
IMMORTALISED FEEDER CELLS Technical field The present
invention relates to immortalized feeder cell lines,
their culture medium and the use of these cells and
their medium in culturing stem cells, in particular,
human embryonic stem cells. Background Since the
successful isolation of human embryonic stem cells
(hESC) from the inner cell mass of pre-implantation
embryos, it is now possible to culture
undifferentiated hESC indefinitely in vitro and
thereby potentially provide a starting source of
material that can be differentiated into cells from
the three embryonic germ layers to be used in
regenerative therapy [ 1] Conventionally, hESC are
maintained directly on feeder layers as co-cultures
and these feeders have been derived either from mouse
or human sources [2-7]. More recently, hESC have been
successful cultured under feeder-free conditions.
Here, the cells are grown on extracellular matrices,
such as matrigel and supplemented with conditioned
medium (CM) from feeder layers [8,9]. Regardless of
the source, feeders are derived from primary tissues
and hence have a limited lifespan in culture. For
example, primary feeders can only be cultured for
approximately 7-9 passages before the cells senesce.
Hence, fresh batches of feeders have to be prepared on
a routine basis which may result in batch to batch
variation. Furthermore, there are also concerns that
pathogens may be transmitted from the feeders to the
hESC. One possible solution to obtaining a
sustainable, validated and consistent source of
feeders for the culture of hESC, especially for
scale-up, is the immortalization of primary feeders.
Several methods have been previously used for
immortalization and these include the transduction of
normal cells with genes from DNA tumor viruses such as
simian virus 40 (SV40), Epstein-Barr virus (EBV) and
human papillomavirus (HPV) [ 1 0-14]. More recently,
groups have also reported that the over-expression of
the human telomerase reverse transcriptase, hTERT was
also able to extend the 



lifespan of somatic or differentiated cells [ 1 5,1
6].Description of the Invention In a first aspect the
present invention provides an immortalized feeder cell
line. In particular the present invention provides an
immortalized feeder cell line derived from an
embryonic fibroblast. More particularly the
immortalized feeder cell line is derived from a mouse
embryonic fibroblast. More particularly the
immortalized feeder cell line is derived from a mouse
embryonic fibroblast by one or more of degradation of
the p53 tumor suppressor protein, up-regulation of
c-myc expression, activation of telomerase and
degradation of pRb. More particularly the immortalized
feeder cell line is derived from an embryonic
fibroblast by introduction of the E6 and E7 genes from
HPV1 6. Preferably, the E6 and E7 genes are introduced
by transduction. Preferably the embryonic fibroblast
is infected with retrovirus vectors encoding the E6
and E7 genes from HPV1 6. Preferably, the bulk of the
cells continue to proliferate beyond their normal
lifespan and are resistant to antibiotic selection
with G41 8 following infection with the retroviruses.
Preferably the cell lines do not become tumorigenic
after immortalization. Preferably, in vivo,
intramuscular injection of the cells into SCID does
not result in any palpable tumors even 16 weeks after
injection. Cell lines of the invention proliferate
beyond 7, 8 or 9 passages. Preferred cell lines of the
invention proliferate in vitro beyond 70 passages and
do not gain any tumorigenic phenotype. Cell lines of
the invention support hESC which: continue to maintain
characteristic undifferentiated morphology for >40
passages both in coculture and in feeder-free cultures
supplemented with CM; continue to express the
pluhpotent markers, Oct-4, SSEA-4, Tra-1 -60, Tra-1
-81 , alkaline phosphatase and maintain a normal
karyotype; and when injected into SCID mice form
teratomas with tissues representative of the 3
embryonic germ layers. The cell lines of the invention
support undifferentiated hESC growth. hESC lines
readily adapt to these feeders and maintain the
typical morphology of undifferentiated hESC cultures
both in feeder and feeder-free cultures. The hESC also
continued to express pluhpotent markers, including
Oct-4, SSEA-4, Tra-1 -60, Tra-1 -81 and alkaline 



