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FHS invents new methods to generate heart muscle cells
FHS has invented two new methods to produce heart cells from human embryonic stem cells and 
induced pluripotent stem cells. We also reveal a novel molecular regulation by insulin-like growth 
factor (IGF) pathway in embryogenesis and heart development. The study has been published in the 
renowned journal Cell Reports (impact factor 8.652).

The study titled “Endogenous IGF Signaling Directs Heterogeneous Mesoderm Differentiation in 
Human Embryonic Stem Cells”, was conducted by Prof. Guokai CHEN, Interim Associate Dean 
(Teaching) of FHS, along with his PhD students Yang YANG, Zhili REN et al, in collaboration with 
Prof. Wei GE, Prof. Qi ZHAO and Dr. Weiwei LIU from the Bioimaging and Stem Cell Core Facility. 
Additional collaborators included Dr. Jiaxian WANG from the First Affiliated Hospital of Nanjing Med-
ical University, Nanjing HELP Stem Cell Innovations Ltd. Co. and Guangzhou FulenGen Ltd. Co.

IGF is well known for its role in stem cell survival 
and bone growth, but its role in cell fate determi-
nation was not cleared. Prof. CHEN’s team has 
found that the IGF signal influences the potential 
to generate different mesodermal and endoder-
mal cell types from human embryonic stem cells 
(hESCs). At early stages of hESC differentiation, 
IGF promotes liver and endothelial cell types, but 
prevents cardiac differentiation. The delicate bal-
ance of IGF signal is critical for various cell types 
to emerge simultaneously during embryogene-
sis. When the endogenous IGF pathway is sup-
pressed, heart cells are induced from hESCs.
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At present, WNT inhibition is a common modulation used in vitro to generate heart cells. However, 
the regulation is much more complicated in vivo during embryogenesis. This study reveals an impor-
tant regulatory mechanism in heart cell differentiation, which leads to the development of two new 
methods to produce heart cells, through IGF pathway inhibition and CK2 kinase inhibition. Findings 
from this study not only provide alternative ways for the in vitro production of cardiomyocytes, but 
also improve our understanding of cell fate diversity in early embryogenesis and allow researchers 
to guide cell fate specification toward target cell types based on the new knowledge. 

By using IGF inhibition or combining IGF inhibition 
with WNT inhibition, the researchers were able to 
produce heart cells in vitro with high consistency and 
quality, without using expensive and complicated 
supplements. This is a key step toward the genera-
tion of heart cells for cell therapy and drug screening. 

This project was funded by UM and the Macao Sci-
ence and Technology Development Fund. A patent 
application for the technology has been filed. For 
more information, please visit FHS website: 
https://fhs.umac.mo/.
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