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ABSTRACT 

The ability to differentiate human embryonic stem cells (hESCs) into hepatocyte-like cells (HLCs), by mimicking 

the in vivo embryonic process, provides a powerful method to study liver biology, allows drug screening and 

toxicology tests and facilitates the development of cell-based therapies for liver diseases. However, the use of 

hESCs carries several disadvantages, such as immune rejection, ethical issues and the risk of teratoma 

formation. The demand for alternative sources to obtain HLCs together with the development of techniques to 

reprogram somatic cells have provided the idea to use transcription factors (TF) to reprogram human 

multipotent adult progenitor cells (hMAPCs) into induced endodermal progenitor cells (iEndo cells). These cells 

are characterized by the expression of mesendodermal/endodermal markers, their capacity of being expanded 

long-term and to differentiate into endoderm lineages.  

In the present study, the differentiation capacity of 14TF iEndo cells towards the hepatic lineage, maintained 

in different expansion media/protocols, was assessed and compared to hESCs differentiation. It was observed 

that iEndo cells maintained in hMAPCs medium (containing serum) and differentiated using a protocol starting 

either on ESCs differentiation protocol - day 8 (aFGF) or - day 12 (HGF) resulted in most efficient 

differentiations. Although differentiation from hESCs leaded to more mature HLCs, in both cases HLCs 

displayed hepatocytes morphology, expressed mature hepatocyte markers (Albumin/AAT) and secreted 

albumin. However, cells still expressed fetal hepatocyte markers (AFP) and lacked CYP3A4 activity. 

Conclusion: Hepatocyte differentiation of 14TF iEndo cells derived from hMAPCs is an alternative method, but 

is still less efficient than hESCs differentiation. 
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INTRODUCTION

The liver is the second largest and the most metabolic 

complex organ in the human body. It is consider the 

workhorse among all the organs, being responsible 

for several functions that keep every system going.1 

The adult liver is constitute by hepatocytes (60-80%) 

and non-parenchymal cells such as liver sinusoidal 

endothelial cells, Kupffer cells, hepatic stellate cells 

and others.2  

This organ can suffer from numerous diseases, 

affecting millions of people worldwide. Primary 

hepatocytes and the HepaRG cell line have been 

used in the demand for an effective treatment. 

However, they carry several disadvantages, which 

could be overcame using stem cells.2 

Human embryonic stem cells (hESCs) are pluripotent 

cells, isolated from the inner cell mass, with the ability 

of self-renew and to differentiate into cells from the 

three germ layers.3 These cells provide a powerful 

method to study liver biology, allow drug screening 

and toxicology tests and facilitate the development of 

cell-based therapies. However, there is the risk of 

immune rejection, ethical issues and the possibility of 

teratoma formation.4,5 

Human multipotent adult progenitor cells (hMAPCs) 

are a unique class of adult stem cells that can be 

expanded long term (>70 population doubling6) and 

have differentiation potential along multiple cell 

lineages. These cells were already differentiated into 

mesenchymal cell types, showing also a robust 

endothelial differentiation.6 Furthermore, although 

hMAPCs are from bone marrow origin, their cell 

surface antigens are distinct from mesenchymal stem 

cells (MSCs).7  

Therefore, by understanding the fundamental 

mechanisms that control hepatogenesis in vivo, both 

cell types can be used to obtain hepatocyte-like cells 

(HLCs). These cells are generated in vitro, using the 

right stimuli, and exhibit many features of 

hepatocytes: expression of hepatic enzymes, 

hepatocyte morphology, robust glycogen storage, 

uptake and metabolism of drugs and secretion of 

albumin.1,8   

Recently, faced with the impossibility of robustly 

differentiate hMAPCs into HLCs, a research team at 

Stem Cells Institute (Leuven, Belgium), in the 

laboratory of Professor Catherine Verfaillie, created a 

novel cell line derived from hMAPCs. These cells 

were reprogrammed (20 days) to induced 

endodermal progenitor cells (iEndo cells) using 14TF 

cloned in lentiviral vectors.  
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This cell line was characterized by the expression of 

mesendodermal/endodermal markers as well as their 

capacity of being expanded long-term. However, they 

were not tested for their differentiation capacity into 

endoderm lineages. Therefore, the aim of my project 

was to study the differentiation capacity of iEndo cells 

towards hepatocytes and compare their 

differentiation potential with hESCs. 
 

MATERIALS AND METHODS 

Media Composition 

E8 medium: Essential 8TM Basal Medium DMEM/F12 (Ham) 

(1:1) (Gibco); Essential 8TM Supplement (Gibco); 500 µl 

Penicillin-Streptomycin (Gibco, 10 000 U/ml). 

mTeSR medium: mTeSRTM 1 Basal Medium (Stem Cell 

Technologies); mTeSRTM Supplement (Stem Cell 

Technologies); 500 µl Penicillin-Streptomycin (Gibco, 10,000 

U/ml). 

