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Background/Aims: Cancer is known to be a disease by 
many factors. However, specific results of reprogramming 
by pluripotency-related transcription factors remain to be 
scarcely reported. Here, we verified potential effects of 
pluripotent-related genes in hepatocellular carcinoma cancer 
cells. Methods: To better understand reprogramming of can-
cer cells in different genetic backgrounds, we used four liver 
cancer cell lines representing different states of p53 (HepG2, 
Hep3B, Huh7 and PLC). Retroviral-mediated introduction of 
reprogramming related genes (KLF4, Oct4, Sox2, and Myc) 
was used to induce the expression of proteins related to a 
pluripotent status in liver cancer cells. Results: Hep3B cells 
(null p53) exhibited a higher efficiency of reprogramming 
in comparison to the other liver cancer cell lines. The repro-
grammed Hep3B cells acquired similar characteristics to plu-
ripotent stem cells. However, loss of stemness in Hep3B-iPCs 
was detected during continual passage. Conclusions: We 
demonstrated that reprogramming was achieved in tumor 
cells through retroviral induction of genes associated with 
reprogramming. Interestingly, the reprogrammed pluripotent 
cancer cells (iPCs) were very different from original cancer 
cells in terms of colony shape and expressed markers. The 
induction of pluripotency of liver cancer cells correlated with 
the status of p53, suggesting that different expression level 
of p53 in cancer cells may affect their reprogramming. (Gut 
Liver 2017;11:261-269)

Key Words: Liver neoplasms; Induced pluripotent stem cells; 
Reprogramming 

INTRODUCTION

Cancer is regarded as a fatal disease with multifactorial origins 
possessing uncontrolled proliferative potential. Even though the 
initial concept was first adopted very recently, the idea that cer-
tain population of cancer cells originate from cancer stem cells 
(CSCs), which have ability of differentiation into multilineage 
cells and self-renewal enough to transform into cancer, has 
recently re-highlighted.1,2 CSCs are also regarded as the cancer-
initiating cells capable of carcinogenesis and can form tumor 
cells which can recur later and be very resistant to therapy. 
Progress has been made in verifying and isolating CSCs in he-
matologic malignancy and several solid tumors, including brain, 
colon, liver, and lung cancers.3-7 These studies indicate that 
CSCs are quiescent, rare and showing self-renewing capacity 
like normal stem cells. The origins of CSCs remain incompletely 
understood.

Hepatocellular carcinoma (HCC) is very fatal disease and 
causing a lot of social problems including death. Its incidence 
presents the fifth most commonly detected cancers world-wide-
ly, and second in men in Korea.8,9 Previous innovative studies 
have demonstrated the evidence of CSCs in HCC cell lines and 
during the development of primary HCC. Various stem cell 
candidate markers including the side population,10 CD133+,11,12 
CD44+,12 CD90+,13 and epithelial cell adhesion molecules14 were 
identified. Most of CSC studies have been done for the detec-
tion of cell surface markers to purify CSC populations by serial 
transplantation method in the immune deficient mice.

Over the past several decades, remarkable progress has been 
done in the verification of molecular mechanisms of pluripotent 
differentiation as a result of intensive investigations into pluri-
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potency and the development of embryonic stem (ES) cells from 
blastomere stages.15-18 Regarding the regulatory mechanisms 
maintaining pluripotency, several kinds of transcription factors 
typically identified in multipotent stem cells can be applied to 
CSC theory as a result of epigenetic manipulation.15-18

Recently, there have been some reports of the possibility of 
generating liver CSCs by the induction of reprogramming-re-
lated factors such as Oct4 or Nanog.19,20 The cellular reprogram-
ming mediated by these factors may also act as a core player in 
the occurrence and recurrence of HCC.21 Therefore, understand-
ing the control of cellular reprogramming in liver cancer is nec-
essary to advance clinical treatment of HCC.

