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The present invention relates to imortalized feeder cell lines, their
culture nedium 5 and the use of these cells and their nmediumin culturing
stem cel i ticular, human enbryonic stem cel nd Si nce

t he succ ss?h? ?gélatlon of human enbryonic sten1ce|%En%ﬁggégh?ron1the
inner 10 cell mass of pre-inplantation enbryos, it is now possible to
culture undifferentiated hESC indefinitely in vitro and thereby potentially
provide a starting sourcBORTRLEPFRIFERDTHR C&ubSbe differentiated into
cells fromthe three enbryonic germlayers to be used in regenerative
therapy [1] Conventionally, hESC are naintained directly on feeder |ayers
as co- Cethnigzpsicldnd t hese feeders have been derived either from nouse or 15
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exanple, primary feeders can only be cultured for 20 approximately 7-9
passages before the cells senesce. Hence, fresh batches of feeders have to
be preBagiiowid a routine basis which may result in batch to batch
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- 2- Deketéptré®@ronditibie Hareetita ozils 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

© 20 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.

25  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 immorialization 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

30 (HPV) [10-14]. 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 [15,18].




In a first aspect the present invention provides an imortalized feeder

cell line. In particular the present invention provides an imortalized
feeder cell line derived from an embryonic fibroblast. Mre particularly

t he i mo [ eeder cell line is derived 5 from oni c
fibroblag%fhﬂéﬁgléartlcularly the imortalized feede?cgaﬁﬁﬁﬁﬁﬁg&yls derived
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t unor suppressor proteln up-regul ation of c-nmyc expression, activation of
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20 tumorigenic phenotype. Cell lines of the invention support hESC which: continue to

maintain characteristic undifferentiated morphology for >40 passages both in co-
cufture 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 normal karyotype; and when injected into SCID mice form teratomas with

25  lissues 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
30 express pluripotent 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 canfirms that the cells remained positive for

Oct-4 but negative for E6 and E7 antigens.




The invention provides primary MEF inmmortalized with the over-expression of
the E6 and E7 antigens. In a preferred enbodinent the cell line is AE-MVEF
as herein described. The cell line AE-MEF was deposited at the Anmerican
Type Cul LS Saopos 3’I ection on under the provisions of Prctﬁﬁiu%h%&‘??ot Treaty on
the I nternationa Recognition of the Deposit of Mcroorganisns for the

Pur poses of Patent Procedure. The d&posit was nmade on 9 May 2005 and

assi gned the nunber PTA-6705. The invention also provides an imortalized
feeder cell line deposited at the 10 American Type Culture Collection
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preferably the stemcell is a human enbryonic stemcell. 25 In a fourth

aspect ThBeinkBMRt a8 BF&Nd!éjﬁ%malrﬁﬁﬁbHQﬁke@f f&ddlet Usdingna &ép%@ité‘@ldt fracl udi ng
use of a conditioned nediumof the second aspect. Preferably the stem cell
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i nvent fesder mléfn@rdbihqfntshesmc&m aeulrcahlgcarnhunmmsn‘em cell. More preferably
the-stemcell is a human enbryonic stemcell. 5 Human enbryonic stemcells
(hESC) are pluripotent cells that have the potential to proliferate
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The condiitioned medium may be used in conjunction with extracellular matrices, such

20  as mairigel.

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.

25
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.

30 The methods of the third and fourth aspects include scaled-up quantities of
undifferentiated hESC in culture vessels such as cell faciories. The scaled up
quantities may be >10° cells.




wi de variety of cells. However, hESC cultures require either feeders in
direct contact or conditioned nmedium (CM fromfeeders. The npbst conmon
source of feeders is primary nouse enbryonic fibroblast (MEF). 10 In this
st udy, i igated whether we could extend the prol.i i capacity
of pri m@%@t‘%’?’t er infection with retrovirus vect 8??%0%@%#9%0 the E6 and
E7 genes from HPV16 beyond its normht lifespan in vitro. The
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E7 can efficiently immortalize normal human fibroblast, mamary epithelial
cells and foreskin keratinocytes [11,19, 20]. Here, we successfully
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conti nFﬁ,qap)pmggggar esprpidtibrbtb&agsidul ar and extracel lular markers
characteristic of pluripotency. The hESC cultures also retained nornmnal

kat§otype and fornmed teratomas in SCID nouse nodels. 30 In this study, we
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cont i nbhend,exexgxsed £7 protein binds to the retinoblastoma protein, pRb resulting in the

degradation of pRb. [18]. 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 [11,19, 20]. Here, we successfully immortalized primary
20  MEF with the over-expression of the E6 and E7 antigens. The immortalized MEF, AE-
MEF, continued to proliferate in vitro beyond 70 passages and this did not resulf 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 AE-

MEF.