phosphatase. Preferably after 25 passages, the cells
retain a stable karyotype and are able to
differentiate to form teratomas in SCID mice.
Preferably, RT-PCR analysis of mRNA from hESC
feeder-free cultures confirms that the cells remained
positive for Oct-4 but negative for E6 and E7
antigens.The invention provides primary MEF
immortalized with the over-expression of the E6 and E7
antigens. In a preferred embodiment the cell line is
DE-MEF as herein described. The cell line DE-MEF was
deposited at the American Type Culture Collection on
under the provisions of the Budapest Treaty on the
International Recognition of the Deposit of
Microorganisms for the Purposes of Patent Procedure.
The deposit was made on 9 May 2005 and assigned the
number PTA-6705. The invention also provides an
immortalized feeder cell line deposited at the
American Type Culture Collection under the accession
number PTA-6705. The invention further provides a
culture of an immortalized feeder cell line of the
first aspect in a suitable culture medium and a
composition including an immortalized feeder cell line
of the first aspect in a suitable carrier or diluent.
In a second aspect the invention provides conditioned
medium produced from growth of an immortalized feeder
cell line of the first aspect. The conditioned medium
may be used in conjunction with extracellular
matrices, such as matrigel. In a third aspect the
invention provides a method of culturing a stem cell
including use of a cell line of the first aspect as
feeder cells. Preferably the stem cell is a human stem
cell. More preferably the stem cell is a human
embryonic stem cell. In a fourth aspect the invention
provides a method of culturing a stem cell including
use of a conditioned medium of the second aspect.
Preferably the stem cell is a human stem cell. More
preferably the stem cell is a human embryonic stem
cell. The methods of the third and fourth aspects
include scaled-up quantities of undifferentiated hESC
in culture vessels such as cell factories. The scaled
up quantities may be > 108 cells.- A - In a fifth
aspect the present invention provides a stem cell
cultured by a method of the 



third or fourth aspect of the invention. Preferably
the stem cell is a human stem cell. More preferably
the stem cell is a human embryonic stem cell. Human
embryonic stem cells (hESC) are pluripotent cells that
have the potential to proliferate indefinitely in
culture, and still retain their capacity for
differentiation into a wide variety of cells. However,
hESC cultures require either feeders in direct contact
or conditioned medium (CM) from feeders. The most
common source of feeders is primary mouse embryonic
fibroblast (MEF). In this study, we investigated
whether we could extend the proliferative capacity of
primary MEF after infection with retrovirus vectors
encoding the E6 and E7 genes from HPV1 6 beyond its
normal lifespan in vitro. The over-expression of the
E6 protein causes the degradation of the p53 tumor
suppressor protein, as well as the upregulation of
c-myc expression and the activation of telomerase [ 1
7]. On the other hand, expressed E7 protein binds to
the retinoblastoma protein, pRb resulting in the
degradation of pRb. [ 1 8]. It has previously been
shown that the expression of both E6 and E7 can
efficiently immortalize normal human fibroblast,
mammary epithelial cells and foreskin keratinocytes [
1 1, 1 9, 20]. Here, we successfully immortalized
primary MEF with the over-expression of the E6 and E7
antigens. The immortalized MEF, D EMEF, continued to
proliferate in vitro beyond 70 passages and this did
not result in the cells gaining any tumorigenic
phenotype. In addition, 3 hESC lines previously grown
on primary MEF either on feeders or feeder-free
conditions readily adapted to DEMEF. Morphologically,
the hESC remained undifferentiated and continued to
express both intracellular and extracellular markers
characteristic of pluhpotency. The hESC cultures also
retained normal karyotype and formed teratomas in SCID
mouse models. In this study, we immortalized a primary
MEF line by infection with retrovirus vectors encoding
the E6 and E7 genes from HPV1 6. The immortal line,
DE-MEF, was able to proliferate beyond 7-9 passages,
while primary cells senesce, and have an extended
lifespan beyond 70 passages. When tested for its
ability to support hESC growth, itwas found that hESC
continue to maintain the characteristic
undifferentiated 



morphology for >40 passages both in co-culture with
DE-MEF and in feeder-free cultures supplemented with
CM from DE-MEF. The cultures also continue to express
the pluripotent markers, Oct-4, SSEA-4, Tra-1 -60,
Tra-1 -81 , alkaline phosphatase and maintain a normal
karyotype. In addition, these hESC when injected into
SCID mice formed teratomas with tissues representative
of the 3 embryonic germ layers. Lastly, it was also
demonstrated that it is possible to scale-up
significant quantities of undifferentiated hESC (>1 08
cells) using DE-MEF in culture vessels such as cell
factories. The results from this study suggest that
immortalized feeders can provide a consistent and
reproducible source of feeders for hESC expansion and
research and thus have an advantage over primary
feeders. Morphologically, the hESC remained
undifferentiated and continued to express both
intracellular and extracellular markers characteristic
of pluhpotency. The hESC cultures also retained normal
karyotype and formed teratomas in SCID mouse models.
Brief Description of the Accompanying Figures Figure
1. Immortalization of primary MEF. (a): Growth curve
of MEF infected with retrovirus expressing E6/E7
(DE-MEF) at passage 7 (D) and passage 45 (D) or MEF
infected with control retrovirus (DC-MEF) at passage 7
() . Culture samples were harvested daily and cell
numbers were determined using Trypan blue exclusion
(b): RT-PCR analysis for the expression of HPV-E6 and
HPV-E7 genes in E6/E7 infected cells (DE-MEF, lanes 2
and 4) and control virus infected cells (DC-MEF, lanes
1 and 3). Amplified products were resolved on a 1%
agarose gel. MW, 100-bp DNA ladder (Promega). Figure
2.Morphology of the hESC line, HES-3 cells cultured
directly on DE-MEF (left panel) or on Mathgel
supplemented with conditioned media from D E-MEF
(right panel). Representative images of the colonies
taken using a stereomicroscope at 4Ox magnification (a
and b, scale bar = 400 mm) and phase-contrast
microscope at 40x (c and d, scale bar = 300 mm) and
100x (e, scale bar = 100 mm) magnifications.Figure
3.Flow cytometry analysis of intracellular Oct-4 in
hESC lines on feeder (a-d) 



