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Abstract: Mesenchymal stem cells (MSCs) have demonstrated potential in both clinical and pre-
clinical research for mitigating tissue damage and inflammation associated with acute pancreatitis
(AP) via paracrine mechanisms. Hence, there has been a recent surge of interest among researchers in
utilizing MSC cultured medium (CM) and its components for the treatment of AP, which is recognized
as the primary cause of hospitalization for gastrointestinal disorders globally. A systematic review
was conducted by searching the MEDLINE, EMBASE, and Web of Science databases. Studies that
involve the administration of MSC-CM, extracellular vesicles/microvesicles (EVs/MVs), or exosomes
to AP animal models are included. A total of six research studies, including eight experiments, were
identified as relevant. The findings of this study provide evidence in favor of a beneficial impact
of MSC-CM on both clinical and immunological outcomes. Nevertheless, prior to clinical trials,
large animal models should be used and prolonged observation periods conducted in pre-clinical
research. Challenges arise due to the lack of standardization and consensus on isolation processes,
quantifications, and purity testing, making it difficult to compare reports and conduct meta-analyses
in MSC-CM-based therapies.
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1. Introduction

Acute pancreatitis (AP) is a gastrointestinal inflammatory disease characterized by
injury to acinar cells and inflammation in the pancreatic tissue. It is the most common
cause of hospital stays among gastrointestinal diseases [1,2]. Clinical manifestations of AP
range from mild forms (80-85% of cases) to severe forms (15-20% of cases) [1-3].

Early phases of pancreatitis are marked by acinar cell death, edema, and histopatho-
logical changes induced by the activation and release of pancreatic enzymes. Activation
of nuclear factor kappa B (NF-«B) in acinar cells also occurs, along with the production of
inflammatory mediators by immune cells and injured acinar cells, exacerbating the inflam-
matory cascade in AP patients [4-6]. While treatment options such as endoscopic retrograde
cholangiopancreatography (ERCP), non-steroidal anti-inflammatory drugs (NSAIDs), pro-
phylactic antibiotics, and enteral nutrition are available, the mortality rate remains high,
particularly in severe cases [1,6].

Given that current strategies primarily target symptoms rather than the root cause of
the disease, there is a need for new treatment approaches for more effective management
of this complex gastrointestinal disorder [4,7]. Mesenchymal stem cells (MSCs) and their
secreted molecules have emerged as a potential therapeutic approach for various inflam-
matory and immune-mediated disorders, with researchers investigating their protective
effects in treating AP since 2011 [8-12].

Biomedicines 2023, 11, 2343. https:/ /doi.org/10.3390/biomedicines11092343 https:/ /www.mdpi.com/journal /biomedicines


https://doi.org/10.3390/biomedicines11092343
https://doi.org/10.3390/biomedicines11092343
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com
https://orcid.org/0009-0007-5890-7835
https://orcid.org/0000-0001-9430-9874
https://doi.org/10.3390/biomedicines11092343
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com/article/10.3390/biomedicines11092343?type=check_update&version=1

Biomedicines 2023, 11, 2343

20f16

Despite the promise of MSC-based therapy, the survival ability of MSCs has been
proven in many in vivo studies to be limited, making the paracrine mechanism of their
cultured medium (CM) or secretome a more significant factor in mediating therapeutic
effects [13,14]. CM is composed of soluble proteins, lipids, nucleic acids, and extracellular
vehicles (EVs) or micro-vesicles (MVs), including exosomes and shedding vesicles [15,16].
Recent studies have reported the protective effects of CM in clinical trials and animal
models, showcasing their potential in tissue repair and modulation of the microenvi-
ronment [17-21]. Studies have highlighted the regenerative properties of these vesicles,
including their anti-apoptotic, anti-inflammatory, and angiogenic effects, as well as their
ability to recruit neighboring healthy cells and stabilize the microenvironment of necrotic
tissue [14].

One advantage of utilizing CM is its potential to resolve safety concerns associated
with direct stem cell transplantation, such as tumorigenicity, immune incompatibility, and
transmission of infections [10]. Moreover, CM can be produced in large quantities, stored
for extended periods without losing potency, and modified for specific therapeutic effects,
all of which can reduce the cost and time involved in cell-based therapy.

Previous in vitro studies have shown promising outcomes regarding the use of CM for
treating AP. Exosomes derived from bone marrow MSCs overexpressing klotho reversed
apoptosis and NF-kB activation in AP-stimulated pancreatic cancer cells [22]. Additionally,
MSC-CM contained immune-related molecules, such as lysosome-associated membrane
proteins, major histocompatibility complex class I and II molecules, and a large number
of mRNAs, microRNAs (miRNAs) of immunoregulatory rules [16]. These molecules stim-
ulated anti-inflammatory regulatory T cells (Treg) while inhibiting the proliferation of
inflammatory CD4+ T cells, CD8+ T cells, and natural killer cells, especially in AP-induced
inflammation. Furthermore, MSC secretomes demonstrated the ability to transmit biologi-
cal information to target cells, modulating their activities through signaling pathways like
vascular endothelial growth factor (VEGF) and Shh/Gli activation, leading to vascular
protection [23-25]. Moreover, during the occurrence of pancreatic inflammatory diseases,
segmental or diffuse inflammation of the pancreatic parenchyma can lead to pancreatic
necrosis, fibrosis, atrophy, and the loss of acinar and islet cells. These structural changes re-
sult in pancreatic endocrine and exocrine dysfunction. However, exosomes have shown the
capacity to stimulate cell proliferation and induce cell activation, raising speculation that
they may serve as a theoretical basis for the treatment of pancreatic diseases characterized
by inflammation and structural damage [26,27].

Thus, the main purpose of this review is to provide a comprehensive summary of the
best available evidence from in vivo studies on the use of stem cell CM for the treatment
of acute pancreatitis. By analyzing and consolidating the data, this review aims to guide
future research in the field and shed light on the prospects of utilizing MSC-derived CM as
a potential therapeutic approach for AP.

2. Materials and Methods

2.1. Eligibility Criteria

The inclusion criteria for this review consisted of the following:

Study subjects: in vivo studies using animal models with AP;

Interventions: any application of MSC-CM, EVs/MVs, or exosomes to the study groups;
Outcomes: any functional, histological, physiological, and biomechanical outcomes;
Study design: comparative studies.

The exclusion criteria for the preclinical studies were the absence of histological scores
or data on physiologic parameters. Studies involving experiments conducted in animal
models with chronic pancreatitis models were excluded.

2.2. Literature Search and Study Selection

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
were used to guide the systematic search [28], and this systematic review has been reg-
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istered on the international prospective register of systemic reviews (PROSPERO, id:
CRD42023450919). Articles published up until 18 July were searched using Embase, Med-
line, and the Web of Science. In addition, the references from pertinent review articles for
any studies that the database search might have missed were manually checked. Acute
pancreatitis, mesenchymal stem cells, mesenchymal stromal cells, bone marrow mesenchy-
mal stromal cells, umbilical cord mesenchymal cells, and stem cells were the keywords
used. One researcher independently evaluated the relevance of the studies found by the
systematic search by reading their titles and abstracts.