Liver Differentiation Medium (LDM): 60% DMEM low glucose 

(Gibco); 40% MCDB-201-Water (Sigma); Penicillin-

Streptomycin (Gibco, 10,000 U/ml); LA-BSA (Sigma, 100x); 

ITS (Gibco, 100x); L-Asobaric Acid (Sigma, 2.9g/l); 

Dexamethasone (Sigma, 10-3µM), 2-mercaptoethanol 

(Gibco50, µM). 

Human Multipotent Adult Progenitor Cells (hMAPCs) medium: 

60% DMEM low glucose (Gibco); 40% MCDB-201-Water 

(Sigma); L-Asobaric Acid (Sigma, 2.9g/l); Dexamethasone 

(Sigma, 10-3µM); ITS (Sigma, 100x); Penicillin-Streptomycin 

(Gibco, 10,000 U/ml); LA-BSA (Sigma, 100x); 2% FBS 

(Sigma); hPDGF (R&D systems); hEGF (Sigma). 

 

Cytokines 

Recombinant human/murine/rat Activin-A; recombinant murine 

Wnt3A; recombinant human BMP4; recombinant human FGF-

acidic; recombinant human HGF. All from PeproTech. 

 

Matrigel Coated Plates 

Either for expansion or differentiation, matrigel coated plates 

were used. Matrigel was thaw slowly on ice and then dissolved 

in DMEM/F12 medium without HEPES (Gibco), reaching a final 

concentration of 1.6%. After, it was incubated for at least 30 

minutes at 37oC. On 6 well-plates, 1ml of matrigel was added, 

while in 12 well-plates and 24 well-plates, it was added 0.5ml 

and 0.25ml, respectively. 

 

Maintenance and Expansion of hESCs 

H9 hESCs (purchased from WiCell, Madison, WI) were 

expanded, on a 6 well-plate, in feeder-free conditions (hESC-

qualified Matrigel, BD Biosciences) using E8 medium, in a 

normal oxygen concentration (21% O2) / 5% CO2 / 37oC 

incubator. After full confluency, cells were split approximately 

every 5-7 days, at a ratio of 1:6 or 1:9. The cells were detached 

using 1 ml/well of EDTA (1:1000, Invitrogen).  

 

Differentiation of hESCs towards HLCs 

To initiate the differentiation, the cells were detached using 1 

ml/well of Accutase® Solution (Sigma) and cultured in feeder-

free conditions (Matrigel Matrix Growth Factor Reduced, BD 

Biosciences). The cell number was counted on NucleoCounter 

(Chemometec) and 1.75 x 105 cells/well were plated on a 24 

well-plate. These cells were cultured with mTeSR for 

approximately 2 days or allowed to reach 60-70% confluency 

and then the medium was changed to LDM with the addition of 

specific cytokines and DMSO (Sigma), as presented below. 

Note that, except on the days of addition of new cytokines, in 

which the medium was fully replaced, 300 µl of medium was 

removed and 350 µl was added on alternated days.  

 

Maintenance and Expansion of iEndo cells 

iEndo cells generated from hMAPCs (isolated from bone 

fragments - femur) by transduction of 14 TF, were expanded in 

two different conditions (I and II) in a normal oxygen 

concentration (21% O2) / 5% CO2 / 37oC incubator. In the first 

condition (I), cells were expanded using LDM, supplemented 

with 2% FBS (Sigma), on matrigel-coated plates, while in the 

second condition (II), it was used hMAPCs medium on 

ultrapure water with 0.1% gelatin (Milipore) coated plates. In 

both conditions, the cells were expanded from passage 6 to 8 

(early passages), using a  100 mm plate, and split each 4 days 

using 0.25% Trypsin-EDTA solution (Gibco). Additionally, on 

condition II, cells were also expanded from passage 15 to 17 

(late passages). 

 

Differentiation of iEndo cells towards HLCs 

From condition I, the differentiation of iEndo cells was 

performed on matrigel-coated 12 well-plates, according to four 

different protocols: A, A1, B and C, since it is unknown at which 

stage of the embryonic development these cells are. All 

protocols started by plating 7 x 105 cells/well (counted in 

NucleoCounter, Chemometec) with LDM, containing 50 ng/ml 

Activin A + 50 ng/ml Wnt3A4 for two days. After, it is assumed 

that the cells are on day 4, 6, 8 or 12 of hESCs differentiation 

protocol and, subsequently, cultured with LDM and 50 ng/ml 

BMP4  (protocols A and A1), LDM and 50 ng/ml aFGF (protocol 

B) or with LDM and 20 ng/ml HGF (protocol C), respectively. 

The medium was changed in alternated days until day 28.  

From condition II, the differentiation of iEndo cells was 

performed for early passages 6 to 8, according to protocols A, 

B and C and for passages 15 to 17 and passage 20, according 

to protocols B and C, with similar experimental conditions. 