Here, authors analyzed the results of induction of these 
transcription factors, cancer-promoting oncogenes and tumor 
suppressor genes which were previously used for induced plu-
ripotent stem (iPS) cells generation. Our results presented that 
induction of hepatocellular cancer cell into HCC stem cells using 
transcription factor genes resulted in reprogramming of cancer 
cells. Such induced cells were in a pluripotent stage and very 
different from original cancer cells.

MATERIALS AND METHODS

1. Culture of cancer induced pluripotent cells

Four liver cancer cell lines with different mutant states of 
p53 (HepG2, wild-type; Hep3B, null; Huh7, mutant; and PLC, 
mutant) were cultured in Dulbecco’s modified Eagle medium 
(DMEM) including 10% heat inactivated fetal bovine serum (FBS) 
at 37oC under a 5% humidified CO2 atmosphere. Newborn hu-
man foreskin fibroblasts (human dermal fibroblasts, HDFs) and 
gp-293 cells were purchased from Globalstem Inc. (Gaithersburg, 
MD, USA) and Takara Bio USA Inc. (Mountain View, CA, USA), 
respectively, and maintained in DMEM containing 10% FBS. 
Four liver cancer cell lines used for reprogramming and HDFs 
at passage 11 were also used as normal cell controls of repro-
gramming.19 The reprogrammed cells were grown on a mouse 
embryonic fibroblast feeder layer with human embryonic stem 
cells growth medium containing DMEM/F12, 20% knockout 
serum, 2 mM GlutaMAX, 0.1 mM nonessential amino acids, 0.1 
mM β-mercaptoethanol, 50 U/mL penicillin, and 50 g/mL strep-
tomycin. The plasmids used in this study were purchased from 
Addgene (pMXs-hklf4, pMXs-hoct4, pMXs-hsox2, pMXs-hmyc, 
and pCMV-VSV-G; Cambridge, MA, USA) and Cell Biolabs, Inc. 
(pMXs-IRES-GFP; Huntsville, AL, USA).

2. Retrovirus generation and induced pluripotent cell  
induction from liver cancer cell lines

Retroviral particles including reprogramming human four fac-
tors (hKlf4, hOct4, hSox2, or hMyc, respectively) were generated 
from gp-293 cells that stably expressed packaging plasmids. In 
brief, cells were seeded at high confluence (>80%) into 10-cm 
dishes and transfected with 12 μg of each retroviral vector (hKlf4, 

hOct4, hSox2, and hc-Myc) plus 4-μg VSV-G plasmid using 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). For virus 
infection, liver cancer cells and HDF cells were seeded in 6-well 
plates at 5×104 cells per well 1 day before transduction. The 
culture medium was changed into virus-containing supernatant, 
incubated for 6 hours with 8-μg polybrene, and then further 
cultured with fresh culture media. At day 7, the transduced cells 
were seeded at 1×104 per well in 6-well plates containing feeder 
cells, and incubated until the appearance of ES-like cells by 
changing medium every day.

3. Flow cytometry analysis of the efficiency of retrovirus 
infection

The cells transduced by retrovirus-GFP were resuspended in 
500 μL of FACS buffer (1% bovine serum albumin in phosphate 
buffer saline). The efficiency of cell infection was analyzed by 
FACS using FACSCalibur (BD Biosciences, San Jose, CA, USA) 
and the CellQuest program (BD Biosciences).

4. Immunofluorescence and live cell imaging

The cells fixed with 4% paraformaldehyde were treated by 
permeabilization buffer (1% BSA and 0.1% Triton X-100) for 1 
hour at room temperature. Primary antibodies against human 
Nanog (1:200; Cosmo Bio, Carlsbad, CA, USA) were incubated 
at 4oC overnight, consecutively incubation with secondary 
antibody (goat anti-Rabbit Texas Red-conjugated antibody; In-
vitrogen) was carried out. Mounted cells were examined with a 
fluorescence microscope or a Zeiss 510 confocal laser scanning 
microscope (Carl Zeiss, Jena, Germany). Live staining of Tra1-81 
and SSEA4 was performed using StainAlive antihuman TRA1-
81, DyLight 488 and antihuman SSEA-4, DyLight 550 (Stemgent, 
Cambridge, MA, USA). Immunostaining for each of the three 
germ layers after in vitro direct differentiation from Hep3B in-
duced pluripotent cell was performed using human three germ 
layer 3-color immunocytochemistry kit (R&D Systems, Minne-
apolis, MN, USA) according to the manufacturer’s instruction.

