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Abstract

The role of stem cells in augmenting reparative processes in the heart after ischemic injury has 

been successfully demonstrated in small and large animal models. However, the outcomes of cell 

therapy in clinical trials have been somewhat variable, with overall effects of autologous stem cell 

therapies demonstrating a modest improvement in cardiac structure and function. How stem cells 

repair the heart after cardiac injury is still not well understood. Most recent studies suggest that 

adult derived stem cells act primarily through paracrine signaling to exert beneficial effects, 

including modulation of immune response, stimulation of new blood vessel formation or by 

inducing mature myocytes to transiently reenter the cell cycle, rather than robust direct 

differentiation of the transplanted cells into myocytes. Additionally, data from multiple labs 

confirmed clearance of stem cells themselves within a few days still leading to functional benefits 

further confirming the role of paracrine signaling in augmenting cardiac reparative processes 

rather than direct differentiation of cells. These findings rapidly evolved the field of extracellular 

vesicles specifically microvesicles as they are active hubs of autocrine, paracrine and endocrine 

signaling targeting different biological processes. The beneficial effects seen after stem cell 

transplantation could be linked to the cardioprotective factors packaged in the microvesicles 

secreted from stem cells. Therefore, stem cell microvesicles provide a new avenue for the 

treatment of cardiovascular disease through a multitude of mechanisms including cellular 

communication within the stem cell niches, delivery of genetic information, regulation of the 

immune system in the heart, and stimulation of angiogenesis which will be discussed in this 

review.
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Introduction

Cardiovascular Diseases (CVDs) are the leading cause of death worldwide, with about 422 

million cases per year.3 CVDs are defined as a group of disorders of the heart and 

circulatory system.1 The growing number of individuals that are affected by CVDs indicate 

a necessity for improvements, preventions, and treatments related to the disease. Over the 

past decades, tremendous progress has been made in the ability to reopen blocked coronary 

arteries.5 However, reperfusion of the artery cannot rescue the cardiac tissue in the core of 

the infarct leading to compromised heart function.6

The field of stem cells has created excitement as there is a possibility of targeting reparative 

processes in organs with limited regeneration capabilities including the heart.7 Stem cells 

were first thought to be able to replace the scar by repopulating the scarred tissue after 

injury; however, so far, the evidence for neomyogeneisis has been very limited.9 

Nevertheless, there is no doubt that stem cell treatments in animal models and in clinical 

trials have shown functional improvement that are independent of new myocyte formation 

because of their ability to target multiple pathways via paracrine factor release.7 It is 

documented by several labs that stem cells are cleared quickly within a day or two after 

transplantation; however, this early clearance of stem cells did not affect the functional 

benefits after injury suggestive of the paracrine role of stem cells being the major contributor 

in observed functional outcomes. These paracrine factors and other secretory molecules, 

proteins, miRNA can be loaded in extra-cellular vesicles that bud off the cells as a normal 

physiological process.

More recently, extracellular vesicles (EVs) have gained importance as they are hubs of 

signaling and have been suggested as a beneficial and novel therapeutics for the treatment of 

diseases,14,15,16 including CVDs17. Extracellular vesicles are secreted by all cells including 

stem cells with increasing evidence in literature emphasizing their role in augmenting repair 

processes after injury. They have been suggested as a novel target and possible mechanism 

to help improve CVD prognosis and prevention18. Extracellular vesicles are not only 

secreted by stem cells but are produced by all cells in the body, therefore comparing the 

cargo of EV’s under normal and pathological conditions can serve as useful biomarkers to 

predict early abnormal changes in the body related to diseases. These biomarkers can 

provide early diagnosis of the cardiac disease, leading to a better outcome in patients with 

heart problems as well as a potentially new therapeutic strategy for treatment.19,20,21 This 

review will specifically address the role of the stem cells derived microvesicles and their 

potential role for the treatment of CVDs.

What are microvesicles?

