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Could extracellular vesicles derived from mesenchymal stem cells be a potential

therapy for acute pancreatitis-induced cardiac injury?

Pan LF ef al. MSCs-EVs for treating AP-cardiac injury?

Long-Fei Pan, Ze-Qun Niu, Song Ren, Hong-Hong Pei, Yan-Xia Gao, Hui Feng, Jiang-Li
Sun, Zheng-Liang Zhang

Abstract

Acute pancreatitis (AP) often leads to a high incidence of cardiac injury, posing
significant challenges in the treatment of severe AP and contributing to increased
mortality rates. Mesenchymal stem cells (MSCs) release bioactive molecules that
participate in various inflammatory diseases. Similarly, extracellular vesicles (EVs)
secreted by MSCs have garnered extensive attention due to their comparable anti-
inflammatory effects to MSCs and their potential to avoid risks associated with cell
transplantation. Recently, the therapeutic potential of MSCs-EVs in various
inflammatory diseases, including sepsis and AP, has gained increasing recognition.
Although preclinical research on the utilization of MSCs-EVs in AP-induced cardiac
injury is limited, several studies have demonstrated the positive effects of MSCs-EVs in
regulating inflammation and immunity in sepsis-induced cardiac injury and
cardiovascular diseases. Furthermore, clinical studies have been conducted on the
therapeutic application of MSCs-EVs for some other diseases, wherein the contents of
these EVs could be deliberately modified through prior modulation of MSCs.
Consequently, we hypothesize that MSCs-EVs hold promise as a potential therapy for
AP-induced cardiac injury. This paper aims to discuss this topic. However, additional
research is essential to comprehensively elucidate the underlying mechanisms of MSCs-
EVs in treating AP-induced cardiac injury, as well as to ascertain their safety and

efficacy.
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ore Tip: Acute pancreatitis (AP) often causes cardiac injury, leading to poor prognosis.
Mesenchymal stem cells (MSCs) and their extracellular vesicles (EVs) possess anti-
inflammatory properties and have been studied as a potential therapy for inflammatory
diseases. Although preclinical studies on the use of MSCs-EVs for AP-induced cardiac
injury are lacking, research has demonstrated their positive effects in various
inflammatory diseases such as sepsis-induced cardiac injury and cardiovascular
diseases. Therefore, MSCs-EVs may represent a promising strategy for treating AP-

induced cardiac injury.

INTRODUCTION

Acute pancreatitis (AP) often results in important extra-pancreatic organ damage,
including the lungs, kidneys, heart, liver, and intestines!!-*l. Cardiac injury associated
with AP frequently manifests with non-specific symptoms, or is overshadowed by
symptoms caused by AP itself, making it easy to be overlooked and leading to the
misconception that cardiac injury is uncommon in APM. However, studies have
reported a 100% incidence rate of cardiac injury in all cases of AP, with cardiac injury
occurring earlier than damage to organs such as the lungs and kidneys!>¢l. The severity
of cardiac injury is closely related to the severity of AP, with severe acute pancreatitis
(SAP) having the highest occurrence rate of severe cardiac injury, which can reach up to
60.5%, and in some severe cases, SAP can even lead to cardiac dysfunctionl”3l.
Retrospective analysis has also confirmed significantly elevated serum cardiac injury

markers in SAP patients upon admission/®l. Among SAP patients who succumbed to
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multiple organ dysfunction syndrome, approximately 86.4% experienced
cardiovascular failurel’l. Cardiac injury is a significant contributing factor to the
challenges in curing and increased mortality rates of SAP, with approximately 10%-30%
of SAP fatalities attributed to SAP-induced cardiac injuryl7l. Therefore, it is crucial to
give adequate clinical attention to AP-induced cardiac injury. However, the exact
mechanisms underlying AP-induced cardiac injury are complex, involving multiple
factors, and the precise mechanism remains unclear, posing a significant challenge in
the development of effective treatments.

Mesenchymal stem cells (MSCs) are among the most readily accessible types of stem
cells, which can be extracted from sources such as bone marrow, adipose tissue,
umbilical cord, and dental pulp. They possess unique characteristics of self-renewal and
multi-directional differentiation, allowing them to differentiate into various cell types.
MSCs participate in various inflammatory diseases through the paracrine secretion of
bioactive molecules and can also promote tissue repairll0!ll. Moreover, MSCs can
regulate the phenotype of immune cells and alleviate inflammatory responsesli2l.
However, the long preparation period required for MSC transplantation makes it
unsuitable for emergency situations. Additionally, MSCs carry the risks of
immunogenicity and tumorigenicity, which to some extent limits their application!*?l.

