlying PFCD pathogenesis, the therapeutic roles of MSCs and
their EVs, and the potential role of autophagy upregulation in enhancing MSC
function and EV production.
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Core Tip: Perianal fistulizing Crohn’s disease (PFCD) is a severe complication of CD, characterized by the accumulation of
inflammatory cells and elevated cytokine production. Although various medical and surgical approaches aim to control this
disease, recurrence remains a major challenge. Both animal models and clinical trials have shown that mesenchymal stem
cells (MSCs) and their extracellular vesicles (EVs) can reduce inflammation and promote healing in refractory PFCD effects
that may be further enhanced by autophagy activation. This review highlights the therapeutic potential of MSCs and their
EVs in PFCD treatment and explores the supportive role of autophagy in enhancing their efficacy.
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INTRODUCTION

Perianal fistulizing Crohn’s disease (PFCD) is a chronic, complex inflammatory anomaly affecting the internal bowel wall,
characterized by abnormal anatomical communications between two epithelialized surfaces in the perineal region. This
painful and debilitating condition affects approximately 20% of patients with CD worldwide, with one-third experiencing
recurrent fistula formation despite advanced medical interventions and treatments. Clinical examinations and diagnostic
tools such as endoscopy, magnetic resonance imaging (MRI), endoanal ultrasound, computed tomography, and fistulo-
graphy have revealed limited insights into the pathogenesis of Crohn’s-associated fistulae[1]. Moreover, the lack of robust
in vitro and in vivo models impedes the development and evaluation of novel therapies. Without reliable disease models,
understanding PFCD pathogenesis and assessing the efficacy and safety of potential treatments remain significant
challenges.

PFCD can cause significant discomfort, recurrent infections, and complications that severely impact patients” quality of
life, often leading to embarrassment and psychological distress. Treatment typically involves a combination of medical
and surgical approaches, which are expensive and frequently complicated by high recurrence rates. Therefore, there is a
pressing need for more effective and sustainable alternatives, such as stem cell-based therapies[1,2].

METHODOLOGY AND REVIEW CRITERIA

This submission is a narrative minireview that provides a concise synthesis of recent preclinical and clinical studies on the
use of mesenchymal stem cells (MSCs) and extracellular vesicles (EVs) in PFCD. It is based on a curated selection of
relevant literature from the past 10 years, highlighting current trends and key findings in the field. The databases
consulted include PubMed, Google Scholar, the Directory of Open Access Journals, ScienceDirect, and others. The search
was done using the above-mentioned keywords.

MECHANISMS OF PFCD: INTERPLAY BETWEEN INFLAMMATION AND EPITHELIAL-TO-MESEN-
CHYMAL TRANSITION

Current state-of-the-art research on the molecular mechanisms of fistulizing CD highlights the pivotal role of epithelial-
to-mesenchymal transition (EMT) in the pathophysiology of fibrosis and fistula formation[3]. EMT is a complex biological
process in which epithelial cells lose their defining characteristics, such as polarity, intercellular adhesion, and tight
junction integrity and acquire mesenchymal features, including enhanced motility, invasiveness, and extracellular matrix
(ECM) production. This transformation is driven by the downregulation, relocalization and degradation of tight junction
and adherens junction proteins, including claudins, occludin, zona occludens-1, and E-cadherin[4]. Loss of E-cadherin at
adherens junctions leads to the release of p-catenin and p120-catenin, which translocate to the nucleus and regulate gene
transcription, particularly under the influence of the Wnt/B-catenin signaling pathway[5]. Simultaneously, decreased
expression of connexins disrupts gap junction-mediated intercellular communication. As EMT progresses, repression of
junctional proteins is reinforced by EMT-inducing transcription factors such as Snail, Slug, ZEB1/ZEB2, and Twist,
thereby consolidating the mesenchymal phenotype[6]. This phenotypic shift is associated with the upregulation of
mesenchymal markers, including fibroblast-specific protein 1, smooth muscle actin, N-cadherin, and fibronectin, which
collectively contribute to tissue remodeling and fibrotic fistula formation in PECD[7].

The EMT process is tightly regulated by several other molecular mediators, including members of the transforming
growth factor-beta (TGF-B) family, tyrosine kinase receptors, non-coding RNAs, and context-specific transcription factors
[1,2]. These regulatory elements interact in a tissue- and context-dependent manner to modulate EMT activation and
progression.

WJG | https://www.wjgnet.com 2 October 21,2025 | Volume3l | Issue39 |

Jaishideng®


https://www.wjgnet.com/1007-9327/full/v31/i39/112229.htm
https://dx.doi.org/10.3748/wjg.v31.i39.112229

Bhatnagar P ef al. Stem cells and EVs in PECD

In addition to EMT-driven fibrosis, PFCD lesions exhibit prominent immune cell infiltration, underscoring the inflam-
matory dimension of this disease. Histopathological investigations have shown that over 56% of PFCD cases demonstrate
severe acute inflammation[8]. Immunohistochemical analysis reveals a disease-specific immune profile: PFCD-associated
fistulae are characterized by dense infiltration of cluster of differentiation 45RO* memory T cells and a narrow band of
cluster of differentiation 68" macrophages lining the inner wall, whereas cluster of differentiation 20" B cells are localized
to the outer wall. These immune cell distribution patterns are consistent across fistulae regardless of location or depth,
highlighting a distinct immunological signature associated with CD[9].

T cell subsets, particularly Th1 and Th17 cells, also play a central role in the pathogenesis of PFCD by producing pro-
inflammatory cytokines such as interleukin (IL)-12, interferon-y, IL-23, and tumor necrosis factor (TNF)-a, which initiate
and sustain immune activation and mucosal injury[10]. TNF-a is pivotal in this process, inducing the expression of TGF-f,
a key mediator in EMT. Thereafter, TGF-p activates transcription factors such as Snaill and Slug, which repress E-cad-
herin expression, thereby enhancing cellular invasiveness and promoting fistula formation[11]. In addition, TNF-a
stimulates the expression of ETS1 and p6-integrin, which enhance cell migration and invasiveness, processes which are
essential to EMT[12]. Furthermore, TNF-a contributes to the secretion of IL-13, which in turn promotes further EMT
through an autocrine loop within the fistula tract, perpetuating inflammation. IL-34 also exacerbates inflammation by
inducing TNF-a and IL-6 via extracellular regulated protein kinases signaling and promoting the release of CCL20, a
chemokine that facilitates immune cell recruitment to active lesions. Moreover, B cells, influenced by cytokines such as
IL-2 and IL-21, differentiate into plasma cells producing granzyme B, which damages the epithelial tissue and contributes
to the ongoing inflammatory process[13].

Metalloproteinases (MMPs) play a crucial role in the pathogenesis of PFCD by mediating the degradation and
remodeling of the ECM, which is essential for fistula formation. Elevated MMP activity, particularly MMP-3, MMP-9, and
MMP-13, is found in fistula tissue and contributes significantly to tissue destruction and inflammation. MMP-3, primarily
produced by mononuclear cells and fibroblasts, and MMP-9, localized in granulocytes, are associated with active inflam-
mation in fistulae. MMP-13, which is largely absent in non-fistula CD tissue, contributes to collagen breakdown, exacer-
bating ECM degradation[14]. This dysregulated MMP activity is compounded by decreased levels of tissue inhibitors of
MMPs (TIMPs), such as TIMP-1, TIMP-2, and TIMP-3, which normally act to regulate MMP function. The imbalance
between MMPs and TIMPs results in uncontrolled ECM degradation, promoting chronic inflammation, fibrosis, and
persistent fistula formation. Additionally, MMPs are involved in the activation of fibroblasts and myofibroblasts, which
further perpetuate the inflammatory cycle and fibrosis[14,15]. Thus, MMPs contribute not only to the structural remo-
deling of tissue but also to the chronic inflammation and fibrosis that characterize PFCD, highlighting their critical role in
fistula pathogenesis (Figure 1).

Genetic predisposition plays a key role in the development of PFCD. In patients with CD, mutations in the NOD2 gene
disrupt intestinal microbiota homeostasis and promote excessive gut inflammatory responses, contributing to fistula
formation. Additionally, mutations in autophagy-related genes such as ATG16 L1 and IRGM are strongly associated with
CD pathogenesis. Notably, NOD2 also functions as a key autophagy inducer by recruiting ATG16 L1 to the plasma
membrane[16].

STEM CELL THERAPY IN PFCD

Treatment for Crohn’s perianal fistula consists of a combination of medical and surgical therapies. However, treatment
options are limited and characterized by high recurrence rates after both approaches. Thus, more effective alternative
treatments are necessary.

MSC treatment has emerged as a promising strategy to reinforce surgical closure of the internal opening in patients
with complex Crohn’s perianal fistulas. This approach emphasizes the ability of stem cells to modulate inflammatory
processes and promote tissue reconstruction.

In line with this, patients with medical therapy-refractory Crohn’s perianal fistulas, with a previous history of failed
anti-TNF treatment and surgical closure, were treated with a single intralesional dose of a cell suspension containing 120
x 10° cells (expanded adipose-derived stem cells). The treatment involved injecting the first half of the dose around the
sutured internal openings through the anal canal, and the remaining half was injected into the tract wall along the fistula
through the external openings. Results showed more than 40% radiological remission and 70% clinical closure. Addi-
tionally, MSC therapy significantly improved the overall quality of life of patients[17].