The knowledge on extracellular vesicles (EVs) is quite broad; however, less is known about 

microvesicles (MVs). MVs are considered to be 100 −1000nm in size and derived from 

plasma membrane shedding. MVs can be released by all cells, including stem cells23, 

circulating cells (such as platelets and T cells)24, vascular cells (such as endothelial cells)25, 

and tumor cells26 as a part of the normal physiological process. Because of the variety of 
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cellular sources and, therefore, functions, MVs serve an integral part of cellular 

communication.27

Extracellular vesicles are comprised of microvesicles, exosomes and apoptotic bodies.28 The 

nomenclature for these different subsets is defined majorly by the size of these subfractions. 

MVs are about 100–1000nm compared to exosomes that are smaller in size ranging from 

50–100nm versus apoptotic bodies that are larger including vesicles that are 1–5μM in size.
29 MVs are unique vesicles that bud from the plasma membrane and can be dispersed and 

found in biologic fluid, such as blood or urine.28 These MVs can deliver various signals 

between cells for vital cellular communication as well as propagation of multi-signaling 

processes.28,30 Additionally, MVs shed from the plasma membrane of healthy cells and can 

be referred to as ectosomes, shedding vesicles, or microparticles28. When MVs are shed, 

they often keep the surface molecules from the parent cell and retain their cytosolic content, 

which includes proteins, RNA, DNA, lipids, and miRNAs.31 Alternatively, apoptotic bodies 

are created when stimuli paired with the extrinsic and intrinsic apoptosis pathways initiate 

apoptosis. The pathways integrate and form these apoptotic bodies, which are engulfed and 

recycled.32 Conversely, exosomes are defined as vesicles released during reticulocyte 

differentiation because of multivesicular endosomes (MVE) fusion with a plasma 

membrane28. Moreover, the composition of MVs compared to exosomes vary. Exosomes 

have specific protein contents that differentiate them from MVs.28 MV composition 

resembles the plasma membrane; however, the main difference is the lack of asymmetric 

phosphatidylserine (PS) and phosphatidylethanolamine (PE).22,33 Exosomes have increased 

PS, as well as glycosphingolipids and cholesterol.22,34 However, separating MVs from 

exosomes is not always straightforward as they are found in similar fluids and share similar 

origins.22 The differences between the three types of extracellular vesicles have been 

highlighted in Table 1.

To date several types of stem cells have been used for treating cardiovascular diseases with 

modest improvement. Every stem cell type has pros and cons (Table 2). Simultaneously, 

several different routes have been tested for the delivery of stem, cells for a better outcome 

(Table 3). In this review, we will highlight the role of microvesicles specifically from stem 

cells and their contribution in the regulation of different processes/pathways in the heart, as 

well as the therapeutic approaches and limitations associated with CVD.

Stem Cell derived Microvesicles Vasculature in Cardiac Disease:

In order to understand how stem cells and their MVs function and communicate with other 

cells within the body, it is essential to understand the microenvironment in which the stem 

cells reside. Stem cells co-localize with other cells that dwell within specific tissues. 

Ultimately the microenvironment in which these stem cells reside yield a specific structural 

and functional characteristics commonly referred to as the stem cell niche.35 In general, this 

stem cell niche is anchored in an heterogeneous extracellular matrix that is composed of 

organ-specific cell types and resident stem cells, which allows for cell to cell signaling.36 

The mechanism of tissue or organ specificity of stem cell niches is still not fully understood; 

however, it is known that the spatial organization and the interaction within the niche are 

vital for the stem cell specification and the maintenance of existing cells. This guarantees 
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that the stem cells retain their characteristics such as self-renewal and the prevention of 

differentiaion.37 The overall role of the niche is to provide a location where cell signaling 

molecules, including MVs, can interact and influence stem cell behavior and function38 as 

well as tissue specific cells’ behavior and function39. For example, the hematopoietic stem 

cell (HSC) can be found in the perivascular niche, which helps provide blood cells derived 

from HSCs when the body is under hematological stress.35

The stem cell uniqueness to the niche environment in the heart and vasculature is vital for 

the microenvironment interactions of MVs. This is an essential feature of stem cells in the 

treatment of CVD, as there are specialized stem cell niches in the heart and vasculature for 

specific signaling and MV function.40 Within those stem cell niches, the stem cell MVs are 

critical for the cell to cell communication, in both physiological and pathological settings in 

the heart.41 The stem cell MVs are strong cellular communicators by activating and 

inhibiting many biological processes within the stem cell niches which will be addressed. 