After removing duplicates and review articles, the titles and abstracts were scanned
for eligibility by two authors (K.P. and FK.) independently. Additional searches were
performed using the reference lists of the previously included studies. The full text of all
selected studies is read by the same authors to apply inclusion and exclusion criteria. Any
disagreement between the two authors was resolved by discussion.

2.3. Methodological Quality Assessment and Risk of Bias

The methodological quality of the included studies was assessed using Animal Re-
search: Reporting of In Vivo Experiments (ARRIVE) guidelines [29]. Hence, we used
modified ARRIVE combined with Consolidating Reporting of Trials [30]. Internal validity
was assessed using the Systematic Review Centre for Laboratory Animal Experimenta-
tion’s risk of bias tool [31]. Two authors (K.P. and EK.) performed all the assessments
independently. Any discrepancy was resolved through discussion with other authors.

2.4. Data Extraction

Data from the included studies were extracted by two independent authors (K.P. and
F.K.) and discrepancies were resolved through discussion until consensus was reached.

The following information was then extracted: study design, type of animal used for
in vivo studies, establishment of animals or cells in included studies, type and specific
donor of MSCs, isolation of CM, EVs, or exosomes, preconditioning of MSCs or CM,
interventions, comparison, timing of therapy start, length of follow-up, main outcome for
in vivo studies, any significant deviations from control or baseline, and other outcomes are
all taken into account. The establishment of the animal interventions and any follow-up
would be recorded, along with any attempts at blinding, if any were made.

We examined any quantitative outcome measures comparable to clinical outcome
measurements (i.e., histological ratings indicating the extent of tissue damage and serum
amylase and lipase levels), and biomechanical testing as the primary endpoints for in vivo
investigations. Table 1 displays the data collected for in vivo study results. Due to the sig-
nificant degree of data heterogeneity (i.e., MSC source, subject animals, outcome measures,
and follow-up time), no meta-analysis could be produced.
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Table 1. Overview of the studies.
Routs/Dose/Number
Donot/Type/Pre- Model/Induction of Doses Immunological .. Level
Authors/Year/Ref Treatment Level of CM Method/Severity of AP Mouse: 20 g Outcome Clinical Outcome of Evidence
Rat: 250 g
Zhao et al. : ) Rat/extrusion g . . | Histopathological scores
(2022) [32] Human/UC-MSC/ Exo stress /traumatic AP Tail vein/20 pg/single 1 Apoptosis | Serum amylase & lipase Moderate
J TNF-«
Lietal Intraperitoneal and tail LIL-6 J Histopathological scores
(2022) [33] Mice/HF-MSC/- SEV Mice/cerulein/AP vein/100 pg/double TT IILL-140 | Serum amylase & lipase Moderate
1 MPO
a . 1 Myocardial injury
((;}(;Srzl)e[gil]' Human/iMSCs/- Exo Rat/NaT/AP 1 Ogall ‘;?;/ le TTél\j\?{:l:;fc‘lzc_ég; J Oxidative stress Moderate
He & 1 Cardiac function
Roch et al. . . Tail vein/ . .
(2020) [35] Human/AD-MSC CcM Mice/cerulein/AP 100 uL/single - | Histopathological scores Low
Abdolmohammadi . 5 ) . . I . JIL-6 | Histopathological scores
et al. (2020) [36] Mice/AD-MSC/ CM Mice/cerulein/AP Tail vein/500 pL/triple | MPO | Serum amylase & lipase Moderate
Mice/AD- JIL-6 | Histopathological scores
Abdolmohammadi MSC /hypoxia- M Mice/cerulein/AP Intrapentopeal/ i.Ml.’.O 1 Serlllrn .a.mylase. & lipase Moderate
et al. (2020) [36] reconditioned 500 pL/triple No significant No significant difference
P difference with CM with CM
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Table 1. Cont.

Routs/Dose/Number
Donot/Type/Pre- Model/Induction of Doses Immunological .. Level
Authors/Year/Ref Treatment Level of CM Method/Severity of AP Mouse: 20 g Outcome Clinical Outcome of Evidence
Rat: 250 g
1 NF-«B, p65
. g expression . .
(;g?;[g;] Rat/BM-MSC/- MV Rat/NaT/SAP o V/EIT‘/ 1 I MPO ﬁ?lsmpath(’llogmz poores Moderate
ng/single + Acinar cells erum amylase & lipase
survival
J NF-kB, p65
. o expression . .
Yin et al. Rat/BM-MSC/- MV Mice/Cerulein/MAP Tail vein/ 1 MPO + Histopathological scores Moderate
100 ug/single J Serum amylase & lipase

(2016) [37]

1 Acinar cells
survival

1 /1 Indicates a significant decrease/increase as compared with vehicle-treated control. Abbreviations: Regarding MSCs: UC-MSC, umbilical cord-derived stem cells; HF-MSC, hair
follicle-derived stem cells; iMSC, induced stem cells; AD-MSC, adipose-derived mesenchymal stem cells; BM-MSC, bone marrow mesenchymal stem cells. Related to preparation
procedures: CM, conditioned medium; Exo, exosome; sEV, small extracellular vesicles; MV, micro-vesicles. Any study that exhibits a high-risk domain is categorized as having a low
level of evidence, while studies with low or unclear risk domains are designated as having a moderate level of evidence.
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3. Results
3.1. Study Selection

Figure 1 depicts a PRISMA flow diagram that encapsulates the research selection
procedure. From the literature, 2594 studies in total were found. Ninety papers were
suitable for additional review after the titles and abstracts were scrutinized. Six articles
(containing 8 separate comparison experiments) were included in this systematic review
after full-text evaluation.

Duplicates removed (n = 1174)
Studies from databases (n = 3768) % Identified by Endnote (n = 1170)
Medline (n1 = 551) Identified manually (n = 4)
Embase (n2 = 2133)
Web of Science (n3 = 1084)

c
.2
=
©
¥}
(=
-
13
[T}
=

. _ 5 Studies excluded (n = 2504)
Studies screened (n = 2594) Title and abstract review (n = 2504)

Full-text articles assessed for eligibility (n = 90) %
Full-text articles excluded (n = 84)

Whole-cell MSC therapy(n = 67)
Review/qualitative article (n = 14)
In vitro study (n = 2)
Duplicate sample (n = 1)

d by li e reviews
(n=0)

In vivo AP models using MSC CM
(n =6)

Figure 1. A flow chart displaying the studies that qualify for the review.

3.2. Study Characteristics

An overview of the study is presented in Table 1, and the specific explanation about
the study design is shown in Table A1, including the methods used for MSC identification
and isolation of CM or exosomes, the grouping of experiments, the timing of therapy and
the length of observation.

3.2.1. Donor Pretreatment and Identification of MSCs

Three studies utilized MSCs from allogeneic mice/rats [33,36,37], while others intro-
duced human MSCs [32,34,35]. The types of MSC used were dispersed from umbilical cord-
derived mesenchymal stem cells (UC-MSCs) [32], hair follicle-derived mesenchymal stem
cells (HF-MSCs) [33], adipose-derived mesenchymal stem cells (AD-MSCs) [35,36], and
bone marrow mesenchymal stem cells (BM-MSCs) [37], to induced stem cells (iMSCs) [34].

