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Abstract
Human embryonic stem cells (hESCs) need feeder  
cells for their maintenance in an undifferentiated  
state. In conventional culture systems, mouse  
embryonic fibroblasts (MEFs) serve as feeder cells  
to maintain hESCs. However, the use of MEFs  
elevates the risk of transmitting mouse pathogens  
and thus limits the potential of hESCs in cell  
replacement therapy. Consequently, the use of  
human feeder cells would be an important step  
forward in this in vitro  technology. To address this  
issue, we used fibroblast-like cells differentiated  
from the Miz-hES6 hESC line (Diff Miz-hES6) as feeder  
cells to support the in vitro  growth of three hESC  

lines. Immunofluorescence microscopy and re -
verse transcription-PCR assessing the expression  
of undifferentiated hESC markers revealed all three  
hESC lines were maintained in an undifferentiated  
state. In vitro  proliferation proceeded as efficiently  
as when the hESCs were cultured on MEFS. More-
over, karyotype analysis revealed the chromosomal 
normality of the hESC lines and the Diff Miz-hES6 feeders  
themselves after even 50 passages. Furthermore, the  
hESC lines maintained thei r pluripotency since they  
remained capable of forming embryoid bodies (EBs)  
in vitro . Thus, hESC-derived fibroblast-like cells  
successfully support in vitro  hESC propagation. 

Keywords: cell culture techniques; humans; stem cells; 
stem cell transplantation

Introduction

Embryonic stem cells (ESCs) can differentiate into  
all the cells derived from three embryonic germ  
layers (Choi et al.,  2004; Kim et al.,  2005a; b). 
Human embryonic stem cells (hESCs) are derived 
from inner cell masses of human blastocysts (Thom-
son et al.,  1998). The two fundamental characteris-
tics of hESCs are their pluripotency and capacity for 
self- renewal. For the long-term culture of hESCs, 
feeder cell layers are conventionally used. Feeder 
cells are believed to help maintain hESCs by pro-
viding cell-cell contact with hESC colonies and/or by 
providing many secreting factors, which have not yet 
been fully identified. 
  To date, the most commonly used feeder cells are  
primary MEFs, which are prepared from day 13.5 
postcoitum fetuses of pregnant mice. However, MEFs 
have several serious limitations as feeder cells. First, 
they have a limited life span in culture as the culture  
can only be passaged seven to nine times before 
the feeder cells senesce. Second, the use of MEFs 
introduces the risk of contaminating hESCs with  
animal pathogens. Due to these considerations, it is  
desirable to use fresh stocks of feeder cells that 
originate from human sources in the in vitro  culture 
of hESCs. 
  Recently, we and other groups demonstrated that it 
is possible to culture hESCs on feeder cells that 
originate from human sources (Richards et al.,  2002; 
2003; Amit et al.,  2003a; Cheng et al.,  2003; Hovatta  
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et al., 2003; Lee et al., 2005). In most cases, 
however, these human feeder cell lines are derived 
from samples obtained from patients or discarded 
human fetuses. This may seriously limit the accessi-
bility of these feeder cells to researchers in the field. 
In addition, it is important to standardize the source 
of feeder cells used for research, as this is a variable 
that could hamper comparison between results ob-
tained by different groups. 
  Feeder-free culture of hESCs has been reported 
(Xu et al., 2001; Amit et al., 2003b; Rosler et al., 
2004). However, this method does require media 
conditioned by MEFs cultured with fetal bovine 
serum (FBS). Moreover, the stable and long-term 
culture of hESCs and the maintenance of their 
undifferentiated state still requires feeder cells along 
with the addition of exogenous basic fibroblast 
growth factor (bFGF) (Kim et al., 2005c).
  In the present study, we report the method we 
developed to supply human feeder cells for hESC 
culture. These feeder cells are themselves derived 
from hESCs, namely, the Miz-hES6 hESC line, and 
were denoted as DiffMiz-hES6. To ensure that this 
feeder layer fully meets its in vitro requirements, we 
compared the growth rate, undifferentiated pheno-
type, pluripotency, and genomic integrity of three 
hESC lines grown over a prolonged period with the 
human feeders or with MEF feeder cells. The un-
differentiated phenotype was assessed by reverse 
transcription-polymerase chain reaction (RT-PCR) 
and immunofluorescence microscopy for undiffer-
entiated markers, while pluripotency was assessed 
by the capacity of the hESC lines to form embryoid 
bodies (EBs) in vitro, which were analyzed by RT- 
PCR using primers specific for the three germ la-
yers. We found that hESC-derived feeder cells 
maintain hESC lines in an undifferentiated, karyo-
typically-intact state. These autologous hESC-de-
rived fibroblast-like feeders can be easily accessed 
by researchers and aid the development of a xeno- 
free hESC culture system, thus promoting the safety 
of cell replacement therapy. 