The stem cell MVs contain bioactive material that can help regulate, activate, and inhibit a 

variety of processes associated with stem cells described throughout this review.27 

Additionally, there are many forms of cellular communication of stem cell MVs related to 

CVD. This review will address how stem cell MVs enhance cellular communication in order 

to lessen the damage caused by CVDs, specifically through the transfer of genetic 

information, the use of miRNAs, cargo delivery, immunomodulation, and angiogenesis.

Delivery of Genetic Information and Signaling Molecules by MV’s:

Cargo delivery is characteristic of all EVs. Specifically, MV cargo can consist of genetic 

information, transcription factors, cytokines, growth factors, and cellular receptors.19 The 

focus of stem cell cargo delivery has been on genetic information such as mRNA, 

microRNA (miRNA), and DNA.19 Stem cell derived MVs are shown to create a regulatory 

system that can modulate mRNA delivery and transcription in the target cells as well.42 The 

MV’s ability to transfer genetic information has been a hallmark and the main feature of this 

form of cellular communication (Figure 1). Additionally, the transfer of genetic information 

and bioactive material from stem cell MVs have been shown to alter regulatory networks of 

endocrine activity, which helped identify ischemia/reperfusion-induced acute injury.43 This 

genetic transfer has also been associated with stem cell plasticity, and phenotypic regulation.
44 For example, stem cell derived MVs can transfer RNA to hematopoietic cells, which 

cause reprogramming of the cells and hematopoietic cell differentiation.45,46 Furthermore, 

MVs released from embryonic cells have stem cell specific molecules that help with self-

renewal and proliferation of adult stem cells. The MVs from embryonic stem cells (ESCs) 

also increased the survival of hematopoietic progenitor cells because of the mRNA in the 

MVs contained increased amounts of pluripotent transcription factors.46 There are reports 

demonstrating microvesicles derived from mesenchymal stem cells (MSCs) to have a wide 

range of genetic material transfer that leads to paracrine secretion and increased cardiac 

differentiation to help enhance cardiomyocyte function after injury.47

Another type of genetic information delivery that has propelled the field of stem cell MVs is 

the delivery and use of miRNAs by these microvesicles. MVs from adult human bone 

marrow and tissue specific MSCs help regulate intracellular communication through select 
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miRNAs.48 Specifically, miR-31 targets HIF-1α to help induce angiogenesis. Similarly, 

adipose derived stem cells (ASCs) preconditioned with endothelial differentiation medium 

release this miR-31 and increased angiogenesis.49 miR-129–5p has been shown to be 

conversely regulated as a response to oxidative stress. The inducible pluripotent stem cells 

(iPSCs) derived MVs also had cardioprotective miRNAs that help protect against myocardial 

ischemia and reperfusion, specifically miR-21 and miR-210, which is regulated by HIF-1α.
50 In general, MSC derived MVs have a higher amount of miR-15, miR-16, miR-17, 

miR-31, miR-126, miR-145, miR-221, miR-222, miR-320a, and miR-424, which were 

profiled from HIF-1α overexpressing MSCs. This study also emphasized that miR-31 has 

the most extensive role in migration and tube formation.47.

