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Transplantation of human adult hepatocyte cells have
been used for treatment of both genetic and non genetic
human liver diseases but with limited success because of
several reasons such as poor quality of hepatocytes,
inability to proliferation upon transplantation, chance of
immunorejection, patient unmatched hepatocytes, diffi-
cult to cryopreservation, needed immunosuppressant
drugs. Comparatively, human fetal hepatocyte cell has
significantly higher proliferation potential than primary
adult hepatocyte cells upon transplantation. Due to ethical
issue, the human fetal hepatocyte option does not look
realistic solution for liver patients. Very recently, induced
pluripotent stem cell (iPS) technology together with chem-
ical biology brings new golden opportunities to generate
the human hepatocyte like cells from skin cell. Since intro-
duction of iPS technology in 2006, it was thought that one
has to make pluripotency state and then differentiate to-
wards hepatocyte cells. But now researchers proved that
it doesnot need to go to back to pluripotent state for gen-
eration of hepatocyte cells. The intermediate endodermal
state is sufficient and appropriate step for generation of he-
patocyte cells. They developed a short cut route via endo-
dermal state and created hepatocytes cells. The clinical
potential of these created hepatocyte cells were evaluated
the functional and proliferation ability of in injured hu-
manized mouse model. After nine month transplantation,
they observed that the functional and proliferation ability
of transplanted hepatocyte cells. In fact, most of conven-
tional iPSC-derived hepatocyte cells unable to proliferate
satisfactorily upon transplantation like adult human hepa-
tocytes. Transplanted hepatocyte should be functional and
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ability for proliferate quickly, are both main prerequisites
for therapeutic applications. This short cut route is not
only for generation of hepatocyte cells but also for creation
of other human body cells. Such shortcut routes for gener-
ation of functional hepatocyte cells allogenically from hu-
man skin raise a new hope for regeneration of acute or
chronic liver who are risk of developing liver failure.

COMMENTS

Since 2006, induced pluripotent stem cells (iPS) technol-
ogy] has been revolutionizing preclinical research and clin-
ical practice rapidly across the globe. The Nobel strategy of
iPS technology is that patient's specific functional cells can
be generating from their skin cells for their treatment of
incurable diseases. Although the iPS technology is very
initial stage in human clinical trial but it may eliminate
the need of organ transplantation in future. In early
2013, the world first clinical trial of iPS technology for
treatment of nearly blind peoples has been started in Japan.
The generation of functional hepatocytes from human
skin cells by utilizing iPS technology is unprecedented op-
portunities for surgeons as well as liver patients for trans-
plantation to get allogenic functional hepatocyte cells to
regenerate their liver without waiting for donor liver. The
clinical applicability of such iPS derived hepatocytes has
not been tested in human clinical trials because of the
oncogenic concerns of iPS cell and other limitations. How-
ever, potential of iPS derived hepatocytes have been tested
in various animal models of injured livers and found fasci-
nating results about recovery of liver disorders. Previously,
all hepatic differentiation methods utilize iPS cells for con-
version to hepatocytes cells. Currently, it was thought that
skin cell must go back to pluripotency state in order to
make hepatocytes cells. Pluripotent state of iPS cell is asso-
ciated with tumor formations. Very recently, Zhu et al®
discovered the breakthrough invention that generation
of functional hepatocytes is possible and advisable from
endodermal state without going back to pluripotent state
unlike current protocols. These researchers compared
pluripotent state derived hepatocyte with endodermal
state derived hepatocytes and found the endodermal state
derived hepatocytes is much more superior than pluripo-
tent state derived hepatocyte in term of proliferation ca-
pacity upon transplantation and hepatic functions. Since
pluripotency is associated with tumor formation, it is a
clinically innovative idea not to go back to pluripotent
state of iPS cell in order to avoid the tumor formation.
They reprogrammed skin cells to induced multipotent pro-
genitor cell, which is much faster process than conven-
tional reprogramming methods. Polygonal hepatocytes
were generated from induced multipotent progenitor
cell. These differentiated hepatocytes were occasionally
binucleate but express hepatocyte markers such as
HNF4-alfa, albumin synthesis, cytokeratin 18 and alpha-