Materials and Methods
Preparation of DiffMiz-hES6 cells
All cell cultures were incubated at 37oC in 5% CO2 in 
air and 95% humidity. The Miz-hES6 hESC line (Kim 
et al., 2005d) was mechanically dissociated and 
induced to differentiate spontaneously in DMEM (no 
pyruvate, high glucose) supplemented with 1% non-
essential amino acids, 0.1 mM -mercaptoethanol, 
100 U/ml penicillin G, 100 g/ml streptomycin, sodium 
bicarbonate (all from Invitrogen) and 10% FBS (Hy-
Clone). The line was subsequently passaged ac-

cording to the standard 3T3 protocol. The resulting 
differentiated cells, which are denoted as DiffMiz-hES6, 
were maintained in DMEM/10% FBS until a con-
sistent morphology was observed. The cells were 
passaged every 3-5 days with 0.05% trypsin- EDTA 
(Invitrogen). From the 6th passage, DiffMiz-hES6 cells 
could be continuously cultured until their 30th pass-
age, at which point the cells senesced (data not 
shown). 

Use of DiffMiz-hES6 cells as feeder cells  
When the DiffMiz-hES6 cells reached the subconfluent 
state after passaging, they were mitotically inacti-
vated by treatment with 10 g/ml mitomycin C 
(Sigma) for 1.5 h. The cells were then thoroughly 
washed in PBS, trypsinized with 0.05% trypsin- 
EDTA and replated at a concentration of 3.25 104 
cells/cm2 in gelatin-coated 4-well culture dishes. 

Culture of hESCs
We cultured the Miz-hES1 and Miz-hES4 hESC lines 
(Kim et al., 2005d) and the HSF-6 hESC line from 
the University of California at San Francisco. The 
former two lines are male cell lines. The Miz-hES1 
line is registered on the NIH hESC Registry along 
with the HSF-6 cell line. The three hESC lines were 
initially maintained on MEF feeder cells and then 
transferred onto DiffMiz-hES6 cells. They were cultured 
at 37oC in 5% CO2 in air and 95% humidity with 
DMEM/F12 media supplemented with 4 ng/ml bFGF, 
20% Knockout Serum Replacement, 1% nonessen-
tial amino acids, 0.1 mM -mercaptoethanol, 100 
U/ml penicillin G and 100 g/ml streptomycin (all from 
Invitrogen). The hESCs were passaged every 3-5 
days by mechanically dissociating hESC clumps and 
transferring them onto newly prepared DiffMiz-hES6 
feeder cell layers. 

Staining of hESCs for undifferentiated cell
markers and immunofluorescence analysis
After the 20th passage of the three hESC lines 
cultured on DiffMiz-hES6 or MEF feeder cells, the 
hESCs were stained for undifferentiated hESC mar-
kers, namely, alkaline phosphatase (AP), stage-sp-
ecific embryonic antigen-1 (SSEA-1), SSEA-4, and 
Tra-1-60 (Chemicon). AP staining was performed by 
using the NBT/BCIP solution (Roche) with 1:100 in 
Tris-HCl, pH 9.5. The anti-SSEA-1 and anti-Tra-1-60 
antibodies are mouse IgM antibodies, while the 
anti-SSEA-4 antibody is a mouse IgG antibody. All 
primary antibodies were diluted at 1:1,000 and in-
cubated with the cells for 1 h at room temperature. 
After washing, the cells were incubated for 45 min at 
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room temperature without light exposure with 1:400- 
diluted FITC-labelled secondary antibodies specific  
for mouse IgM or IgG. The resulting images were 
monitored by a fluorescent microscope (Nikon). 