25
Morphologically, the hESC remained undifferentiated and continued to express both
intracellular and extracellular markers characteristic of pluripotency. The hESC
cultures also retained normal karyoiype and formed teratomas in SCID mouse
models.

30

In this study, we immortalized a primary MEF line by infection with retrovirus vectors
encoding the E6 and E7 genes from HPV16. The immortal line, AE-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, it




the pluripotent markers, Oct-4, SSEA-4, Tra-1-60, Tra-1-81, alkaline
phosphatase and 5 nmaintain a normal karyotype. In addition, these hESC when
injected into SLID mice fornmed teratonas with tissues representative of
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ent’l

possi ble to SUEPE: up significant quantities of undi hESC (>108
cells) using AE-MEF in culture vesseds such as cell factories. The results
fromthis study suggest that inmortalized feeders can provide a 10
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AE- MVEF 30 panel). Repre ent atrve images of the col oni es t aken usi ng
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Brief Description of the Accompanying Figures

Figure 1. Immortalization of primary MEF. (a): Growth curve of MEF infected with
20  retrovirus expressing E6/E7 (AE-MEF) at passage 7 (0) and passage 45 (A) or MEF
infected with control retrovirus (AC-MEF) at passage 7 (m). 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 (AE-MEF, lanes 2 and 4) and control virus infected cells (AC-MEF, lanes 1 and
25  8). 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 AE-MEF (left
panel) or on Matrigel supplemented with conditioned media from AE-MEF (right
30 panel). Representative images of the colonies taken using a stereomicroscope at 40x
magnification (a and b, scale bar = 400 um) and phase-contrast microscope at 40x (¢

and d, scale bar = 300 pm) and 100x (e, scale bar = 100 um} magnifications.




represent staining with Cct-4 mAb. Figure 4. Expression of cell surface
mar kers on HES3 co-cultured with AE-MEF (top panel) or CM from AE- MEF
(lower panel). Staining of cells with SSEA-4 (a, e), Tra-1- 10 60 (b, f),

Tra-1 -8 nd al kal i ne phosphatase (d, h). For Tra 1

- 60/ 81, &égdrqf@)gsﬁere subsequently stained with PE—cSﬁj&Eﬁf ’ﬁ& condary
anti body. For AP, positive activityéwas characterized by a red precipitate
that fluoresces using the rhodamne filter. Scale bar = 100 pm 15 Figure
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(b). Fﬁﬂr?%"@&t%‘%@%f‘@qﬁt&lmﬁw ng RT- PCR were resolved on 1 % agarose
gels. Figure 8. Flow cytometry analysis of intracellular Cct-4 in HES-3
cells expanded on AE-MEF using triple flask (a) and cell factory (b). The
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=20 pm.

20  Figure 8.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
25 in AE-MEF (a) and HES-3 feeder-free cultures (b). Amplified preducts following RT-
PCR were resolved on 1% agarose gels.

Figure 8.Flow cytometry analysis of intracellular Oct-4 in HES-3 cells expanded on
AE-MEF using triple flask (a) and cell factory (b). The shaded histogram represents

30  staining with the negative control and open histograms represent staining with Oct-4
mAb.