5. Embryonic body formation assay for putative cancer 
stem cell lines

The differentiation potential of induced pluripotent cancer 
(iPC) were investigated by induction of embryonic body (EB) 
formation through a 3-dimensional culture system. In brief, iPC 
colonies (at passage 5) on feeder cells were treated with col-
lagenase (1 mg/mL; Invitrogen), transferred to 60-mm culture 
dishes, and incubated for 30 minutes to eliminate contamina-
tion with feeder cells. Suspended cells were then cultured with 
human embryonic stem media for 5 days to form spheroids (EBs) 
on no coated petri dishes (Greiner Bio-One, Monroe, NC, USA). 
The media was changed per day. The shape of EBs was analyzed 
by using an inverted light microscope (Olympus Optical, Mel-
ville, NY, USA).
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6. Real-time quantitative polymerase chain reaction 

Total RNA was prepared from both cells (Hep3B and Hep3B-
iPC cells) and EB from Hep3B-iPC cells using RNeasy mini kit 
(Qiagen, Valencia, CA). A total of 1 μg of RNA was reverse 
transcribed by AccuPower RT PreMix (Bioneer, Seoul, Korea). 
Real-time polymerase chain reaction (PCR) was performed using 
FastStart Essential DNA Green Master (Roche, Indianapolis, IN, 
USA). All reactions were performed in triplicate. mRNA expres-

sion levels were normalized to endogenous glyceraldehydes 
3-phosphate dehydrogenase (GAPDH) and expressed relative to 
control cells. The primer sequences are listed in Table 1.

7. In vitro tri-lineage differentiation from Hep3B-iPC cells

The direct differentiation of Hep3B-iPC cells into three germ 
layers in vitro was induced using human pluripotent stem cell 
functional identification kit (R&D Systems). In brief, the 2×105 

cells were seeded on matrigel-coated slide chamber and cultured 

Table 1. Primer Sequences Used in qPCR Analysis

Gene Primer sequence Tm, oC 

Oct4-F 5'-GATGTGGTCCGAGTGTGGTT-3' 60

Oct4-R 5'-AGCCTGGGGTACCAAAATGG-3'

Nanog-F 5'-AAGGCCTCAGCACCTACCTA-3' 60

Nanog-R 5'-TGCACCAGGTCTGAGTGTTC-3'

Sox2-F 5'-GCCCTGCAGTACAACTCCAT-3' 60

Sox2-R 5'-GACTTGACCACCGAACCCAT-3'

Foxa2-F 5'-ATTGCTGGTCGTTTGTTGTG-3' 60

Foxa2-R 5'-CCTCGGGCTCTGCATAGTAG-3'

Sox17-F 5'-GGCGCAGCAGAATCCAGA-3' 60

Sox17-R 5'-CCACGACTTGCCCAGCAT-3'

Goosecoid-F 5'-GAGGAGAAAGTGGAGGTCTGGTT-3' 60

Goosecoid-R 5'-CTCTGATGAGGACCGCTTCTG-3'

Msx1-F 5'-CGAGAGGACCCCGTGGATGCAGAG-3' 60

Msx1-R 5'-GGCGGCCATCTTCAGCTTCTCCAG-3'

Sox1-F 5'-GGAATGGGAGGACAGGATTT-3' 60

Sox1-R 5'-AACAGCCGGAGCAGAAGATA-3'