In vitro  formation and RT-PCR analysis of EBs  
To test the pluripotency of hESCs cultured on  
DiffMiz-hES6 feeder cells, we analyzed their ab ility to  
form EBs by transferring dissociated clumps of 
hESC colonies onto Petri dishes in EB suspension 
medium (hESC medium lacking bFGF). The EBs 
were continuously cultured in suspension until days 
7 and 14, at which point they were subjected to  
RT-PCR by using primers specific for the three germ  
layers, namely, ectoderm (primers specific for Neu-
rofilament 68 and keratin), mesoderm (primers sp-
ecific for enolase and ka llikrein) and endoderm (pri-
mers specific for -fetoprotein [ -FP] and 1-anti-
trypsin [ 1-AT]). The amplified bands were quanti-
fied by a densitometer and the data were presented 

as relative densities. 

RT-PCR
The sequences of the primer used are listed in Table  
1. The PCRs consisted of an initial denaturation step 
at 94 oC for 5 min followed by 30 cycles of 30 sec of 
denaturation at 94 oC, 30 sec of annealing at 62 oC, 
and 30 sec of extension at 72 oC. A final extension 
was performed at 72 oC for 10 min. PCR products 
were visualized by ethidium bromide staining follow-
ing 1.0% agarose gel electrophoresis.

Karyotype analysis
To analyze the karyotypes of the Diff Miz-hES6 cells and 
the HSF-6 and Miz-hES4 hESC lines cultured on  
DiffMiz-hES6 feeder cells, cell division was blocked in  
metaphase by 0.1 g/ml colcemid (Gibco/Invitrogen) 
for 1-2 h. The cells were then trypsinized and 
resuspended in hypotonic KCl solution (Sigma), 

Table  1.  Information on RT-PCR primers.

                Genes Primer sequences (Forward, Reverse) Annealing Tm ( oC) Product size (bp)

Undifferentiated hESC markers
Nanog [NG_004093] F: CAAA GGCAAACAACCCACTT 62 426

R: CTGGATGTTCTGG GTCTGGT
Oct4 [NM_013633] F: GACAACAATGAGAACCTTCA 62 218 

R: TTCTGGCGCCGGTTACAGAA
Rex1 [NM_174900] F: CTG AAGAAACGGGCAAAGAC 62 344

R: GAACATTCAAGGGAGCTTGC
Sox2 [NM_003106] F: ATGGACAGTTACGCGCACAT 62 268 

R: GACTTGACCACCGAACCCAT
In vitro  differentiation markers
NF-68 [NM_006158] F: ACGCTGAGGAATGGTTCAAG 62 561

R: TAGACGCCTCAATGGTTTCC
Keratin [NM_173086] F: A GGCCCAATACGAGGAGATT 62 479

R: ATAGCCACTGGAGATGGTGG
Kallikrein [NM_000537] F: GCTTTCTCAGCCAGGACATC 62 562

R: TATTCTTTGCCTCCCAGGTG
Enolase [NM_001428] F: GTTCAATGTCATCAATGGCG 62 477

R: GTGAACTTCTGCCAAGCTCC
-FP [NM_001134] F: TGAAAACCCTCTTGAATGCC 62 492

R: TCTTGCTTCATCGTTTGCAG 
1-AT [NM_001002236] F: ACTG TCAACTTCGGGGACAC 62 517 

R: CCCCATTGCTGAAGACCTTA
Housekeeping gene

-actin [BC_013835] F: AGCAAGCAGGAGTATGACGA 62 260
R: TGTGAACTTTGGGGGATGGA

Cell typing markers
Prolyl 4-hydroxylase F: GTCTTTGTGGAGTTCTATGCCC 62 339
(Fibroblast marker) R: GTCATCGTCTTCCTCCATGTCT 
Cytokeratin 4 F: ACTGGTGTCTCTGTGCTTCCTT 62 359
(Epithelial cell marker) R: GGGTGTTGGAGAAGTAGTTTGG
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incubated for 20 min at 37
o
C, and fixed with 3:1 

methanol:acetic acid. The chromosomes were vi-
sualized by G-band staining. More than 100 cells 
were analyzed per cell line.