Abdolmohammadi et al. subjected AD-MSCs to hypoxic conditions prior to isolat-
ing the cultured medium. However, their findings revealed no statistically significant
differences in either immunological or clinical results between the group that had hypoxia
pretreatment and the group that was conditioned under normal conditions [36].

Flow cytometry was the predominant method used for the detection of MSCs in all six
investigations. Although the specific cellular markers utilized in different research studies
may vary owing to unique characteristics of different tissue origin, it is commonly observed
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that MSCs typically demonstrate positive expression of stem cell markers such as CD29,
CD44, and CD90, while exhibiting negative expression of non-stem cell markers such as
CD34 and CD45, as has been demonstrated in previous investigations [38,39]. Li et al.
employed immunofluorescence labeling and Western blot techniques to better characterize
HEF-MSCs in their study [33].

3.2.2. Isolation and Identification of MSC-CM /Exosome

Roch et al. used a 3 kDa filter to infiltrate MSC-CM before administration [35] while
Abdolmohammadi et al. used a 0.22 pm filter [36]. In most investigations with MSC exo-
somes, the primary and exclusive method employed for separation and identification was
ultracentrifugation, followed by resuspension and subsequent examination of morphology
using transmission electron microscopy (TEM). Li et al. employed Western blotting to label
small extracellular vesicles (sEVs) using EV markers [33]. Additionally, they quantified the
protein content of the isolated EVs.

3.2.3. Model Establishment and Grouping

All of the studies utilized murine models (three in rats, five in mice). No large
animals were used in any of the present studies. AP was induced in animals by cerulein
injection [33,35,36] or biliary retrograde injection of sodium taurocholate (NaT) [34,37]. The
former usually results in pancreatic edema, while the latter causes severe or necrotizing
pancreatitis, and is closer to the etiology in humans [35]. Zhao et al. established traumatic
AP models by adding different grades of extrusion stress to the rats” exposed pancreatic
tissue via surgery [32]. The number of animals employed within each experimental cohort
exhibits a range spanning from six to eighteen subjects. It is noteworthy to mention that
none of the six studies under scrutiny have disclosed a methodology pertaining to the
calculation of sample sizes. Among the eight investigations scrutinized, a majority of six
exclusively incorporated ordinarily administered subjects, together with those afflicted by
acute pancreatitis and treated solely with the vehicle, as their controls. Conversely, the
remaining two studies introduced normally administered animals treated with MSC-CM as
a supplementary control, ostensibly to facilitate the detection of any unanticipated adverse
reactions elicited. Nonetheless, the empirical findings of these investigations do not report
the manifestation of any such adverse effects.

3.2.4. Timing of Therapy and Observation

The administration of MSC-CM or exosomes is commonly initiated promptly sub-
sequent to the induction of AP, with the interval spanning from immediate application
to a maximum delay of 2 h. Euthanasia of the subjects often takes place within a time-
frame of 24 to 48 h, eschewing intermediate observations, in order to facilitate the retrieval
of pancreatic tissue and hemodynamic samples for the comprehensive assessment of
experimental outcomes.

3.3. Methodological Quality
Assessment of Risk of Bias

SYRCLE's risk of bias tool was employed to evaluate the methodological robustness of
the encompassed studies. Illustrated in Figure 2 is the delineation of the risk of bias within
individual studies, revealing that all six studies (comprising eight distinct experiments)
merely indicated randomization without expounding on particulars. Consequently, these
studies were designated as having an “unclear” risk of bias regarding sequence generation.
Notably, a noteworthy concern arose from the baseline characteristics in the majority of the
included studies. In these instances, animals were grouped prior to the induction of AP.
However, considering the interventional nature of the studies, the induction of the disease
ought to precede random allocation or post-grouping. Under these circumstances, the
temporal randomness of disease induction assumes importance—an aspect unaddressed in
the cited articles.
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Figure 2. Risk of bias assessment in individual studies [32-37].

The assessment of allocation concealment resulted in an “unclear” risk of bias for
studies that assigned animals to treatment and control groups without furnishing explicit
details. Conversely, all studies provided explicit documentation of random housing, thus
precluding a “high” risk of bias classification within the random housing domain. With
unanimity, all studies underscored the blinding of participants and personnel, as well as
the blinding of outcome assessors, warranting a “low” risk of bias designation.

The randomness of outcome assessment, a pivotal facet, incurred an “uncertain” risk
of bias in three of the incorporated experiments due to the dearth of reported specifics.
This pertained particularly to instances where histological scores were manually evaluated
without elucidating participant blinding.

The scrutiny of attrition and reporting bias yielded a “low” risk of bias for the majority
of the studies, thanks to comprehensive enumeration of animal numbers across both the
study design and results sections. Furthermore, other dimensions of risk of bias exhibited
a consistently “low” risk across all the included studies. Evaluation of this category
encompassed considerations such as the absence of crossover design, contamination, and
conflicts of interest, as well as the disclosure of ethical approvals.

Regrettably, none of the studies documented a priori sample size/power calculations.
Summarily, the cumulative assessment of risk of bias indicates that the included studies
are of moderate quality concerning their design. A comprehensive overview of the risk of
bias across the ten domains of the included studies is provided in Figure A1.

3.4. Clinical Related Outcomes
3.4.1. MSC Cultured Medium Alleviates Pancreatic Injury and Reduces Serum
Pancreatic Enzyme

Seven out of eight experiments showed that histopathological scores of animal pan-
creas were significantly lowered after MSC cultured medium therapy. The histopathological
scores usually included measurements of overall tissue necrosis, edema, hemorrhage, and
inflammatory infiltration on a numeric scale, or in one study, included the percentage
of acinar cell vacuolization and leukocyte infiltration [36]. The scores were evaluated by
pathologists according to H&E-stained sections under a microscope following published
criteria [40,41] or criteria set by the researchers. Differences between these evaluation
criteria pose the greatest obstacle to conducting a meta-analysis.

3.4.2. MSC Cultured Medium Lessens Myocardial Injury and Restores Cardiac Function

Chen et al. aimed to investigate the impact of MSC exosomes on cardiac rupture, a
serious systemic manifestation resulting from AP. The administration of exosome therapy
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in AP rats resulted in notable enhancements in heart function, reductions in infarction ratio,
and suppression of oxidative stress levels [34].

3.5. Immunological Outcomes
MSC Culture Medium Reduces Inflammatory Responses and Apoptotic Processes

MSC-CM elicits a reduction in inflammatory mediators, specifically interleukin-6 (IL-
6), tumor necrosis factor-alpha (TNF-cot), and myeloperoxidase (MPO), while concurrently
augmenting the expression of anti-inflammatory indicators such as interleukin-4 (IL-4) and
interleukin-10 (IL-10). Additionally, the NF-kB pathway, responsible for up-regulating the
expression of genes involved in immune cell development, immune cell activation, and cy-
tokine production, was found to be significantly suppressed by MSC MVs by Yin et al. [37].
Chen et al. showed that the administration of MSC exosomes resulted in enhanced cell
viability. This impact was achieved through the activation of the Akt/nuclear factor E2-
related factor 2 (Nrf2) /heme oxygenase 1 (HO-1) signaling pathway, which aligns with the
observations made by Zhao et al., who also reported an apoptotic effect [32,34].