A schematic overview of the hepatocyte differentiation of iEndo 

cells protocol is presented on Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 - Timeline protocol for induced endodermal progenitor 
cells towards hepatocyte-like cells, according to four different 
protocols (A, A1, B and C). Representation of cytokines addition, 
which final concentrations were Activin-A 50 ng/ml, Wnt3A 50 
ng/ml, BMP4 50 ng/ml, aFGF 50 ng/ml and HGF 20 ng/ml. 

i. Day 0 to day 2: 50 ng/ml Activin A + 50 ng/ml Wnt3A4 + 

0.6% DMSO 

ii. Day 2 to day 4: 50 ng/ml Activin A + 0.6% DMSO 

iii. Day 4 to day 8: 50 ng/ml BMP4 + 0.6% DMSO  

iv. Day 8 to day 12: 50 ng/ml aFGF + 0.6% DMSO 

v. Day 12 to day 28: 20 ng/ml HGF + 2% DMSO 

HGF 

Protocol A1 

Protocol B 

* 

Protocol A 

Day 8 Day 12 

BMP4* aFGF HGF 

Day 28 Day 4 Day 6 

aFGF HGF 

aFGF HGF 

Protocol C 
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RNA Isolation and cDNA Synthesis 

Samples analysed by RT-qPCR were first collected and re-

suspended in 350µl of Lysis Solution for Total RNA (Sigma), 

with 1% β-mercaptoenthanol (Sigma) and storage at -80oC until 

further use.  

RNA was extracted using the GenEluteTM Mammalian Total 

RNA Miniprep Kit (Sigma) combined with the On-Column 

DNase I Digestion Set (Sigma), in order to prevent 

contaminations.  

Thereby, 350µl of 70% ethanol was added to each sample, 

mixed and transferred to a Binding Column. The samples were 

spun for 30 seconds at maximum speed, the flow-through was 

discarded and 250µl of Wash Solution 1 was added, followed 

by other spinning of 30 seconds at maximum speed. After the 

flow-through be discarded, 10µl of DNase I was mixed with 

90µl of DNase Digest Buffer, for each preparation, and 95µl of 

the mixture was directly added onto the filter of the Binding 

Column. The samples incubate at room temperature for 15 

minutes and, again, 250µl of Wash Solution 1 was added, 

followed by a spinning in the same conditions. The flow-through 

was discarded and the samples were washed 2x with 500µl of 

Wash Solution 2, with a spinning at maximum speed between 

them. After, they were again spun, but this time for 2 minutes. 

The column was transferred to a new collection tube, 50µl of 

elution solution was added and the samples were spun 1 

minute, obtaining afterwards the RNA. 

Purified product was then quantified with NanoDrop 1000 

Spectrophotometer (Thermo Scientific) and reversed-transcript 

using the SuperScript® III First-Strand Synthesis SuperMix for 

RT-qPCR (Invitrogen). To do that, according to the amount of 

RNA present in each sample, up to 8µl of it was mixed with 10µl 

of 2x RT Reaction Mix and 2µl of RT Enzyme Mix. In some 

cases, it was necessary the addition of water to dilute the 

samples. This mixture was subjected to the following thermic 

cycle: 10 minutes at 25 oC, 45 minutes at 50 oC and 5 minutes 

at 85 oC, on a SimpliAmpTM Thermo Cycler (Life Technologies). 

After, 1µl of E.coli RNase H was added and the mixture was 

again subjected to 37oC for 20 minutes. Finally, the cDNA was 

diluted with MilliQ water with a dilution of 1:10. 

 

RT-qPCR 

RT-qPCR was performed using two different master mixes. 

The first comprised (per gene) 5µl of Platinium® SYBR® 

GREEN qPCR SuperMix-UDG (Invitrogen); 1µl of 2.5µM 

primer forward together with primer reverse; 1µl of ROX 

Reference Dye (Invitrogen)/ml of Platinium® SYBR® GREEN 

qPCR SuperMix-UDG, while the second master mix comprised 

(per sample) 2µl of cDNA (previously diluted 1:10) and 3µl of 

autoclaved, filtered, Mili-Q® water. 

All the samples were subjected to PCR reaction in ViiATM 7 

Real-Time PCR System (Life Technologies), in duplicates, 

using 5µL of each master mix. The thermic cycle used to 

perform the reaction was: 2 minutes at 50oC and 10 minutes at 

95oC, followed by 40 cycles of 15 seconds at 95oC and 45 

seconds at 60oC and, finally, 15 seconds at 95oC, 1 minute at 

60oC and 15 seconds at 95oC. 

 

Immunofluorescence Staining 

Albumin, AFP and AAT proteins produced by HLCs derived 

from hESCs and iEndo cells differentiation (condition II, 

protocols B and C) were stained by immunofluorescence. 

On day 28 of the differentiation procedure, the cells were gently 

rinsed 3x with PBS, fixed using a solution of 4% PFA (Sigma), 

for 15-20 minutes, at room temperature, and again rinse 3x with 

PBS. After this, the cells were stored, in PBS, at 4oC, until 

proceed to staining. To perform staining, fixed cells were 

washed with 0.2% PBS(T) (Sigma), followed by an incubation 

(for 15 minutes) with this solution in order to permeabilize the 

cells. Subsequently, they were covered by a blocking buffer 

(5% of Normal Donkey Serum, Jackson ImmunoResearch) in 

0.2% PBS(T) for 30 minutes and then incubated, overnight, at 

4oC, with an appropriate dilution of primary antibodies along 

with isotype. Next day, the cells were washed 3x with 0.2% 

PBS(T), for 5 minutes, on the shaker (set as 30-40) and then 

treated with secondary antibodies and Hoëchst (Sigma, 4 

µg/ml, 1:2000 dilution) followed by washing 3x with PBS(T), for 

5 minutes on shaker, in the dark. Finally, the cells were 

observed using a fluorescence microscope (Nikon ECLIPSE 

Ti). 