Results

Generation and characterization of fibroblast-like
DiffMiz-hES6 cells

Diff
Miz-hES6

 cells were spontaneously differentiated 
from the Miz-hES6 hESC line. To do this, undiffer-
entiated Miz-hES6 cells were mechanically dissoc-
iated into clumps and transferred onto a culture dish 
containing DMEM/10% FBS. After the 3-5th passage, 
homogeneous fibroblast-like differentiated DiffMiz-hES6 
cells were obtained (Figure 1A and 1B). To further 
verify the identity of the feeder cells, we subjected 
them to RT-PCR using PCR primers for cytokeratin 
4 (an epithelial cell marker) and prolyl 4-hydroxylase 

 (a fibroblast marker). As expected, prolyl 4-hy-
droxylase  but not cytokeratin 4 is expressed by the 
Diff
Miz-hES6

 cells, which indicates that Diff
Miz-hES6

 cells 
are fibroblasts (Figure 1C). 

Long-term support of hESC growth on
DiffMiz-hES6 feeder cells  

The three hESC lines Miz-hES1, Miz-hES4 and 

HSF-6 were initially cultured on MEF feeder cells 
and then transferred onto DiffMiz-hES6 feeder cells. At 
this point, the Diff

Miz-hES6
 feeder cells had undergone 

6 passages, while the individual hESC lines were at 
passage numbers 34, 107 and 54, respectively. All 
three hESC lines cultured on DiffMiz-hES6 feeder cells 
grew at a similar rate as those on MEF feeder cells, 
as they required a 3-5 day passaging interval. Thus, 
DiffMiz-hES6 feeder cells support the proliferation of 
hESCs as efficiently as MEFs. In contrast, the li-
terature suggests hESCs cultured on other human 
feeder cells require a 5-7 day passaging interval 
(data not shown) (Richards et al., 2002; 2003; Amit 
et al., 2003a; Cheng et al., 2003; Hovatta et al., 
2003; Lee et al., 2005). The hESC lines cultured on 
DiffMiz-hES6 feeder cells were relatively circular in 
shape (Figure 2), which is similar to their morpho-
logy when cultured on MEF feeder cells (data not 
shown). In contrast, the literature suggests hESCs 
cultured on other human feeder cells become 
rather irregular in shape (Richards et al., 2002; 
2003; Amit et al., 2003a; Cheng et al., 2003; 
Hovatta et al., 2003; Lee et al., 2005). We could 
culture the three hESC lines on DiffMiz-hES6 cells for 
over 50 passages without any detecatable impair-
ment of their self-renewal capacity (data not 
shown). 

Figure 1. Morphology of Diff
Miz-hES6

 cells. Miz-hES1 hESCs were differentiated in vitro by 
growth in DMEM/10% FBS. The Diff

Miz-hES6
 cells shown here were examined after 3-5 

passages. (A, B) Fibroblast-like morphology of DiffMiz-hES6 cells. Magnification is 40× (A) 
and 200× (B). (C) RT-PCR for fibroblast (prolyl 4-hydroxylase ) and epithelial cell (cyto-
keratin 4) markers to verify the identity of the DiffMiz-hES6 cells. RT(-), PCR was performed 
without reverse transcription. 
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Expression of hESC markers by hESC lines
cultured on DiffMiz-hES6 feeder cells  