4. Discussion

Our primary finding was that MSC-CM reduced pancreatic injury in preclinical studies.
All six studies showed improvement of clinical and immunological outcomes, but this result
needs to be interpreted with caution, given the high heterogeneity of the included studies.

4.1. The Role of MSC Cultured Medium in Alleviating Pancreatic Injury and Suppressing
Inflammation in Murine Models

The observed mitigation of pancreatic injury and reduction in serum amylase and
lipase levels can be attributed to the effective suppression of both pancreatic and systemic
inflammation, as supported by the immunological outcomes. Figure 3 provides a summary
of the therapeutic roles of mesenchymal stem cell (MSC)-based therapy in acute inflam-
matory pancreatic diseases based on published studies [14,15,42-44]. Furthermore, Chen
et al. demonstrated that MSC exosome administration enhanced cell viability through
Akt/Nrf2/HO-1 signaling, corroborating Zhao et al.’s findings of an apoptotic effect. These
findings collectively highlight the potential of MSC-CM in addressing systemic symptoms
caused by acute pancreatitis [32,34].

~ Promote Treg

Neutrophil

\ |

o/

49H 'd-491 '239d ‘0al

Endothelial cell

Inhibits 3poptosjs

Acinar cell

NK cell
Dendrite cell

M1 to M2 shift

Figure 3. The therapeutic roles of MSC-based therapy in inflammatory pancreatic diseases. Created
with BioRender.com.
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None of the studies reported any side effects of MSC-CM. Additionally, only one study
directly compared a CM group to an MSC whole transplant group [35]. However, this
study solely assessed histopathological scores and did not find any significant difference
between the two groups.

4.2. Challenges in MSC-CM Preparation

Various tissue sources have indeed been explored to generate populations of MSCs,
as indicated by the diverse origins of MSCs in the six concluded research studies. How-
ever, isolated MSCs often exhibit heterogeneity in terms of in vitro properties (cellular
markers or lineage) and functional phenotypes [10]. This heterogeneity is reflected in
observable in vitro properties, such as flow cytometry and multilineage differentiation
potential, as well as the in vivo functional phenotype, which has been demonstrated to
vary. These variations can significantly impact the frequency of mesenchymal progenitors
within the resulting populations and the therapeutic potency of their CM. Nevertheless,
the studies available in Table 1 are insufficient to determine which origin of the MSC
secretome holds the highest therapeutic potency. Further research is required to address
this question adequately.

MSC cells usually undergo characterization by flow cytometry using established
surface markers [45]. The MSCs’ capability of differentiation is also evaluated to define
their stemness [13]. However, the isolation procedure for MSCs in the six studies is far
from standard, and the conservation after isolation is seldom mentioned in the articles.

The method of CM storage is also under-reported, although it is one of the method-
ological concerns that affects both the morphology and physicochemical parameters of
EVs [46,47]. Precise details for characterization of these EVs may help researchers reproduce
animal-based studies [27].

4.3. Limitations in AP Models and Study Designs

The use of both small and large animal models has been prevalent in acute pancreatitis
research; however, there is a lack of reports on the application of MSC-CM in large animals,
which also applies to MSC transplantation experiments. Typically, the transition from small
to large animal models is a necessary step before embarking on first-in-human clinical
trials. While C5BL/6 mice have been utilized, Sprague Dawley rats have been the primary
subjects in the majority of animal investigations thus far. This raises the question of how
effectively a large animal model can replicate the AP induction observed in small animals.

The included studies incorporated two chemical methods for inducing AP, specifically
cerulein and sodium taurocholic acid (Na-T) injection. Na-T injection is the method most
frequently used to induce severe AP, also known as acute hemorrhagic pancreatitis, which
closely resembles the mechanism of human AP development [37]. Conversely, cerulein is of-
ten employed when mild AP is desired [9]. Studies have concluded that Na-T-induced AP in
tiny animals exhibits histological changes, pancreatic protease activation, and multi-organ
dysfunction syndrome that closely resemble the human condition known as multi-organ
dysfunction syndrome [48]. Among the spectrum of chemical methodologies deployed for
AP induction, noteworthy alternatives encompass the Lieber-DeCarli diet, which involves
the introduction of alcohol into a liquid diet, and the administration of ethanol in conjunc-
tion with fatty acids [49]. These models are designed to emulate the excesses associated
with alcohol consumption in humans, rendering them clinically relevant. Notably, the
ethanol plus fatty acid injection paradigm incites potential systemic toxicity, rendering it
increasingly preferred, especially when considering systemic AP syndromes. Beyond the
domain of chemical induction strategies, an emerging trend entails the utilization of pan-
creatic duct ligation models, virus-induced pancreatitis models, and models arising from
endoscopic retrograde cholangiopancreatography (ERCP) induction [50]. These method-
ologies have garnered ascendancy in contemporary research, especially in larger animals.
Given that the mere presence of necrosis within human AP does not invariably translate
into adverse outcomes, a broader array of AP models necessitates consideration. This
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forward-looking approach underscores the importance of incorporating diverse models in
future research endeavors, thereby enabling a comprehensive assessment of the efficacy of
MSC-CM therapy across a spectrum of pathophysiological contexts.

Defects have also been observed in the study designs. In addition to the absence of
random sequence generation, inadequate blinding of experimental participants, and an
insufficient estimation of sample size, all of which are thoroughly discussed in the risk of
bias assessment, the majority of studies require a prolonged observation period subsequent
to the treatment of AP animals with MSC-CM. The follow-up duration in the recorded
eight experiments varied between 12 and 24 h after AP induction. However, in most cases,
this observation period was insufficient to fully understand the entire transport process.
Additionally, the disease’s progression during the application of MSC-CM may influence
its therapeutic impact. Although MSC and its paracrine factors have shown promise in
treating chronic inflammatory disorders [51,52], their effectiveness in acute pancreatitis
remains unexplored in the current study. Furthermore, most studies did not assess the
biodistribution of administered EVs, which could provide valuable insights into EV homing
in various organs.

The studies used a range of CM or EV dosages (20-1000 pg) and quantified EVs
through protein content estimation assays. However, protein- or particle-based quantifi-
cations may not indicate impurities, and cell numbers may not reflect their physiological
status. Isolation methods can impact EV quality and co-isolated non-EV materials, affecting
the administered dose’s consistency and efficacy. Standardized approaches are essential for
accurate dosing and reliable therapeutic outcomes. Therefore, the minimal information for
studies of extracellular vesicles (MISEV2018) guidelines strongly suggest the use of more
than one parameter [53].

4.4. Future Directions

Undoubtedly, given the absence of MSC utilization in comprehensive animal AP
models, this avenue stands out as a crucial focus for future research endeavors. Addition-
ally, there is a pressing need for more in-depth investigations into the immunoregulative
mechanism of both MSCs and MSC-CM.