The transfer of genetic information as cargo delivery is vital; however, there are other types 

of cargo delivery by stem cell MVs. MVs can deliver signaling molecules, such as growth 

factors and immune regulators (Figure 1), to help combat hypoxic stress in ischemic tissue.
51 Delivery of bioactive materials, such as mRNA but also proteins from iPSCs derived MVs 

to human cardiac MSCs, display a protective effect by altering the transcriptome and 

proteome profile of the MSCs in the heart.52 Additionally, MVs from the iPSCs contain 

pluripotent transcription factors that are vital for maintaining the stem cell pluripotency.53,54 

Stem cell derived MVs are also capable of transferring morphogens, such as the hedgehog 

proteins, to help regulate plasma membrane remodeling and differentiation.55

Microvesicles have been demonstrated to be a key therapeutic target, however, they can also 

be used to assess the extent of cardiac injury.56 Increased MV expression post MI correlates 

with increased injury severity.57 The molecular profile and delivery of the MVs are 

increased in myocardial infarctions and stroke indicating their function in the prevention of 

the disease.51 Because of the uniqueness of the miRNA composition within stem cell MVs, 

this genetic information could be a beneficial therapy for the prognosis and detection of 

CVDs. For example, embryonic stem cell derived cardiomyocytes MVs were downregulated 

when exposed to oxidative stress. This miR-129–5p is inversely related to the level of heart 

failure, and therefore, the MV levels are a suggested sensitive biomarker of the disease.58

Immune modulation by stem cells derived MV’s during heart injury:

Stem cell MVs have been suggested to play a significant role in the paracrine hypothesis 

(Figure 1). The paracrine hypothesis proposes that stem cells can release beneficial 

molecules and initiate signaling that can improve reparative response and function of the 

injured myocardium.59,60 MVs secreted by cardiac fibroblast derived iPSCs are particularly 

effective at delivering cytoprotective signals to cardiomyocytes under myocardial ischemia 

and reperfusion.50 The iPSCs MVs have shown cytoprotective properties that help induce 

cardiac repair in vitro as well, resulting in increased left ventricular function and 

vascularization.61 Therefore, EV delivery has been suggested as a potential therapy during 

ischemic injury resulting from a myocardial infarction.50 However, the mechanism of MV 

delivery, function, and off-target effects are still not fully understood and need further 

investigation. MVs derived from embryonic stem cells (ESCs), have been shown to transfer 

cardioprotective immune signaling to decrease inflammation and increase angiogenesis in 

turn increasing myocardium viability; this study provides insight on how stem cell mediated 
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MV therapy can be used to target the inflammatory response post-MI.62 Additionally, MSCs 

have MVs that secrete paracrine factors as well as RNA, which suggested that MSCs could 

be mediating the immune response through intercellular communication and the secretion of 

MVs. Extensive analysis of MVs derived from MSC proteome has shown their potential 

therapeutic effects and ability to help with tissue repair and regeneration as well.63 More 

specifically, through microarray analysis, it was discovered that these MVs have specific 

cellular mRNAs, CD44, and β1-integrins that help control proliferation and 

immunoregulation that can assist with the survival of tubular cells after injury.64 These MSC 

derived MVs are also capable of immunomodulation through the production of cytokines, 

which improves the function of the target cells through paracrine signaling.65

The role of stem cell MVs promoting angiogenesis:

Angiogenesis is vital for maintaining and restoring blood supply, nutrient uptake, and 

oxygen transfer that is often lost following ischemic injury or disease.66 The role of MVs in 

promoting and inducing angiogenesis has also been widely reported because of cellular 

communication and enhanced signal transduction (Figure 1).66 Specifically, endothelial 

progenitor cell (EPC) derived MVs improved neoangiogenesis after ischemia. Using SCID 

mice, these MVs promoted new vascularization and regeneration in hindlimb ischemia 

conditions.67 Specifically, EPCs secrete MVs that are capable of inducing angiogenesis in 

endothelial cells through interaction with the α4 and β1 integrins.68 It has also been 

suggested that MVs derived by EPCs can activate angiogenesis in endothelial cells resulting 

in an angiogenic reprogramming.69 The MSC derived MVs have also shown increased 

angiogenic signaling through their genetic transfer as mentioned previously. However, the 

MVs derived from MSCs are even beneficial in increasing blood flow recovery and reducing 

infarct size after ischemic injury due to their ability to promote blood vessel formation.70 