hESCs express specific markers such as Oct-4, 
Nanog, Rex-1, Sox-2, TERT, SSEA-1, SSEA-4 and 
Tra-1-60. To confirm that hESCs are not altered by 
their culture on DiffMiz-hES6 cells, we subjected them 
to immunofluorescence microscopy to detect SSEA- 
1, -4 and Tra-1-60 and AP expression as well as to 
RT-PCR to detect Oct-4, Nanog, Rex-1, Sox-2 and 
TERT expression. Of the surface markers, while 
SSEA-1 was not expressed, SSEA-4 and Tra-1-60 
were strongly expressed (Figure 3D-U). The cells 
were also strongly positive for AP (Figure 3A, 3B 
and 3C). The RT-PCR data also showed normal ex-
pression of Oct-4, Nanog, Rex-1, Sox-2 and TERT 
(Figure 3V). These data strongly suggest that DiffMiz-hES6 
cells successfully support the maintenance of all 
three hESC lines in an undifferentiated state. 

Analysis of the pluripotency of hESCs cultured
on DiffMiz-hES6 cells  

The pluripotency of the three hESC lines cultured on 
DiffMiz-hES6 cells was analyzed by inducing them to 

differentiate in vitro into EBs and then analyzing the 
EBs by RT-PCR with primers specific for three dif-
ferent germ layers (ectoderm, mesoderm and endo-
derm). EBs were formed by culturing dissociated 
hESC clumps under suspension in EB media (Figure 
4A). RT-PCR was performed on cells harvested 
before and 7 and 14 days after differentiation. The 
expression of the hESC-specific transcription factors 
Oct-4 and Nanog was dramatically downregulated 
as the days after EB formation increased. Con-
comitantly, the expression of embryonic germ layer- 
specific genes (NF-68 and keratin for ectoderm), 

(enolase and kallikrein for mesoderm) and (-FP 
and 1-AT for endoderm) increased (Figure 4B). 
Thus, hESCs cultured on Diff

Miz-hES6
 feeder cells 

maintained their pluripotency.

Karyotypes of DiffMiz-hES6 feeder cells and
hESCs cultured on DiffMiz-hES6 cells  

Karyotype analysis of the Diff
Miz-hES6

 feeders and two 
hESC lines cultured on DiffMiz-hES6 cells showed all 
have normal karyotypes (HSF-6: 44+XX, Miz-hES4: 
44+XY, Diff

Miz-hES6
 feeder cells: 44+XX) (Figure 5A, 

Figure 2. Morphology of the three hESC 
lines after their culture on the DiffMiz-hES6 
feeder layer. The cells were examined at 
two different magnifications, namely, 40
× (A, C, E). and 200× (B, D, F). 
Miz-hES1 (A, B), Miz-hES4 (C, D) and 
HSF-6 (E, F). The morphology of the 
three hESC lines was similar to when 
they were cultured on MEF feeder cells 
(data not shown). 



404   Exp. Mol. Med. Vol. 37(5), 399-407, 2005

5B and 5C). These results suggest that Diff
Miz-hES6

 
feeder cells successfully maintain hESCs without 
introducing any genetic abnormalities. 

Discussion

hESCs require a feeder layer for their maintenance 
in an undifferentiated state. In conventional culture 
protocols for prolonged undifferentiated growth, the 
feeder layers are comprised of MEF cells. However, 
the routine propagation of hESCs on MEFs intro-
duces the possibility of the transmission of mouse 

viruses, which is an impediment for the clincial ap-
plication of these cells. To address this issue, pre-
vious studies have sought to develop a xeno-free 
support system for hESC culture by using donated 
human tissues (Richards et al., 2002; 2003). How-
ever, the use of human biopsies from fetal tissues 
raises ethical issues. The use of donated adult and 
neonatal tissues would be less ethically problematic 
but still would not be feasible for the mass produc-
tion of hESCs; moreover, the use of different donors 
introduces an unwelcome variability into the culture 
system (Amit et al., 2003a; Hovatta et al., 2003; Lee 
et al., 2005). Furthermore, the risk of contamination 

Figure 3. hESC-specific marker expression by the three hESC lines after being cultured 
on the Diff