Antibodies dilutions: The primary antibodies were diluted in 

Dako REALTM Antibody Diluent (Dako) according to an optimal 

concentration. Polyclonal Rabbit anti-Human Albumin (Dako, 

10g/l) was diluted 1:4000, Polyclonal Rabbit anti-Human 

Alpha-1-Antitrypsin (Dako, 7.9 g/l) was diluted 1:2000 and 

Polyclonal Rabbit anti-Human Alpha-1-Fetoprotein (Dako, 2.6 

g/l) was diluted 1:600. Regarding the Purified Rabbit IgG 

Isotype Standard (BD PharmingenTM, 0.5 mg/ml) it was also 

diluted for each antibody according to the referred dilutions.  

The secondary antibodies used were Donkey anti-Rabbit IgG 

(H+L) Secondary Antibody, Alexa Fluor® 555 conjugate 

(Invitrogen) and Donkey anti-Rabbit IgG (H+L) Secondary 

Antibody, Alexa Fluor® 488 conjugate (Invitrogen), both diluted 

1:500. 

 

Albumin Secretion 

The secretion of albumin by HLCs derived from hESCs and 

iEndo cells differentiation (condition II, protocols B and C), was 

analysed by enzyme linked immunosorbent assay (ELISA), 

using the Human Albumin ELISA Quantitation Set (Bethyl) 

together with the ELISA Starter Accessory Kit (Bethyl). 

Initially, 1µl of affinity purified antibody was diluted in 100µl of 

coating buffer for each well to be coated on a 96 well-plate. 

Then, 100µl of the diluted antibody was added to each well and 

incubated at room temperature for 60 minutes. After 

incubation, the antibody solution was aspirated and each well 

was washed five times with ELISA wash solution. After this 

200µl of blocking solution was added to each well and plates 

were incubated at room temperature for 30 minutes.  

Simultaneously, the medium collected on day 28 of the 

differentiation procedure was diluted 1:40 and the standard 

solutions (400 ng/ml, 200 ng/ml, 100 ng/ml, 50 ng/ml, 25 ng/ml, 

12.5 ng/ml, 6.25 ng/ml and 0 ng/ml (blank)) were prepared. 

After incubation, the blocking solution was removed, the plate 

washed five times and 100µl of the standard samples were 

transferred to the assigned wells in duplicate.  

The plate was incubated at room temperature for 60 minutes 

followed by extensive washing of the plate with wash solution. 

Then 100µl of HRP detection antibodies (1:250000 in 

Sample/Conjugate Diluent) were added to each well and the 

plate was incubated, at room temperature, for 60 minutes.    

After incubation, the HRP Detection Antibody was removed, 

the plate washed five times and 100μl of TMB Substrate 

Solution was added to each well. The plate was then 

maintained in the dark for 15 minutes, at room temperature, 

which allowed the enzymatic colour reaction to develop. The 

substrate reaction yields a blue solution. After 15 minutes, the 

reaction was stopped by adding 100μl of ELISA stop solution 

and the solutions colour changed from blue to yellow. 
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Absorbance was measured at 450 nm using Victor 3 plate 

reader (PerkinElmer).  

The results obtained were normalized with cell number. To 

quantify the cells, on day 28 of the differentiation procedure, 

they were washed once with PBS and incubated (for 40 

minutes, at 37oC) with LiberaseTM TM Research Gate (Roche). 

After, they were dissociated using the following steps: pipetting 

with P1000, incubation (for 15 minutes, at 37oC), pipetting with 

P200 and incubation (for 10 minutes, at 37oC). Finally, they 

were washed 2x with PBS, transferred to a filter tube to make 

sure they were single cells and counted with the 

NucleoCounter (Chemometec). 

 

CYP3A4 Assay 

On day 28 of the differentiation procedure, the expression of 

CYP3A4 enzyme by HLCs derived from hESCs and iEndo cells 

differentiation (condition II, protocols B and C) was performed 

using P450-Glo™ CYP3A4 Assay (Luciferin-IPA) (Promega) 

kit.  

Cells were washed 2x with PBS and incubated (for 2h, at 37oC) 

with Luciferin-IPA (diluted in LDM, 1:1000). Afterwards, the 

supernatant was collected and distributed in a 96 well-plate to 

which was added Luciferin Detection Reagent (LDR). The cells 

incubated 20 minutes, at room temperature, in dark and then 

luminescence was measured on Victor 3 (PerkinElmer). The 

results obtained were normalized considering the cell number 

on day 28 of the differentiation procedure. 

 

Flow Cytometry 

ALB, AFP and AAT proteins were stained, for flow cytometry 

analysis, in cells from early passages expanded on condition II 

and differentiated according to protocols B and C. Huh 7.5.1 

cells were used as positive control. 