Pre-conditioning of MSC-CM and editing of EVs have shown promising results in
enhancing therapeutic potential [22]. Abdolmohammadi et al. discovered that HP-MSCs
exhibited significantly higher levels of total protein expression; however, no significant
differences in clinically relevant outcomes were observed [36]. Nevertheless, pursuing this
approach is still worthwhile, as modifications to MSCs, as demonstrated in other disease
models, have proven effective [54]. These modifications include: (a) cultivating cells under
inflammatory conditions to amplify the production of growth factors and anti-inflammatory
molecules; (b) employing pro-inflammatory stimuli to induce greater secretion of immune-
related factors; (c) nurturing tri-dimensional growth to augment the production of anti-
tumoral and anti-inflammatory factors; and (d) employing microparticle engineering.

5. Conclusions

The review concludes that MSC-conditioned medium shows effectiveness in reducing
pancreatic injury in preclinical studies. However, prior to initiating clinical trials, it is
essential to employ large animal models and conduct prolonged observation periods in pre-
clinical research. A lack of standardization and consensus on various aspects of isolation
processes, quantifications, and purity testing poses significant challenges in MSC-CM-based
therapies, making it difficult to compare reports and conduct meta-analyses. Additionally,
the mechanism of action of CM and EVs, crucial for translating preclinical data to clinical
applications, still needs further investigation and determination.
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Appendix A

Table Al. The experimental design details.

Authors/Year/Ref MSC Identification Identification of CM or Exo Intervention Group Controls Grf) up Timing of T%lerapy ‘Start/:
Size Observation Period

¢ Flow cytometry: ¢ Normal/vehicle i i

Zhao et al. (2022) [32] +: CD29 CD44 TEM (cup shaped, AP/Exo $ Normal /Exo 8 Dlrectly following

: ’ d: 80-150 nm) / induction/12 h
—: CD34, CD45 ¢ AP/vehicle
< Flow cytometry: EV surf Kers: CD9
+:CD29, CD90+ Surtace markers: > 7% P /Exoli ; ¢ Normal/vehicle » :
. ’ TSG101+, HSP70+, Alix+, /Exo(intraperitoneal) Directly following
Lietal. (2022) [33] —: CD31— CD45— Calnexin— AP/Exo (tail vein) ¢ Normal/Exo 6 induction/24 h
Immunofluorescence staining . ¢ AP/vehicle

¢ Western blot TEM (d: 50-200 nm)
< Flow cytometry: & . One dose directly

Chen et al. (2022) [34] +: CD29, CD90, CD73 TEM (Spheroidal Exo, d: SAP/Exo Normal/yehlcle 6 fOHOWiI’Ig induction, the
—: CD45, CD34 45-90 nm) ¢ SAP/vehicle other after 12 h/24 h
¢ Flow cytometry: ¢ Normal/vehicle

Roch et al. (2020) [35] +: CD90, CD73, CD105 Filter: >3 kDa AP/AD-MSC-CM & AP /vehicle 6 24 h after induction/48 h
—: CD31, CD45, CD106, CD144 ¢ AP/AD-MSC
< Flow cytometry:

Abdolmohammadi et al. ’ i . .

(2020) [36] +: CD44, CD105 Filter: 50.22 um AP/CM 2 Egr/f,‘;léc‘;‘;hlde 7 1h after induction/12 h
—: CD34, CD45
< Flow cytometry:

Abdolmohammadi et al. ’ i . .

(2020) [36] +: CD44, CD105 Filter: >0.22 um AP/CM X fl‘;r/f,‘;lé C‘ﬁhlde 7 1 h after induction/12 h
—: CD45, CD34
¢ In vitro differentiation

Yin et al. (2016) [37] ¢ Flow cytometry: SAP/MV & Normal /Yehicle 18 2 h after induction/12 h,
+: CD29, CD90 ¢ SAP/vehicle 24 h, 48 h separately
—: CD34, CD45
% In vitro differentiation

Yin et al. (2016) [37] ¢ Flow cytometry: MAP/MV ¢ Normal/vehicle 18 2 h after induction/6 h,
+: CD29, CD90 <& MAP/vehicle 12 h, 24 h separately

—: CD34, CD45
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Appendix B

Random sequence generation

Baseline characteristics

Allocation concealment

Random housing

Blinding of participants and personnel

Random outcome assessment

Blinding of outcome assessment

Incomplete outcome data

Selective outcome reporting

Figure A1. The summary for risk of bias of the included studies.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Marta, K.; Lazarescu, A.M.; Farkas, N.; Matrai, P.; Cazacu, I.; Ott6ffy, M.; Habon, T.; Er&ss, B.; Vincze, A.; Veres, G.; et al. Aging
and Comorbidities in Acute Pancreatitis I: A Meta-Analysis and Systematic Review Based on 194,702 Patients. Front. Physiol.
2019, 10, 328. [CrossRef]

Tenner, S.; Baillie, J.; DeWitt, J.; Vege, S.S. American College of Gastroenterology guideline: Management of acute pancreatitis.
Am. ]. Gastroenterol. 2013, 108, 1400-1415. [CrossRef]

Mayerle, J.; Sendler, M.; Hegyi, E.; Beyer, G.; Lerch, M.M.; Sahin-T6th, M. Genetics, Cell Biology, and Pathophysiology of
Pancreatitis. Gastroenterology 2019, 156, 1951-1968e1951. [CrossRef] [PubMed]

Lee, PJ.; Papachristou, G.I. New insights into acute pancreatitis. Nat. Rev. Gastroenterol. Hepatol. 2019, 16, 479-496. [CrossRef]
[PubMed]

Saluja, A.; Dudeja, V.; Dawra, R.; Sah, R.P. Early Intra-Acinar Events in Pathogenesis of Pancreatitis. Gastroenterology 2019, 156,
1979-1993. [CrossRef] [PubMed]

Sah, R.P; Saluja, A. Molecular mechanisms of pancreatic injury. Curr. Opin. Gastroenterol. 2011, 27, 444-451. [CrossRef]
Gukovskaya, A.S.; Gukovsky, I.; Algiil, H.; Habtezion, A. Autophagy, Inflammation, and Immune Dysfunction in the Pathogenesis
of Pancreatitis. Gastroenterology 2017, 153, 1212-1226. [CrossRef] [PubMed]

Hu, Y;; Chen, D.W.; Zeng, C.Y.; Chen, Y.X. Effects of the allogeneic bone marrow mesenchymal stem cells on inflammatory factors
of rats with severe acute pancreatitis. . Gastroenterol. Hepatol. 2011, 26, 231. [CrossRef]

Jung, KH.; Song, S.U.; Yi, T,; Jeon, M.-S.; Hong, S.-W.; Zheng, H.-M.; Lee, H.-S.; Choi, M.-].; Lee, D.-H.; Hong, S.-S. Human Bone
Marrow-Derived Clonal Mesenchymal Stem Cells Inhibit Inflammation and Reduce Acute Pancreatitis in Rats. Gastroenterology
2011, 140, 998-1008. [CrossRef] [PubMed]

Ma, Z.; Zhou, J.; Yang, T.; Xie, W.; Song, G.; Song, Z.; Chen, ]. Mesenchymal stromal cell therapy for pancreatitis: Progress and
challenges. Med. Res. Rev. 2021, 41, 2474-2488. [CrossRef]

Shekari, F.; Nazari, A.; Kashani, S.A.; Hajizadeh-Saffar, E.; Lim, R.; Baharvand, H. Pre-clinical investigation of mesenchymal
stromal cell-derived extracellular vesicles: A systematic review. Cytotherapy 2021, 23, 277-284. [CrossRef] [PubMed]

Yin, G.J.; Wang, X.P. Role of bone marrow mesenchymal stem cells and derived microvesicles in acute pancreatitis: Effects and
mechanisms. J. Dig. Dis. 2015, 16, 94-95.