or feeder-free (e-g) cultures. Single cell suspensions
of hESC were fixed, permeabilized and stained with a
monoclonal antibody against Oct-4. The labeled cells
were detected with a FITC-conjugated anti-mouse
antibody. The shaded histogram represents staining
with the negative control and open histograms
represent staining with Oct-4 mAb. Figure 4 .
Expression of cell surface markers on HES3 co-cultured
with D E-MEF (top panel) or CM from D E-MEF (lower
panel). Staining of cells with SSEA-4 (a, e), Tra-1 -
60 (b, f), Tra-1 -81 (c, g) and alkaline phosphatase
(d, h). For SSEA4 and Tra-1 -60/81 , colonies were
subsequently stained with PE-conjugated secondary
antibody. For AP, positive activity was characterized
by a red precipitate that fluoresces using the
rhodamine filter. Scale bar = 100 mm. Figure 5.
Section of a teratoma derived from HES-3 cells
cultured for 14 passages (70 PD) under feeder-free
conditions supplemented with CM from DE-MEF. Gut-like
epithelium (a), neural epithelium (b), muscles (c),
cartilage (d) and bone (e). Scale bar = 20 mm. Figure
6.Cytogenetic analysis of undifferentiated HES-3 cells
cultured on feeder (a) or feeder-free (b) conditions.
Normal female karyotype (46 X,X) was observed for hESC
from both cultures. Figure 7.RT-PCR analysis for the
expression of HPV-E6, HPV-E7, Oct-4 and b-actin in
DE-MEF (a) and HES-3 feeder-free cultures (b).
Amplified products following RTPCR were resolved on 1%
agarose gels. Figure 8.Flow cytometry analysis of
intracellular Oct-4 in HES-3 cells expanded on D E-MEF
using triple flask (a) and cell factory (b). The
shaded histogram represents staining with the negative
control and open histograms represent staining with
Oct-4 mAb. Best Method of Carrying out the
InventionMATERIALS & METHODS Cell Culture Human
embryonic stem cell lines, HES-2 (46 X X), HES-3 (46 X
X) and l-IES-4 (46 



X,Y) were obtained from ES Cell International. The
cells were cultured at 37C/5% C02 either on
mitomycin-C inactivated feeders (~4x 104 cells/cm2) in
gelatin-coated organ culture dish (co-cultures) or on
matrigel-coated organ culture dishes supplemented with
CM from feeders (feeder-free cultures). Media used for
culturing hESC was KNOCKOUT (KO) medium which
contained 85% KO-DMEM supplemented with 15% KO serum
replacer, 1 mM L-glutamine, 1% non-essential amino
acids and 0.1 mM 2-mercaptoethanol and 4-8 ng/ml of
basic fibroblast growth factor (Invitrogen). Medium
was changed daily and the cultures were passaged
weekly following enzymatic treatment as previously
described [4]. Culture dishes for feeder-free cultures
were incubated at 40C overnight with matrigel (Becton
Dickinson) diluted in cold KO-DMEM ( 1 :30 dilution).
Preparation of MEF and MEF Conditioned Media (CM)
Primary MEF were isolated from the fetuses of 129X1
/SvJ mice (day 13.5 post coitum) using the methods
described by Robertson et al [21 ] . Monolayers of
primary MEF (passage 4) were cultured to confluency
and treated with 10 mg/ml mitomycin-C for 2.5-3h.
Following treatment, cells were detached with 0.25%
trypsin-EDTA and seeded onto organ culture dishes as
described above in F-DMEM media. This media consists
of 90% DMEM high glucose, 10% FBS, 2mM L-glutamine, 25
U/ml penicillin and 25mg/ml streptomycin (Invitrogen).
Culture medium was changed to KO medium 24h after
seeding and allowed to equilibrate for an additional
24h before adding hESC or collection of MEF-CM. For
MEF-CM, culture dishes were seeded with 1.4 x 105
cells/cm2 of mitomycin-C treated MEF and CM was
collected every 24h after KO medium was added into the
dish. The CM was filtered (0.22 mm) and supplemented
with an additional 8 ng/ml of recombinant human basic
fibroblast growth factor (Invitrogen). Establishment
of Immortalized Feeder Line, DE-MEF Primary MEF (3 x
105 cells) at passage 3 was seeded into 75 cm2 T-flask
and allowed to adhere overnight in F-DMEM medium. The
cells were then transduced with 