Initially, the cells were harvested and washed 2x with PBS with 

10% of Goat Serum (Normal, Dako), before being counted on 

NucleoCounter (Chemometec). After, the cells were equally 

distributed (up to 1x106 cells/eppendorf), washed one more 

time and fixed using a solution of 4% PFA (for 15/20 minutes). 

Consequently, they were washed again, 2x, using the same 

solution referred before.  

The cells were then spun down (3000 rpm, 3 minutes), 

resuspended in a solution of 10% Goat Serum (Normal), 0.1% 

Saponin (Sigma) and PBS and transferred to a NuncTM Edge 

96-Well Plate (Thermo Scientific) where they incubated for 45 

minutes at room temperature. Addition of primary antibody was 

the next step and the cells incubated for 1h at room 

temperature. After being washed with PBS, the secondary 

antibody was added and the cells incubated for 30 minutes, at 

room temperature, in the dark. Finally, they were washed one 

more time and analysed on BD FACS CantoTM I (BD 

Biosciences). 

The primary antibodies and isotype were the same used in the 

immunostaining assay. However, they were diluted in 1% Goat 

Serum (Normal) in PBS and according to an optimal 

concentration, cell number-dependent. Consequently, 

Polyclonal Rabbit anti-Human Albumin and anti-Human Alpha-

1-Fetoprotein were diluted considering 0.125 µg/106cells in 

200µl, while Polyclonal Rabbit anti-Human Alpha-1-Antitrypsin 

was diluted considering 0.0625 µg/106cells in 200µl. 

The secondary antibody used was Donkey anti-Rabbit IgG 

(H+L) Secondary Antibody, Alexa Fluor® 647 conjugate 

(Invitrogen) diluted again in 1% Goat Serum (Normal) in PBS, 

1:1500. 

 

RESULTS and DISCUSSION 

HLCs derived from hESCs 

Morphological changes were observed at different 

time points (days 0, 4, 12, 20 and 28; Figure 2A). On 

day 0, hESCs were single, big colonies with a disc 

shape, while on day 4, cells were small, without a 

defined shape, but completely confluent. A lot of cell 

death was observed. On day 12, they started 

presenting a cuboidal structure, a defined border and 

most of the cells were binucleated (hepatoblasts 

stage). From day 20 until day 28, the cells were 

cuboidal or polygonal, with the cell border well 

defined and one spherical nucleus, as described on 

the literature2,9. Some of the cells still had two nuclei, 

although on day 28, these were fewer and almost 

inexistent. In vivo, hepatocytes form trabecular 

structures9 that was also visible, in vitro, during the 

differentiation process.  

Gene expression was then analysed by RT-qPCR 

(n=3) against two housekeeping genes (PPIG and 

GAPDH), although the results presented in this study 

are only compared to PPIG.  

Thereby, on day 4, gene expression shows a 

statistical significant upregulation of definitive 

endodermal markers (SOX17, FOXA1, FOXA2, c-KIT 

and HEX) when compared to undifferentiated cells 

(day 0), while OCT4 goes down, indicating an efficient 

differentiation (Figure 2B1). Additionally, the key 

hepatoblast (AFP) and hepatocyte specific markers 

(ALB, AAT) are statistical significant highly expressed 

on days 20 and 28 when compared to day 0, while on 

day 12 there expression was lower. The late 

hepatocyte specific genes, like CYP3A4, NTCP and 

MRP2, are also upregulated compared to 

undifferentiated cells, but there expression is not as 

high as in the case of ALB and AAT (Figure 2B2). 

Although the expression of the key hepatoblast and 

hepatocyte genes increases over time, the difference 

between day 20 and day 28 is almost inexistent, 

suggesting that, using the current protocol, a 

differentiation until 20 days is enough to obtain HLCs 

from this cell source. 

The translation of the key genes was then analysed 

on day 28 of the differentiation. ALB, AFP and AAT 

stained positive in a high number of cells (Figure 2C), 

indicating an efficient differentiation of hESCs 

towards HLCs. 

Two functional assays were also performed: albumin 

secretion and CYP3A4 activity. The level of human 

albumin in the supernatant indicates the presence of 

hepatoblasts/hepatocytes in the cultures, while the 

low amount of CYP3A4 suggests that the cells are not 

functionally mature (Figure 2D). 
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Figure 2 - HLCs derived from hESCs. A. Morphological characterization at different time points (days 0, 4, 12, 20 and 28). Representative 
of six independent differentiations. B. RT-qPCR (n=3). Gene expression CT values were normalized with PPIG housekeeping gene. Error 
bars represent standard deviation of three independent experiments. The significance was compared with day 0, * represents p-
value<0.05 and ** represents p-value<0.005 (paired t-Test).  B1. Endodermal maker expression on days 0 and 4 of the differentiation 
procedure. B2. Hepatoblast/Hepatocyte marker expression on days 0, 12, 20 and 28 of the differentiation procedure. C. Immunostaining 
analysis of Albumin, AFP and AAT on day 28. Scale bars, 100 mm. Representative of three independent differentiations. 
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Figure 2 (Cont.) – D. Albumin secretion and CYP3A4 activity on day 28. Vertical axis is logarithmic scale. Error bar represents standard 
deviation of six independent experiments. Primary hepatocytes10 is used as positive control.  
 

