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Abstract

In this article, we evaluate the comparative efficacy and safety of mesenchymal
stem cells (MSCs) derived from bone marrow (BM-MSCs) and umbilical cord
(UC-MSCs) in the treatment of heart failure and myocardial infarction. MSCs have
gained importance as living bio drug due to their regenerative potential, with BM-
MSCs being the most extensively studied. However, UC-MSCs offer unique
advantages, such as noninvasive collection and fewer ethical concerns. This
systematic review and meta-analysis summarizes data from 13 randomized
controlled trials, which included a total of 693 patients. Their study shows that
UC-MSCs significantly improved left ventricular ejection fraction by 5.08% at 6
months and 2.78% at 12 months compared with controls, while BM-MSCs showed
no significant effect. Neither cell type showed significant changes in 6-minute
walk distance. In addition, UC-MSCs and BM-MSCs had comparable safety
profiles, with no significant differences in major adverse cardiac events, except for
a lower rehospitalization rate observed with BM-MSCs. These results position
UC-MSCs as a promising alternative in MSC-based therapies for cardiac disease,
offering potential improvements in cardiac function while maintaining a
favorable safety profile. Future research should focus on optimizing adminis-
tration protocols and further exploring the long-term benefits and mechanisms of
UC-MSCs in cardiac repair.

Key Words: Mesenchymal stem cells; Heart failure; Umbilical cord-derived mesenchymal
stem cells; Bone marrow-derived mesenchymal stem cells; Left ventricular ejection
fraction; 6-minute walking distance; Cardiac regeneration therapy
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Core Tip: This article provides a comparative analysis of umbilical cord-derived mesenchymal stem cells (UC-MSCs) and
bone marrow-derived mesenchymal stem cells (BM-MSCs) for the treatment of heart failure. UC-MSCs significantly
increase left ventricular ejection fraction and exhibit a favorable safety profile, positioning them as a promising alternative to
BM-MSCs. Future research should focus on optimizing administration protocols and understanding the long-term benefits of
UC-MSCs in cardiac therapy.
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TO THE EDITOR

Cardiovascular diseases (CVDs) remain the leading cause of morbidity and mortality worldwide despite advances in
pharmacological treatment[1]. Heart failure (HF), a common endpoint of various CVDs, results from the progressive
decline of cardiac function due to the formation of fibrous scars after myocardial infarction (MI)[2]. Conventional
treatments primarily provide symptomatic relief without addressing the underlying problem of myocardial tissue loss
[3]. In this context, regenerative medicine, particularly mesenchymal stem cells (MSCs) therapy, has emerged as a
promising approach to repair and replace damaged myocardium[4].

MSCs are multipotent stromal cells capable of differentiating into various cell types, including cardiomyocytes[5]. They
exhibit unique properties such as high proliferation rates, secretion of proangiogenic and anti-inflammatory factors, and
evasion of immune surveillance, making them ideal candidates for cell-based therapies[6]. MSCs can be derived from
various tissues, including bone marrow (BM-MSCs) and umbilical cord (UC-MSCs), with each tissue having different
advantages and limitations[7]. BM-MSCs are the most extensively studied MSC type in clinical settings. In preclinical
models, they have shown the potential to improve cardiac function and reduce scar tissue[8]. However, their therapeutic
efficacy in clinical trials has been modest, possibly due to factors such as donor age, comorbidities, and quality of cell
preparations[9]. In contrast, UC-MSCs derived from medical waste are increasingly recognized for their noninvasive
collection procedure, lack of ethical concerns, and superior proliferative ability[10]. UC-MSCs are younger and possess
embryonic cell-like properties, which may contribute to their increased therapeutic potential[11]. This article aims to
evaluate the comparative safety and efficacy of BM-MSCs and UC-MSCs in the treatment of HF and ML

SAFETY AND EFFICACY OF BM-MSCS AND UC-MSCS FOR CVD

By analyzing data from 13 randomized controlled trials (RCTs) involving 693 patients, the authors evaluate key clinical
outcomes such as left ventricular ejection fraction (LVEF), 6-minute walk distance (6(MWD), and major adverse cardiac
events. Their study shows that UC-MSCs significantly improved LVEF by 5.08% (MD 5.08, 95%ClI: 2.20%-7.95%; P =
0.0005) at 6 months and 2.78% (MD 2.78, 95%CI: 0.86-4.70; P = 0.004) at 12 months compared with controls, while BM-
MSCs showed no significant effect[12]. UC-MSCs have demonstrated greater improvement in LVEF compared to BM-
MSCs, likely due to several key factors. UC-MSCs exhibit enhanced proliferative capacity, allowing for increased cell
viability and a greater number of cells participating in myocardial repair. They also have superior paracrine activity,
which means they release higher levels of growth factors and cytokines that promote angiogenesis, reduce apoptosis, and
modulate inflammation more effectively than BM-MSCs[10,13]. Additionally, UC-MSCs possess a higher immunomodu-
latory capacity, reducing local immune responses and creating a more favorable environment for myocardial
regeneration[10,13]. These combined factors likely contribute to the observed superior improvements in LVEF with UC-
MSC therapy.

The efficacy of MSC therapy for HF can vary depending on the underlying cause of the disease. Studies suggest that
MSCs may be more effective in treating ischemic HF, such as that caused by MI, due to their ability to promote
angiogenesis and reduce scar formation in the ischemic myocardium|[13]. In contrast, for non-ischemic HF, such as those
due to cardiomyopathy or valvular disease, MSCs may show more limited efficacy, as these conditions involve more
complex pathological mechanisms, such as genetic mutations or mechanical abnormalities, that are less responsive to
cellular therapy[7-10]. Therefore, the underlying etiology of HF should be considered when determining the potential
benefits of MSCs therapy.