Furthermore, the effectiveness of darvadstrocel, an adipose-derived MSC particularly used in treating complex
perianal fistulas associated with CD, was reported in a recent study. Fourteen patients received a single injection of
darvadstrocel. After a median follow-up of 92 weeks, 57.1% achieved successful fistula closure. The treatment was
considered safe with no perioperative complications reported. Therefore, darvadstrocel represents a minimally invasive
and promising option for the management of perianal fistulas, achieving clinical success in approximately half of the
patients[18]. In a meta-analysis of clinical trials, MSCs significantly outperformed conventional therapies in short-, long-,
and extended healing phases, although no significant advantage was observed in the medium term. Subgroup analyses
revealed that variations in cell type, source, and dosage did not significantly impact efficacy, suggesting the treatment’s
robustness across different formulations. Notably, MSC therapy was more effective against CD-related fistulas compared
to cryptoglandular fistulas, highlighting the potential immunomodulatory benefits in this treatment modality. Overall,
MSC transplantation provides a safe, effective, and durable treatment option, yielding consistent outcomes regardless of
specific MSC characteristics[19]. Figure 1 illustrates the therapeutic roles of MSCs in PFCD.
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Figure 1 Mechanisms of perianal fistulizing Crohn’s disease and therapeutic roles of mesenchymal stem cells[2]. Enhanced production of
inflammatory cytokines by infiltrating macrophages and other inflammatory cells stimulates the epithelial-to-mesenchymal transition, resulting in activation of
myofibroblasts and elevation of matrix metalloproteinases, leading to fistula formation. Injection of mesenchymal stem cells into the fistula results in suppression of
the inflammatory cells and cytokines and complete resolution of perianal fistulizing Crohn’s disease. MSCs: Mesenchymal stem cells; TNF: Tumor necrosis factor; IL:
Interleukin; TGF: Transforming growth factor; MMP: Matrix metalloproteinase; Th: T helper cells; TFF: Trefoil factor family; DC: Dendritic cell; NK: Natural killer; CD4:
Cluster of differentiation 4; Treg: Regulatory T cell; IDO: Indolamine 2,3-dioxygenase; PDL-1: Programmed death ligand 1; PGE2: Prostaglandin E2; NO: Nitrogen
oxide; GAL: Gallic acid; HO-1: Heme oxygenase-1; HLA: Human leukocyte antigen. Citation: Bhatnagar P, Elhariri S, Burud IAS, Eid N. Perianal fistulizing Crohn’s
disease: Mechanisms and treatment options focusing on cellular therapy. World J Gastroenterol 2025; 31: 100221. Copyright ©The Author(s) 2025. Published by
Baishideng Publishing Group Inc.

A systematic review and meta-analysis by Guillo et al[20], which included 25 studies involving 596 patients, demon-
strated that MSC therapies are effective in treating refractory PFCD. The remission rates were 36.2% after 3 months and
57.9% after 6 months, with MSC therapy being significantly more effective compared to placebo. This study also
suggested that both adipose-derived and bone marrow-derived stem cells showed significant therapeutic efficacy.

The long-term application of MSC therapy in 24 patients with PFCD was investigated for five years. After five years of
follow-up and treatment, 54.2% of patients showed clinical remission, and 25% showed sustained clinical response.
Radiologically, 75% of patients experienced improvement within the first 12 months, with 37.5% demonstrating long-
term improvement and 16.7% achieving complete healing. Additionally, 58.3% of patients did not require additional
surgeries, and no adverse events or long-term incontinence were reported. These findings confirm MSC therapy as a
promising treatment for PFCD, providing durable clinical benefits and safety over the long term[21]. A summary of stem
cell-based therapies in PFCD is shown in Table 1[20-33].

Clinical trials using MSCs for PFCD vary in cell sources, with some employing adipose-derived MSCs (ADSCs) (e.g.,
Pronk et al[17], 120 x 10° cells) and others using bone marrow-derived MSCs (BM-MSCs) (e.g., Swaroop et al[23], Lightner
et al[24], 75 x 10° cells). ADSCs are easier to harvest and may offer stronger anti-inflammatory effects, while BM-MSCs
show more durable responses. Doses range from 75-120 million cells, with diverse delivery methods and endpoints (e.g.,
clinical closure vs MRI-confirmed remission), complicating comparisons. Most trials only partially align with the 2023
CONSORT extension for cell therapy, often lacking in product characterization and immune safety data[34]. Our review
underscores the therapeutic potential of MSCs for PFCD while highlighting the need for standardized protocols to
improve trial reproducibility, comparability, and regulatory acceptance[17,19,23,24,29,31].

EVS AS AN EMERGING THERAPY FOR PFCD

Mammalian cells secrete EVs containing proteins, lipids and functional nucleic acids (messenger RNA, microRNA, and
other RNA species) for cellular communication and uptake both in vitro and in vivo. EVs are categorized based on size
into two primary subsets: Exosomes (50 nm-100 nm in diameter), which have an endosomal origin, and micro-vesicles

(100 nm-1000 nm in diameter), derived from cytoplasmic budding[?2]. Interestingly, EVs can also be derived from plants
[35].
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Table 1 Summary of stem cell-based therapies in perianal fistulizing Crohn’s disease[20-33]

T e Fre |1 Duration -
Stem cells/sources  Clinical/preclinical trials Year Key findings Ref.
of study

1 MSCs (sourced from Clinical trial IT and III 2025 Upto52 Complete fistula closure was observed in 71% of Guillo et
bone marrow or adipose weeks PECD patients al[20]
tissue)

2 MSC therapy Clinical, radiological and patient- 2025 60 months 5 years patients experienced sustained radiological Anand

reported healing (16.7%) Mr et al
[21]

3 Allogeneic adipose- Real-world, observational cohort 2024 14 months  61% of patients achieved and maintained clinical White et
derived MSCs study remission al[22]

4  Allogeneic bone Open-label, phase I/1, single-arm 2024 Upto104 70% achieved fistula response (= 50% decrease in Swaroop
marrow-derived study weeks drainage) after 24 weeks et al[23]
mesenchymal stromal
cells

5 Bone marrow-derived 3-phase IB/IIA randomized, 2024 12months 67.7% perianal, 37.5% rectovaginal, and 46.2% Lightner
MSCs placebo-controlled, single-blinded peripouch fistula healing after 12 months et al[24]

trials (perianal, rectovaginal, ileal
pouch fistulas)

6  Allogeneic expanded Phase III randomized, double- 2018 52weeks  56.3% combined remission and 59.2% clinical Panés et
adipose-derived stem blind, placebo-controlled clinical remission after 1 year al[25]
cells (Cx601) trial

7  Allogeneic adipose- Clinical application and 2021 Not ADSCs showed strong anti-inflammatory, Buscail et
derived stem cells mechanistic review specified ~ immunomodulatory, anti-apoptotic, and pro- al[26]
(ADSCs, Cx601, Darvad- angiogenic properties, were superior to BM-MSCs in
strocel, Alofisel®) several ways, effective in refractory Crohn’s perianal

fistulas, Cx601/ Alofisel approved by EMA

8 Human amnion Phase I open-label clinical trial 2023 52weeks  Complete response in 4/10 patients, partial response  Keung et
epithelial cells in 4/10, significant improvements in fistula healing al[27]

9 Stem cell transplantation Retrospective clinical cohort study 2024 66 months 76.9% complete closure, anti-TNF therapy did not Park et al
with or without anti- significantly improve closure rates [28]

TNF therapy

10 Allogeneic adipose- Multicenter, open-label, dose- 2016 8 weeks Complete closure in 3 out of 6 patients, closure Park et al
derived stem cells escalation pilot study sustained up to 8 months [29]

11 HESC-derived MSCs Canine anal furunculosis in dogs 2016 6 months HESC-MSCs were well-tolerated, reduced IL-2 and Ferrer et
IL-6 levels, complete fistula healing after 3 months, al[30]
partial relapse in 2 dogs after 6 months

12 Adipose-derived Open-label clinical trial on dogs 2024 12-48 100% fistula closure after 1 month Enciso et
allogeneic stem cells with refractory spontaneous months al[31]

perianal fistulas

13 Human bone marrow-  Animal study (SAMP-1/YitFc 2024 28 days HMSCs inhibited naive T cell proliferation via PGE2,  Dave et al
derived mesenchymal murine model of chronic small reprogrammed macrophages to an anti-inflammatory  [32]
stem cells intestinal inflammation) phenotype, promoted early mucosal healing, achieved

complete mucosal, histological, immunologic, and
radiological healing by day 28

14 Mesenchymal stromal Preclinical (not specified) 2014 MSC therapy (both autologous and allogeneic) is safe  Liew et al

cells from adipose and potentially effective for refractory fistulizing CD,  [33]

tissue, bone marrow, or
umbilical cord

with ongoing phase III trials. MSCs show
immunomodulatory effects

MSCs: Mesenchymal stem cells; PECD: Perianal fistulizing Crohn’s disease; ADSC: Allogeneic adipose-derived stem cell; BM-MSC: Bone marrow-derived
mesenchymal stem cell; EMA: European Medicines Agency; TNF: Tumor necrosis factor; HESC: Human embryonic stem cell; IL: Interleukin; HMSC:
Human bone marrow-derived mesenchymal stem cell; PGE2: Prostaglandin E2; CD: Crohn’s disease.

The use of MSC-derived EVs for the treatment of PFCD offers several advantages over MSCs, including lower
immunogenicity, reduced risk of tumor formation, and more accessible storage and handling requirements[36,37].
Mechanistically, EVs exert their effects via pathways like MSCs in the treatment of PFCD, as described above. The
potential of combining MSC or EV therapy with conventional medical treatments (e.g., antibiotics, thiopurines,
tacrolimus, and anti-TNF agents) to reduce the duration of therapy in PFCD warrants further investigation.

EVs are commonly isolated using ultracentrifugation, which can process large volumes but may co-isolate contam-
inants and require costly equipment; size-exclusion chromatography, which offers higher purity and structural preser-
vation but has limited reproducibility; or immunoaffinity capture, which enables highly specific subpopulation isolation
based on surface markers, though it is expensive and yields low quantities. For characterization, nanoparticle tracking
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analysis measures size distribution and concentration but can be influenced by impurities, while transmission electron
microscopy (TEM) provides high-resolution imaging of EV morphology (e.g., double-membrane structures) but is
technically demanding. Western blotting confirms EV identity through protein markers, and flow cytometry assesses
surface markers and heterogeneity, although its sensitivity for small EVs is limited. These limitations highlight the need
for complementary techniques in EV research[35-37].