The various biological functions of MSCs are primarily carried out through the
secretion of bioactive molecules, encompassing a diverse range of chemical factors,
cytokines, immunomodulatory factors, extracellular matrix components, as well as
several other proteins, nucleic acids, and lipids[!4l. MSCs also release extracellular
vesicles (EVs) that serve as the principal mediators for MSCs to exert their immune and
inflammatory regulatory effects. MSCs-EVs act as carriers, transporting bioactive
molecules such as growth factors, cytokines, chemokines, mRNA, miRNA, IncRNA, efc.,
which they transmit through paracrine or endocrine secretion!’®.. EVs have been
identified as effective therapeutic vehicles capable of delivering various proteins and
regulatory genes to target organs. MSCs-EVs are believed to possess similar anti-

inflammatory and other biological effects as MSCs, while offering advantages over
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MSCs such as smaller size, targeted transport, and low immunogenicity('¢l. Therefore,
MSCs-EVs hold the potential to replace MSCs in exerting therapeutic effects on certain

diseases.

MSCS-EVS HAVE EMERGED AS A PROMISING TREATMENT OPTION FOR
VARIOUS INFLAMMATORY DISEASES

With the increasing focus on the immunomodulatory effects of MSCs, extensive
research has been conducted to investigate their mechanisms in inflammatory diseases.
MSCs-EVs, which possess similar anti-inflammatory effects as MSCs and the ability to
avoid potential risks associated with cell transplantation, have been widely studied in
the context of inflammatory diseases. Multiple studies have demonstrated the efficacy
of MSCs-EVs in improving inflammatory responses in animal models of various
diseases, including brain ischemia-reperfusion injury, acute lung injury/acute
respiratory distress syndrome (ARDS), inflammatory bowel disease, acute liver injury,
acute kidney injury, sepsis, AP, myocardial ischemia-reperfusion injury, and acute
myocardial infarctionl'7l. For instance, MSCs-EVs can regulate inflammatory and
immune responses following brain ischemia by modulating the central nervous system,
peripheral immune system, and immune regulatory molecules, thereby promoting
neurological function recovery['8l. By transmitting miRNA, MSCs-EVs can reduce the
secretion of pro-inflammatory cytokines, oxidative stress, and prevent lung tissue
infiltration by inflammatory cells, thereby alleviating ventilator-associated lung
injury®l. Moreover, MSCs-EVs can regulate gene expression and inhibit the production
of inflammatory cytokines by transmitting miRNA or other bioactive molecules,
thereby reducing neutrophil infiltration, improving lung inflammation and oxidative
damage, and promoting the survival, proliferation, and differentiation of alveolar
epithelial cells and endothelial cells. This, in turn, facilitates lung tissue repair,
regeneration, and improvement of lung function!'>2l. In acute liver failure, MSCs-EVs
can inhibit inflammasomes, reduce levels of inflammatory factors, and alleviate

inflammatory response, thus improving acute liver injuryl21..
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MSCs-EVs for the treatment of sepsis and sepsis-induced cardiac injury

MSCs-EVs have shown promise in treating sepsis by modulating the immune response
and mitigating inflammatory damage through various mechanisms. These mechanisms
include regulating cytokine production, reducing oxidative stress, and promoting
immune cell proliferation and differentiation?¥. In septic mice, MSCs-EVs have
demonstrated the ability to decrease pro-inflammatory cytokine levels while promoting
the production of anti-inflammatory cytokines, thus improving survival ratesl25l.
Furthermore, MSCs-EVs have been discovered to alleviate sepsis-induced acute lung
injury by suppressing the mitogen-activated protein kinase (MAPK)/nuclear factor
kappa B (NF-xB) pathway. This regulation leads to the modulation of immune cell
activity, reduction of oxidative stress levels, and promotion of cell survival and
regenerationl2tl. Additionally, MSCs-EVs can also improve the severity of sepsis-
induced renal injury by directly delivering biologically active molecules, such as
circRNAE7L. Moreover, through the delivery of miRNA and other biologically active
molecules, MSCs-EVs can inhibit macrophage apoptosis, regulate macrophage
polarization, and induce macrophage M2 polarization. These actions help to modulate
immune responses and inflammation, promote tissue repair, and ultimately alleviate
sepsis-induced acute lung and kidney injuryl2-31l.