Goodman, R.R; Jong, M.K,; Davies, ].E. Concise review: The challenges and opportunities of employing mesenchymal stromal
cells in the treatment of acute pancreatitis. Biotechnol. Adv. 2020, 42, 107338. [CrossRef] [PubMed]

Han, L.; Zhao, Z.; Yang, K.; Xin, M.; Zhou, L.; Chen, S.; Zhou, S.; Tang, Z.; Ji, H.; Dai, R. Application of exosomes in the diagnosis
and treatment of pancreatic diseases. Stem Cell Res. Ther. 2022, 13, 153. [CrossRef] [PubMed]

Chen, TS,; Lai, R.C.; Lee, M.M.; Choo, A.B.; Lee, C.N.; Lim, S.K. Mesenchymal stem cell secretes microparticles enriched in
pre-microRNAs. Nucleic Acids Res. 2010, 38, 215-224. [CrossRef] [PubMed]

Kim, H.; Lee, M.].; Bae, E.H.; Ryu, ].S.; Kaur, G.; Kim, H.J.; Kim, J.Y.; Barreda, H.; Jung, S.Y.; Choi, ].M.; et al. Comprehensive
Molecular Profiles of Functionally Effective MSC-Derived Extracellular Vesicles in Inmunomodulation. Mol. Ther. 2020, 28,
1628-1644. [CrossRef]

Harrell, C.R.; Miloradovic, D.; Sadikot, R.; Fellabaum, C.; Markovic, B.S.; Miloradovic, D.; Acovic, A.; Djonov, V.; Arsenijevic, N.;
Volarevic, V. Molecular and Cellular Mechanisms Responsible for Beneficial Effects of Mesenchymal Stem Cell-Derived Product
“Exo-d-MAPPS” in Attenuation of Chronic Airway Inflammation. Anal. Cell. Pathol. 2020, 2020, 3153891. [CrossRef]

Fujii, S.; Miura, Y. Inmunomodulatory and Regenerative Effects of MSC-Derived Extracellular Vesicles to Treat Acute GVHD.
Stem Cells 2022, 40, 977-990. [CrossRef]


https://doi.org/10.3389/fphys.2019.00328
https://doi.org/10.1038/ajg.2013.218
https://doi.org/10.1053/j.gastro.2018.11.081
https://www.ncbi.nlm.nih.gov/pubmed/30660731
https://doi.org/10.1038/s41575-019-0158-2
https://www.ncbi.nlm.nih.gov/pubmed/31138897
https://doi.org/10.1053/j.gastro.2019.01.268
https://www.ncbi.nlm.nih.gov/pubmed/30776339
https://doi.org/10.1097/MOG.0b013e328349e346
https://doi.org/10.1053/j.gastro.2017.08.071
https://www.ncbi.nlm.nih.gov/pubmed/28918190
https://doi.org/10.1111/j.1440-1746.2011.06898.x
https://doi.org/10.1053/j.gastro.2010.11.047
https://www.ncbi.nlm.nih.gov/pubmed/21130088
https://doi.org/10.1002/med.21801
https://doi.org/10.1016/j.jcyt.2020.12.009
https://www.ncbi.nlm.nih.gov/pubmed/33541780
https://doi.org/10.1016/j.biotechadv.2019.01.005
https://www.ncbi.nlm.nih.gov/pubmed/30639517
https://doi.org/10.1186/s13287-022-02826-y
https://www.ncbi.nlm.nih.gov/pubmed/35395948
https://doi.org/10.1093/nar/gkp857
https://www.ncbi.nlm.nih.gov/pubmed/19850715
https://doi.org/10.1016/j.ymthe.2020.04.020
https://doi.org/10.1155/2020/3153891
https://doi.org/10.1093/stmcls/sxac057

Biomedicines 2023, 11, 2343 150f 16

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Monguié-Tortajada, M.; Prat-Vidal, C.; Martinez-Falguera, D.; Teis, A.; Soler-Botija, C.; Courageux, Y.; Munizaga-Larroudé,
M.; Moron-Font, M.; Bayes-Genis, A.; Borras, FE.; et al. Acellular cardiac scaffolds enriched with MSC-derived extracellular
vesicles limit ventricular remodelling and exert local and systemic immunomodulation in a myocardial infarction porcine model.
Theranostics 2022, 12, 4656-4670. [CrossRef]

Pak, H.; Hadizadeh, A.; Heirani-Tabasi, A.; Soleimani, M.; Asbagh, R.A.; Fazeli, M.S.; Kazemeini, A.; Keshvari, A.; Keramati, M.R,;
Salahshour, F; et al. Safety and efficacy of injection of human placenta mesenchymal stem cells derived exosomes for treatment of
complex perianal fistula in non-Crohn’s cases: Clinical trial phase I. ]. Gastroenterol. Hepatol. 2023, 38, 539-547. [CrossRef]
Zarrabi, M.; Shahrbaf, M.A.; Nouri, M.; Shekari, F.; Hosseini, S.E.; Hashemian, S.R.; Aliannejad, R.; Jamaati, H.; Khavandgar, N.;
Alemi, H.; et al. Allogenic mesenchymal stromal cells and their extracellular vesicles in COVID-19 induced ARDS: A randomized
controlled trial. Stem Cell Res. Ther. 2023, 14, 169. [CrossRef] [PubMed]

Wang, N.; Ma, ].; Ren, Y.; Xiang, S.; Jia, R. Secreted klotho from exosomes alleviates inflammation and apoptosis in acute
pancreatitis. Am. J. Transl. Res. 2019, 11, 3375-3383. [PubMed]

Huang, ]. H.; Xu, Y,; Yin, X.M.; Lin, FY. Exosomes Derived from miR-126-modified MSCs Promote Angiogenesis and Neurogenesis
and Attenuate Apoptosis after Spinal Cord Injury in Rats. Neuroscience 2020, 424, 133-145. [CrossRef] [PubMed]

Ohyashiki, J.H.; Umezu, T.; Ohyashiki, K. Exosomes promote bone marrow angiogenesis in hematologic neoplasia: The role of
hypoxia. Curr. Opin. Hematol. 2016, 23, 268-273. [CrossRef] [PubMed]