 

Induced Endodermal Progenitor Cells 

iEndo cells were characterized by RT-qPCR to 

confirm endodermal gene expression before the 

differentiation started. Expression of both primitive 

endoderm (SOX7, GATA4, GATA6) and 

mesendoderm (MIXL1, GSC) genes are either not 

expressed or low expressed, while the definitive 

endoderm markers were highly expressed. Only 

FOXA1 and CER1 showed lower expression. 

Moreover, there was no difference observed in gene 

expression of either early/late passages or condition 

I/II. With the exception of EPCAM for early passages, 

epithelial markers were also not expressed. 

 

 

All these results indicate that 14TF iEndo cells 

resembles the definitive endoderm stage of 

development (Figure 3A). 

Furthermore, based on the fact that iEndo cells were 

reprogrammed using 14 transcription factors, 

transgene analysis was also performed on day 0 of 

the differentiation procedure for early passages on 

condition I and II and for late passages on condition 

II. Although, ideally there should not be any 

expression of the transgenes, some of them 

remained highly express (Figure 3B). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3 – A. Endogenous gene expression on day 0 of the differentiation procedure: primitive endoderm, mesendoderm, definitive 
endoderm and epithelial marker expression. 
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Figure 3 (Cont.) – B. Transgene gene expression (represented as X, due to confidential matters) also on day 0 of the differentiation 
procedure. A. and B. analysed by RT-qPCR for early passages (6-8) on condition I and early and late passages (15-17, 20) on condition 
II. Gene expression CT values were normalized with PPIG housekeeping gene. Error bars represent standard deviation of three 
independent experiments for condition I, early passages; of six independent experiments for condition II, early passages; and of four 
independent experiments for condition II, late passages. 

 

 

HLCs derived from 14TF iEndo cells and their 

comparison with hESCs 
 

Cell Morphology 

In condition I, HLCs derived from 14TF iEndo cells 

showed similar morphology to the ones derived from 

hESCs. In all protocols, by day 20, their morphology 

changed to a cuboidal or polygonal shape, which 

became more prominent by day 28.  

In condition II, early passages, similar results were 

obtained for the three protocols tested (A, B and C). 

On day 28 only some areas of the plate had clumps 

of differentiated cells resembling the morphology of 

hepatocytes derived from hESCs (cuboidal or 

polygonal shape, well-defined border and a spherical 

nucleus). Moreover, although initially iEndo cells were 

completely confluent, a lot of cell death was observed 

along with the detachment of the cells during the 

differentiation. Besides that, there was layers of 

overlapped cells which made difficult the observation 

on the microscope. In late passages, only protocols B 

and C were tested. Although cells had a HLCs 

morphology similar to early passages and hESCs, 

cell death was much more significant (Figure 4A). 
 

Gene Expression 

Gene expression was again analysed by RT-qPCR 

(n=3). 

For early passages, almost all protocols showed an 

upregulation of the key hepatoblast (AFP) and 

hepatocyte (ALB, AAT) specific genes at days 20 and 

28 when compared to undifferentiated iEndo cells, 

while the expression of the remaining genes was 

lower. Comparing both conditions tested, the use of 

gelatin coated plates using hMAPCs medium 

(condition II) yield slightly better results, being also 

economically more profitable. Protocols B and C 

presented cells with the highest expression of ALB, 

AFP and AAT on day 28, while on protocols A and A1, 

their expression was less pronounced. These allowed 

to conclude at which stage of the embryonic 

development 14TF iEndo cells are. 

On late passages, there was also an upregulation of 

ALB, AFP and AAT compared to day 0, while the 

expression of the other genes remained low.  

However, on day 28, the expression of the key 

hepatoblast and hepatocyte genes was lower than on 

day 20, which might suggest that late passages cells 

are in a later stage of embryonic development.  

Moreover, although gene expression of late passages 

of 14TF iEndo cells was analysed only for two 

independent experiments and the results of early 

passages showed to be more efficient, these were 

also positive, proving the robustness of this cell 

source.  

Comparing the expression of some hepatocyte genes 

for early passages of 14TF iEndo cells, expanded on 

condition II, with hESCs results, ALB, AFP and AAT 

were more expressed in HLCs derived from hESCs. 

NTCP was also highly expressed in the case of 

hESCs, while it was very low/not expressed in iEndo 

cells (Figure 4B). 
 

Immunostaining 

As protocols B and C of early passages, expanded in 

condition II, showed the best results by RT-qPCR, the 

expression of ALB, AFP and AAT was confirmed at a 

protein level, on day 28. Immunostaining of ALB and 

cell nuclei showed that many cells are albumin 

positive (red), suggesting a significant translation of 

this protein and corroborating the mRNA profile. 

Similarly, many AFP positive cells were also clearly 

seen, while there were almost no AAT positive cells, 
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indicating a low translation of this protein (Figure 4C). 