A few clinical studies using EV therapy in PFCD human patients demonstrated healing success, with no reported
recurrence. A phase I clinical trial demonstrated that local injection of cord MSC-derived exosomes (5 mL of a 50 pg/mL
solution) into five patients with refractory PFCD resulted in high efficacy fistula healing within six months, and no
reported complications based on MRI imaging[38]. In a phase II clinical trial, the efficacy of MSC-derived exosomes was
tested in 23 patients with refractory perianal fistulas in CD. After three local injections of exosomes, 60% of patients
showed complete fistula closure, and 69.7% of the treated fistula tracts closed completely. Histopathological analysis
showed reduced inflammation and enhanced tissue regeneration[39]. The exosomes were isolated using ultracentrifu-
gation and assessed for quality via TEM and Western blot analysis of specific markers such as cluster of differentiation 63,
cluster of differentiation 81, and cluster of differentiation 99. A very recent study explored the use of locally injected
MSC-derived EVs delivered via a nanofiber-hydrogel composite (NHC) in a rat model of PFCD. Post-injection MRI
revealed reduced fistula inflammation and enhanced healing, attributed to sustained EV release from the NHC,
macrophage polarization, and neovascularization[40].

Plant-derived EVs have been investigated for the treatment of inflammatory bowel disease (IBD) in animal models.
Compared to mammalian-derived EVs, they offer advantages such as improved safety, lower cost, greater availability,
and reduced risk of adverse immune reactions[41,42]. Red cabbage-derived EVs (Rabex) have been investigated and
engineered as potential therapeutic agents for the treatment of IBD in animal models. Rabex exhibited dual functions:
Suppressing inflammation in macrophages and promoting regeneration of colonic epithelial cells[42]. However, studies
comparing the efficacy of plant- and mammalian-derived EVs in PFCD are still lacking.

The widespread clinical application of MSCs and EVs in PFCD is limited by several challenges. These include the
absence of standardized protocols for their isolation, characterization, and quality control. Moreover, high costs,
inconsistent dosing strategies, and variations in administration routes (local vs systemic) further complicate their clinical
use[17,19,20,36-40]. Addressing these issues through standardization is essential to support broader and more effective
therapeutic implementation.

AUTOPHAGY ACTIVATION IN MSCS FOR IMPROVED EFFICACY OF PFCD TREATMENT

Macroautophagy (hereafter referred to as autophagy) is a prosurvival process that clears damaged cellular components in
response to stress such as oxidative stress, inflammation, and hypoxia. It is initiated by mammalian target of rapamycin
(mTOR) inhibition and adenosine 5 -monophosphate-activated protein kinase activation and completed through the
action of autophagy-related genes (ATGI1-ATG13). Autophagy is characterized by the formation of ATG8/microtubule-
associated 1A /1B light chain 3 (LC3)-mediated autophagosomes that enclose cellular components, which subsequently
fuse with lysosomes to form autolysosomes for degradation[43,44]. In inflammatory diseases such as CD, upregulated
autophagy in MSCs may enhance their survival and functional capacity in hostile environments[2,45,46].

Recent in vitro investigations have reported that autophagy upregulation in MSCs by rapamycin (mTOR inhibitor)
enhanced MSC-induced suppression of inflammatory cluster of differentiation 4" T cells via secretion of TGF-B1.
Moreover, autophagy was found to play an important role in the differentiation of MSCs at the cellular and molecular
levels, thereby influencing their therapeutic potential across a wide range of diseases, including PFCD[46,47]. In addition,
the pro-autophagic effects of metformin were found to enhance the stemness of MSCs, improving both the quantity and
composition of MSC-derived exosomes[48].

Importantly, autophagy-related genes are essential for EV biogenesis via secretory (non-degradative) autophagy,
particularly in exosome formation via multivesicular body formation, and ultimately exosome release. Genetic disruption
of the ATG12-ATG3 conjugation impairs late endosome trafficking and EV production. Additionally, LC3-dependent EV
loading and secretion has been identified as an exosome-like secretory pathway[49-52]. Accordingly, activation of
autophagy in MSCs may enhance both the quality and quantity of EVs, potentially accelerating PFCD healing (Figure 2).

CONCLUSION

A growing body of evidence suggests that PFCD is a severe complication of CD that significantly impairs patients’
quality of life. Despite therapeutic advances, treatment remains challenging. MSCs and their EVs have shown promise in
promoting perianal fistula healing in animal models and clinical trials. Notably, autophagy activation in these cells
enhances their function and EV production, accelerating the healing process. However, standardization of EV isolation,
quality control, dosing, delivery routes, and cost remains lacking. Further studies in animal models of PFCD and large-
scale human trials are needed to validate the therapeutic potential of EVs. Additionally, the efficacy of plant-derived EVs
in PFCD, in comparison to their mammalian-derived counterparts, warrants investigation.
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Figure 2 Upregulation of degradative and secretory autophagy in mesenchymal stem cells promotes their survival and enhances both
the quality and quantity of their extracellular vesicles, including exosomes. Light chain 3 (LC3)-dependent extracellular vesicle (EV) loading and
secretion, LC3-dependent EV loading and secretion, lysosome, autophagosome. mTOR: Mammalian target of rapamycin; AMPK: Adenosine 5'-monophosphate-
activated protein kinase; MSCs: Mesenchymal stem cells; EV: Extracellular vesicle; LDELS: Light chain 3-dependent extracellular vesicle loading and secretion;
PFCD: Perianal fistulizing Crohn’s disease.

FOOTNOTES

Author contributions: Bhatnagar P wrote the manuscript; Elhariri S and Burud IAS revised and edited the manuscript; Eid N wrote,
edited, and approved the final draft of the manuscript; All authors have read and approved the final manuscript.

Conflict-of-interest statement: The authors declare that they have no conflict of interest.

Open Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the

original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/
Country of origin: Malaysia

ORCID number: Payal Bhatnagar 0000-0002-6474-5672; Sherreen Elhariri 0000-0001-7604-6708; Ismail A S Burud 0000-0003-0326-424X; Nabil
Eid 0000-0002-2938-2618.

S-Editor: Fan M
L-Editor: A
P-Editor: Lei YY

REFERENCES

1 Anand E, Pelly T, Joshi S, Shakweh E, Hanna LN, Hart A, Tozer P, Lung P. Current practice and innovations in diagnosing perianal fistulizing
Crohn's disease (pfCD): a narrative review. 7ec/ Coloproctol 2025;29: 102 [RCA] [PMID: 40232330 DOI: 10.1007/s10151-025-03122-6]
[FullText]

2 Bhatnagar P, Elhariri S, Burud IAS, Eid N. Perianal fistulizing Crohn's disease: Mechanisms and treatment options focusing on cellular
therapy. World J Gastroenterol 2025; 31: 100221 [RCA] [PMID: 40061590 DOI: 10.3748/wig.v31.i9.100221] [Full Text] [Full Text(PDF)]

3 Jiang H, Shen J, Ran Z. Epithelial-mesenchymal transition in Crohn's disease. Mucosal Immunol 2018; 11: 294-303 [RCA] [PMID: 29346350
DOI: 10.1038/mi.2017.107] [Full Text]

4 Hartsock A, Nelson WJ. Adherens and tight junctions: structure, function and connections to the actin cytoskeleton. Biochim Biophys Acta

2008; 1778: 660-669 [RCA] [PMID: 17854762 DOIL: 10.1016/j.bbamem.2007.07.012] [Full Text] [Full Text(PDF)]

Niehrs C. The complex world of WNT receptor signalling. Nat Rev Mol Cell Biol 2012; 13: 767-779 [RCA] [PMID: 23151663 DOI:

10.1038/nrm3470] [FullText]