Best Method of Carrying out the Invention




10 am no acids and 0.1 mM 2- nmer capt oet hanol and 4-8 ng/m of basic
fibroblast growh factor (lInvitrogen). Mediumwas changed daily and the
cultures were passaged weekly follow ng enzymatic treatnent as previously
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(1:30 dil ut| on). 15 Preparation of MEF and MEF Conditioned Media (CM
Primary MEF were isolated fromthe fetuses of 129X1/SvJ mice (day 13.5 post
coi t umMAISEIgLEHeMiBtHoldS described by Robertson et al [21). Monol ayers of
pri matrQe I&F{j feoassage 4) were cultured to confluency and treated with 10
pg/ m ¢ C 20 for 2.5-3h. Following treatnent, cells were detached
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ce!és were then selected in the 5 presence of 100 kg/m of (418
(Sigma-Aldrich) for 14 days. The established feeder |ine, AE-MEF was
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Primary MEF were isolated from the fetuses of 129X1/Svd 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 pg/mi mitomycin-C
20  for 2.5-3h. Following treatment, cells were detached with 0.25% trypsin-EDTA and
seeded onto organ culiure dishes as described above in F-DMEM media. This media
consists of 90% DMEM high glucose, 10% FBS, 2mM L-glutamine, 25 U/mI penicillin
and 25pg/ml streptomycin (Invitrogen). Culture medium was changed to KO medium
24h after seeding and allowed to equilibrate for an additional 24h before adding hESC
25  or collection of MEF-CM. For MEF-CM, culture dishes were sceded with 1.4 x 10°
cells’lem2 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 pm) and supplemented
with an additional 8 ng/mi of recombinant human basic fibroblast growth factor
{Invitrogen}.
30
Establishment of Immortalized Feeder Line, AE-MEF
Primary MEF (3 x 10° 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 HPV16E6E7 or




stocks cryopreserved in 90% FBS and 10% DVSO. 10 Growt h Rates and Doubl i ng
Times Single cell suspensions of MEF and hESC were harvested daily (days
1-6 after inoculation) following treatment with 0.25%trypsi n- EDTA
(Invitro 2 an blue exclusion was used to det gy abl e cell
nunber an wgsrg :?ty for each sanple. G aphs of vi ablcg]A@g?otﬁ}aﬁﬁ%%er ver sus
time were plotted in order to estima®e the specific 15 growth rate of cells

during the exponential growth phase. Fromthis, the doubling time (td )
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(Becton Di ckinson FACS Calibur). Al incubations were perfornmed at room

tenperature for 15 min. As a negative control, cells were stained with the
appropriate isotype control. 30 Immnocytochenistry Cells were fixed in

4%$ar af ormal dehyde at room tenperature for 45 mn and incubated with

ant bo&ﬁr%\gtht%atss&dpoeﬁmeme| opnental Studies Hybridomas Bank), Tra-
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(td ) was calculated using the following equation, td = In(2)/u, where | is the specific
growth rate (hr).

Flow Cylometry Analysis of Oct-4 Expression

20  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

25  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). Al incubations were performed at room
temperature for 15 min. As a negative control, cells were stained with the appropriate
isotype control.

30
Immunocytochemistry
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 pg/mi, Chemicon) at room temperature for 1 h.




substrate working solution for 45 mn at roomtenperature. Rhodam ne
excitation and emssion filters were used to visualize the reaction
product. 10 RNA Isolation and Reverse Transcription PCR (RT-PCR) Total RNA
was i sol 3&@%2&8 ,hESC and MEF using Nucl eoSpin RNA Iyl é %; g} Macher ey
Nagel quant| ed by ultraviol et spectrophotorretry t andard reverse
transcrlptlon reactions were perforn®d with 1 pg total RNA using oligo dT
prinmers and 15 InProm || reverse transcriptase (Pronega). The PCR was

car ri eboealizalign rpfpantkadies yyascivisuelizes asing,gost 2@ OSE HPVILESYES TEord HPV 16

E7 (Tah ied H€p +j 410 f}p@arreters used for anplification were 30 cycles
of 95C #@ é%em}-n ggféuto’ﬁ b m) and 72C for 1 min. This was followed by a

final extension at 72C for 10 min. The anplified products were visualized

on 1% ﬁg%L@%%hm%@t%dSé”% ed with ethidium 20 brom de. SCI D Mouse Mdel s

AMEF ah e enzynmatitally treated and -4-5 x 106 cells were injected
w th aAlksties ph@smatasn%aihmglwﬁsnp&rfmmedansﬂgé@ednmrﬁ%écéAtkﬁahme Weaﬁphaltaterral e SCID
mce ection)
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and @emcdrqmersw%wedﬁlsvmgm heaBactich Gdrécﬂlﬁj’d. s Hospital. Scal e-up of
hESC Co-cul tures WO 2006/ 089353 PCT/ AU2006/ 000220 -10 To scal e-up the

qub@ltiti es of hESC, co-cultures were expanded on tissue culture flask

(T75, RRARdiatibh bRY @e@é@éhréﬁ@npﬁ&@PW@%ﬁpé ell factories (CF, 632 cnR)