sterile filtered supernatant containing retroviruses
from PA317 LXSN HPV1 6E6E7 orPA317 PXSV packaging cell
lines (CRL-2203 and CRL-2202 respectively, ATCC) in
the presence of 8 mg/ml of polybrene (Sigma-Aldhch)
for 8h at 37C [22]. Following that, the medium
containing the virus was removed and replaced with
fresh F-DMEM and incubated for 3 additional days.
Transduced cells were then selected in the presence of
100 mg/ml of G41 8 (Sigma-Aldhch) for 14 days. The
established feeder line, D E-MEF was routinely
cultured in F-DMEM medium without antibiotics and
stocks cryopreserved in 90% FBS and 10% DMSO. Growth
Rates and Doubling Times Single cell suspensions of
MEF and hESC were harvested daily (days 1-6 after
inoculation) following treatment with 0.25%
trypsin-EDTA (Invitrogen). Trypan blue exclusion was
used to determine the viable cell number and viability
for each sample. Graphs of viable cell number versus
time were plotted in order to estimate the specific
growth rate of cells during the exponential growth
phase. From this, the doubling time (td ) was
calculated using the following equation, td = ln(2)/m,
where m is the specific growth rate (hr 1 ) . Flow
Cytometry Analysis of Oct-4 Expression Expression
levels of the intracellular transcription factor,
Oct-4, in hESC populations were assessed by
immunofluorescence using flow cytometry. Cells were
harvested as a single cell suspensions using trypsin,
fixed, permeabilised (Caltag Laboratories) and
incubated with a mouse monoclonal antibody to Oct-4
(Santa Cruz) at a 1:20 dilution. Cells were then
washed with 1% BSA/PBS, and incubated in the dark with
a 1:500 dilution of goat a-mouse antibody
FITC-conjugated (DAKO). After incubation, the cells
were again washed and resuspended in 1% BSA/PBS for
analysis on a FACScan (Becton Dickinson FACS Calibur).
All incubations were performed at room temperature for
15 min. As a negative control, cells were stained with
the appropriate isotype control. lmmunocytochemistry
Cells were fixed in 4% paraformaldehyde at room
temperature for 45 min and 



incubated with antibodies to SSEA-4 (neat,
Developmental Studies Hybridomas Bank), Tra- 1-60 and
Tra-1 -81 (30 mg/ml, Chemicon) at room temperature for
1 h.Localization of antibodies was visualized using
goat a-mouse antibody FITCconjugated ( 1 :500
dilution; DAKO). Alkaline Phosphatase Staining
Alkaline phosphatase staining was performed using
Vector Red Alkaline Phosphatase Substrate Kit I
(Vector Laboratories) according to the manufacturer's
protocol. Briefly, hESC were washed once in PBS
followed by incubation in the dark with Vector Red
substrate working solution for 45 min at room
temperature. Rhodamine excitation and emission filters
were used to visualize the reaction product. RNA
Isolation and Reverse Transcription PCR (RT-PCR) Total
RNA was isolated from hESC and MEF using NucleoSpin
RNA Il Kit from Macherey Nagel and quantified by
ultraviolet spectrophotometry. Standard reverse
transcription reactions were performed with 1 mg total
RNA using oligo dT primers and ImProm Il reverse
transcriptase (Promega). The PCR was carried out with
primers specific to Oct-4, b-actin, HPV 16 E6 and HPV
16 E7 (Table I). The cycling parameters used for
amplification were 30 cycles of 95 C for 1 min, 55 C
for 1 min and 72 C for 1 min. This was followed by a
final extension at 72 C for 10 min. The amplified
products were visualized on 1% agarose gels and
stained with ethidium bromide. SCID Mouse Models DMEF
and hESC were enzymatically treated and -4-5 x 1O6
CeIIs were injected with a sterile 22G needle into the
rear leg muscle of 4 week old male SCID mice. Animals
which developed tumours (~9- 10 weeks after injection)
were sacrificed and the tumours were dissected and
fixed in 10% formalin. Tumours were embedded in
paraffin, sectioned and examined histologically after
hematoxylin & eosin staining. Karyotyping Karyotyping
analysis was performed by the Cytogenetics
Laboratories at the Dept of Obstetrics and
Gynaecology, NUS or KK Women's and Children's
Hospital. 