Map2-F 5'-CAGGTGGCGGACGTGTGAAAATTGAGAGTG-3' 60

Map2-R 5'-CACGCTGGATCTGCCTGGGGACTGTG-3'

GAPDH-F 5'-GGACTCATGACCACAGTCCATGCC-3' 60

GAPDH-R 5'-TCAGGGATGACCTTGCCCACAG-3'

Endo-Oct4-F 5'-GACAGGGGGAGGGGAGGAGCTAGG-3' 60

Endo-Oct4-R 5'-CTTCCCTCCAACCAGTTGCCCCAAAC-3'

Endo-Sox2-F 5'-GGGAAATGGGAGGGGTGCAAAAGAGG-3' 60

Endo-Sox2-R 5'-TTGCGTGAGTGTGGATGGGATTGGTG-3'

Endo-Klf4-F 5'-ACGATCGTGGCCCCGGAAAAGGACC-3' 60

Endo-Klf4-R 5'-TGATTGTAGTGCTTTCTGGCTGGGCTCC-3'

Endo-Myc-F 5'-GCGTCCTGGGAAGGGAGATCCGGAGC-3' 60

Endo-Myc-R 5'-TTGAGGGGCATCGTCGCCGGAGGCTG-3'

Exo-Oct4-F 5'-CAACGAGAGGATTTTGAGGCT-3' 60

Exo-Sox2-F 5'-TGCAGTAGAACTCCATGACCA-3'

Exo-Klf4-F 5'-TGCGGCAAAACCTACACAAAG-3'

Exo-Myc-F 5'-CAACAACCGAAATGCACCAGCCCCAG-3'

pMX-Tg-R 5'-TACAGGTGGGGTCTTTCATTC-3'

hGAPDH-F 5'-AACAGCCTCAAGATCATCAGC-3' 60

hGAPDH-R 5'-TTGGCAGGTTTTTCTAGACGG-3'

qPCR, real-time polymerase chain reaction; Tm, annealing temperature; F, forward; R, reverse.
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in media containing 10 μM of ROCK inhibitor Y27632 (STEM-
CELL Technologies Inc., Vancouver, Canada). Next day, culture 
media was changed as differentiation media and each of three 
germ layers were induced according to the manufacturer’s in-
struction.

RESULTS

1. Infection efficiency of various liver cancer cells using 
retrovirus-GFP

Induction of human cancer cells transduced with retroviral-
GFP was performed for verification of the transduction effi-
ciency of retrovirus. HepG2 (Fig. 1A and B), PLC (Fig. 1C and 
D), Huh7 (Fig. 1E and F), and Hep3B (Fig. 1G and H) cells were 
transduced with retroviral-GFP (Fig. 1A, C, E, and G, ×100; Fig. 
1B, D, F, and H, ×200). Seven days after transduction we ob-
served GFP-positive cells with various transduction efficiencies 
ranging from 83.18% to 15.99%, indicating different tumor cell 
characteristics according to p53 mutant status (Fig. 1I). HepG2 
cells, which have wild-type p53, showed the highest transduc-

tion efficiency rate (83.18%) and Hep3B cells, which have null 
p53, had the lowest transduction rate (15.99%) (Fig. 1I).

2. Characterization of iPS cells generated from Hep3B  
cancer cells

After 4 weeks of cultivation from transduction, typical types 
of cancer cell colonies which were very different from the nega-
tively transduced original cells transfected with pMXs retroviral 
vector (Fig. 2A and B). After another 21 days, certain colonies 
have grown from the parental cancer cells after one passage 
(Fig. 2C-F). The numbers of human ES-like colony from all liver 
cancer cell lines was more than 100 during reprogramming, 
respectively (Table 2). However, we failed to identify Tra1-
81–positive cells in the distinct colonies except for those from 
Hep3B cells (Fig. 2G-J). After two passages, distinct colonies 
were noticed in the Hep3B cells (Fig. 2K-N) and Tra1-81–posi-
tive cells were found among the Hep3B cells that had a stain-
ing pattern very similar to that of iPS cell colonies (Fig. 2O-R). 
This clone was examined to forming ability of EB, representa-
tive evidence of pluripotency in vitro (Fig. 2S), suggesting that 

