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SUMMARY

Stem cell-based approaches to cardiac regeneration
are increasingly viable strategies for treating heart
failure. Generating abundant and functional auto-
logous cells for transplantation in such a setting,
however, remains a significant challenge. Here, we
isolated a cell population with extensive proliferation
capacity and restricted cardiovascular differentiation
potentials during cardiac transdifferentiation of
mouse fibroblasts. These induced expandable car-
diovascular progenitor cells (ieCPCs) proliferated
extensively for more than 18 passages in chemically
defined conditions, with 105 starting fibroblasts
robustly producing 1016 ieCPCs. ieCPCs expressed
cardiac signature genes and readily differentiated
into functional cardiomyocytes (CMs), endothelial
cells (ECs), and smooth muscle cells (SMCs)
in vitro, even after long-term expansion. When trans-
planted into mouse hearts following myocardial
infarction, ieCPCs spontaneously differentiated into
CMs, ECs, and SMCs and improved cardiac function
for up to 12 weeks after transplantation. Thus,
ieCPCs are a powerful system to study cardiovascu-
lar specification and provide strategies for regenera-
tive medicine in the heart.

INTRODUCTION

Heart failure (HF) is a devastating disease and a major cause of

morbidity and mortality worldwide. HF often follows myocardial

infarction (MI) that is usually accompanied by a massive loss of

cardiomyocytes (CMs). These CMs cannot be regenerated by

the adult mammalian heart and cannot yet be replaced and/or re-

generated via cell-based therapies. Unfortunately, transplanting

CMs into an infarcted heart yields only transient and marginal

benefits (Burridge et al., 2012). Shortly after transplantation,

most CMs are soon lost. These effects are likely caused by the

limited proliferative capacity of fully differentiated CMs and a

lack of blood-vessel formation to supply oxygen and nutrients

(Lam et al., 2009). Thus, to create more effective regenerative

therapies, we need to find a cell type that can be extensively

expanded in vitro and robustly differentiated into cardiovascular

cells in a diseased heart.

Cardiovascular progenitor cells (CPCs) may offer a promising

avenue for cardiac-regenerative therapy. These cells evolve from

the mesoderm during cardiogenesis, a well-orchestrated pro-

cess in developing embryos that is recapitulated in differenti-

ating pluripotent stem cells (PSCs). Patterned mesoderm gives

rise to a hierarchy of downstream cellular intermediates that

represent lineage-restricted CPCs for fully differentiated heart

cells, including CMs, endothelial cells (ECs), and smooth muscle

cells (SMCs) (Burridge et al., 2012). Each step in this hierarchy is

tightly controlled by multiple stage-specific signals (e.g., Wnt,

Activin/Nodal, bone morphogenetic protein [BMP], fibroblast

growth factor [FGF], and Notch) (Burridge et al., 2012; Bruneau,

2013). Additionally, the gradual loss of multipotency, or commit-

ment of cell fate, is usually accompanied by a decreased capac-

ity of cellular proliferation. Thus, by isolating CPCs that can

extensively self-renew and possess multiple, but restricted, po-

tentials to directly differentiate into these three cardiovascular

cell types, we may encourage the development of more effective

and potentially safer therapies for cardiac regeneration.

A previous study identified one type of primitive CPCs that ex-

press two key marker genes, MESP1 and SSEA1 (Cao et al.,

2013); however, these cells more closely represent a meso-

dermal precursor and are not fully committed to a cardiac fate.

To differentiate into CMs in vitro, these primitive CPCs require

multiple and sequential developmental signals. This notion is

supported by studies in which Mesp1+ cells not only contributed

to heart development but also gave rise to non-cardiovascular

mesodermal lineages, such as hematopoietic and skeletal mus-

cle cells (Chan et al., 2013; Devine et al., 2014). Consequently,

such properties of primitive CPCsmay comprise their own ability

to efficiently differentiate and restore lost CMs within the

damaged heart, which lacks the complex paracrine environment

and tight temporal and spatial control seen in developing
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