Additionally, bone marrow MSC derived MVs have been shown to induce angiogenesis 

through signaling cascades involving AKT, STAT3, and ERK molecules. It was 

hypothesized that these signaling molecules increased the transcription of vascular 

endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF), and transforming 

growth factor beta (TGFβ) which all contribute to an increase in angiogenesis.66 Another 

proposed mechanism is through the adipose derived stem cell (ASC) MVs. These MVs 

increased tube formation of human umbilical vein endothelial cells. Preconditioning these 

stem cells in endothelial differentiation medium increased the release of MVs and 

angiogenesis once administered.49 ASC derived MVs have been shown to help with 

angiogenesis both in vitro and in vivo because of the increased amount of the proliferation 

cyclin molecules such as cyclin D1 and cyclin A1 and growth factors such as VEGF, FGF, 

platelet-derived growth factor (PDGF), and epidermal growth factor (EGF).71 These MVs 

also activated the AKT and ERK pathways of target cells. Like MSCs derived MVs, the 

ASCs have MVs that promote angiogenesis through the delivery of RNA and miRNA, as 

mentioned previously.49 The injection of these ASC MVs increased wound healing and 

emphasized a potential therapeutic of the MVs in angiogenesis.71
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Potential Therapies involving Stem Cell MVs in CVD:

Because of the characteristics and functions of stem cell MVs, the use of MVs has been 

suggested as a key therapeutic in the mediation of CVDs, specifically myocardial 

infarctions. More recently, the role of these MVs has been shown to increase beneficial 

cardiac properties and functions to help combat the symptoms of CVDs.18 Some of the 

leading therapeutic uses of stem cell MVs include the prognosis and prevention of CVDs 

through improved stem cell therapies, proteomic analyses, and the use of MVs as 

biomarkers for the disease.

Stem cell therapy to treat CVDs, specifically myocardial infarction, has been limited. 

Clinical trials with stem cell therapies have not produced beneficial results despite the 

enormous potential of stem cells. There is still a need to understand the mechanism behind 

stem cells and cardiac remodeling, particularly with MVs. Nanoshuttles have also been 

suggested as a therapeutic strategy for stem cell MVs. This method uses the nanoshuttles to 

relay information from a microenvironment to signal cells for aid in stressed states. 

Nanoshuttling was originally only used for waste removal in cells.72 Now, nanoshuttling the 

cargo of stem cell MVs to various target cells could be utilized for cardiac repair and halting 

cardiac fibrosis.72

Experimental studies also examined the MVs derived from MSCs, ESCs, and cardiac 

progenitor cells (CPCs) to help drive differentiation of stem cells in the heart. This strategy 

optimizes the capacity of stem cells relative to their paracrine signaling effects. The stem 

cells are injected into the heart, and the MVs from these stem cells contain bioactive 

molecules that assist in paracrine signaling and cell differentiation that would help the stem 

cells sustain and survive.17,73 The use of MVs to enhance engraftment of stem cells has also 

been suggested. Similarly, MVs derived from HSCs were shown to improve the 

transplantation efficiency of HSCs after engraftment. The MVs were proposed to have 

increased nitric oxide and AKT signaling that improved the engraftment of the stem cells.74 

Another therapeutic strategy is to load these stem cell MVs with drugs to help reach the 

target cells for additional improvements.17

The proteome of various stem cells has been studied, but recently the proteome of MSC 

MVs was analyzed for their beneficial effect in the treatment of disease. The proteome of the 

MVs plays a role in a variety of potential therapeutic targets, such as signaling molecules, 

surface receptors, and cell adhesion, as mentioned earlier. This provides an understanding of 