Fig. 1. Efficiency of infection in various liver cancer cells using retroviral-GFP. Induction of human cancer cells with retroviral-FP transduction. 
HepG2 (A and B), PLC (C and D), Huh7 (E and F), and Hep3B (G and H) were transduced with retroviral-GFP (A, C, E, and G, scale bar=100 μm; B, 
D, F, and H, scale bar=50 μm). We optimized the time course of the induction of human cancer cells. After seven days, we identified GFP-positive 
cells with various transduction efficiencies (I). 
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Hep3B cells might be reprogrammed. We further characterized 
the established Hep3B-iPC clones by expression of the major 
pluripotent markers including SSEA4, Oct4, Sox2, and Nanog 
as measured by live-staining and real-time PCR (Fig. 3A and 
B). Also, we detected exogenous and endogenous expression 
level of four factors to address whether fully reprogramming 
(Fig. 3C). The pluripotency of Hep3B-iPC cells was confirmed by 
gene expression of the three germ layers (endoderm, mesoderm, 
and ectoderm) by real-time PCR and immunofluorescence stain-
ing (Fig. 3D and E) after culturing EB derived from Hep3B-iPC 
for 10 days and direct induction of tri-lineage differentiation 

Table 2. Colony Numbers and Density of Reprogrammed Cells from 
Various Hepatocellular Cancer Cell Lines and Tra1-81 Staining after 3 
to 4 Weeks on Mitotically Arrested-Mouse Embryonic Fibroblasts as 
Feeder Cells

Numbers
(ES-like colony)

Tra1-81 
(live staining)

HepG2 (wtp53) >100 X

PLC (mtp53) >200 X

Huh7 (mtp53) 100–200 X

Hep3B (null p53) 100–200 2

ES, embryonic stem.

A B
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Fig. 2. Ability of embryonic body formation and staining of Tra1-81 in reprogrammed Hep3B cells by retrovirus-KOSM. HepG2 nontransduced 
cells were used as a negative control for KOSM transduction (A, scale bar=200 μm and B, scale bar=100 μm). HepG2 (C, G, K, and O), PLC (D, H, L, 
and P), Huh7 (E, I, M, and Q), and Hep3B (F, J, N, and R) were transduced with KOSM retroviral-vector (C-J, passage 1 and K-R, passage 2). Phase 
contrast (C-F and K-N) and Tra1-81 staining (G-J and O-R) are shown. Scale bar=100 μm. Embryonic body formation in Hep3B-iPC cells was 
demonstrated by culturing for 3 days (S, phase contrast; scale bar=200 μm).
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using human pluripotent stem cell functional identification kit, 
respectively. In addition, in Hep3B cancer cells, we could not 
detect the expression of brachyury and Otx2, although GATA4 
expression was weakly detected by immunostaining (data not 
shown). Therefore, these results indicated that Hep3B cells ac-
quired induced pluripotent stem cell phenotype and those were 
truly reprogrammed.