Miz-hES6
 feeder layer (A-C) The three lines stained strongly with AP. (D) 

DiffMiz-hES6 cells served as a negative control. (E-J) The three lines were negative for 
SSEA-1. (K-V) The three lines were strongly positive for SSEA-4 (K-P) and TRA-1-60 
(Q-V). Magnification was 60×. (W) RT-PCR for undifferentiated hESC-specific marker 
expression. Lane 1, Miz-hES1; Lane 2, Miz-hES4; Lane 3, HSF-6; Lane 4, RT (-) 
control.
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with pathogens responsible for newly emerging hu-
man diseases, which cannot be screened for yet, 
remains. All of these concerns constitute serious 
challenges for the clinical application of hESCs. 
  In the present study, we developed a simple meth-
od by which human feeder cells can be derived from  
hESCs. In this method, hESCs were continuously 
subcultured with DMEM/10% FSC until they had a  
fibroblast-like appearance (about 3-5 passages), 
which came to be predominant under this culture  
condition. During their subculture, the Diff Miz-hES6 cells  
were cryopreserved. This led to sufficient Diff Miz-hES6 
cell numbers to meet the demand of long-term hESC 
culture. Moreover, the quality of the cells was re-
latively consistent, unlike feeders prepared from  

primary cultures or biopsies (data not shown). Since 
the use of hESC-derived feeder cells obviates the  
need to sacrifice other tissues to supply feeder cells, 
this method eliminates many of the potential pro-
blems associated with other feeder cells, including 
the ethical issues, the possible transmission of 
mouse pathogens, and variabilty of the culture sys-
tem that hampers comparisons between results  
obtained by using different feeder cells. 
  Xu et al.,  have recently reported that hTERT-im-
mortalized fibroblast-like cells derived from hESCs 
(HEF1-hTERT) can support undifferentiated cell 
growth, while medium conditioned by HEF1-hTERT 
cells permit the feeder-free culture of hESCs (Xu et 
al.,  2004). However, hESCs cultured with HEF1- 

Figure 4.  Ability of hESC lines grown on Diff Miz-hES6 cells to differentiate into EBs. (A) Representative images of EBs formed from the Miz-hES4 
(14-day-old EB) and HSF-6 (7-day-old EB) hESC lines. (B) Analysis of the undifferentiated hESCs and the EBs 7 and 14 days after  their in vitro  differ-
entiation by RT-PCR using primers specific for three germ layers, namely, ectoderm (NF-68, Keratin), mesoderm (Enolase, Kallikr ein) and endoderm  
( -FP, 1-AT). Oct-4 and Nanog served as undifferentiated hESC-specific markers. -actin served as a normalization control. The gel shows repre-
sentative results from HSF-6 cells. Lane 1, undifferentiated hESCs (HSF-6); Lane 2, EB day 7 (HSF-6); Lane 3, EB day 14 (HSF-6) ; Lane 4, RT (-) 
control. The graph depicts these data after band quantification. 
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hTERT feeder cells may have a higher likelihood of 
carcinogenesis due to the use of hTERT to immor-
talize the feeders. Consequently, Diff Miz-hES6 feeder 
cells are safer for use in future cell replacement 
therapies. 
  We found that existing hESCs originally established 
on MEFs were easily adapted to culture on Diff Miz-hES6 
feeder cells. We also showed that these hESC- 
derived fibroblast-like Diff Miz-hES6 feeder cells support 
the prolonged, undifferentiated maintenance of hESCs 
as efficiently as MEFs. Support of hESC growth was 
demonstrated by assessing the morphology of the  
cells and by comprehensive analyses of hESC 
marker expression. We found that all three hESC 
lines we tested could be cultured on Diff Miz-hES6 
feeder cells for at least 50 passages without any loss 