(Nunc). The culture conditions used were si m | ar to that described above.
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passagi ng, cells were shed w't h phosphate I ne + PBS+)
foll owé@lnwptlmm@@tlmrafnwaietmer@rms%vmhybsg otel EWAtusw@e@i)gt)fCB’rprzn@smnd at room

o Soocl o | oRel) 1shetfibRsd CLATRY, TROPCHTr Sifeld SRR Bmdl
t rypsi spagiie to Oct-4, B-actin, HPV 16 E6 and HPV 16 E7 (Tab[e N. The cyclmg
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

20  bromide.

SCID Mouse Models

AMEF and hESC were enzymatically treated and ~4-5 x 10° cells were injected with a

sterile 22G needle into the rear leg muscle of 4 week old male SCID mice. Animals
25 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
30 Karyotyping analysis was performed by the Cylogenetics Laboratories at the Dept of

Obstetrics and Gynaecology, NUS or KK Women's and Children's Hospital.

Scale-up of hESC Co-cultures




neutralized and the cell clunps were inoculated into new gel atinized flasks
seeded 10 wth inactivated feeders at a ratio of 1:3. RESULTS
Est abl i shnent and Characterization of Imortalized MEF Primary MEF at

passage 3y¥BEGotRiected with retroviruses sinultaneo TYAIEG&;%‘% 15 for
HPV16- E6, HPV16-E/ and neomycin resistance (AE-MEF). negative control,

cells were inf ect ed with a control ¥ vovirus containing only neonycin
resi sta nce (AC Four passages after infection (-12 days
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control viruses. In order to determ ne whet her AE- MEF was capabl e of
formng tunmors, followng immortalization with E6 and E7, 5 x 106 cells
were i % ®into SLID nice. Aninmals WD 2006/ 089353 PCT/ AU2006/ 000220 - 11

vere examesheadradbieabing A8 n RAlRARR! fror s were observed even af ter
16 weeks following injection of the cells (data not shown). Gowth and
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to proliferate th 1a) with an approximate doubling time of 19.7 h. Furthermore, the
growth rate and doubling time of AE-MEF was comparable to primary MEF at

20 passage 4 (Table 2). In contrast, celis infected with the control virus (AC-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 (165
population doublings), AE-MEF continued to maintain similar growth kinetics
compared to passage 7 (Fig. 1a) and is currently cultured beyond 70 passages

25 without any decrease in proliferative capacity (data not shown). RNA from AE-MEF
and AC-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 AE-MEF expressed the mRNA for both E6 and E7
genes (lanes 2 and 4 respectively) whilst no expression was observed in AC-MEF

30 (lanes 1 and 3), where the cells were infected with control viruses.

In order to determine whether AE-MEF was capable of forming tumors, following

immortalization with E6 and E7, 5 x 10° cells were injected into SCID mice. Animals




10 respective conditions using AE-MEF instead. For co-cultures, clunps of
HES-3 cell s seeded onto AE- MEF expanded and formed col onies whil st pushing
aside the feeders. This gave the colonies a very distinct border of

fibrobl agfd Gyffdokss surrounding the colonies (Fig. 2aphid
Mor phol ogi cgﬁﬁ 15 hESC within the col onies renai neé)%t %ght Iy cf ustered and

mai nt ai ned a h| gh nucl eus to cytopl dsmic ratio (Fig. 2e). For feeder-free
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20 of the undrfferentrated colonies however the density of these cells was significantly
less compared to hESC (Fig. 2d). Under both feeder and feeder-free conditions, HES-
3 celis continued to maintain undifferentiated hESC morphology for greater than 40
continuous passages (210 population doublings, PD). Similar morphologies were also
observed for 2 additional hESC lines, HES-2 and HES-4 in feeder and feeder-free
25  cultures for more than 10 passages (data not shown). In addition, the specific growth
raie 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 Unigue to Undifferentiated hESC

30  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




10 mice. Ten weeks following injection, teratomas were observed in all
conditions. The tunors were sectioned and exam ned histologically. Fromthe
sections, represent ative tissues to the 3 enbryonic germlayers were
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under both culture conditions.