3. Diminished expression of Tra1-81 and pluripotent genes 
in Hep3B-iPCs after continual passage

Hep3B-iPC cells were stained with antibodies against Tra1-81 
or Nanog, pluripotent stem cell markers and were analyzed in 
expression of major pluripotent genes during continual passage 
until 9 passages. Each antibody was used at passage 0, 5 or 3, 
9. Data were shown in passage 0 (Fig. 4A and E), passage 3 (Fig. 
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Fig. 3. Analysis of gene expression related to the pluripotency and in vitro tri-lineage differentiation potential of Hep3B-iPC cells. Analysis of 
pluripotent marker expression in Hep3B and Hep3B-iPC cells at passage 4. (A) Live staining with antibody against stage-specific embryonic anti-
gen-4 (SSEA4), which is a pluripotent marker. Scale bar=100 μm. (B) Quantitative real-time polymerase chain reaction (PCR) analysis with primers 
specific to pluripotent markers, including Oct4, Sox2, and Nanog. The mRNA expression values were normalized to GAPDH and are shown as the 
mean±SD of triplicate experiments, expressed relative to Hep3B. Evidence of the differentiation potential of Hep3B-iPCs into tri-lineage-type cells 
in vitro. (C) Reverse transcription polymerase chain reaction for exogenous and endogenous gene expression of the four reprogramming factors. (D) 
Quantitative real-time PCR analysis with primers specific to endoderm (Foxa2 and Sox17), mesoderm (Goosecoid and Msx1), and ectoderm (Map2 
and Sox1). The embryonic body (EB) was formed from Hep3B-iPCs and cultured for 10 days. The mRNA expression values were normalized to 
glyceraldehydes 3-phosphate dehydrogenase (GAPDH) and are shown as the mean±SD of triplicate experiments, expressed relative to Hep3B. (E) 
Immunostaining with antibodies against the three germ layers, namely, antibodies to GATA4 (green, endoderm), Brachyury (red, mesoderm), and 
Otx2 (red, ectoderm). Nuclei were double-stained with DAPI (blue). Scale bar=50 μm. Tri-lineage differentiation of Hep3B-iPCs was performed as 
indicated in the materials and methods.
iPC, induced pluripotent cancer; iPSCs, induced pluripotent stem cell from fibroblasts.
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4B and F), passage 5 (Fig. 4C and G), and passage 9 (Fig. 4D and 
H) of Hep3B-iPC cells under phase contrast (upper panel) and 
fluorescence (lower panel). Interestingly, expression of pluripo-
tent markers was diminished upon continual passage of Hep3B-
iPC as shown by immunofluorescence (Fig. 4H) and real-time 
PCR (Fig. 4I).

DISCUSSION

It is obvious that stem cells play an important role not only 
in the various tissues differentiations and organ developments, 
but also in carcinogenesis. Here, we demonstrated that differ-
ent genetic states in cancer cells might affect the maintenance 
and efficiency of cellular reprogramming of cancer cells. Using 
four HCC cell lines, we generated cancer iPCs through retroviral 

expression of reprogramming-related genes. Given the function 
of p53 as a blocker of reprogramming,21 Hep3B (null p53) cells 
showed better efficiency of reprogramming than the other liver 
cancer cell lines (Fig. 2). Induced cells, but not parental cells, ex-
hibited the expression of known pluripotent marker genes and 
pluripotency, the ability to differentiate to cells derived from the 
three germ layers. However, continual passage induced the loss 
of stemness in Hep3B-iPCs.