of hESC-specific marker expression (Oct-4, Nanog, 
Rex-1, Sox-2, TERT, SSEA-1, SSEA-4 and Tra-1- 
60). In addition, the three hESC lines differentiated 
successfully into EBs that had all three germ layers. 
Furthermore, the karyotypes of the Diff Miz-hES6 feeder 
cells and the hESCs cultured on Diff Miz-hES6 feeder 
cells remained normal after long-term culture (over 
50 passages). To avoid the possib ility of f eeder cell 
contamination during the preparation of the undiffer-
entiated hESCs and EBs for the RT-PCR analyses 
described above, we performed RT-PCR using pri-
mers specific for a fibroblast marker (prolyl 4-hydro-
xylase ); fibroblast marker expression was never 
detected (data not shown). We have found pre-
viously that hESCs cultured on MEFs have a circular 
shape, whereas hESCs cultured on human feeder 
cells are relatively irregular in shape (Richards et al.,  
2002; 2003; Amit et al.,  2003a; Cheng et al.,  2003; 
Hovatta et al.,  2003; Lee et al.,  2005). The reason 
for this difference is unclear. In this study, however, 
we found that, like hESCs cultured on MEFs, hESCs 
cultured on Diff Miz-hES6 feeder cells were circular in  
shape and showed a prominent nucleus and 
nucleoli. The circular shape of hESCs cultured on  
DiffMiz-hES6 feeder cells, along with their equivalent 
passaging interval relative to hESCs cultured on 
MEFs (about 5 days), implies that the interaction 
between hESCs and the Diff Miz-hES6 feeder cells is  
similar and as efficient as it is with MEF feeder cells. 
  Our observations show the feasibility of developing 
a hESC culture system using autologous human 
feeder cells with minimal exposure to animal ma-
terials, which is a highly desirable system with  
regard to the application of cell replacement therapy. 
Our system certainly eliminates the risk of conta-
mination with mouse pathogens and unscreened 
pathogens responsible for newly emerging human 
diseases. However, our system did use FBS to cul-
ture the Diff Miz-hES6 feeder cells. For complete xeno- 
free culture of hESCs, hESCs should be cultured at 
all times without any animal materials at all, in-
cluding animal sera (FBS) and animal feeder cells. 
To date, while several other hESC culture systems 
using human feeder cells or conditioned medium  
with animal serum have been reported, animal se-
rum (FBS)-free culture systems have not been re-
ported. Therefore, we believe that our present hESC 
culture system employing hESC-derived fibroblast- 
like feeder cells represents substantial progress with  
regard to developing the complete xeno-free culture 
system that would greatly enhance the safety of cell 
replacement therapy. Further investigations to de-
velop this complete xeno-free hESC culture system  
are warranted. 
  In conclusion, we developed a method by which 
autologous hESC-derived Diff Miz-hES6 feeder cells can 

Figure 5.  Karyotype analysis of the Diff Miz-hES6 feeder cells and two 
hESC lines grown on Diff Miz-hES6 feeders. (A) Diff Miz-hES6 feeder cells (44 +
XX). (B) HSF-6 (44 + XX). (C) Miz-hES4 (44 + XY).
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be obtained and used to successfully maintain hESC 
lines in an undifferentiated state. All three of the 
hESC lines we cultured on DiffMiz-hES6 feeder cells 
proliferated efficiently, maintained their undifferenti-
ated state, and retained their pluripotency. Even 
after long-term culture on DiffMiz-hES6 feeder cells, the 
feeder cells and the hESCs cultured on these feed-
ers had normal karyotypes. Therefore, we suggest 
that hESC-derived fibroblast-like DiffMiz-hES6 feeder 
cells could be an efficient alternative for previously 
reported human feeder cells and could be useful as 
autologous feeders to produce stem cells for clinical 
applications (Heng et al., 2004). However, further 
investigation is needed to assess whether the 
hESCs cultured on DiffMiz-hES6 feeder cells maintain 
their pluripotency in vivo with regard to teratoma 
formation. In addition, further development of this 
autologous culture system for hESC expansion such 
that it proceeds without the use of animal serum at 
any stage is highly desirable, as this complete xeno- 
free system would promote the clinical applications 
of cell replacement therapy. 
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