20  Lastly, since retroviruses were used to immortalize the primary MEF, it was important
to establish that viruses were not produced by AE-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

25 undifferentiated. As a control, RT-PCR was also performed on AE-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 AE-MEF

30 To demonstrate that AE-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 hESGC 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 10% cells. It is also apparent




10 Primer Sequence (5'-3'") Product Size (bp) Ref. HPV1 6-E6-F
GCAACAGTTACTGCGACGTG 234 [11] HPV16- E6- R GGACACAGIGGCTTTTGACA 234 [ 11]
HPV16- E7- F GATGGTCCAGCTGGACAAGC 143 [11] HPV16- E7- R GTGCCCATTAACAGGTGITC
143 [ 11] WS dekbsessF CORGAAGCTGCAGAAGGAGAACCTG 241 [ 2]perflbiedndazo
AAGGGCCGCAGCTTACACATGITC 241 [2] 3-Actin-F TGGCACCACACCTTCTACAATGAGC 396
[2] (3-Actin-R GCACAGCTTCTCCTTAATGI@ACGC 396 [2] 20 Table 2. Specific
grow h rates and doubling tinmes of feeders, hESC co-cultures and
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10 Primer Sequence (5-3) Product Size (bp) Ref.
HPV16-E6-F GCAACAGTTACTGCGACGTG 234 [11]
HPV186-E6-R GGACACAGTGGCTTTTGACA 234 [11]
HPV16-E7-F GATGGTCCAGCTGGACAAGC 143 [11]
HPV16-E7-R GTGCCCATTAACAGGTGTTC 143 [11]

15  Oct-4-F CGRGAAGCTGGAGAAGGAGAAGCTG 241 i2]
Oct-4-R AAGGGCCGCAGCTTACACATGTTC 241 2]
B-Actin-F TGGCACCACACCTTCTACAATGAGC 398 [2]
B-Actin-R GCACAGCTTCTCCTTAATGTCACGC 396 2]

20

Table 2. Specific growth rates and doubling times of feeders, hESC co-cultures and

feeder-free cultures

hESC Line Feeder Specific Growth Rate/p (h) Doubling
Timesty(h)
25 - MEF (P4) 0.049 20.4
- AE-MEF (P7) 0.051 19.7
HES-3 AE-MEF 0.022 31.8
HES-3 - 0.021 32.7
(Feeder-free
30 AE-MEF CM)

Table 3. Total cell vield and cell density of hESC co-culiures in different culture
platforms
Culture Platform Surface Area Total Cell Yield Cell Density

35 em?  (x 10°cells) (x10° cells/cm?)
Organ Culture Dish 2.4 1.0 0.42




feeders or in feeder-free cultures supplenented with feeder-CM Under these
condi tions, hESC continue to maintain an undifferentiated phenotype.
However, a 10 major limtation is that the feeders currently used in hESC
wor k ar e\ﬂ%dowﬁgssf?,r om primary tissues of either nmouge A IRFSOUr Ces. As
normal somatic cells, they have a limted lifespan in cuﬁture and wi ||
senesce after a finite nunber of reﬂl4| cations. The transduction of primry
cells with I(SPVl 6 E6 and E7 antigens has been shown to extend the |ifespan
of hun@liis¥§ byt Betk cel | s7PByond 200 poplt*ati on doubl i%R¥s [19]. 15 In this
st udy, Tmedamanstrat ed thato.ohe |ifespangpb primary MgBs7zcan be extended
from assages to bey 70 passage 50 popul ati & doubl i ngs) by
i nf ect %?rl“l HPV16 E6 g%o E7. The exg?éém on of bot h‘PfEG and E7 antigens
wer e confl rmed by RT-PCR It has been previously reported that cells
|m@rtBI$éggS\@Nng genes such as 20 SV40, E6/E7 enter into a crisis phase
e the majority of cells senesce. Fromthis population, cells that
contl nEeede)’ dell$| dee go essenbalf ommpmrhwtnnnlhetahliuzecbfdﬁ?oCl Uma&ke{ 24duse