MSC MVs in the disease versus healthy state, which could help offer novel therapeutic 

approaches.28 More comprehensive proteomic studies could give great insight into the 

potential of stem cell MVs specifically in the treatment of CVDs. Specifically, the 

technology involving iPSCs and RNA Drug Delivery System (RNA-DDS) has been 

suggested as a base for the miRNA libraries. The iPSCs are easily amplified in the immune 

cells, such as monocytes and macrophages, of patients, and therefore the cells and their MVs 

are potential targets for understanding individual RNA medicine.75

Another characteristic of MVs is their ability to carry cell surface proteins and receptors 

from their parent cells. They also can contain and maintain molecules from within parent 
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cells such as miRNAs, RNAs, proteins, and lipids, as mentioned previously. All of these 

molecules could be specific biomarkers for CVDs to help identify the cellular origin.76 

Because of their overall composition, MVs have been described as “fingerprints” of 

diseases. Using MVs from stem cells could provide novel insight and potential predication 

and prevention of CVDs.17 Specifically, MVs have been associated as biomarkers of a 

variety of cardiometabolic diseases, such as diabetes, which are easily detectable and 

attainable through body fluids.76 Most of this work has been done in platelet derived MVs, 

so there is still unknown potential and work to be done around stem cell MVs as biomarkers 

of CVD.

Limitations of stem cell MVs:

There are numerous possibilities of stem cell MVs; however, more work is still needed to 

have a universal and comprehensive understanding of their function and mechanism in the 

heart. With substantial research being dedicated to microvesicle applications, it is vital to 

understand the persisting challenges. The current limitations include a lack of detailed 

mechanism of action of stem cell MVs, standard isolation protocols, large scale production 

of MVs, and clinical trials utilizing stem cell MVs.

Although microvesicle analyses have impressively evolved in the last decades, the exact 

mechanisms of biogenesis are still unknown. MV’s are produced by all cell types, the cargo 

of the MV’s varies depending on the cell condition and densities, therefore there is still a 

need for a consistent and standard protocol for stem cell MV isolation.17 Another hindering 

step is the large scale production and purification of MVs that is needed in a clinical setting.
17 Because of the signaling potential of stem cell MVs, the off-target effect is still not 

completely understood, which could contribute to issues in future studies and therapeutics. 

Stem cells have been considered as a treatment for a variety of CVD because of their 

plasticity and ability to assist in regeneration.77 So far, research and clinical trials have been 

inconclusive,78,79 but the emerging stem cell MVs have a new potential still not completely 

understood. The use of stem cell MVs as biomarkers of CVD is promising; however, there is 

still a need for large randomized clinical trials. There are currently trials ongoing for human 

beta cells MVs relative to type I diabetes, but there is a lack of trials corresponding to stem 

cells MVs in CVDs.17

Conclusions:

Stem cell derived microvesicles signaling mechanism plays a significant role in cellular 

communication and homeostasis of the stem cell niches in the heart and vasculature. The 

regulation of these MVs could be a potentially beneficial strategy in identifying and treating 

a variety of CVDs; however, the mechanism, off-target effects, and isolation protocol for 

stem cell MVs are still not fully elucidated. Attaining an enhanced and comprehensive 

understanding of the function of these stem cell derived MVs could significantly augment 

the stem cell field in the treatment of CVDs in the future. Moreover, with more available 

literature on microvesicles biogenesis and functions, there are endless opportunities to 

manipulate their contents to further advance their therapeutic application. The potential of 
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using microvesicles as a therapeutic platform is clearly demonstrated and the possibilities 

are infinite.
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CVD Cardiovascular Disease

EV Extracellular Vesicles

MV Microvesicles

MVE multivesicular endosomes

PS Phosphatidylserine
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HSC hematopoietic stem cell
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CPC cardiac progenitor cell
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ASC adipose derived stem cell

VEGF vascular endothelial growth factor
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Figure 1: 
Composition of Stem Cells derived Microvesicles: Schematic illustration of main functions 

of microvesicles including cargo delivery, angiogenesis, and the immune response 

Microvesicles can pack a variety of molecules/miRNA / factors that help drive the signaling 

and function to target cells.
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Table 1:

Summary of the characteristics of extracellular vesicles

Extracellular 
Vesicle

Size Origin Function

Exosomes 50–100nm Multivesicular endosome fusion with the plasma 
membrane as a result of reticulocyte differentiation

Carry and deliver signaling molecules to 
target cells

Microvesicles 100–1000nm Shedding from the plasma membrane of parent cells 
into extracellular space

Cellular communication by cargo 
delivery, immune response, angiogenesis

Apoptotic Bodies 1–5μM Extrinsic and intrinsic apoptotic pathways initiation of 
apoptosis

Engulf and recycle cells
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Table 2.