Zhang, B.; Wu, X; Zhang, X; Sun, Y.; Yan, Y.; Shi, H.; Zhu, Y.; Wu, L.; Pan, Z.; Zhu, W.; et al. Human umbilical cord mesenchymal
stem cell exosomes enhance angiogenesis through the Wnt4/-catenin pathway. Stem Cells Transl. Med. 2015, 4, 513-522.
[CrossRef] [PubMed]

Jing, H.; He, X.; Zheng, J. Exosomes and regenerative medicine: State of the art and perspectives. Transl. Res. 2018, 196, 1-16.
[CrossRef] [PubMed]

Wang, J.; Yi, Y.; Zhu, Y.; Wang, Z.; Wu, S.; Zhang, J.; Hu, X.; Nie, J. Effects of adipose-derived stem cell released exosomes on
wound healing in diabetic mice. Chin. ]. Reparative Reconstr. Surg. 2020, 34, 124-131. [CrossRef]

Liberati, A.; Altman, D.G,; Tetzlaff, ].; Mulrow, C.; Getzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux, P]J.; Kleijnen, J.; Moher, D.
The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions:
Explanation and elaboration. Ann. Intern. Med. 2009, 151, W-65. [CrossRef]

Kilkenny, C.; Browne, W.; Cuthill, I.C.; Emerson, M.; Altman, D.G. Animal research: Reporting in vivo experiments--the ARRIVE
guidelines. J. Cereb. Blood Flow. Metab. 2011, 31, 991-993. [CrossRef]

Moher, D.; Hopewell, S.; Schulz, K.F; Montori, V.; Getzsche, P.C.; Devereaux, PJ.; Elbourne, D.; Egger, M.; Altman, D.G.
CONSORT 2010 explanation and elaboration: Updated guidelines for reporting parallel group randomised trials. Int. J. Surg.
2012, 10, 28-55. [CrossRef]

Hooijmans, C.R.; Rovers, M.M.; de Vries, R.B.; Leenaars, M.; Ritskes-Hoitinga, M.; Langendam, M.W. SYRCLE's risk of bias tool
for animal studies. BMC Med. Res. Methodol. 2014, 14, 43. [CrossRef] [PubMed]

Zhirong, Z.; Li, H.; Yiqun, H.; Chunyang, H.; Lichen, Z.; Zhen, T.; Tao, W.; Ruiwu, D. Enhancing or inhibiting apoptosis? The
effects of ucMSC-Ex in the treatment of different degrees of traumatic pancreatitis. Apoptosis 2022, 27, 521-530. [CrossRef]
[PubMed]

Li, S.; Li, H.; Zhangdi, H.; Xu, R.; Zhang, X.; Liu, J.; Hu, Y;; Ning, D.; Jin, S. Hair follicle-MSC-derived small extracellular vesicles
as a novel remedy for acute pancreatitis. J. Control. Release 2022, 352, 1104-1115. [CrossRef] [PubMed]

Chen, M.; Chen, J.; Huang, W.; Li, C.; Luo, H.; Xue, Z.; Xiao, Y.; Wu, Q.; Chen, C. Exosomes from human induced pluripotent
stem cells derived mesenchymal stem cells improved myocardial injury caused by severe acute pancreatitis through activating
Akt/Nrf2/HO-1 axis. Cell Cycle 2022, 21, 1578-1589. [CrossRef] [PubMed]

Roch, A.M.; Maatman, T.K.; Cook, T.G.; Wu, H.H.; Merfeld-Clauss, S.; Traktuev, D.O.; March, K.L.; Zyromski, N.J. Therapeutic
Use of Adipose-Derived Stromal Cells in a Murine Model of Acute Pancreatitis. |. Gastrointest. Surg. 2020, 24, 67-75. [CrossRef]
[PubMed]

Abdolmohammadi, K.; Mahmoudi, T.; Nojehdehi, S.; Tayebi, L.; Hashemi, S.M.; Noorbakhsh, F.; Abdollahi, A.; Soleimani, M.;
Nikbin, B.; Nicknam, M.H. Effect of Hypoxia Preconditioned Adipose-Derived Mesenchymal Stem Cell Conditioned Medium on
Cerulein-Induced Acute Pancreatitis in Mice. Adv. Pharm. Bull. 2020, 10, 297-306. [CrossRef] [PubMed]

Yin, G.; Hu, G.; Wan, R;; Yu, G.; Cang, X.; Xiong, J.; Ni, J.; Hu, Y,; Xing, M.; Fan, Y.; et al. Role of Microvesicles from Bone Marrow
Mesenchymal Stem Cells in Acute Pancreatitis. Pancreas 2016, 45, 1282-1293. [CrossRef] [PubMed]

Mushahary, D.; Spittler, A.; Kasper, C.; Weber, V.; Charwat, V. Isolation, cultivation, and characterization of human mesenchymal
stem cells. Cytometry A 2018, 93, 19-31. [CrossRef]

Ali, A.A.A,; Shahror, R.A.; Chen, K.Y. Efficient Labeling of Mesenchymal Stem Cells For High Sensitivity Long-Term MRI
Monitoring In Live Mice Brains. Int. J. Nanomed. 2020, 15, 97-114. [CrossRef]

Ziegler, KM.; Wade, T.E.; Wang, S.; Swartz-Basile, D.A; Pitt, H.A.; Zyromski, N.J. Validation of a novel, physiologic model of
experimental acute pancreatitis in the mouse. Am. J. Transl. Res. 2011, 3, 159-165.

Schmidt, J.; Rattner, D.W.; Lewandrowski, K.; Compton, C.C.; Mandavilli, U.; Knoefel, W.T.; Warshaw, A.L. A better model of
acute pancreatitis for evaluating therapy. Ann. Surg. 1992, 215, 44-56. [CrossRef] [PubMed]

Abdolmohammadi, K.; Mahmoudi, T.; Alimohammadi, M.; Tahmasebi, S.; Zavvar, M.; Hashemi, S.M. Mesenchymal stem
cell-based therapy as a new therapeutic approach for acute inflammation. Life Sci. 2023, 312, 121206. [CrossRef] [PubMed]


https://doi.org/10.7150/thno.72289
https://doi.org/10.1111/jgh.16110
https://doi.org/10.1186/s13287-023-03402-8
https://www.ncbi.nlm.nih.gov/pubmed/37365605
https://www.ncbi.nlm.nih.gov/pubmed/31312351
https://doi.org/10.1016/j.neuroscience.2019.10.043
https://www.ncbi.nlm.nih.gov/pubmed/31704348
https://doi.org/10.1097/MOH.0000000000000235
https://www.ncbi.nlm.nih.gov/pubmed/26866730
https://doi.org/10.5966/sctm.2014-0267
https://www.ncbi.nlm.nih.gov/pubmed/25824139
https://doi.org/10.1016/j.trsl.2018.01.005
https://www.ncbi.nlm.nih.gov/pubmed/29432720
https://doi.org/10.7507/1002-1892.201903058
https://doi.org/10.7326/0003-4819-151-4-200908180-00136
https://doi.org/10.1038/jcbfm.2010.220
https://doi.org/10.1016/j.ijsu.2011.10.001
https://doi.org/10.1186/1471-2288-14-43
https://www.ncbi.nlm.nih.gov/pubmed/24667063
https://doi.org/10.1007/s10495-022-01732-1
https://www.ncbi.nlm.nih.gov/pubmed/35612769
https://doi.org/10.1016/j.jconrel.2022.11.029
https://www.ncbi.nlm.nih.gov/pubmed/36402231
https://doi.org/10.1080/15384101.2022.2057762
https://www.ncbi.nlm.nih.gov/pubmed/35422193
https://doi.org/10.1007/s11605-019-04411-w
https://www.ncbi.nlm.nih.gov/pubmed/31745900
https://doi.org/10.34172/apb.2020.036
https://www.ncbi.nlm.nih.gov/pubmed/32373500
https://doi.org/10.1097/MPA.0000000000000694
https://www.ncbi.nlm.nih.gov/pubmed/27776048
https://doi.org/10.1002/cyto.a.23242
https://doi.org/10.2147/IJN.S211205
https://doi.org/10.1097/00000658-199201000-00007
https://www.ncbi.nlm.nih.gov/pubmed/1731649
https://doi.org/10.1016/j.lfs.2022.121206
https://www.ncbi.nlm.nih.gov/pubmed/36403645