W

WiG | https://www.wjgnet.com 7 October 21,2025 | Volume3l | Issue39 |

Jaishideng®


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-6474-5672
http://orcid.org/0000-0002-6474-5672
http://orcid.org/0000-0001-7604-6708
http://orcid.org/0000-0001-7604-6708
http://orcid.org/0000-0003-0326-424X
http://orcid.org/0000-0003-0326-424X
http://orcid.org/0000-0002-2938-2618
http://orcid.org/0000-0002-2938-2618
https://referencecitationanalysis.com/InCiteJournalInfo?id=21861
https://referencecitationanalysis.com/articles?id=10.1007%2fs10151-025-03122-6
http://www.ncbi.nlm.nih.gov/pubmed/40232330
https://dx.doi.org/10.1007/s10151-025-03122-6
https://dx.doi.org/10.1007/s10151-025-03122-6
https://dx.doi.org/10.1007/s10151-025-03122-6
https://referencecitationanalysis.com/InCiteJournalInfo?id=23585
https://referencecitationanalysis.com/articles?id=10.3748%2fwjg.v31.i9.100221
http://www.ncbi.nlm.nih.gov/pubmed/40061590
https://dx.doi.org/10.3748/wjg.v31.i9.100221
https://dx.doi.org/10.3748/wjg.v31.i9.100221
https://dx.doi.org/10.3748/wjg.v31.i9.100221
https://www.f6publishing.com/forms/main/DownLoadFile.aspx?Type=Digital&TypeId=1&id=10.3748%2fwjg.v31.i9.100221&FilePath=D395A9688CAD76B5C1FDFBB570977C6FE1F10835D9C8B3CD8FE89E4438718DE408FCB0F4F303CAF6972D27FF0DE756DB3BA4A5581CEBCEAAD22B0CCA69B0802FC25EBE8C967EDB07
https://www.f6publishing.com/forms/main/DownLoadFile.aspx?Type=Digital&TypeId=1&id=10.3748%2fwjg.v31.i9.100221&FilePath=D395A9688CAD76B5C1FDFBB570977C6FE1F10835D9C8B3CD8FE89E4438718DE408FCB0F4F303CAF6972D27FF0DE756DB3BA4A5581CEBCEAAD22B0CCA69B0802FC25EBE8C967EDB07
https://www.f6publishing.com/forms/main/DownLoadFile.aspx?Type=Digital&TypeId=1&id=10.3748%2fwjg.v31.i9.100221&FilePath=D395A9688CAD76B5C1FDFBB570977C6FE1F10835D9C8B3CD8FE89E4438718DE408FCB0F4F303CAF6972D27FF0DE756DB3BA4A5581CEBCEAAD22B0CCA69B0802FC25EBE8C967EDB07
https://referencecitationanalysis.com/InCiteJournalInfo?id=17477
https://referencecitationanalysis.com/articles?id=10.1038%2fmi.2017.107
http://www.ncbi.nlm.nih.gov/pubmed/29346350
https://dx.doi.org/10.1038/mi.2017.107
https://dx.doi.org/10.1038/mi.2017.107
https://dx.doi.org/10.1038/mi.2017.107
https://referencecitationanalysis.com/articles?id=10.1016%2fj.bbamem.2007.07.012
http://www.ncbi.nlm.nih.gov/pubmed/17854762
https://dx.doi.org/10.1016/j.bbamem.2007.07.012
https://dx.doi.org/10.1016/j.bbamem.2007.07.012
https://dx.doi.org/10.1016/j.bbamem.2007.07.012
https://pmc.ncbi.nlm.nih.gov/articles/PMC2682436/pdf/nihms42905.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC2682436/pdf/nihms42905.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC2682436/pdf/nihms42905.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=17578
https://referencecitationanalysis.com/articles?id=10.1038%2fnrm3470
http://www.ncbi.nlm.nih.gov/pubmed/23151663
https://dx.doi.org/10.1038/nrm3470
https://dx.doi.org/10.1038/nrm3470
https://dx.doi.org/10.1038/nrm3470

Bhatnagar P ef al. Stem cells and EVs in PFCD

6

20

N
)

24

27

28

29

30

Jaishideng®

Lamouille S, Xu J, Derynck R. Molecular mechanisms of epithelial-mesenchymal transition. Nat Rev Mol Cell Biol 2014; 15: 178-196 [RCA]
[PMID: 24556840 DOI: 10.1038/nrm3758] [Full Text]

Wang Z, Zhou H, Cheng F, Zhang Z, Long S. MiR-21 regulates epithelial-mesenchymal transition in intestinal fibrosis of Crohn's disease by
targeting PTEN/mTOR. Dig Liver Dis 2022; 54: 1358-1366 [RCA] [PMID: 35504804 DOI: 10.1016/j.d1d.2022.04.007] [Full Text]

McGregor CGC, Tandon R, Simmons A. Pathogenesis of Fistulating Crohn's Disease: A Review. Cell Mol Gastroenterol Hepatol 2023; 15:
1-11 [RCA] [PMID: 36184031 DOT: 10.1016/j.jemgh.2022.09.011] [Full Text] [Full Text(PDF)]

Bataille F, Klebl F, Riimmele P, Schroeder J, Farkas S, Wild PJ, Fiirst A, Hofstadter F, Scholmerich J, Herfarth H, Rogler G. Morphological
characterisation of Crohn's disease fistulae. Gur 2004; 53: 1314-1321 [RCA] [PMID: 15306592 DOI: 10.1136/gut.2003.038208] [Full Text]
Nicolo S, Faggiani I, Errico C, D'Amico F, Parigi TL, Danese S, Ungaro F. Translational characterization of immune pathways in inflammatory
bowel disease: insights for targeted treatments. Expert Rev Clin Immunol 2025; 21: 55-72 [RCA] [PMID: 39313992 DOI:
10.1080/1744666X.2024.2400300] [Full Text]

Liao SJ, Luo J, Li D, Zhou YH, Yan B, Wei JJ, Tu JC, Li YR, Zhang GM, Feng ZH. TGF-B1 and TNF-a synergistically induce epithelial to
mesenchymal transition of breast cancer cells by enhancing TAK1 activation. J Cell Commun Signal 2019; 13: 369-380 [RCA] [PMID:
30739244 DOL: 10.1007/s12079-019-00508-8] [Full Text]

Kawecki MP, Kruk AM, Drazyk M, Domagata Z, Wozniak S. Exploring Perianal Fistulas: Insights into Biochemical, Genetic, and Epigenetic
Influences—A Comprehensive Review. Gastroenterol Insights 2025; 16: 10 [DOI: 10.3390/gastroent16010010] [FullText]

Petagna L, Antonelli A, Ganini C, Bellato V, Campanelli M, Divizia A, Efrati C, Franceschilli M, Guida AM, Ingallinella S, Montagnese F,
Sensi B, Siragusa L, Sica GS. Pathophysiology of Crohn's disease inflammation and recurrence. Bio/ Direct 2020; 15: 23 [RCA] [PMID:
33160400 DOI: 10.1186/s13062-020-00280-5] [FullText] [Full Text(PDF)]

Castro-Ferreira R, Cardoso R, Leite-Moreira A, Mansilha A. The Role of Endothelial Dysfunction and Inflammation in Chronic Venous
Disease. Ann Vasc Surg 2018; 46: 380-393 [RCA] [PMID: 28688874 DOI: 10.1016/j.avsg.2017.06.131] [FullText]

Zhao X, Chen J, Sun H, Zhang Y, Zou D. New insights into fibrosis from the ECM degradation perspective: the macrophage-MMP-ECM
interaction. Ce// Biosci 2022; 12: 117 [RCA] [PMID: 35897082 DOI: 10.1186/s13578-022-00856-w] [FullText] [Full Text(PDF)]

Shao BZ, Yao Y, Zhai JS, Zhu JH, Li JP, Wu K. The Role of Autophagy in Inflammatory Bowel Disease. Front Physiol 2021; 12: 621132
[RCA] [PMID: 33633585 DOL: 10.3389/fphys.2021.621132] [FullText] [Full Text(PDF)]

Pronk AJM, Beek KJ, Wildenberg ME, Bemelman WA, Stoker J, Buskens CJ. Mesenchymal stem cell therapy for therapy refractory complex
Crohn's perianal fistulas: a case series. Stem Cell Res Ther 2024; 15: 161 [RCA] [PMID: 38853278 DOI: 10.1186/s13287-024-03779-0] [Full
Text]

Ye ML, Cheng F. Comments on: "Efficacy of cx601 (darvadstrocel) for the treatment of perianal fistulizing Crohn's disease-A prospective
nationwide multicenter cohort study". Wien Klin Wochenschr 2024; 136: 295-296 [RCA] [PMID: 38600334 DOI:
10.1007/s00508-024-02359-9] [Full Text]

Wang H, Jiang HY, Zhang YX, Jin HY, Fei BY, Jiang JL. Mesenchymal stem cells transplantation for perianal fistulas: a systematic review
and meta-analysis of clinical trials. Stem Cell Res Ther 2023; 14: 103 [RCA] [PMID: 37101285 DOI: 10.1186/s13287-023-03331-6] [FullText]
[Full Text(PDF)]

Guillo L, Gravier Dumonceau R, Vélier M, Serrero M, Grimaud F, Sabatier F, Magalon J. Efficacy of mesenchymal stem cell-based therapies
in the treatment of perianal fistulizing Crohn's disease: a systematic review and meta-analysis. Stem Cell Res Ther 2025; 16: 152 [RCA] [PMID:
40156066 DOI: 10.1186/513287-025-04272-y] [FullText] [Full Text(PDF)]

Anand Mr E, Rea B, Igbal N, Sayers A, Hart A, Lung P, Brown S, Tozer P. P0868 Long term outcomes from UK mesenchymal stem cell
therapy for perianal fistulising Crohn’s disease: a 5 Year follow up. J Cro/ns Colitis 2025; 19: 11651-11651 [DOI:
10.1093/ecco-jec/jjaec190.1042] [FullText]

White I, Yanai H, Avni I, Slavin M, Naftali T, Tovi S, Dotan I, Wasserberg N. Mesenchymal stem cell therapy for Crohn's perianal fistula-a
real-world experience. Colorectal Dis 2024; 26: 102-109 [RCA] [PMID: 38095303 DOL: 10.1111/codi.16830] [Full Text]

Swaroop S, Vuyyuru SK, Kante B, Kumar P, Mundhra SK, Arora U, Goyal A, Kandasamy D, Sharma R, Kabilan K, Kedia S, Dash NR, Ahuja
V. A phase I/II clinical trial of ex-vivo expanded human bone marrow derived allogeneic mesenchymal stromal cells in adult patients with
perianal fistulizing Crohn's Disease. Stem Cell Res Ther 2024; 15: 140 [RCA] [PMID: 38745184 DOI: 10.1186/s13287-024-03746-9] [Full
Text]

Lightner AL, Pineiro AO, Reese J, Ream J, Nachand D, Adams AC, Dadgar N, Hull T. Treatment effect of ex vivo expanded allogeneic bone
marrow-derived mesenchymal stem cells for the treatment of fistulizing Crohn's disease are durable at 12 months. Surgery 2024; 175: 984-990
[RCA] [PMID: 38097485 DOT: 10.1016/j.5urg.2023.11.007] [Full Text]

Panés J, Garcia-Olmo D, Van Assche G, Colombel JF, Reinisch W, Baumgart DC, Dignass A, Nachury M, Ferrante M, Kazemi-Shirazi L,
Grimaud JC, de la Portilla F, Goldin E, Richard MP, Diez MC, Tagarro I, Leselbaum A, Danese S; ADMIRE CD Study Group Collaborators.
Long-term Efficacy and Safety of Stem Cell Therapy (Cx601) for Complex Perianal Fistulas in Patients With Crohn's Disease.
Gastroenterology 2018; 154: 1334-1342.e4 [RCA] [PMID: 29277560 DOT: 10.1053/.gastro.2017.12.020] [Full Tex(]