Stem cell populations with potential uses in cardiac repair processes

Stem Cell Type Purpose Advantage Disadvantage

Adipose Derived Stem 
Cells80, 81

Differentiate into various cell 
lineages, regeneration/repair of 
tissue and organs after injury

Adipose tissue is abundant and less 
invasive for gathering samples, 
association with skin cells helps with 
healing

Susceptible to host environment 
rejection/immune response, 
efficiency problems

Bone Marrow Derived 
Stem Cells (including 
MSCs and HSCs)10, 84

Tissue and organ regeneration/
repair

Many preclinical and clinical studies, easy 
availability

Modest benefit from clinical trials

Cardiac Derived Stem 
Cells103

Regulation of cardiac cell 
turnover to increase 
regeneration

Promote tissue regeneration, reduce 
adverse cardiac remodeling, improved LV 
function, reduced infarct size

Lack of differentiation, modest 
improvement in cardiac function

Embryonic Stem 
Cells10

Cardiac regeneration, 
differentiation into 
cardiomyocytes

Unlimited self-renewal, can differentiate 
into any cell type

Often form teratomas and 
malignant tumors, arrythmias in 
heart after transplantation

Induced Pluripotent 
Stem Cells10

Differentiation into 
cardiomyocytes with full 
functional capacity of healthy 
cardiac cells

Use of transcription factors to aid 
differentiation

Transcription factors are known 
oncogenes associated with 
teratoma formation, low and 
varying efficiency

Progenitor Cells 
(Embryonic and 
Cardiac)84

Tissue specific, endogenous 
differentiation

Tissue specific, provides localized and 
easily traced differentiation and 
regeneration

Limited translational application

Skeletal Derived 
Myoblasts10

Differentiate into skeletal 
muscle to repair the 
myocardium

Increased plasticity, derive autologous 
cells which removes necessity for 
immunosuppression

Cannot become cardiomyocytes, 
problems with electric junction 
formation, risk of ventricular 
tachycardia
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Table 3.

Possible stem cell delivery models.10

Delivery Model Purpose Advantage Disadvantage

Intracoronary 
delivery10,85

Transvascular approach into 
coronary artery during occlusion 
using catheter

Even distribution, simple and well 
known technique

Low retention, possible 
microvascular occlusion

Intravenous infusion10,86 Transvascular approach to deliver 
cells following myocardial infarction

Delivery of different stem cells types 
including EPCs and MSCs showed 
improved cardiac function in animal 
model

Limited clinical application

Mobilization of stem 
cells10,87

Transvascular approach to draw 
circulating stem cells to injury site

Noninvasive approach Increased immune response

Direct injection into 
ventricular wall10, 88

Deliver cells into ventricular wall 
after occluded coronary artery

Favored method, works with larger cell 
types, well studied

Can have poor cell survival, 
challenging in patients with 
acute myocardial infarction

Transepicardial 
Injection10,89

Used with coronary artery bypass 
graft (CABG)

Direct visualization of myocardium Difficult to assess efficiency 
because of CABG

Transendocardial 
injection10,89

Deliver cells inside the LV with a 
catheter across the aortic valve

Can use electromechanical mapping for 
better visualization, cell delivered even 
during complete occlusion

Can disrupt cardiac tissue 
architecture, can cause lack 
of blood supply

Transcoronary vein 
injection10,90

Uses catheter with ultrasound to 
delivery cells to myocardium

Deliver cells parallel to ventricular wall 
and into injured myocardium

Deep injection
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