In addition, it would be prudent to consider treatment-related complications when comparing UC-MSCs and BM-
MSCs in cardiac therapy. Although both cell types are generally regarded as safe, minor complications such as transient
fever, local pain at the injection site, and mild immune responses have been reported in some studies[10,13]. Importantly,
UC-MSCs are considered to have a lower risk of immune rejection due to their lower expression of major histocompat-
ibility complex molecules, which could reduce complications compared to BM-MSCs[10]. However, there are also
concerns regarding the long-term safety of MSC therapies, such as the potential for tumorigenesis or ectopic tissue
formation, necessitating further investigation through longer-term studies.
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CARDIOPROTECTION MECHANISM OF MSC

MSCs have attracted considerable attention due to their cardioprotective properties, which are mainly attributed to their
multiple mechanisms of action. These mechanisms include direct differentiation, paracrine signaling, immunomodu-
lation, and extracellular vesicle (EV) production, resillience and adaptablity, and together contribute to myocardial repair
and functional recovery after cardiac injury[14] (Figure 1).

Differentiation

Paracrine effects

Immunomodulation . )
Extracellular vesicle production

Figure 1 Cardioprotection mechanism of mesenchymal stem cells.

One of the main mechanisms by which MSCs exert cardioprotective effects is their ability to differentiate into
cardiomyocytes and vascular endothelial cells. This differentiation ability enables MSCs to replace damaged myocardial
tissue and contribute to the formation of new blood vessels, thereby improving cardiac repair and perfusion[15].
However, the extent of direct differentiation is limited, and the predominant mechanism of action is thought to be
paracrine signaling[16]. MSCs secrete a variety of bioactive molecules, including growth factors, cytokines and
chemokines, which mediate their paracrine effects. These secreted factors promote angiogenesis, reduce apoptosis, inhibit
fibrosis and stimulate endogenous cardiac progenitor cells, thereby facilitating myocardial repair[17,18].

Immunomodulation is another crucial mechanism by which MSCs confer cardioprotection. MSCs interact with various
immune cells, including T cells, B cells, natural killer cells and macrophages, and modulate their activity to create an anti-
inflammatory environment that favors tissue repair[19]. For example, MSCs can induce the polarization of macrophages
toward the M2 phenotype, which is associated with tissue repair and regeneration[20]. In addition, MSCs secrete anti-
inflammatory cytokines such as interleukin-10 and transforming growth factor B, which further attenuates the inflam-
matory response[21].

EVs released by MSCs also play a crucial role in their cardioprotective effects. EVs, including exosomes and
microvesicles, are rich in proteins, lipids, and nucleic acids that can affect target cells and tissues. MSC-derived EVs have
been shown to deliver microRNAs and other regulatory molecules to cardiac cells, thereby modulating gene expression
and promoting cardiac repair[22]. For example, miR-126 and miR-210, which are present in MSC-derived exosomes, have
been associated with enhancing angiogenesis and reducing apoptosis in ischemic cardiac tissue[23,24]. In addition, MSCs
secrete angiogenic factors such as vascular endothelial growth factor, fibroblast growth factor, and hepatocyte growth
factor, which promote the formation of new blood vessels in the damaged myocardium. This improves blood supply and
oxygen delivery to the heart tissue[25].

UC-MSCs and BM-MSCs have shown potential in myocardial regeneration and cardiac remodeling, with both
therapies demonstrating improvements in cardiac function and reductions in scar size. UC-MSCs have been noted for
their greater proliferative capacity and lower immunogenicity, which may enhance myocardial repair by promoting
angiogenesis and reducing fibrosis. BM-MSCs, while effective, tend to have reduced differentiation potential with age,
possibly limiting their regenerative abilities compared to UC-MSCs[26]. Further clinical trials are needed to validate these
findings and establish standardized protocols for their application in HF and MI[27].

CONCLUSION

The advent of regenerative medicine, particularly the use of MSCs, offers a promising therapeutic approach to address
the underlying myocardial damage and improve cardiac function. Despite no observed differences in the 6 MWD between
the two MSC types, UC-MSCs present a more favorable safety profile and are associated with a lower rate of rehospital-
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ization. The promising results of UC-MSCs can be attributed to their unique characteristics, including noninvasive
collection, fewer ethical concerns, higher proliferative capacity, and embryonic-cell-like properties. These advantages
position UC-MSCs as a viable and potentially superior alternative to BM-MSCs for cardiac regeneration therapy.
However, several challenges remain, including the need for standardized cell isolation, administration protocols, and
long-term studies to validate these findings and optimize clinical applications[28,29]. Future research should focus on
enhancing the therapeutic efficacy of MSCs through preconditioning strategies, identifying biomarkers for predicting
treatment outcomes, and understanding the long-term effects and underlying mechanisms of MSCs therapy in cardiac
repair. Additionally, large-scale RCTs are necessary to confirm the benefits of UC-MSCs and establish them as a standard
treatment for HF and MI. In conclusion, UC-MSCs hold significant promise for advancing cardiac regeneration therapy,
offering a new avenue for improving heart function and patient outcomes. By addressing the current challenges and
continuing to explore innovative approaches, MSC-based therapies have the potential to revolutionize the treatment
landscape for HF and MI.
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