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Abstract
Hepatocyte transplantation is a promising therapy to restore the injured liver function. Currently, donor hepatocytes could be obtained by the 

isolation from donor liver tissues, the hepatic differentiation of stem cells, including pluripotent stem cells and liver progenitor/stem cells, the direct 
conversion from other type cells via lineage reprogramming. Here, we review the derived hepatocytes by lineage reprogramming, facilitating the 
development of efficient reprogramming methods to obtain sufficient functional hepatocytes.
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Introduction
Hepatocyte transplantation has been shown to be the effective 

therapy for improving liver functions of emergent injuries to 
livers and liver-based metabolic disorders [1]. However, the 
clinical application of hepatocyte transplantation is limited by the 
shortage of primary hepatocytes which were commonly prepared 
from donor liver organs. Hepatocytes could also be generated by 
the hepatic differentiations of pluripotent stem cells, including 
embryonic stem cells (ESCs) and induced pluripotent stem cells 
(iPSCs), and liver progenitor/stem cells, which suggesting the 
newly available cell resources to resolve the shortage of donor 
hepatocytes [2-4]. However, the potential of tumorigenesis and the 
immature phenotype of pluripotent stem cell derived hepatocytes 
limit their applications in cell transplantation [5]. Meanwhile, many 
studies showed that lineage reprogramming, the direct conversion 
of one cell type to another cell type by defined factors, enabled 
more efficiently and safely to obtain hepatocytes when compared 
with differentiating from pluripotent stem cells [6]. In this mini-
review, we briefly discuss the strategies for generating hepatocytes 
through lineage reprogramming.

 
Hepatocytes Directly Converted from Other Type 
Cells by Lineage Reprogramming

Up to now, many tissue functional cells were generated from 
other type cells by lineage reprogramming [7]. Induced hepatocytes 
(iHeps) have been manufactured with the different sets of factors 
in vivo and in vitro by several research groups. In the process of 
iHeps reprogramming, the cell proliferation and transformation 
efficiency were often promoted by immortalization of cells, 
epigenetic modifications, small molecules and the inhibition of 
cell senescence and death [8-11]. Hence, the characteristics of low 
conversion efficiency (less than 1%) and low proliferation may be 
the major limitations for their translational utilities.

Hepatocytes Generated by Two-Steps: to Derive 
Liver Progenitor/Stem Cells at First and to Induce 
them into Hepatocytes Afterward

Liver stem cells possess the capacities of self-renewal and 
differentiation into mature hepatocytes and cholangiocytes. So, a 
large amount of mature functional hepatocytes can be obtained 
from extensively expanded liver stem cells following induced to 
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hepatic differentiation. At present, liver stem cells are mainly 
isolated from liver tissues. Recently, liver progenitor/stem cells 
were reported to be obtained by de-differentiation of mature 
hepatoctyes or lineage reprogramming from other type cells. These 
converted liver progenitor/stem cells can be used as sources to 
obtain sufficient hepatocytes.

Hepatocytes de-differentiate into hepatic progenitor/
stem cells and then re-differentiate into hepatocytes

It is well known that primary hepatocytes are difficult to be 
cultured for a long time in vitro [12]. when maintained in monolayer 
cultures, primary hepatocytes de-differentiate and rapidly lose 
hepatocyte-specific functions [13]. Meanwhile, hepatocytes were 
also found to de-differentiate into proliferative bipotent liver 
progenitor/stem cells in the chronic injured livers [14,15]. In the 
past few years, many research groups reprogrammed hepatocytes 
to de-differentiate into proliferative liver progenitor/stem cells by 
small molecules in vitro, then this converted hepatic progenitor/
stem cells were induced to re-differentiate into functional 
hepatocytes [16-18]. By de-differentiation and re-differentiation, 
sufficient hepatocytes can be obtained from limited donor livers.

Hepatic stem cell generated firstly by lineage 
reprogramming, then being induced to differentiate into 
hepatocytes

Many tissue progenitor/stem cells were generated from other 
type cells by lineage reprogramming [19]. We firstly directly 
converted mouse embryonic fibroblasts to induced hepatic 
stem cells (iHepSCs), with the capacities of both self-renewal 
and bipotency of differentiation into both hepatocytes and 

cholangiocytes, by lineage reprogramming with the overexpression 
of two key transcription factors, Hnf1β and Foxa3 [20]. iHepSCs 
kept their normal chromosomal numbers and the bipotential 
differentiation capacity after being extensively expanded (exceeded 
50 passages). Importantly, the extensively expanded iHepSCs could 
be indued to differentiate into functional hepatocytes efficiently in 
chemical defined medium [21]. Recently, human fibroblast derived 
hepatocytes were obtained by this two-step procedures [22]. 
Compared with iHeps, iHepSCs can be expanded in large quantities 
and then be induced to generate sufficient hepatocytes for cell 
transplantation, drug screening and liver tissue engineering, etc.

Conclusion
Compared with iPSCs reprogramming, lineage reprogramming 

has attracted more and more attention due to its fast reprogramming 
dynamics, high reprogramming efficiency and low potential tumor 
risk [6]. Presently, a variety of abundant and easily available cells 
from different tissues, such as fibroblasts and myofibroblasts, 
have been successfully reprogrammed into functional hepatocytes 
or hepatic progenitor/stem cells. Lineage reprogramming could 
provide sufficient hepatocytes for cell transplantation, drug screen 
and tissue engineering, etc, so that the source of hepatocytes is 
no longer only dependent on the donor livers. The strategies for 
the obtention of hepatocytes by lineage reprogramming were 
summarized in Figure 1. However, compared with primary 
hepatocytes, hepatocytes derived from lineage reprogramming are 
not fully functional and have partial imprints of the original cells. 
Therefore, the methods of lineage reprogramming still needs to be 
further improved to obtain reprogrammed hepatocytes with all the 
functions of primary hepatocytes.

Figure 1: The strategies for the obtention of hepatocytes by lineage reprogramming.
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