Between 40% and 60% of sepsis patients experience cardiac injury32. Numerous
studies have demonstrated the potential of MSCs-EVs in alleviating sepsis-induced
cardiac injury. For example, MSCs-EVs carrying miR-223 can prevent myocardial cell
apoptosis and suppress the inflammatory response by inhibiting the NF-«xB signaling
pathway, which in turn can help to prevent sepsis-induced cardiac injury!®l. MSCs-EVs
enriched with miR-146a-5p can promote cell proliferation and survival by regulating
MYB protooncogene-like 1 expression, thus protecting septic myocardial cells or
tissuel®l. In addition, the delivery of miR-223-3p by MSCs-EVs can suppress sepsis-
induced cardiac inflammation, necrosis, and dysfunctions. Moreover, MSCs-EVs

containing miR-141 can activate B-catenin by targeting phosphatase and tensin homolog
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deleted on chromosome 10 (PTEN), thereby mitigating septic mouse myocardial
injuryBel. Furthermore, MSCs-EVs can also deliver circRTN4 to inhibit cardiac fibrosis
and inflammation through the miR-497-5p/mitsugumin-53 signaling axis, thus
preventing sepsis-induced cardiac injury(¥l. Finally, the presence of PTEN-induced
putative kinase 1 in MSCs-EVs can restore mitochondrial wmCa2* efflux, thereby

preventing septic myocardial cell mitochondrial calcium overload!®!.

MSCs-EVs can be used for the treatiment of AP
Limited studies have been conducted on the role of MSCs-EVs in AP. Some studies
have demonstrated the potential of human umbilical cord MSCs-EVs in reducing the
severity of traumatic pancreatitis by colonizing injured pancreatic tissue, which in turn
regulates inflammatory cytokine levels and inhibits acinar cell apoptosis/®l.
Furthermore, human umbilical cord MSCs-EVs have shown promise in improving the
inflammatory response in mild to moderate traumatic pancreatitis by suppressing
inflammation, increasing cell proliferation, and inhibiting pancreatic acinar cell
apoptosis. These effects promote the repair of pancreatic tissue, leading to effective
relief of traumatic pancreatitisi*’l. In addition, MSCs-EVs derived from hair follicles
have also been found to promote pancreatic tissue repair and enhance pancreatic
function by reducing inflammation in pancreatic cells and inhibiting cell necroptosis-
related signaling pathwaysl#ll. These findings suggest that MSCs-EVs have therapeutic
potential in treating AP and may offer a promising alternative to traditional treatments.
Table 1 presents a summary of the factors delivered by MSCs-EVs in inflammatory
diseases, the signaling pathways that these factors mediate, and the ultimate effects of

MSCs-EVs on inflammation or immunity.

RESEARCH PROGRESS OF USING MSCS-EVS FOR TREATING AP-INDUCED
CARDIAC INJURY

In recent years, there has been growing recognition of the therapeutic potential of

MSCs-EVs in the treatment of inflammatory diseases. Sepsis and AP, which are closely

6/ 30




associated with inflammatory reactions, can result in cardiac and other organ injuries
due to the amplification of the inflammatory response during their course. MSCs-EVs,
on the other hand, have been shown to have potential therapeutic effects for both
conditions.

Although research on the use of MSCs-EVs for AP-induced cardiac injury is limited,
several studies have confirmed their potential in treating sepsis-induced cardiac injury,
as well as their potential as a therapeutic strategy for various cardiovascular diseases.
For instance, MSCs-EVs have been demonstrated their ability to improve myocardial
inflammation, reduce cell apoptosis, and promote cardiac remodeling and function
following acute myocardial infarction. This is achieved by inhibiting the activation of
the NF-kB signaling pathway through the transmission of miR-302d-3pl*2l.
Additionally, MSCs-EVs have been found to alleviate myocardial ischemia-reperfusion
injury by suppressing M1 polarization of macrophages through the inhibition of toll-
like receptor 4 (TLR4) via the transmission of miR-1823l. Based on these findings, it is
reasonable to speculate that MSCs-EVs may also exert therapeutic effects on AP-
induced cardiac injury.