Scale-up of hESC Co-culturesTo scale-up the quantities
of hESC, co-cultures were expanded on tissue culture
flask (T75, 75cm2) , triple flask (TF, 500 cm2 ) and
cell factories (CF, 632 cm2) (Nunc). The culture
conditions used were similar to that described above.
Mitomycin-C inactivated feeders were seeded on
gelatinized culture surfaces at approximately 4 x IO4
cells/cm 2 for all surfaces. For passaging, cells were
washed with phosphate-buffered saline + (PBS+)
followed by incubation with 0.05% trypsin (Invitrogen)
for 2-3 min at room temperature. The cells were
dislodged from the flask by tapping and further
dissociated to smaller clumps by gentle repeated
pipetting. After which, trypsin was neutralized and
the cell clumps were inoculated into new gelatinized
flasks seeded with inactivated feeders at a ratio of
1:3. RESULTS Establishment and Characterization of
Immortalized MEF Primary MEF at passage 3 were
infected with retroviruses simultaneously encoding for
HPV1 6-E6, HPV1 6-E7 and neomycin resistance (DE-MEF).
As a negative control, cells were infected with a
control retrovirus containing only neomycin resistance
(DCMEF). Four passages after infection (-1 2 days
post-infection, P7), DE-MEF continued to proliferate
(Fig. 1a) with an approximate doubling time of 19.7 h.
Furthermore, the growth rate and doubling time of
DE-MEF was comparable to primary MEF at passage 4
(Table 2). In contrast, cells infected with the
control virus (DC-MEF) at passage 7 showed signs of
senescence because there was no significant increase
in viable cell numbers over the identical 6-day period
(Fig. 1a). After 45 passages ( 1 65 population
doublings), D E-MEF continued to maintain similar
growth kinetics compared to passage 7 (Fig. 1a) and is
currently cultured beyond 70 passages without any
decrease in proliferative capacity (data not shown).
RNA from D E-MEF and DC-MEF at passage 7 was isolated
and examined by RT-PCR for the expression of the E6
and E7 genes introduced as a result of the infection
with the retrovirus. From Fig. 1b, it was apparent
that D E-MEF expressed the mRNA for both E6 and E7
genes (lanes 2 and 4 respectively) whilst no
expression was observed in DC-MEF 



(lanes 1 and 3), where the cells were infected with
control viruses. In order to determine whether D E-MEF
was capable of forming tumors, following
immortalization with E6 and E7, 5 x 106 cells were
injected into SCID mice. Animalswere examined
periodically and no palpable tumors were observed even
after 16 weeks following injection of the cells (data
not shown). Growth and Morphology of hESC in Feeder
and Feeder-free Conditions Using Immortalized MEF
Human ES cell line, HES-3 was routinely cultured
either directly on primary MEF (cocultures) or on
matrigel supplemented with conditioned medium from
primary MEF cultures (feeder-free). To evaluate
whether the immortalized MEF line, D E-MEF, was able
to support undifferentiated growth of hESC, HES-3
cells were seeded onto the respective conditions using
DE-MEF instead. For co-cultures, clumps of HES-3 cells
seeded onto DE-MEF expanded and formed colonies whilst
pushing aside the feeders. This gave the colonies a
very distinct border of fibroblastic cells surrounding
the colonies (Fig. 2a and 2c). Morphologically, hESC
within the colonies remained tightly clustered and
maintained a high nucleus to cytoplasmic ratio (Fig.
2e). For feeder-free cultures, despite the absence of
feeders, hESC on matrigel, supplemented with D E-MEF
conditioned medium continued to form distinct and
compact colonies similar to hESC cultured on feeders
(Fig. 2b and 2d). Interestingly, differentiated
fibroblast-like cells were observed surrounding the
borders of the undifferentiated colonies however the
density of these cells was significantly less compared
to hESC (Fig. 2d). Under both feeder and feeder-free
conditions, HES- 3 cells continued to maintain
undifferentiated hESC morphology for greater than 40
continuous passages (21 0 population doublings, PD).
Similar morphologies were also observed for 2
additional hESC lines, HES-2 and HES-4 in feeder and
feeder-free cultures for more than 10 passages (data
not shown). In addition, the specific growth rate and
doubling time of HES-3 cells in these two culture
conditions were comparable (Table 2) and corresponded
to published literature [4,23]. Characterization of
Markers Unique to Undifferentiated hESC 