Buscail E, Le Cosquer G, Gross F, Lebrin M, Bugarel L, Deraison C, Vergnolle N, Bournet B, Gilletta C, Buscail L. Adipose-Derived Stem
Cells in the Treatment of Perianal Fistulas in Crohn's Disease: Rationale, Clinical Results and Perspectives. /nt J Mol Sci 2021; 22: 9967 [RCA]
[PMID: 34576129 DOL: 10.3390/ijms22189967] [FullText] [Full Text(PDF)]

Keung C, Nguyen TC, Lim R, Gerstenmaier A, Sievert W, Moore GT. Local fistula injection of allogeneic human amnion epithelial cells is
safe and well tolerated in patients with refractory complex perianal Crohn's disease: a phase I open label study with long-term follow up.
EBioMedicine 2023; 98: 104879 [RCA] [PMID: 38042747 DOI: 10.1016/j.ebiom.2023.104879] [Full Text] [Full Texi(PDF)]

Park MY, Yoon YS, Park JH, Lee JL, Yu CS. Long-term outcome of stem cell transplantation with and without anti-tumor necrotic factor
therapy in perianal fistula with Crohn's disease. Worid J Stem Cells 2024; 16: 257-266 [RCA] [PMID: 38577230 DOI:
10.4252/wjsc.v16.i3.257] [FullText] [Full Text(PDF)]

Park KJ, Ryoo SB, Kim JS, Kim TI, Baik SH, Kim HJ, Lee KY, Kim M, Kim WH. Allogeneic adipose-derived stem cells for the treatment of
perianal fistula in Crohn's disease: a pilot clinical trial. Colorectal Dis 2016; 18: 468-476 [RCA] [PMID: 26603576 DOIL: 10.1111/codi.13223]
[FullText]

Ferrer L, Kimbrel EA, Lam A, Falk EB, Zewe C, Juopperi T, Lanza R, Hoffman A. Treatment of perianal fistulas with human embryonic stem
cell-derived mesenchymal stem cells: a canine model of human fistulizing Crohn's disease. Regen Med 2016; 11: 33-43 [RCA] [PMID:
26387424 DOIL: 10.2217/rme.15.69] [FullText]

WIG | https://www.wjgnet.com 8 October 21,2025 | Volume3l | Issue39 |


https://referencecitationanalysis.com/InCiteJournalInfo?id=17578
https://referencecitationanalysis.com/articles?id=10.1038%2fnrm3758
http://www.ncbi.nlm.nih.gov/pubmed/24556840
https://dx.doi.org/10.1038/nrm3758
https://dx.doi.org/10.1038/nrm3758
https://dx.doi.org/10.1038/nrm3758
https://referencecitationanalysis.com/InCiteJournalInfo?id=168749
https://referencecitationanalysis.com/articles?id=10.1016%2fj.dld.2022.04.007
http://www.ncbi.nlm.nih.gov/pubmed/35504804
https://dx.doi.org/10.1016/j.dld.2022.04.007
https://dx.doi.org/10.1016/j.dld.2022.04.007
https://dx.doi.org/10.1016/j.dld.2022.04.007
https://referencecitationanalysis.com/InCiteJournalInfo?id=4813
https://referencecitationanalysis.com/articles?id=10.1016%2fj.jcmgh.2022.09.011
http://www.ncbi.nlm.nih.gov/pubmed/36184031
https://dx.doi.org/10.1016/j.jcmgh.2022.09.011
https://dx.doi.org/10.1016/j.jcmgh.2022.09.011
https://dx.doi.org/10.1016/j.jcmgh.2022.09.011
https://rcastoragev2.blob.core.windows.net/7cb6f2291bb94b8e803584cb61c4e8f5/main.pdf
https://rcastoragev2.blob.core.windows.net/7cb6f2291bb94b8e803584cb61c4e8f5/main.pdf
https://rcastoragev2.blob.core.windows.net/7cb6f2291bb94b8e803584cb61c4e8f5/main.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=9998
https://referencecitationanalysis.com/articles?id=10.1136%2fgut.2003.038208
http://www.ncbi.nlm.nih.gov/pubmed/15306592
https://dx.doi.org/10.1136/gut.2003.038208
https://dx.doi.org/10.1136/gut.2003.038208
https://dx.doi.org/10.1136/gut.2003.038208
https://referencecitationanalysis.com/InCiteJournalInfo?id=9072
https://referencecitationanalysis.com/articles?id=10.1080%2f1744666x.2024.2400300
http://www.ncbi.nlm.nih.gov/pubmed/39313992
https://dx.doi.org/10.1080/1744666X.2024.2400300
https://dx.doi.org/10.1080/1744666X.2024.2400300
https://dx.doi.org/10.1080/1744666X.2024.2400300
https://referencecitationanalysis.com/InCiteJournalInfo?id=12457
https://referencecitationanalysis.com/articles?id=10.1007%2fs12079-019-00508-8
http://www.ncbi.nlm.nih.gov/pubmed/30739244
https://dx.doi.org/10.1007/s12079-019-00508-8
https://dx.doi.org/10.1007/s12079-019-00508-8
https://dx.doi.org/10.1007/s12079-019-00508-8
https://dx.doi.org/10.3390/gastroent16010010
https://dx.doi.org/10.3390/gastroent16010010
https://dx.doi.org/10.3390/gastroent16010010
https://referencecitationanalysis.com/InCiteJournalInfo?id=3537
https://referencecitationanalysis.com/articles?id=10.1186%2fs13062-020-00280-5
http://www.ncbi.nlm.nih.gov/pubmed/33160400
https://dx.doi.org/10.1186/s13062-020-00280-5
https://dx.doi.org/10.1186/s13062-020-00280-5
https://dx.doi.org/10.1186/s13062-020-00280-5
https://rcastoragev2.blob.core.windows.net/f95cb31e05ffea330ba55d2088d83b1a/PMC7648997.pdf
https://rcastoragev2.blob.core.windows.net/f95cb31e05ffea330ba55d2088d83b1a/PMC7648997.pdf
https://rcastoragev2.blob.core.windows.net/f95cb31e05ffea330ba55d2088d83b1a/PMC7648997.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=2300
https://referencecitationanalysis.com/articles?id=10.1016%2fj.avsg.2017.06.131
http://www.ncbi.nlm.nih.gov/pubmed/28688874
https://dx.doi.org/10.1016/j.avsg.2017.06.131
https://dx.doi.org/10.1016/j.avsg.2017.06.131
https://dx.doi.org/10.1016/j.avsg.2017.06.131
https://referencecitationanalysis.com/InCiteJournalInfo?id=4583
https://referencecitationanalysis.com/articles?id=10.1186%2fs13578-022-00856-w
http://www.ncbi.nlm.nih.gov/pubmed/35897082
https://dx.doi.org/10.1186/s13578-022-00856-w
https://dx.doi.org/10.1186/s13578-022-00856-w
https://dx.doi.org/10.1186/s13578-022-00856-w
https://rcastoragev2.blob.core.windows.net/4781b5e4520623d6bb1b7be29fdd4e4e/PMC9327238.pdf
https://rcastoragev2.blob.core.windows.net/4781b5e4520623d6bb1b7be29fdd4e4e/PMC9327238.pdf
https://rcastoragev2.blob.core.windows.net/4781b5e4520623d6bb1b7be29fdd4e4e/PMC9327238.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=9551
https://referencecitationanalysis.com/articles?id=10.3389%2ffphys.2021.621132
http://www.ncbi.nlm.nih.gov/pubmed/33633585
https://dx.doi.org/10.3389/fphys.2021.621132
https://dx.doi.org/10.3389/fphys.2021.621132
https://dx.doi.org/10.3389/fphys.2021.621132
https://rcastoragev2.blob.core.windows.net/467725463571dc8cbfd5d5f7a9a92f0c/PMC7902040.pdf
https://rcastoragev2.blob.core.windows.net/467725463571dc8cbfd5d5f7a9a92f0c/PMC7902040.pdf
https://rcastoragev2.blob.core.windows.net/467725463571dc8cbfd5d5f7a9a92f0c/PMC7902040.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=21544
https://referencecitationanalysis.com/articles?id=10.1186%2fs13287-024-03779-0
http://www.ncbi.nlm.nih.gov/pubmed/38853278
https://dx.doi.org/10.1186/s13287-024-03779-0
https://dx.doi.org/10.1186/s13287-024-03779-0
https://dx.doi.org/10.1186/s13287-024-03779-0
https://referencecitationanalysis.com/InCiteJournalInfo?id=23332
https://referencecitationanalysis.com/articles?id=10.1007%2fs00508-024-02359-9
http://www.ncbi.nlm.nih.gov/pubmed/38600334
https://dx.doi.org/10.1007/s00508-024-02359-9
https://dx.doi.org/10.1007/s00508-024-02359-9
https://dx.doi.org/10.1007/s00508-024-02359-9
https://referencecitationanalysis.com/InCiteJournalInfo?id=21544
https://referencecitationanalysis.com/articles?id=10.1186%2fs13287-023-03331-6
http://www.ncbi.nlm.nih.gov/pubmed/37101285
https://dx.doi.org/10.1186/s13287-023-03331-6
https://dx.doi.org/10.1186/s13287-023-03331-6
https://dx.doi.org/10.1186/s13287-023-03331-6
https://rcastoragev2.blob.core.windows.net/7ef7120801453605ef954880a86677e3/13287_2023_Article_3331.pdf
https://rcastoragev2.blob.core.windows.net/7ef7120801453605ef954880a86677e3/13287_2023_Article_3331.pdf
https://rcastoragev2.blob.core.windows.net/7ef7120801453605ef954880a86677e3/13287_2023_Article_3331.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=21544
https://referencecitationanalysis.com/articles?id=10.1186%2fs13287-025-04272-y
http://www.ncbi.nlm.nih.gov/pubmed/40156066
https://dx.doi.org/10.1186/s13287-025-04272-y
https://dx.doi.org/10.1186/s13287-025-04272-y
https://dx.doi.org/10.1186/s13287-025-04272-y
https://rcastoragev2.blob.core.windows.net/d77b520b9bc3444b9ce7a952c5f407ef/13287_2025_Article_4272.PMC11951560.pdf
https://rcastoragev2.blob.core.windows.net/d77b520b9bc3444b9ce7a952c5f407ef/13287_2025_Article_4272.PMC11951560.pdf
https://rcastoragev2.blob.core.windows.net/d77b520b9bc3444b9ce7a952c5f407ef/13287_2025_Article_4272.PMC11951560.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=13594
https://dx.doi.org/10.1093/ecco-jcc/jjae190.1042
https://dx.doi.org/10.1093/ecco-jcc/jjae190.1042
https://dx.doi.org/10.1093/ecco-jcc/jjae190.1042
https://referencecitationanalysis.com/InCiteJournalInfo?id=6938
https://referencecitationanalysis.com/articles?id=10.1111%2fcodi.16830
http://www.ncbi.nlm.nih.gov/pubmed/38095303
https://dx.doi.org/10.1111/codi.16830
https://dx.doi.org/10.1111/codi.16830
https://dx.doi.org/10.1111/codi.16830
https://referencecitationanalysis.com/InCiteJournalInfo?id=21544
https://referencecitationanalysis.com/articles?id=10.1186%2fs13287-024-03746-9
http://www.ncbi.nlm.nih.gov/pubmed/38745184
https://dx.doi.org/10.1186/s13287-024-03746-9
https://dx.doi.org/10.1186/s13287-024-03746-9
https://dx.doi.org/10.1186/s13287-024-03746-9
https://referencecitationanalysis.com/InCiteJournalInfo?id=21700
https://referencecitationanalysis.com/articles?id=10.1016%2fj.surg.2023.11.007
http://www.ncbi.nlm.nih.gov/pubmed/38097485
https://dx.doi.org/10.1016/j.surg.2023.11.007
https://dx.doi.org/10.1016/j.surg.2023.11.007
https://dx.doi.org/10.1016/j.surg.2023.11.007
https://referencecitationanalysis.com/InCiteJournalInfo?id=9423
https://referencecitationanalysis.com/articles?id=10.1053%2fj.gastro.2017.12.020
http://www.ncbi.nlm.nih.gov/pubmed/29277560
https://dx.doi.org/10.1053/j.gastro.2017.12.020
https://dx.doi.org/10.1053/j.gastro.2017.12.020
https://dx.doi.org/10.1053/j.gastro.2017.12.020
https://referencecitationanalysis.com/InCiteJournalInfo?id=11724
https://referencecitationanalysis.com/articles?id=10.3390%2fijms22189967
http://www.ncbi.nlm.nih.gov/pubmed/34576129
https://dx.doi.org/10.3390/ijms22189967
https://dx.doi.org/10.3390/ijms22189967
https://dx.doi.org/10.3390/ijms22189967
https://rcastoragev2.blob.core.windows.net/1926940bcbc045414e041c0b585f6ecc/PMC8470328.pdf
https://rcastoragev2.blob.core.windows.net/1926940bcbc045414e041c0b585f6ecc/PMC8470328.pdf
https://rcastoragev2.blob.core.windows.net/1926940bcbc045414e041c0b585f6ecc/PMC8470328.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=7983
https://referencecitationanalysis.com/articles?id=10.1016%2fj.ebiom.2023.104879
http://www.ncbi.nlm.nih.gov/pubmed/38042747
https://dx.doi.org/10.1016/j.ebiom.2023.104879
https://dx.doi.org/10.1016/j.ebiom.2023.104879
https://dx.doi.org/10.1016/j.ebiom.2023.104879
https://rcastoragev2.blob.core.windows.net/d24620463c98ab0d758c94bfa40b4c1f/main.PMC10755113.pdf
https://rcastoragev2.blob.core.windows.net/d24620463c98ab0d758c94bfa40b4c1f/main.PMC10755113.pdf
https://rcastoragev2.blob.core.windows.net/d24620463c98ab0d758c94bfa40b4c1f/main.PMC10755113.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=23605
https://referencecitationanalysis.com/articles?id=10.4252%2fwjsc.v16.i3.257
http://www.ncbi.nlm.nih.gov/pubmed/38577230
https://dx.doi.org/10.4252/wjsc.v16.i3.257
https://dx.doi.org/10.4252/wjsc.v16.i3.257
https://dx.doi.org/10.4252/wjsc.v16.i3.257
https://www.f6publishing.com/forms/main/DownLoadFile.aspx?Type=Digital&TypeId=1&id=10.4252%2fwjsc.v16.i3.257&FilePath=C68A139B7E2097D351E6CB2FF0EF9F80A884F1EA78C6D85F614B79A0116E41FFBBF5CB75A20ACD221819895A9B2BE04863305A2B73BE1511C4278EEA9BED537C
https://www.f6publishing.com/forms/main/DownLoadFile.aspx?Type=Digital&TypeId=1&id=10.4252%2fwjsc.v16.i3.257&FilePath=C68A139B7E2097D351E6CB2FF0EF9F80A884F1EA78C6D85F614B79A0116E41FFBBF5CB75A20ACD221819895A9B2BE04863305A2B73BE1511C4278EEA9BED537C
https://www.f6publishing.com/forms/main/DownLoadFile.aspx?Type=Digital&TypeId=1&id=10.4252%2fwjsc.v16.i3.257&FilePath=C68A139B7E2097D351E6CB2FF0EF9F80A884F1EA78C6D85F614B79A0116E41FFBBF5CB75A20ACD221819895A9B2BE04863305A2B73BE1511C4278EEA9BED537C
https://referencecitationanalysis.com/InCiteJournalInfo?id=6938
https://referencecitationanalysis.com/articles?id=10.1111%2fcodi.13223
http://www.ncbi.nlm.nih.gov/pubmed/26603576
https://dx.doi.org/10.1111/codi.13223
https://dx.doi.org/10.1111/codi.13223
https://dx.doi.org/10.1111/codi.13223
https://referencecitationanalysis.com/InCiteJournalInfo?id=20167
https://referencecitationanalysis.com/articles?id=10.2217%2frme.15.69
http://www.ncbi.nlm.nih.gov/pubmed/26387424
https://dx.doi.org/10.2217/rme.15.69
https://dx.doi.org/10.2217/rme.15.69
https://dx.doi.org/10.2217/rme.15.69