It has been proposed that cells possessing stem cell character-
istics are crucial for the generation of various types of human 
cancer.3-7 Complete elimination of CSCs of cancer tissue may 
be most important strategy of treatment of cancer. It can also 
achieve stable, lifelong remission, and sometimes a cure, espe-
cially for life-threatening cancers.3-7 Development in our under-
standing of the characteristics of stem cells enables us to make 
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Fig. 4. Staining of Tra1-81 and expression of pluripotent genes in Hep3B-iPCs after continual passage. Hep3B-iPCs were stained with Tra1-81 and 
Nanog and were analyzed regarding the expression of major pluripotent genes during continual passage until nine passages. Passage 0 (A and E), 
passage 3 (B and F), passage 5 (C and G), and passage 9 (D and H) are shown with phase contrast (A-D). Tra1-81 antibody staining was used for 
passage 0 and 5 Hep3B-iPCs (E and G). Nanog antibody staining was used for passage 3 and nine cells (F and H). Scale bar=100 μm. (I) Quan-
titative real-time polymerase chain reaction analysis with primers specific to pluripotent markers, including Oct4, Sox2, and Nanog. The mRNA 
expression values were normalized to glyceraldehydes 3-phosphate dehydrogenase (GAPDH) and are shown as the mean±SD of triplicate experi-
ments, expressed relative to Hep3B-iPCs at passage 4 (P4).
iPCs, induced pluripotent cells.
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aiming and elimination of CSCs. Recent studies have shown 
that cellular reprogramming contributes to chemotherapy and/
or radiotherapy resistance and the recurrence of cancers. More-
over, the aberrant expression of transcription factors, Oct4, 
Sox2, Nanog, Lin28, Klf4, and, c-Myc, is associated with unfa-
vorable clinical outcomes in HCC.19 Therefore, understanding 
cellular reprogramming is necessary for its application in clini-
cal HCC treatment. We introduced transcription factor genes 
into HCC cell lines, resulting in reprogramming of the cells to 
a pluripotent state. After 1 month, many colonies appeared in 
the transduced liver cancer cells. However, only Hep3B p53-
null cells stained for Tra1-81 (one of the pluripotent stem cell 
markers) at very low efficiency (0.0002%), suggesting that p53 
status may be associated with control of cellular reprogramming 
(Table 2, Fig. 2). Moreover, the efficiency of reprogramming was 
very low compared to HDFs, the commonly used donor cells for 
reprogramming.19,22 These differences may be due to cell type 
or different characteristics of cancers, as previously reported.20 
We confirmed that the reprogrammed Hep3B cells acquired 
similar characteristics to pluripotent stem cells by observation 
of expression of SSEA4, Oct4, Sox2 and Nanog, major pluripo-
tent markers (Fig. 3A and B). Furthermore, it is known that the 
ability to form EBs and direct differentiation into cells from 
three germ layers is representative evidence of pluripotency in 
vitro.23 Consistent with this, reprogrammed Hep3B cells showed 
the ability to form EBs (Fig. 2S) and potential of tri-lineage dif-
ferentiation into cells derived from endoderm, mesoderm and 
ectoderm (Fig. 3D and E). In solid tumors, the CSC population, 
although it is regarded as a minor proportion of the total tumor 
volume, is closely connected to treatment failure due to resis-
tance and causes of recurrence or spreading.1,2 There is also a lot 
of evidence supporting the presence of CSCs in HCC.7 Because 
specific surface markers of all CSCs which can isolate pure CSC 
population have not yet been verified, It is essential to under-
stand the basic and oncological characteristics of these CSCs. 
Recently, some reports have shown that cancer development is 
related to not alone genetic but epigenetic changes of the tumor 
genome,19 but also to the induced reprogramming of tumor 
cells24 leading to tumor heterogeneity. Moreover, there have 
been several reports that definitely indicate the possibility of 
generating liver CSCs through the induction of reprogramming-
related factors such as Oct4 or Nanog.23,24 Our study using tran-
scription factor gene that were reported in previous study of iPS 
cells,19-21,25 show that cancer cells retaining stem cell character-
istics of pluripotency could be achieved by cellular reprogram-
ming following introduction of these transcription factor genes 
into liver cancer cells. Interestingly, continual passage reduced the 
stemness of these reprogrammed cancer cells (Fig. 4) suggesting 
that the properties of the cancer might affect the maintenance 
of pluripotency, although we could not exclude the possibility 
of partial reprogramming.

With this result, we raises the possible application of new 

cancer treatment using reprogramming approaches even in 
tumor cells which have very complex deranged genetic state. 
Various different HCC cell lines were induced with the same 
methods of iPS generation and successful iPC cells were made.20 
For use as clinical therapeutic approaches, the heterogeneity 
and unstable state of reprogrammed cancer cells also remains to 
be elucidated with further studies.26

In conclusions, this study demonstrated that the generation 
of iPC cells by retroviral transfer of four factors will eventually 
allow us to accomplish some research and clinical goals in this 
field.
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