Biomedicines 2023, 11, 2343 16 of 16

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Hu, Q.; Lyon, CJ.; Fletcher, ] K.; Tang, W.; Wan, M.; Hu, T.Y. Extracellular vesicle activities regulating macrophage- and
tissue-mediated injury and repair responses. Acta Pharm. Sin. B 2021, 11, 1493-1512. [CrossRef]

Munir, F; Jamshed, M.B.; Shahid, N.; Hussain, H.M.; Muhammad, S.A.; Al Mamun, A.; Zhang, Q. Advances in immunomodula-
tory therapy for severe acute pancreatitis. Immunol. Lett. 2020, 217, 72-76. [CrossRef] [PubMed]

Uder, C,; Briickner, S.; Winkler, S.; Tautenhahn, H.M.; Christ, B. Mammalian MSC from selected species: Features and applications.
Cytom. A 2018, 93, 32—49. [CrossRef] [PubMed]

Maroto, R.; Zhao, Y.; Jamaluddin, M.; Popov, V.L.; Wang, H.; Kalubowilage, M.; Zhang, Y.; Luisi, J.; Sun, H.; Culbertson, C.T.; et al.
Effects of storage temperature on airway exosome integrity for diagnostic and functional analyses. J. Extracell. Vesicles 2017, 6,
1359478. [CrossRef] [PubMed]

Zhou, H.; Yuen, PS,; Pisitkun, T.; Gonzales, P.A.; Yasuda, H.; Dear, ] W.; Gross, P.; Knepper, M.A.; Star, R.A. Collection, storage,
preservation, and normalization of human urinary exosomes for biomarker discovery. Kidney Int. 2006, 69, 1471-1476. [CrossRef]
[PubMed]

Wan, M.H.; Huang, W.; Latawiec, D.; Jiang, K.; Booth, D.M.; Elliott, V.; Mukherjee, R.; Xia, Q. Review of experimental animal
models of biliary acute pancreatitis and recent advances in basic research. HPB 2012, 14, 73-81. [CrossRef]

Yang, X.; Yao, L.; Fu, X.; Mukherjee, R.; Xia, Q.; Jakubowska, M. A.; Ferdek, PE.; Huang, W. Experimental Acute Pancreatitis
Models: History, Current Status, and Role in Translational Research. Front. Physiol. 2020, 11, 614591. [CrossRef]

Ceranowicz, P.; Cieszkowski, J.; Warzecha, Z.; Dembinski, A. Experimental models of acute pancreatitis. Postepy Hig. I Med.
Doswiadczalnej 2015, 69, 264-269. [CrossRef]

Taha, H.S.; Moustafa, E.M.; Moawed, F.S.M.; Hegazy, M.G.A. Curative role of mesenchymal stromal cells in chronic pancreatitis:
Modulation of MAPK and TGF-1/SMAD factors. Int. |. Immunopathol. Pharmacol. 2021, 35, 20587384211054036. [CrossRef]
Kong, L.; Xu, X.; Zhang, H.; Zhou, Y.; Huang, H.; Chen, B.; Zhou, Z. Human umbilical cord-derived mesenchymal stem cells
improve chronic pancreatitis in rats via the AKT-mTOR-S6K1 signaling pathway. Bioengineered 2021, 12, 1986-1996. [CrossRef]
Théry, C.; Witwer, KW.; Aikawa, E.; Alcaraz, M.].; Anderson, J.D.; Andriantsitohaina, R.; Antoniou, A.; Arab, T.; Archer, F,;
Atkin-Smith, G.K.; et al. Minimal information for studies of extracellular vesicles 2018 (MISEV2018): A position statement of the
International Society for Extracellular Vesicles and update of the MISEV2014 guidelines. J. Extracell. Vesicles 2018, 7, 1535750.
[CrossRef]

Vizoso, FJ.; Eiro, N.; Cid, S.; Schneider, ].; Perez-Fernandez, R. Mesenchymal Stem Cell Secretome: Toward Cell-Free Therapeutic
Strategies in Regenerative Medicine. Int. J. Mol. Sci. 2017, 18, 1852. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.apsb.2020.12.014
https://doi.org/10.1016/j.imlet.2019.11.002
https://www.ncbi.nlm.nih.gov/pubmed/31730775
https://doi.org/10.1002/cyto.a.23239
https://www.ncbi.nlm.nih.gov/pubmed/28906582
https://doi.org/10.1080/20013078.2017.1359478
https://www.ncbi.nlm.nih.gov/pubmed/28819550
https://doi.org/10.1038/sj.ki.5000273
https://www.ncbi.nlm.nih.gov/pubmed/16501490
https://doi.org/10.1111/j.1477-2574.2011.00408.x
https://doi.org/10.3389/fphys.2020.614591
https://doi.org/10.5604/17322693.1141101
https://doi.org/10.1177/20587384211054036
https://doi.org/10.1080/21655979.2021.1928441
https://doi.org/10.1080/20013078.2018.1535750
https://doi.org/10.3390/ijms18091852

	Introduction 
	Materials and Methods 
	Eligibility Criteria 
	Literature Search and Study Selection 
	Methodological Quality Assessment and Risk of Bias 
	Data Extraction 

	Results 
	Study Selection 
	Study Characteristics 
	Donor Pretreatment and Identification of MSCs 
	Isolation and Identification of MSC-CM/Exosome 
	Model Establishment and Grouping 
	Timing of Therapy and Observation 

	Methodological Quality 
	Clinical Related Outcomes 
	MSC Cultured Medium Alleviates Pancreatic Injury and Reduces Serum Pancreatic Enzyme 
	MSC Cultured Medium Lessens Myocardial Injury and Restores Cardiac Function 

	Immunological Outcomes 

	Discussion 
	The Role of MSC Cultured Medium in Alleviating Pancreatic Injury and Suppressing Inflammation in Murine Models 
	Challenges in MSC-CM Preparation 
	Limitations in AP Models and Study Designs 
	Future Directions 

	Conclusions 
	Appendix A
	Appendix B
	References