1 antitrypsin. Interestingly, glycogen storage, lipid uptake
and urea production were observed in these differentiated
hepatocytes. Zhu et al” reported that the gene expression
analysis showed that induced multipotent progenitor cell
derived hepatocyte cells were more similar with human
fetal primary hepatocyte than mature adult primary hepa-
tocytes. Virtually, trasnplated hepatocytes cell do not pro-
liferate rapidly and survive for short time during
hepatocyte transplantation. Hepatocyte cells are originally
obtained from dead or donor tissue. The survival time of
these hepatocyte average of week and negligible ability to
multiply. Proliferation of transplanted cells in trans-
planted site and long term survival are main prerequisites
for successful therapeutic applications for cell transplanta-
tion. Primary human fetal hepatocyte has extensive poten-
tial to meet the both prerequisites, proliferation of
transplanted cells in transplanted site and long-term sur-
vival for successful therapeutic applications. Successful
treatment of fulminant hepatic failure and clinical end-
stage chronic liver failure by transplantation of human
fetal hepatocyte was reported in human cases.”" Gridelli
and coauthors’ reported the strong proliferative potential
of human fetal cells. Successful treatment was done by
transplantation of immortalized human fetal hepatocytes
in a mouse model of acute liver failure induced by 90% hep-
atectomyS and rat acute liver model.’ Although the human
fetal hepatocyte has strong potential to cure liver diseases
but ethical concern is an ongoing issue. But Zhu et al®
discovered another shot cut way to create human fetal he-
patocyte cells using skin cells without need of human fetal
donor which is valuable milestone for cell therapies of liver
diseases. First they transduced 10,000 cells human fibro-
blast cells with three pluripotent genes (OCT4, SOX2
and KLF4) for three days and then transferred these trans-
duced cells into endodermal state using several growth fac-
tors and small molecule CHIR99021. Interestly, they
observed the endodermal specific genes after 2 weeks.
The idea behind that was whether it is essential to back
to pluripotent state or endodermal state. The human liver
itself is endogermal origin. After their exciting experiment,
it seems that it is not essential to go back to pluripotent
state to generate functional hepatocyte cells. After getting
the endodermal state of transduced cells, Zhu et al’
directed these cells towards hepatic differentiation by in-
hibiting biliary differentiation using some small mole-
cules. Biopotential embryonic liver progenitor cells under
goes biliary fate by transforming growth factors and Notch
signaling molecules. Zhu et al* used very innovative
approach to promote hepatic differentiation using two
small molecules A83 and Notch inhibitors compound
which inhibit biliary differentiation. They used a human-
ized Fah—/—/Rag2—/—/l2rg—/— (FRG) mice’, an
immune-deficient mouse model of human tyrosinemia
type 1 to evaluate the clinical potential and transplanted
10,000,000 induced multipotent progenitors derived
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hepatocyte cells and adult primary hepatocyte cells into
this mice. They found human serum albumin of induced
multipotent progenitors derived hepatocyte cells is tenfold
higher than adult primary hepatocyte cells in transplanted
mouse model. The human serum albumin was monitored
more than nine months after transplantation and found
appropriate level of human serum albumin. They noticed
that induced multipotent progenitor derived hepatocyte
cells are still proliferating after nine months of transplan-
tation. Zhu et al”* observed a nodule size of 4000 multipo-
tent progenitor derived hepatocytes cells which could be
2% of liver populations. Finally, multipotent progenitor
derived hepatocytes cells transplantation improved the
survival of mice with chronic liver failure. Zhu et al” exper-
imental is giving a take home message to stem cell re-
searchers how to create a short way for generation of
functional hepatocyte cells from human skin allogenically
for autologous treatment of chronic liver diseases.

Pluripotentstate :
iPS cells

Human skin ing factor for
Pluripotent state iPS cells::

BADER

There are some alternative short routes to generate he-
patocytes using transcription factors only. Japanese
research teams” were screening the effects of twelve tran-
scription factors for conversion of mouse embryonic and
adult fibroblasts into hepatocyte like cells, finally they
found three specific combinations of two transcription fac-
tors, comprising Hnf4a plus Foxal, Foxa2 or Foxa3 is suf-
ficient for generation of hepatocyte like cells. In the same
time, Chinese research teams’ reported in independently
that new cocktails of transcription factors of Gata4,
HNFlalpha, Foxa3, and RNAi-mediated inactivation of
p19Arf for direct induction of functional hepatocyte like
from mouse tail-tip fibroblasts. Yu et al,’’ brilliantly
decided to explore two liver organogenesis transcription
factors Hnfl( and Foxa3, to reprogram mouse embryonic
fibroblasts into induced hepatic stem cells and successfully
converted to induced hepatic stem cells from mouse em-
bryonic fibroblasts. They proved that these induced
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Figure 1 (a) Conventional route reprogramming methods for pluripotent state and thereafter hepatic differentiation, (b) Shortcut route reprogramming
methods for endodermal state and thereafter hepatic differentiation, (c) Hypothetical future shortest route for liver regeneration of acute and chronic
liver by local delivery of hepatic endodermal and liver organogenesis transcription factors. The hypothesis is that some local remaining local resident
hepatic stem cells or hepatic fibroblast could be converting to hepatocyte by local delivery of hepatic endodermal and liver organogenesis transcription