(54
[\S)

w
w

w
W

38

39

43

44

46

47

48

49

W
N

Jaishideng®

Bhatnagar P ef al. Stem cells and EVs in PECD

Enciso N, Enciso-Benavides J, Sandoval J, Enciso J. In Situ Treatment of Refractory Perianal Fistulas in Dogs with Low-Dose Allogeneic
Adipose-Derived Mesenchymal Stem Cells. Animals (Basel) 2024; 14: 3300 [RCA] [PMID: 39595352 DOI: 10.3390/ani14223300] [Full Text]
Dave M, Dev A, Somoza RA, Zhao N, Viswanath S, Mina PR, Chirra P, Obmann VC, Mahabeleshwar GH, Menghini P, Durbin-Johnson B,
Nolta J, Soto C, Osme A, Khuat LT, Murphy WIJ, Caplan AL, Cominelli F. MSCs mediate long-term efficacy in a Crohn's disease model by
sustained anti-inflammatory macrophage programming via efferocytosis. NPJ Regen Med 2024; 9: 6 [RCA] [PMID: 38245543 DOI:
10.1038/s41536-024-00347-1] [FullText]

Liew A, O'Brien T, Egan L. Mesenchymal stromal cell therapy for Crohn's disease. Dig Dis 2014; 32 Suppl 1: 50-60 [RCA] [PMID: 25531353
DOL: 10.1159/000367826] [FullText]

Rekowski J, Guo C, Solovyeva O, Dimairo M, Rouhifard M, Patel D, Alger E, Ashby D, Berlin J, Boix O, Calvert M, Chan AW, Coschi CH,
de Bono J, Evans TRJ, Garrett-Mayer E, Golub RM, Hayward KS, Hopewell S, Isaacs JD, Ivy SP, Jaki T, Kholmanskikh O, Kightley A, Lee S,
Liu R, Maia I, Mander A, Marshall LV, Matcham J, Peck R, Rantell KR, Richards DP, Seymour L, Tanaka Y, Ursino M, Weir CJ, Yap C.
CONSORT-DEFINE explanation and elaboration: recommendations for enhancing reporting quality and impact of early phase dose-finding
clinical trials. EClinicalMedicine 2025; 79: 102987 [RCA] [PMID: 39877553 DOI: 10.1016/j.eclinm.2024.102987] [FullText] [Full Text(PDF)]
Ito Y, Taniguchi K, Kuranaga Y, Eid N, Inomata Y, Lee SW, Uchiyama K. Uptake of MicroRNAs from Exosome-Like Nanovesicles of Edible
Plant Juice by Rat Enterocytes. /nt .J Mol Sci 2021; 22: 3749 [RCA] [PMID: 33916868 DOI: 10.3390/ijms22073749] [Full Text] [Full Text
(PDF)]

Sebbagh AC, Rosenbaum B, Péré G, Alric H, Berger A, Wilhelm C, Gazeau F, Mathieu N, Rahmi G, Silva AKA. Regenerative medicine for
digestive fistulae therapy: Benefits, challenges and promises of stem/stromal cells and emergent perspectives via their extracellular vesicles.
Adv Drug Deliv Rev 2021; 179: 113841 [RCA] [PMID: 34175308 DOL: 10.1016/j.addr.2021.113841] [Full Text]