In a study conducted by Chen et all#], MSCs-EVs were found to be effective in
reducing oxidative stress and inflammatory damage in cardiac tissue, decreasing cell
apoptosis, improving cardiac function, and ultimately inﬁeasing the survival rate of
rats with SAP. These beneficial effects were attributed to the activation of the protein
kinase B (Akt)/nuclear factor E2-related factor 2 (Nrf2)/heme oxygenase 1 (HO-1)
signaling pathway. In our own researchi#l, we delved into the potential protective
effects and mechanisms of MSCs-EVs in SAP-induced cardiac injury. Our findings
suggest that MSCs-EVs can downregulate the high mobility group box-1/TLR4
signaling axis and activate the Akt signaling pathway by delivering miR-29a-3p. This, in
turn, helps improve myocardial inflammation, enhance myocardial cell vitality, reduce
cell apoptosis, and ultimately alleviate myocardial damage while preserving cardiac
function. Therefore, we hypothesize that MSCs-EVs may play a crucial role in the onset

and progression of SAP-induced cardiac injury.
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IS THERE POTENTIAL FOR USING MSCS-EVS IN THE TREATMENT OF AP-
INDUCED CARDIAC INJURY?

Studies have demonstrated that injecting EVs derived from MSCs overexpressing
macrophage migration inhibitory factor into the infarcted area of the heart can enhance
myocardial angiogenesis, reduce cell apoptosis, decrease cardiac remodeling, and
thereby improve cardiac function!#l. Pre-treatment of bone marrow-derived MSCs with
fibronectin type III domain-containing protein 5 can promote the secretion of more EVs,
which can inhibit the secretion of pro-inflammatory cytokines, increase anti-
inflammatory cytokine levels, and promote M2 polarization of macrophages via NF-xB
signaling pathway and Nrf2/HO-1 axisl¥’l. Furthermore, when bone marrow-derived
MSCs are pre-treated with lipopolysaccharide, the EVs secreted by these MSCs can
inhibit M1 polarization of macrophages, promote M2 polarization, alleviate
inflammation and cell apoptosis, and thereby facilitate tissue repair in various
inflammatory diseases/4l. These studies highlight the potential of MSCs-EVs for
targeted interventions, as the cargo and level of bioactive molecules loaded in EVs can
be modulated according to the specific therapeutic goals. The In vitro plasticity of
MSCs-EVs suggests a promising avenue for their utilization in the treatment of specific
diseases.

The potential of using MSCs-EVs for clinical therapy is being explored in the initial
stages. A Phase I clinical trial has been conducted on MSCs-EVs containing KrasG12D
siRNA for the treatment of metastatic pancreatic cancer, and Phase I and II clinical trials
on MSCs-EVs transfected with miR-124 for the treatment of stroke have been
initiated[*’]. Encouraging results have been reported in some clinical studies. A Phase I
clinical trial confirmed the safety and efficacy of intravenous injection of placenta-
derived MSCs-EVs for treating complex anal fistula in non-Crohn’s disease patients/50l.
In another Pilot Randomized Clinical Trial, placenta-derived MSCs-EVs were injected

intraparenchymally to patients who underwent decompressive craniectomy after
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malignant middle cerebral artery infarction, and no significant adverse events were
observedI5!l.

Due to the membrane of MSCs-EVs can be modified with specific ligands or peptides,
they can be engineered to effectively target specific tissues and cells52l. Additionally,
MSCs-EVs can be stored for extended periods of time. Therefore, when compared to
cell-based therapies, MSCs-EVs offer several advantages, including lower risks of
immune rejection and tumorigenesis, lower costs, and on-demand availability. As a
result, MSCs-EVs may present a promising potential as a viable strategy for treating
AP-induced cardiac injury. However, there are still challenges to overcome in
optimizing the separation and characterization of EVs, ensuring their purity and
potency, and determining appropriate doses and delivery routes for MSCs-EVs in the
treatment of AP-induced cardiac injury. Furthermore, potential safety concerns
associated with the use of MSCs-EVs, such as the risk of thrombosis formation,
immunogenicity, and potential tumorigenicity due to targeted delivery failure, must be

carefully evaluated in clinical trials.

CONCLUSION

In conclusion, AP poses a significant global health threat, particularly when
accompanied by cardiac injury, as it can complicate the treatment of SAP and worsen
prognosis. Although there is currently limited preclinical research on the effectiveness
of MSCs-EVs in treating AP-induced cardiac injury, multiple studies have
demonstrated their ability to mitigate inflammation in various inflammatory diseases,
including AP, regulate the immune response, promote tissue regeneration, and improve
sepsis-induced cardiac injury and various cardiovascular diseases. Therefore, we
postulate that MSCs-EVs may hold promise as a potential treatment for AP-induced
cardiac injury. However, further experimental research is necessary to explore their

mechanisms, clarify treatment targets, and identify intervention pathways.
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