factors. Further research is needed.
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hepatic stem cells differentiate into both hepatocytes and
cholangiocytes in vivo as well as in vitro. Huang et al'" re-
programmed human fibroblast by three transcription fac-
tors (FOXA3, HNF1A, and HNF4A) and converted to
mature hepatocytes which display both cytochrome P450
enzyme activity and biliary drug clearance in vitro and
improved the liver functions in acute liver model of mouse.
Du and teams'” designed to use hepatic fate transcription
factors HNF1A, HNF4A, and HNF6 first and then matura-
tion factors ATFS, PROX1, and CEBPA during reprogram-
ming of fibroblast cells to hepatocyte cells. They showed
mature functional human induced hepatocytes display
the phase I and II drug-metabolizing enzymes and phase
III drug transporters. When they transplanted differenti-
ated hepatocytes into Tet-uPA/ Raglf/ /<™ mice, trans-
planted differentiated hepatocytes repopulated up to 30%
of the livers and able to secrete more than 300 ug/ml hu-
man albumin in vivo. Large scales of functional hepatocytes
are needed for treatment of liver diseases. Shan and teams
found two interesting molecules called FPH1 FPH2 after a
high-throughput screening of 12,480 small molecules on
primary human hepatocytes.'” They found that FPH1
and FPH2 small molecules are highly useful for prolifera-
tion of mature human primary hepatocytes and stimulate
the maturation of iPS derived cell types.“’

Human liver has high regenerative potential to replace
injured or aged cells. The average life span of human is
around 70 years and the life span of i vivo human hepa-
tocyte is 150 days. So during our lifetime, the liver re-
places the aged hepatocytes cells by generation of
functional hepatocytes in nature liver microenvironment
via a regenerative mechanism using transcription factors.
Recently, researchers used such liver specific transcription
factors for generation of hepatocyte cells from skin fibro-
blast cells in vitro.” '* The ultimate aim of generation of
hepatocytes from skin cells to treat liver diseases. If we
know the transcription factors and small molecules
which have potential to convert hepatocyte from
fibroblast, why not to explore transcription factors and
small molecules in vivo directly to repair or regenerating
the tissue or organs. Conventional iPS derived
hepatocyte method and induced pluripotent derived
hepatocytes method and a hypothetical the shortest
route for liver regeneration is shown in Fig. 1. This strat-
egy seems more clinical sense to do experiment in vivo us-
ing explores transcription factors and small molecules.
Qian and colleagues reprogrammed cardiac fibroblasts
to into cardiomyocyte-like cells in vivo." They reprog-
rammed cardiac fibroblasts to into cardiomyocyte-like
cells by local delivery of transcription factors Gata4,
Mef2c, Tbx5 (GMT) in murine heart. They generated
new cardiomyocytes in wvivo and observed that bi-
nucleated and assembled sarcomeres i vivo in induced

cardiomyocytes. These new cardiomyocytes generated
from in vivo fibroblast improve cardiac function after
myocardial infarction. This outstanding experiment
open platform to how to regenerate organ or tissue in
native environment using transcription factors. There-
after, a series of in vivo reprogramming has been reported
in different models. For an example, Spinal cord injury
has been cured in living adult mammal mice model by
utilizing vivo reprogramming methods.” They reprog-
rammed resident astrocytes by a single transcription fac-
tor, SOX2 for conversion to mature synapse-forming
neurons in vivo. Additionally, Su and colleagues used a
valproic acid small molecule to promote the neuronal
maturation in vivo. They conducted a mice mode of spinal
cord injury and concluded that in vivo repair or regenera-
tion of spinal cord by in vivo reprogramming which is
more direct and shortest route for organ or tissue regen-
eration. Spinal cord injury remains an unsolved clinical
problem, could be solved in human in near future
in vivo reprogramming strategy. It is the time to jump
on in vivo reprogramming by skipping in vitro reprogram-
ming in order to establish to in vivo hepatocyte conver-
sion method for liver regeneration in a native
microenvironment of human liver, which could be useful
affordable autologous therapy to treat the millions of
chronic and acute liver patients.
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