Undifferentiated hESC are characterized by the
expression of a series of markers such as the
intracellular transcription factor, Oct-4, and surface
markers such as SSEA-4, Tra-1 -60, Tra-1 -81 . Using
flow cytometry, we compared the expression of Oct-4 in
all 3 hESC lines in both feeder and feeder free
conditions (Fig. 3). Like HES- 3 cells cultured on
primary MEF (Fig. 3a), >88% of HES-2, HES-3 and HES-4
cells(Fig. 3c, 3b and 3d respectively) cultured on
DE-MEF stained positive for Oct-4. Similarly, when
maintained in feeder-free condition with CM from D
E-MEF, >97% of cells (all 3 hESC lines) were positive
for Oct-4 (Fig. 3e-3g). Furthermore, HES-3 cells
cultured on DE-MEF (Fig. 4, top panel) or DE-MEF CM
(Fig. 4, lower panel) stained positive for SSEA-4
(Fig. 4a, 4e), Tra-1 -60 (Fig. 4b, 4f), Tra-1 -81
(Fig. 4c, 4g) and had high alkaline phosphatase
activity (Fig. 4d, 4h). In order to evaluate the
potential to form differentiated tissues in vivo,
HES-3 cells maintained on feeder or feeder-free
cultures using D E-MEF were injected into SCID mice.
Ten weeks following injection, teratomas were observed
in all conditions. The tumors were sectioned and
examined histologically. From the sections,
representative tissues to the 3 embryonic germ layers
were identified, including gut-like epithelium
(endoderm, Fig. 5a), neural epithelium (ectoderm Fig
5b), muscles, cartilage and bone (mesoderm, Fig.
5c-5e). Furthermore, cytogenetic examination was
carried out on HES-3 cells from both feeder and
feeder-free cell populations after at least 25
continuous passages ( 130 PD) (Fig. 6a and 6b
respectively). Results from the analysis showed that
the HES-3 cells continue to maintain normal karyotype
(46 X,X) under both culture conditions. Lastly, since
retroviruses were used to immortalize the primary MEF,
it was important to establish that viruses were not
produced by D E-MEF, which could then infect the hESC
with the E6 and E7 antigens. RT-PCR did not detect the
expression of both E6 and E7 antigens in HES-3
feeder-free cultures after 40 passages (Fig. 7b).
Instead, the expression of Oct-4 was detected
confirming that the hESC remained undifferentiated. As
a control, RT-PCR was also performed on DE-MEF (Fig.
7a). Here, expression of both E6 and F7 antigens by
the feeders were detected but not 



Oct-4. Scale-up of HES-3 Co-cultures Using D E-MEF To
demonstrate that DE-MEF could be used for the scale-up
of undifferentiated hESC, co-cultures were expanded
from organ culture dishes to tissue culture flasks.
Cells from tissue culture flasks were then used as
inoculum for hESC expansion into triple flasks and
cell factories. From Table 3, the total cell yield
obtained after 7 days in these large culture vessels
were approximately 2-3 x 1O8 CeIIs. It is also
apparentthat despite the increase in the surface area
by 208x and 263x for triple flask and cell factory
respectively compared to an organ culture dish, the
cell density was maintained at ~0.37-0.47 x 106
cells/cm 2. Moreover, 89% -96% of expanded hESC
population in triple flask and cell factory continue
to stain positive for Oct-4 (Fig. 8a and 8b
respectively). Taken together, these results suggest
that it is possible to expand undifferentiated hESC on
DE-MEF co-cultures to significant quantities. Table 1
Primer Sequences for RT-PCR Primer Sequence (5'-3')
Product Size (bp) Ref. HPV1 6-E6-F
GCAACAGTTACTGCGACGTG 234 [ 1 1] HPV1 6-E6-R
GGACACAGTGGCTTTTGACA 234 [ 1 1] HPV1 6-E7-F
GATGGTCCAGCTGGACAAGC 143 [ 1 1] HPV1 6-E7-R
GTGCCCATTAACAGGTGTTC 143 [ 1 1] Oct-4-F
CGRGAAGCTGGAGAAGGAGAAGCTG 241 [2] Oct-4-R
AAGGGCCGCAGCTTACACATGTTC 241 [2] b-Actin-F
TGGCACCACACCTTCTACAATGAGC 396 [2] b-Actin-R
GCACAGCTTCTCCTTAATGTCACGC 396 [2] Table 2. Specific
growth rates and doubling times of feeders, hESC
co-cultures and feeder-free cultures hESC Line Feeder
Specific Growth Rate/m (h 1) Doubling Time/td(h) - MEF
(P4) 0.049 20.4 