Intere v h bul k he,cells
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ant i bi tﬁelder&seiremﬁ ifesdenmitcle cOALBs f oldptawherged nWmimtﬂeedeMCMh Uhderr etgsavi r uses.
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eqw val ent anount of hESC in ect d forned teratonas of apprOX| mately 1-2
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of E6 pak ETmasd ligepan ﬁrpculmﬁ@&ﬁ@krdrllﬁar%%bé SiftbSa fiRkd nu@béh@mbncanons
immortalization can_be achi eved degr adati on of p53 and
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af f ect ﬂm O i d cell.
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t h€ transform ng growth fact or-(32 (TGF WO 2006/ 089353 PCT/ AU2006/ 000220
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20  SV40, EB/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 AE-MEF. The bulk of the cells continued to
proliferate beyond their normal lifespan and was resistant to antibiotic selection with
G418 folfowing infection with the refroviruses. In vivo, inframuscular injection of AE-

25 MEF into SCID also did not result in any palpable tumors even 16 weeks after
injection. This confirms that AE-MEF has not become tumorigenic after
immortalization. In contrast, an equivalent amount of hESC injected formed teratomas

of approximately 1-2 cm in diameter 9-10 weeks post-injection.

30 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
retinobfasioma 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 HPV16 E7 also repressed the activity of the transforming growth factor-p2 (TGF-




In the context of this study, E6 and E7 imortalization has not altered the
ability of AE-MEF to support undifferentiated hESC grow h. W observed
that 3 hESC lines readily adapted to these feeders and mai ntained the

typi cal nrphHphehegy of 10 undifferentiated hESC cul t“ﬁ%%/ﬁ%(f%mhd}ztf eeder and
feeder-free cultures. The hESC also continued to express pluri potent

mar kers, incl uding Oct 4, SSEA-4, Tr'®71-60, Tra-1-81 and al kaline
phosphat ase. After assages, the cells retained a stable karyotype and
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co-cultures of HES-3 cells using AE-MEF in large culture vessels, 20 such
as cell factory (-2-3 x 10% cells). Despite the increase in surface area by
208- 2GBxhecommpeaxtedf thies stadprigmand H7 mreodilizhtion hayvast plssdhhe abiityobt ai n

conpar ensities hESC af t lture wit C rom si ng
on' F e MR G SiProReuERPateds s o BB Sbanrved B Rasal
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feeder an
20  such as cell factory (~2-3 x 10° 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
celis.

25 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 AE-MEF, the immortalized hF line, AE-Hs638, retained its
ability to support the proliferation of undifferentiated HES-3 cells in feeder co-cultures
(>26 passages) and feeder-free cultures (>16 passages). The doubling time of the

30 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 (resuits not shown).




free conditions and it will also reduce the problens associated with batch
to batch wvariation in feeder quality. Mreover, these immortal feeder
lines cells can be screened to ensure that they are free of potential

pat hogeng,h&kosan be transferred 10 from the feedgpgaSokhR20ESC.
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resistant to antibiotic selection with 418 following infection wth the

retroviruses. 9. An immortalized feeder cell |line according to any one of
claims 1 to 8 wherein the cell lines do not beconme tunorigenic after
immortalization. 25 10. An |nnnrtallzq%'feeder cell line according to any

one of clainms 1 to 9 wherein in vivo, ‘intramuscular injection of the cells
into SCID mce does not result in any palpable tunors up to 16 weeks after
injection. 11. An imortalized feeder cell line according to any one of
claims 1 Q';A!MS\Ahereln the cell line proliferates in vitro beyond 70

t. i Ty
P age. 9ud 832535&%06 f??fﬂ%%a%ﬁr&%%fwaéiﬂgﬁg%ﬁe DRSS Branast 1 1o 11
wh h | t
e eter Eoe, ﬁﬁrgﬁﬁ fﬁ%gﬁ i E%r%? BRI Sl Tg ' Bidhonic

co-culture an I ures suppl enmented with CM continue to
express the thfumPr%ﬂiecﬁ%é&iEf keIl $ine Qé&orﬂmgsthé}asﬂm 1 Tddvdd RPs alhBude - 81
al kal i ne phosphgtasR fdRsbiadi®i ntai n a nornmal” karyotype; and when injected
into SCID mice formteratomas wth tissues representative of the 3