Njoku GC, Forkan CP, Soltysik FM, Nejsum PL, Pociot F, Yarani R. Unleashing the potential of extracellular vesicles for ulcerative colitis
and Crohn's disease therapy. Bioact Mater 2025; 45: 41-57 [RCA] [PMID: 39610953 DOI: 10.1016/j.bioactmat.2024.11.004] [Full Text]
Nazari H, Alborzi F, Heirani-Tabasi A, Hadizadeh A, Asbagh RA, Behboudi B, Fazeli MS, Rahimi M, Keramati MR, Keshvari A, Kazemeini
A, Soleimani M, Ahmadi Tafti SM. Evaluating the safety and efficacy of mesenchymal stem cell-derived exosomes for treatment of refractory
perianal fistula in IBD patients: clinical trial phase 1. Gastroenterol Rep (Oxf) 2022; 10: goac075 [RCA] [PMID: 36518984 DOI:
10.1093/gastro/goac075] [FullText] [Full Text(PDF)]

Hadizadeh A, Akbari Asbagh R, Heirani-Tabasi A, Soleimani M, Gorovanchi P, Ebrahimi Daryani N, Vahedi A, Nazari H, Banikarimi SP,
Abbaszade Dibavar M, Behboudi B, Fazeli MS, Keramati MR, Keshvari A, Kazemeini A, Pak H, Fazeli AR, Alborzi Avanaki F, Ahmadi-Tafti
SM. Localized Administration of Mesenchymal Stem Cell-Derived Exosomes for the Treatment of Refractory Perianal Fistula in Patients With
Crohn's Disease: A Phase II Clinical Trial. Dis Colon Rectum 2024; 67: 1564-1575 [RCA] [PMID: 39250316 DOI:
10.1097/DCR.0000000000003502] [Full Text]

Li L, Yao Z, Salimian KJ, Kong J, Zaheer A, Parian A, Gearhart SL, Mao HQ, Selaru FM. Extracellular Vesicles Delivered by a Nanofiber-
Hydrogel Composite Enhance Healing In Vivo in a Model of Crohn's Disease Perianal Fistula. Adv Healthce Mater 2025; 14: 2402292 [RCA]
[PMID: 39240055 DOI: 10.1002/adhm.202402292] [Full Text]

Zhu Y, Zhao J, Ding H, Qiu M, Xue L, Ge D, Wen G, Ren H, Li P, Wang J. Applications of plant-derived extracellular vesicles in medicine.
MedComm (2020) 2024; 5: €741 [RCA] [PMID: 39309692 DOI: 10.1002/mco02.741] [Full Text] [Full Text(PDF)]

Kang SJ, Lee JH, Rhee WJ. Engineered plant-derived extracellular vesicles for targeted regulation and treatment of colitis-associated
inflammation. 7heranostics 2024; 14: 5643-5661 [RCA] [PMID: 39310109 DOI: 10.7150/thno.97139] [FullText] [Full Text(PDF)]

Alim Al-Bari A, Ito Y, Thomes PG, Menon MB, Garcia-Macia M, Fadel R, Stadlin A, Peake N, Faris ME, Eid N, Klionsky DJ. Emerging
mechanistic insights of selective autophagy in hepatic diseases. Front Pharmacol 2023; 14: 1149809 [RCA] [PMID: 37007026 DOI:
10.3389/fphar.2023.1149809] [FullText] [Full Text(PDF)]

Mukhopadhyay P, Eid N, Abdelmegeed MA, Sen A. Interplay of Oxidative Stress, Inflammation, and Autophagy: Their Role in Tissue Injury
of the Heart, Liver, and Kidney. Oxid Med Cell Longev 2018; 2018: 2090813 [RCA] [PMID: 29765491 DOIL: 10.1155/2018/2090813] [Full
Text] [Full Text(PDF)]

Zhao K, Chan ITC, Tse EHY, Xie Z, Cheung TH, Zeng YA. Autophagy in adult stem cell homeostasis, aging, and disease therapy. Cell Regen
2025; 14: 14 [RCA] [PMID: 40208372 DOI: 10.1186/s13619-025-00224-2] [Full Text]

Gao L, Cen S, Wang P, Xie Z, Liu Z, Deng W, Su H, Wu X, Wang S, Li J, Ouyang Y, Wu Y, Shen H. Autophagy Improves the
Immunosuppression of CD4+ T Cells by Mesenchymal Stem Cells Through Transforming Growth Factor-B1. Stem Cells Trans! Med 2016; 5:
1496-1505 [RCA] [PMID: 27400793 DOI: 10.5966/sctm.2015-0420] [Full Text]

Wei Y, Zheng Z, Zhang Y, Sun J, Xu S, Di X, Ding X, Ding G. Regulation of mesenchymal stem cell differentiation by autophagy. Open Med
(Wars) 2024; 19: 20240968 [RCA] [PMID: 38799254 DOI: 10.1515/med-2024-0968] [FullText]

Al-Azab M, Idiiatullina E, Safi M, Hezam K. Enhancers of mesenchymal stem cell stemness and therapeutic potency. Biomed Pharmacother
2023; 162: 114356 [RCA] [PMID: 37040673 DOTI: 10.1016/j.biopha.2023.114356] [Full Text]

Leidal AM, Debnath J. Emerging roles for the autophagy machinery in extracellular vesicle biogenesis and secretion. /ASEB Bioadv 2021; 3:
377-386 [RCA] [PMID: 33977236 DOI: 10.1096/tba.2020-00138] [Full Text] [Full Text(PDF)]

Manganelli V, Dini L, Tacconi S, Dinarelli S, Capozzi A, Riitano G, Recalchi S, Caglar TR, Fratini F, Misasi R, Sorice M, Garofalo T.
Autophagy Promotes Enrichment of Raft Components within Extracellular Vesicles Secreted by Human 2FTGH Cells. /nt J Mol Sci 2024; 25:
6175 [RCA] [PMID: 38892363 DOI: 10.3390/ijms25116175] [Full Text]

Hanelova K, Raudenska M, Kratochvilova M, Navratil J, Vicar T, Bugajova M, Gumulec J, Masarik M, Balvan J. Autophagy modulators
influence the content of important signalling molecules in PS-positive extracellular vesicles. Cell Commun Signal 2023; 21: 120 [RCA] [PMID:
37226246 DOI: 10.1186/512964-023-01126-z] [FullText]

Kuramoto K, He C. Degradative and Non-Degradative Roles of Autophagy Proteins in Metabolism and Metabolic Diseases. Front Cell Dev
Biol 2022; 10: 844481 [RCA] [PMID: 35646940 DOI: 10.3389/fcell.2022.844481] [FullText] [Full Text(PDF)]