DE-MEF (P7) 0.051 19.7 HES-3 DE-MEF 0.022 3 1.8 HES-3
- 0.021 32.7 (Feeder-free DE-MEF CM) Table 3. Total
cell yield and cell density of hESC co-cultures in
different culture platforms Culture Platform Surface
Area Total Cell Yield Cell Density (cm2) (x 106 CeIIs)
(x1 06 cells/cm 2) Organ Culture Dish 2.4 1 .0
0.42Tissue Culture Flask 75.0 29.4 0.39 Triple Flask
500.0 187.5 0.37 Cell Factory 632.0 295.3 0.47
DISCUSSION Feeder cells are an essential component in
the culture of hESC. Unlike mouse embryonic stem
cells, hESC are grown either as co-cultures in direct
contact with feeders or in feeder-free cultures
supplemented with feeder-CM. Under these conditions,
hESC continue to maintain an undifferentiated
phenotype. However, a major limitation is that the
feeders currently used in hESC work are derived from
primary tissues of either mouse or human sources. As
normal somatic cells, they have a limited lifespan in
culture and will senesce after a finite number of
replications. The transduction of primary cells with
HPV1 6 E6 and E7 antigens has been shown to extend the
lifespan of human fibroblast cells beyond 200
population doublings [ 1 9]. In this study, we
demonstrated that the lifespan of primary MEF can be
extended from 7-9 passages to beyond 70 passages (250
population doublings) by infection with HPV1 6 E6 and
E7. The expression of both E6 and E7 antigens were
confirmed by RT-PCR. It has been previously reported
that cells immortalized using genes such as SV40,
E6/E7 enter into a crisis phase where the majority of
cells senesce. From this population, cells that
continue to divide go on to form the immortalized cell
line [24]. 



Interestingly, this was not observed with DE-MEF. The
bulk of the cells continued to proliferate beyond
their normal lifespan and was resistant to antibiotic
selection with G41 8 following infection with the
retroviruses. In vivo, intramuscular injection of D
EMEF into SCID also did not result in any palpable
tumors even 16 weeks after injection. This confirms
that D E-MEF has not become tumohgenic after
immortalization. In contrast, an equivalent amount of
hESC injected formed teratomas of approximately 1-2 cm
in diameter 9-1 0 weeks post-injection. The major
concern for the use of E6 and E7 antigens to
immortalize cells is that although immortalization can
be achieved by the degradation of p53 and
retinoblastoma proteins, it has been reported that E6
and E7 may also affect other pathways and cellular
functions in the immortalized cell. Murvai et al [25]
observed that HPV1 6 E7 also repressed the activity of
the transforming growth factor- b2 (TGFb2) promoter in
NIH/3T3 cells. In human keratinocytes, the
over-expression of E6 and E7 resulted in a decrease in
the expression of TGF-b2 mRNA and the secretion of
biologically active TGF-b2 [26]. On the other hand,
HPV 16 E6 significantly induced the activity of TGF-b1
promoter by six-fold however this effect was cell-type
specific and was only observed in the fibroblast cells
but not in epithelial cells [27]. In the context of
this study, E6 and E7 immortalization has not altered
the ability of D E-MEF to support undifferentiated
hESC growth. We observed that 3 hESC lines readily
adapted to these feeders and maintained the typical
morphology of undifferentiated hESC cultures both in
feeder and feeder-free cultures. The hESC also
continued to express pluripotent markers, including
Oct-4, SSEA-4, Tra-1 -60, Tra-1 -81 and alkaline
phosphatase. After 25 passages, the cells retained a
stable karyotype and were able to differentiate to
form teratomas in SCID mice. In addition, RT-PCR
analysis of mRNA from HES-3 feeder-free cultures
confirmed that the cells remained positive for Oct-4
but negative for E6 and E7 antigens. The latter result
is significant because it proves that D E-MEF is safe
for use with hESC and there is not a risk of transfer
of these antigens from the feeders to the hESC. In our
efforts to produce significant quantities of
undifferentiated hESC, we demonstrated that it was 



feasible to scale-up co-cultures of HES-3 cells using
D E-MEF in large culture vessels, such as cell factory
(-2-3 x 108 cells). Despite the increase in surface
area by 208- 263x compared to an organ culture dish,
it was possible to obtain comparable densities of hESC
after 7 days of culture without compromising on the
quality of the cells. More recently, our group has
also successfully immortalized 3 human foreskin
fibroblast (hF) lines previously shown to support hESC
expansion using the methods described here [4]. Like D
E-MEF, the immortalized hF line, DE-Hs68, retained its
ability to support the proliferation of
undifferentiated HES-3 cells in feeder co-cultures
(>26 passages) and feeder-free cultures (>1 6
passages). The doubling time of the HES-3 cells were
34.5 h and 36.4 h respectively compared to 33.3 h for
HES-3 cells on primary Hs68 co-cultures. The hESC also
continued to stain positive for Oct-4, GCTM-2, SOX-2,
SSEA-4, Tra-1-60 and Tra-1-81 (results not shown).In
conclusion, these results suggest that immortalizing
cells using E6 and E7 is a generic strategy that can
be applied to both mouse and human feeders. The
ability of feeders to proliferate beyond their normal
lifespan and yet retain the ability to support hESC
expansion is beneficial because it will eliminate the
need for frequent preparations of primary feeders.
This consistent source of feeders will facilitate
reproducibility in results especially in the scale-up
of hESC in both feeder and feederfree conditions and
it will also reduce the problems associated with batch
to batch variation in feeder quality. Moreover, these
immortal feeder lines cells can be screened to ensure
that they are free of potential pathogens which can be
transferred from the feeders to the hESC. REFERENCES
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99.CLAIMS 1. An immortalized feeder cell line. 2. An
immortalized feeder cell line derived from an
embryonic fibroblast. 3. An immortalized feeder cell
line derived from a mouse embryonic fibroblast. 4 . An
immortalized feeder cell line derived from a mouse
embryonic fibroblast by one or more of degradation of
the p53 tumor suppressor protein, upregulation of
c-myc expression, activation of telomerase and
degradation of pRb. 5. An immortalized feeder cell
line derived from an embryonic fibroblast by
introduction of the E6 and E7 genes from HPV1 6. 6. An
immortalized feeder cell according to claim 5 wherein
the E6 and E7 genes are introduced by transduction. 7.
An immortalized feeder cell according to claim 6
wherein the embryonic fibroblast is infected with
retrovirus vectors encoding the E6 and E7 genes from
HPV1 6. 8. An immortalized feeder cell line according
to claim 7 wherein the bulk of the cells continue to
proliferate beyond their normal lifespan and are
resistant to antibiotic selection with G41 8 following
infection with the retroviruses. 9. An immortalized
feeder cell line according to claim 7 wherein the cell
lines do not become tumorigenic after immortalization.
10. An immortalized feeder cell line according to
claim 9 wherein in vivo, intramuscular injection of
the cells into SCID does not result in any palpable
tumors even 16 weeks after injection. 