enbr yoni c4ger Anliapertalizeti3fecder dalinimetadcomied) foemdesnecel tlaihisne t@Ba@ridedig t o
any one of cl &womsa induee Etwhanie fibrobtdsebg @hk drimeresaf piegrddationdf tieepght | at ed
hESC gr owt h. #énatdsupfressommprdtain] zed régeatem oklklmyd eeprassom, dactyatian ahy one
of clHins 1 teldimbeaed degrh&S30nldf pe. adapt to the cell line and naintain
t he typical norphology of wundifferentiated hESC cultures both in feeder
and feedeP-f ré@ imoiortahizesl, feedey. cefidine gecpigingr toaanyzeng pleddiars té& 1 derived
according to Wg Ihensryliaifipgpblast dylptrogietien roftthe HEICdcbhtdens® og expr ess
pl uhpot ent malkK¥A&., incl udi ng Qct - 4 SSEA-4, Tra-1 -60, Tra-1 -81 and

one-of, o B meRd i as%é“%/ag gy SPle L d SEUB S A TBEE Gl Lo oy
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mce. 17. 7An AmHo?‘ﬂahZe%dLefe@&d@éik ﬁﬁé Iacédrﬁlﬂ SggiﬁévﬁeQiﬁqxe QU &l aims 1

to 16 whef e e Q§ I SR rQfo iR et bR Hd Es ek Fo?r%
confirms thatypyggcell remalin positive for ut negative for E6 and
E7 anti gens. 10 18. The cell Ilne AE- MEF as herein descri bed.
8.  Animmortalized feeder cell line according to any one of claims 1 to 7 wherein a
20 majority of the cells continue to proliferate beyond their normal lifespan and are

resistant to antibiotic selection with G418 following infection with the
retroviruses.

9.  An immorialized feeder cell line according to any one of claims 1 to 8 wherein
the cell lines do not become tumorigenic after immortalization.

25 10. Animmortalized feeder cell line according to any one of claims 1 to 9 wherein in
vivo, intramuscular injection of the cells into SCID mice does not result in any
palpable tumors up to 16 weeks after injection.

11.  An immortalized feeder cell line according to any one of claims 1 to 10 wherein
the cell line proliferates in vifro beyond 70 passages and does not gain any
30 tumorigenic phenotype.

12.  An immortalized feeder cell line according to any one of claims 1 to 11 wherein
the cell line supports hESC which: continue to maintain characteristic
undifferentiated morphology for >40 passages both in co-culiure and in feeder-
free cultures supplemented with CM; continue to express the pluripotent

35 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.

13.  An immortalized feeder cell line according to any one of claims 1 to 12 wherein
the cell line supports undifferentiated hESC growth.

40 14, An immortalized feeder cell line according to any one of claims 1 to 13 wherein
hESC lines adapt to the cell line and maintain the typical morphology of
undifferentiated hESC cultures both in feeder and feeder-free cultures.




19. An imortalized feeder cell line deposited at the Anerican Type Cul ture
Col | ecti on under accessi on nunber PTA-6705. 20. A culture of an

imortalized feeder cell line according to any one of clains 1 to 19 in a
suitable culture medium 15 21. A conpgsition including an imortalized
feeder cell line according to any one“f clainms 1 to 19 in a suitable

carrier or diluent. 22. Conditioned nmedi um produced fromgrowh of an
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quantiti e?Q.ar En i%ﬂorﬁorga%zeds feeder cell line deposited at the American Type Culture

Collection under accession number PTA-6705.

20. A culture of an immortalized feeder cell line according to any one of claims 1 to
19 in a suitable culture medium.

15 21. A composition including an immortalized feeder cell line according to any one of
claims 1 to 19 in a suitable carrier or diluent.

22. Conditioned medium produced from growth of an immortalized feeder cell line
according to any one of claims 1 to 19.

23. Conditioned medium according to claim 22 used in conjunction with extracellular
20 matrices.

24. A method of culturing a stem cell including use of a cell line according to any
one of claims 1 to 19 as feeder cells.

25. A method according to claim 24 wherein the stem cell is a human stem cell.

26. A method according to claim 25 wherein the stem cell is a human embryonic
25 stem cell.

27. A method of culturing a stem cell including use of a conditioned medium
according to claim 22 or 23.

28. A method according to claim 27 wherein the stem cell is a human stem cell.

29. A method according to claim 28 wherein the stem cell is a human embryonic
30 stem cell.

30. A method according to any one of claims 24 to 29 which produces scaled- up
guantities of undifferentiated hESC in culture vessels.

31. A method according to claim 30 wherein the scaled up quantities are >10° cells.