WIG | https://www.wjgnet.com 9 October 21,2025 | Volume3l | Issue39 |


https://referencecitationanalysis.com/InCiteJournalInfo?id=158068
https://referencecitationanalysis.com/articles?id=10.3390%2fani14223300
http://www.ncbi.nlm.nih.gov/pubmed/39595352
https://dx.doi.org/10.3390/ani14223300
https://dx.doi.org/10.3390/ani14223300
https://dx.doi.org/10.3390/ani14223300
https://referencecitationanalysis.com/InCiteJournalInfo?id=18171
https://referencecitationanalysis.com/articles?id=10.1038%2fs41536-024-00347-1
http://www.ncbi.nlm.nih.gov/pubmed/38245543
https://dx.doi.org/10.1038/s41536-024-00347-1
https://dx.doi.org/10.1038/s41536-024-00347-1
https://dx.doi.org/10.1038/s41536-024-00347-1
https://referencecitationanalysis.com/InCiteJournalInfo?id=8038
https://referencecitationanalysis.com/articles?id=10.1159%2f000367826
http://www.ncbi.nlm.nih.gov/pubmed/25531353
https://dx.doi.org/10.1159/000367826
https://dx.doi.org/10.1159/000367826
https://dx.doi.org/10.1159/000367826
https://referencecitationanalysis.com/InCiteJournalInfo?id=171863
https://referencecitationanalysis.com/articles?id=10.1016%2fj.eclinm.2024.102987
http://www.ncbi.nlm.nih.gov/pubmed/39877553
https://dx.doi.org/10.1016/j.eclinm.2024.102987
https://dx.doi.org/10.1016/j.eclinm.2024.102987
https://dx.doi.org/10.1016/j.eclinm.2024.102987
https://rcastoragev2.blob.core.windows.net/a1a9ec6a03f97d7cd414b0805cfc31e0/main.PMC11773258.pdf
https://rcastoragev2.blob.core.windows.net/a1a9ec6a03f97d7cd414b0805cfc31e0/main.PMC11773258.pdf
https://rcastoragev2.blob.core.windows.net/a1a9ec6a03f97d7cd414b0805cfc31e0/main.PMC11773258.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=11724
https://referencecitationanalysis.com/articles?id=10.3390%2fijms22073749
http://www.ncbi.nlm.nih.gov/pubmed/33916868
https://dx.doi.org/10.3390/ijms22073749
https://dx.doi.org/10.3390/ijms22073749
https://dx.doi.org/10.3390/ijms22073749
https://rcastoragev2.blob.core.windows.net/80a3e35e65f7883a04615c478eee73c2/PMC8038500.pdf
https://rcastoragev2.blob.core.windows.net/80a3e35e65f7883a04615c478eee73c2/PMC8038500.pdf
https://rcastoragev2.blob.core.windows.net/80a3e35e65f7883a04615c478eee73c2/PMC8038500.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=1104
https://referencecitationanalysis.com/articles?id=10.1016%2fj.addr.2021.113841
http://www.ncbi.nlm.nih.gov/pubmed/34175308
https://dx.doi.org/10.1016/j.addr.2021.113841
https://dx.doi.org/10.1016/j.addr.2021.113841
https://dx.doi.org/10.1016/j.addr.2021.113841
https://referencecitationanalysis.com/InCiteJournalInfo?id=3271
https://referencecitationanalysis.com/articles?id=10.1016%2fj.bioactmat.2024.11.004
http://www.ncbi.nlm.nih.gov/pubmed/39610953
https://dx.doi.org/10.1016/j.bioactmat.2024.11.004
https://dx.doi.org/10.1016/j.bioactmat.2024.11.004
https://dx.doi.org/10.1016/j.bioactmat.2024.11.004
https://referencecitationanalysis.com/InCiteJournalInfo?id=9729
https://referencecitationanalysis.com/articles?id=10.1093%2fgastro%2fgoac075
http://www.ncbi.nlm.nih.gov/pubmed/36518984
https://dx.doi.org/10.1093/gastro/goac075
https://dx.doi.org/10.1093/gastro/goac075
https://dx.doi.org/10.1093/gastro/goac075
https://rcastoragev2.blob.core.windows.net/d2ac3ed2610d2308a177d0936dbec604/goac075.pdf
https://rcastoragev2.blob.core.windows.net/d2ac3ed2610d2308a177d0936dbec604/goac075.pdf
https://rcastoragev2.blob.core.windows.net/d2ac3ed2610d2308a177d0936dbec604/goac075.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=8065
https://referencecitationanalysis.com/articles?id=10.1097%2fdcr.0000000000003502
http://www.ncbi.nlm.nih.gov/pubmed/39250316
https://dx.doi.org/10.1097/DCR.0000000000003502
https://dx.doi.org/10.1097/DCR.0000000000003502
https://dx.doi.org/10.1097/DCR.0000000000003502
https://referencecitationanalysis.com/InCiteJournalInfo?id=1108
https://referencecitationanalysis.com/articles?id=10.1002%2fadhm.202402292
http://www.ncbi.nlm.nih.gov/pubmed/39240055
https://dx.doi.org/10.1002/adhm.202402292
https://dx.doi.org/10.1002/adhm.202402292
https://dx.doi.org/10.1002/adhm.202402292
https://referencecitationanalysis.com/articles?id=10.1002%2fmco2.741
http://www.ncbi.nlm.nih.gov/pubmed/39309692
https://dx.doi.org/10.1002/mco2.741
https://dx.doi.org/10.1002/mco2.741
https://dx.doi.org/10.1002/mco2.741
https://rcastoragev2.blob.core.windows.net/14469d1e06c8f8fc8b1b6a3354ed4c58/MCO2-5-e741.pdf
https://rcastoragev2.blob.core.windows.net/14469d1e06c8f8fc8b1b6a3354ed4c58/MCO2-5-e741.pdf
https://rcastoragev2.blob.core.windows.net/14469d1e06c8f8fc8b1b6a3354ed4c58/MCO2-5-e741.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=22631
https://referencecitationanalysis.com/articles?id=10.7150%2fthno.97139
http://www.ncbi.nlm.nih.gov/pubmed/39310109
https://dx.doi.org/10.7150/thno.97139
https://dx.doi.org/10.7150/thno.97139
https://dx.doi.org/10.7150/thno.97139
https://rcastoragev2.blob.core.windows.net/7ecec4b8a42ac1a9e00b4cf50a7d8aaa/thnov14p5643.pdf
https://rcastoragev2.blob.core.windows.net/7ecec4b8a42ac1a9e00b4cf50a7d8aaa/thnov14p5643.pdf
https://rcastoragev2.blob.core.windows.net/7ecec4b8a42ac1a9e00b4cf50a7d8aaa/thnov14p5643.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=9358
https://referencecitationanalysis.com/articles?id=10.3389%2ffphar.2023.1149809
http://www.ncbi.nlm.nih.gov/pubmed/37007026
https://dx.doi.org/10.3389/fphar.2023.1149809
https://dx.doi.org/10.3389/fphar.2023.1149809
https://dx.doi.org/10.3389/fphar.2023.1149809
https://rcastoragev2.blob.core.windows.net/17873529ae2163dbacf4a1bbc5e5ad61/DataSheet1.pdf
https://rcastoragev2.blob.core.windows.net/17873529ae2163dbacf4a1bbc5e5ad61/DataSheet1.pdf
https://rcastoragev2.blob.core.windows.net/17873529ae2163dbacf4a1bbc5e5ad61/DataSheet1.pdf
https://referencecitationanalysis.com/articles?id=10.1155%2f2018%2f2090813
http://www.ncbi.nlm.nih.gov/pubmed/29765491
https://dx.doi.org/10.1155/2018/2090813
https://dx.doi.org/10.1155/2018/2090813
https://dx.doi.org/10.1155/2018/2090813
https://rcastoragev2.blob.core.windows.net/59b6ef0dc0a2101baf9622e551a2c486/PMC5885484.pdf
https://rcastoragev2.blob.core.windows.net/59b6ef0dc0a2101baf9622e551a2c486/PMC5885484.pdf
https://rcastoragev2.blob.core.windows.net/59b6ef0dc0a2101baf9622e551a2c486/PMC5885484.pdf
https://referencecitationanalysis.com/articles?id=10.1186%2fs13619-025-00224-2
http://www.ncbi.nlm.nih.gov/pubmed/40208372
https://dx.doi.org/10.1186/s13619-025-00224-2
https://dx.doi.org/10.1186/s13619-025-00224-2
https://dx.doi.org/10.1186/s13619-025-00224-2
https://referencecitationanalysis.com/InCiteJournalInfo?id=21613
https://referencecitationanalysis.com/articles?id=10.5966%2fsctm.2015-0420
http://www.ncbi.nlm.nih.gov/pubmed/27400793
https://dx.doi.org/10.5966/sctm.2015-0420
https://dx.doi.org/10.5966/sctm.2015-0420
https://dx.doi.org/10.5966/sctm.2015-0420
https://referencecitationanalysis.com/InCiteJournalInfo?id=18409
https://referencecitationanalysis.com/InCiteJournalInfo?id=18409
https://referencecitationanalysis.com/articles?id=10.1515%2fmed-2024-0968
http://www.ncbi.nlm.nih.gov/pubmed/38799254
https://dx.doi.org/10.1515/med-2024-0968
https://dx.doi.org/10.1515/med-2024-0968
https://dx.doi.org/10.1515/med-2024-0968
https://referencecitationanalysis.com/InCiteJournalInfo?id=3668
https://referencecitationanalysis.com/articles?id=10.1016%2fj.biopha.2023.114356
http://www.ncbi.nlm.nih.gov/pubmed/37040673
https://dx.doi.org/10.1016/j.biopha.2023.114356
https://dx.doi.org/10.1016/j.biopha.2023.114356
https://dx.doi.org/10.1016/j.biopha.2023.114356
https://referencecitationanalysis.com/InCiteJournalInfo?id=165025
https://referencecitationanalysis.com/articles?id=10.1096%2ffba.2020-00138
http://www.ncbi.nlm.nih.gov/pubmed/33977236
https://dx.doi.org/10.1096/fba.2020-00138
https://dx.doi.org/10.1096/fba.2020-00138
https://dx.doi.org/10.1096/fba.2020-00138
https://rcastoragev2.blob.core.windows.net/f1eef73fb0b7a9bad4210d659ebb86a0/PMC8103724.pdf
https://rcastoragev2.blob.core.windows.net/f1eef73fb0b7a9bad4210d659ebb86a0/PMC8103724.pdf
https://rcastoragev2.blob.core.windows.net/f1eef73fb0b7a9bad4210d659ebb86a0/PMC8103724.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=11724
https://referencecitationanalysis.com/articles?id=10.3390%2fijms25116175
http://www.ncbi.nlm.nih.gov/pubmed/38892363
https://dx.doi.org/10.3390/ijms25116175
https://dx.doi.org/10.3390/ijms25116175
https://dx.doi.org/10.3390/ijms25116175
https://referencecitationanalysis.com/InCiteJournalInfo?id=4597
https://referencecitationanalysis.com/articles?id=10.1186%2fs12964-023-01126-z
http://www.ncbi.nlm.nih.gov/pubmed/37226246
https://dx.doi.org/10.1186/s12964-023-01126-z
https://dx.doi.org/10.1186/s12964-023-01126-z
https://dx.doi.org/10.1186/s12964-023-01126-z
https://referencecitationanalysis.com/InCiteJournalInfo?id=9535
https://referencecitationanalysis.com/InCiteJournalInfo?id=9535
https://referencecitationanalysis.com/articles?id=10.3389%2ffcell.2022.844481
http://www.ncbi.nlm.nih.gov/pubmed/35646940
https://dx.doi.org/10.3389/fcell.2022.844481
https://dx.doi.org/10.3389/fcell.2022.844481
https://dx.doi.org/10.3389/fcell.2022.844481
https://rcastoragev2.blob.core.windows.net/deee777ead616e90d5dc2b88bbe1c627/PMC9136161.pdf
https://rcastoragev2.blob.core.windows.net/deee777ead616e90d5dc2b88bbe1c627/PMC9136161.pdf
https://rcastoragev2.blob.core.windows.net/deee777ead616e90d5dc2b88bbe1c627/PMC9136161.pdf

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: office(@baishideng.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2025 Baishideng Publishing Group Inc. All rights reserved.


mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	METHODOLOGY AND REVIEW CRITERIA
	MECHANISMS OF PFCD: INTERPLAY BETWEEN INFLAMMATION AND EPITHELIAL-TO-MESENCHYMAL TRANSITION
	STEM CELL THERAPY IN PFCD
	EVS AS AN EMERGING THERAPY FOR PFCD
	AUTOPHAGY ACTIVATION IN MSCS FOR IMPROVED EFFICACY OF PFCD TREATMENT
	CONCLUSION
	FOOTNOTES
	REFERENCES