11. An immortalized feeder cell line according to
claim 1 wherein the cell line proliferates beyond 7, 8
or 9 passages. 12. An immortalized feeder cell line
according to claim 11 wherein the cell line
proliferates in vitro beyond 70 passages and does not
gain any tumorigenic phenotype. 13. An immortalized
feeder cell line according to claim 1 wherein the cell
line supports hESC which: continue to maintain
characteristic undifferentiated morphology for >40
passages both in co-culture and in feeder-free
cultures supplemented with CM; continue to express the
pluripotent markers, Oct-4, SSEA-4, Tra-1 -60, Tra-1
-81 , alkaline phosphatase and maintain a
normalkaryotype; and when injected into SCID mice
formed teratomas with tissues representative of the 3
embryonic germ layers. 14. An immortalized feeder cell
line according to claim 1 wherein the cell line
supports undifferentiated hESC growth. 15. An
immortalized feeder cell line according to claim 1
wherein hESC lines readily adapt to the cell line and
maintain the typical morphology of undifferentiated
hESC cultures both in feeder and feeder-free cultures.
16. An immortalized feeder cell line according to
claim 15 wherein the hESC continue to express
pluhpotent markers, including Oct-4, SSEA-4, Tra-1
-60, Tra-1 -81 and alkaline phosphatase. 17. An
immortalized feeder cell line according to claim 15
wherein after 25 passages, the hESC retain a stable
karyotype and are able to differentiate to form
teratomas in SCID mice. 18. An immortalized feeder
cell line according to claim 15 wherein RT-PCR
analysis of mRNA from HES feeder-free cultures
confirms that the cells remain positive for Oct-4 but
negative for E6 and E7 antigens. 19. Primary MEF
immortalized with the over-expression of the E6 and E7
antigens. 20. The cell line DE-MEF as herein
described. 



2 1 . An immortalized feeder cell line deposited at
the American Type Culture Collection under accession
number PTA-6705. 22. A culture of an immortalized
feeder cell line according to any one of claims 1 to 2
1 in a suitable culture medium. 23. A composition
including an immortalized feeder cell line according
to any one of claims 1 to 2 1 in a suitable carrier or
diluent. 24. Conditioned medium produced from growth
of an immortalized feeder cell line according to any
one of claims 1 to 2 1. 25. Conditioned medium
according to claim 24 used in conjunction with
extracellular matrices, such as mathgel. 26. A method
of culturing a stem cell including use of a cell line
according to any one of claims 1 to 2 1 as feeder
cells. 27. A method according to claim 26 wherein the
stem cell is a human stem cell. 28. A method according
to claim 27 wherein the stem cell is a human embryonic
stem cell.29. A method of culturing a stem cell
including use of a conditioned medium according to
claim 24 or 25. 30. A method according to claim 29
wherein the stem cell is a human stem cell. 3 1 . A
method according to claim 30 wherein the stem cell is
a human embryonic stem cell. 32. A method according to
any one of claims 26 to 3 1 which produces scaledup
quantities of undifferentiated hESC in culture vessels
such as cell factories. 33. A method according to
claim 32 wherein the scaled up quantities are > 108
cells. 34. A stem cell cultured by a method according
to any one of claims 26 to 3 1. 35. A human stem cell
according to claim 34. 36. A human embryonic stem cell
according to claim 32. 