Comparing the overall results of protocol B with 

protocol C, it is clearly that B is the one where more 

cells expressed the proteins in analysis. Moreover, 

only some clumps of HCLs derived from 14TF iEndo 

cells expressed ALB, AFP and AAT, while almost all 

of those derived from hESCs showed the expression 

of these proteins. This fact together with the 

quantitative analysis of ALB, AAT and AFP from the 

fluorescent images (Figure 4D) confirmed the better 

differentiation potential of hESCs toward 

hepatocytes. 
 

Flow Cytometry 

ALB, AFP and AAT proteins were stained, for flow 

cytometry analysis, in cells from early passages 

expanded on condition II and differentiated according 

to protocols B and C. Huh 7.5.1 cells were used as 

positive control for this assay. Flow cytometry showed 

that less than 1% population was positive for the 

 

referred markers. However, with the positive control it 

was obtained: ALB 81%, AFP 54% and AAT 51% 

(N=2). As flow cytometry results did not corroborate 

gene expression and immunofluorescence, further 

optimization of different parameters was required. 

However, due to time constrain, this assay was not 

optimised. 
 

Functional Assays 

Albumin secretion and CYP3A4 activity were once 

again tested for early passages, expanded on 

condition II, and compared to hESCs results. The 

functional assays performed also confirmed the better 

differentiation potential of hESCs compared to 14TF 

iEndo cells. Albumin secretion was higher on hESCs 

(Figure 4E1) and CYP3A4 activity was ~100 fold 

higher in HLCs derived from hESCs. However, in the 

case of CYP3A4, the values in both cases are too 

small to consider these HLCs fully functional. (Figure 

4E2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 – HLCs derived from 14TF iEndo cells. A. Morphological characterization for protocols A, B and C. Representative of condition 
I (early passages) and condition II (early and late passages). B. RT-qPCR (n=3) expanded on condition II, protocols B and C, and hESCs 
(n=3).  Gene expression CT values were normalized with PPIG housekeeping gene. Error bars represent standard deviation of three 
independent experiments. The significance was compared with day 0, * represents p-value<0.05 and ** represents p-value<0.005 (paired 
t-Test).  C. Immunostaining of Albumin, AFP and AAT, expanded on condition II. Scale bars, 100 mm. Representative for n=5 independent 
differentiations of early passages, protocols B and C (see next page). 
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Figure 4 (cont.) – D. Ratio between the number of cells expressing ALB, AFP and AAT and the total cell number, expanded on condition 
II, protocols B and C, and hESCs. Results are presented in percentage (%). E. Albumin secretion (E1) and CYP3A4 activity (E2) (n=2) 
expanded on condition II, protocols B and C, and hESCs (n=6). Vertical axis of both graphs is logarithmic scale. Error bars represent 
standard deviation of two independent experiments in the case of 14TF iEndo cells and of six independent experiments in the case of 
hESC. All the data were obtained on day 28 of the differentiation procedure. Primary hepatocytes10 is used as positive control.
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CONCLUSIONS AND FUTURE PERSPECTIVES 

Upon in vitro differentiation of hESCs or iPSCs into 

the hepatic lineage, it is known to obtain HLCs which 

are not fully mature. Several groups11–18, including the 

one from professor Catherine Verfaillie’s laboratory, 

demonstrated that hepatocytes generated from these 

cell sources mimic fetal hepatocytes rather than 

mature progeny. In the present study, HLCs derived 

from hESCs displayed hepatocytes morphology, 

expressed many of hepatocyte markers, such as 

Albumin, AFP, AAT and, more important, they 

secreted albumin, one of the main functions of a 

human liver. Albumin production is a specific test that 

can be done for the presence and metabolic activity 

of hepatocytes.19 However, these cells still retained 

some immature characteristics, such as AFP 

expression, and they were not completely functional, 

having low values of CYP3A4 activity, a protein that 

is believed to metabolized 50% of currently marketed 

drugs and xenobiotic compounds.20  

These issues still remain one of the major obstacle to 

translate PSCs derived hepatocytes to toxicity testing 

or clinical settings. Consequently, further 

investigations are required to determine the optimal 

conditions for generate fully mature hepatocytes. First 

of all, in this study, the cells were expanded and 

differentiated in a 2D system, which does not mimic 

accurately their conditions in vivo, since the 

cytokines’ gradients and the cell-cell interactions are 

completely different. These may have prevented 

maturation and so, a 3D system, like the use of 

spheroids, should be tested. In addition, the current 

culture conditions may not be ideal and the use of 

more growth factors during differentiation might be 

necessary. Moreover, although hepatocytes are the 

majority of cells in the liver, this organ also contains 

other cell types that can have an effect on 

functionality and maturation. Co-culture with, for 

example, hepatic stellate cells or endothelial cells 

could also be a potential solution. 

Furthermore, teratoma formation is another problem 

when considering using hESCs-derived cells in vivo, 

since generated populations can be contaminated by 

undifferentiated pluripotent cells. 

In this study, hESCs were differentiated to HLCs 

according to a published protocol10,21 supplemented 

with 0.6% to 2.0% DMSO to improve the maturation. 

Regarding the protocol used, hESCs-HLCs were 

obtained using a fully defined media (without serum) 

in combination with specific growth factors (important 

to control cell fate) and DMSO, in a feeder-free 

substrate. The use of E8 medium eliminate possible 

animal contaminations and variability between 

experiments. Moreover, although it is known to 

increase DNA methylation, it was recently proved22 

that DMSO (0.5-0.6%), when added to Activin A, 

efficiently down regulates pluripotency genes (OCT4 

and NANOG) in hESCs during DE derivation and 

increases the proficiency of hepatic differentiation. 

Later on, 1-2% DMSO is known to induce terminal 

differentiation in several different cell types.23 

The search for alternative sources to obtain 

hepatocytes for cell therapy together with the 

possibility of reprogramming adult stem cells into a 

pluripotent state, brought up new ideas and options. 

Until now, researchers have successfully 

differentiated other cells types, for example human 

fibroblasts24, into HLCs. In the demand for even more 

cell sources, previously studies19,25 have tried to 

obtain hepatocytes directly from hMAPCs. However, 

when compared with rodent MAPCs, the level of 

hepatic transcripts is significantly less proving that 

this method is not efficient enough.   

Thereby, in the laboratory of Professor Catherine 

Verfaillie, human multipotent adult progenitor cells 

were reprogrammed into iEndo cells using lentiviral 

vectors to introduce 14 transcription factors. Lentiviral 

vectors can be successfully integrated in the host 

chromosome without the expression of viral genes. 

However, they present disadvantages such as limited 

insertion size and difficulty in storage and quality 

control.26 At the end of the reprogramming procedure, 

transgenes were highly expressed for both early and 

late passages of 14TF iEndo cells. These genes are 

probably preventing the cells to go back to the 

previous state and, consequently, supporting the 

expression of endogenous genes.  

Regarding the differentiation of 14TF iEndo cells into 

HLCs, both expansion conditions tested presented 

good results for protocols B and C. However, as 

referred before, condition II presented slightly better 

results, is more cost effective and so it should be the 

one used in future studies. Furthermore, protocols B 

and C proved to be robust, working for both early and 

late passages of iEndo cells. The HLCs obtained 

showed hepatocyte-like morphology and expressed 

the characteristic markers of hepatocytes. However, 

they were not completely mature, as they expressed 

the fetal marker AFP and had lower functional activity 

compared with hESCs-HLCs (albumin secretion and 

CYP3A4 activity). Consequently, like with hESCs, the 

protocol should be optimized in order to obtain mature 

hepatocytes. 

Moreover, testing different protocols (A, B and C) 

allowed to conclude at which stage of the embryonic 

development the 14TF iEndo cells are: the 

differentiation can start with aFGF or HGF. In this 

way, it was possible, for the first time, to obtain 

human-specific hepatoblasts in a much faster way 



11 

compared to PSCs differentiation,27 which is a great 

advantage for cell therapy. Besides that, since these 

cells are precursors of other cell lineages, it could be 

now easier to obtain other cell types, such as lung or 

pancreas cells.  

Comparing the HLCs derived from 14TF iEndo and 

from hESCs, on day 28 of the differentiation 

procedure, the expression of ALB, AAT and NTCP 

was higher in hESCs-HLCs compared to iEndo cells, 

suggesting their better maturity and that these cells 

are closer to become fully functional. This was also 

proven by the functional assays, in which albumin 

secretion of the cells derived from hESCs was higher 

than of 14TF iEndo cells. However, iEndo cells are 

from an autologous adult source, being free from the 

ethical and immune rejection issues associated with 

ESCs.  

Concluding, hepatocyte differentiation of 14TF iEndo 

cells derived from hMAPCs is an alternative method 

and a promising for drug discovering and cell therapy. 

However, it is still less efficient than hESCs 

differentiation. 

 

 

Future Perspectives 

Future studies have to be aimed to further 

optimisation of the differentiation protocols and, 

consequently, obtain functionally mature 

hepatocytes, which should be tested not only for 

albumin secretion and CYP3A4 activity, but also for 

urea secretion, glutathione s-transferase activity or 

glycogen accumulation, which are other important 

functions of the liver.  After, drug screening and 

toxicology tests could be done and then, if possible, 

preclinical and clinical studies could start. In this 

moment, good manufacture practices should be 

adopted. First of all, the expansion of hESCs and 

14TF iEndo cells should be a process scale-up 

consistently. In this study, the passaging of the cells 

was done manually and therefore it would be difficult 

to replicate at a large-scale. The use of an automated 

cell culture platform28 could be a solution for this. 

Secondly, the use of matrigel and some cytokines, 

both animal-based, leads to a possible variability 

between experiments and the necessity of testing the 

cells for potential mouse-derived adventitious 

agents.29 Synthetic surfaces for cell culture, for 

example, should be used instead. Besides that, the 

procedures were done without control of the culture 

conditions. Although the incubator parameters were 

established, expansion and differentiation of the cells 

were only depended on human manual work and 

observation. Once again, this leads to variability, 

which could be overcame with an automated, 

controlled process, such as a bioreactor. 
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