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Abstract: Human embryonic stem cells (hESCs) are pluripotent cells which can give rise to almost all adult cell lin-
eages. Culture system of hESCs is complex, requiring exogenous b-FGF and feeder cell layer. Human mesenchymal
stem cells (MSCs) not only synthesize soluble cytokines or factors such as b-FGF, but also provide other mechanism
which might play positive role on sustaining hESCs propagation and pluripotency. Human amniotic fluid stem (AFS)
cells, which share characteristics of both embryonic and adult stem cells, have been regarded as promising cells for
regenerative medicine. Taking advantage by AFS cells, we studied the ability of AFS cells in supporting undifferenti-
ated propagation and pluripotency of Chinese population derived X-01 hESCs. Human AF-type amniotic fluid stem
cells (hAF-AFSCs) transcribed genes including Activin A, TGF-B1, Noggin and b-FGF, which involved in maintaining
pluripotency and self-renewal of hESCs. Compared to mouse embryonic fibroblasts (MEFs), hAF-AFSCs secreted
higher concentration of b-FGF which was important in hESCs culture (P < 0.05). The hESCs were propagated more
than 30 passages on hAF-AFSCs layer with exogenous b-FGF supplementation, keeping undifferentiated status.
While exogenous b-FGF was obviated, propagation of hESCs with undifferentiated status was dependent on density
of hAF-AFSC feeder layer. Lower density of hAF-AFSCs resulted in rapid decline in undifferentiated clone number,
while higher ones hindered the growth of colonies. The most appropriate hAF-AFSCs feeder density to maintain the
X-01 hESC line without exogenous b-FGF was 15-20x10%/well. To the best of our knowledge, this is the first study
demonstrating that hAF-AFSCs could support undifferentiated propagation and pluripotency of Chinese population
derived hESCs without exogenous b-FGF supplementation.
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Introduction hESCs. However, it is unsafe to use MEFs as
feeder layer from bench to bedside since exis-
tence of latent zoonotic pathogens. Thus, vari-
eties of researchers have attempted to estab-
lish human tissue derived feeder cells or
feeder-free culture system to avoid pathogens
contamination. Human foreskin fibroblasts,

fetal muscle fibroblast [2], umbilical cord mes-

Human embryonic stem cells (hESCs) are plu-
ripotent cells which can give rise to almost all
adult cell lineages by appropriate induction.
Since hESCs possess many kinds of advantag-
es such as self-renewal, unlimited proliferation
and multipotent differentiation potential, they

herald tremendous promise with progress of
regenerative medicine both in basic research
(e.g. developmental studies) and clinical appli-
cation (e.g. drug screening) in future. The first
human embryonic stem cell line was estab-
lished in 1998 by Thomson [1]. Mouse embry-
onic fibroblasts (MEFs) served as feeder layer
to support the undifferentiated growth of

enchymal stem cells [3], bone marrow stromal
cells [4], placental cells [5] were reported to
support the growth of hESCs with supplementa-
tion of exogenous b-FGF.

Despite the type and origin of feeder cell, b-FGF
is indispensable to sustain the self-renewal
potential and pluripotency of hESCs during the
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Table 1. RT-PCR primer sequences

tinguishing from BM-

MSCs [10]. Thus, we

Gene (Accession Primer sequences (5-3) Product Annealing . "
No.) q Size (bp) temperature (°C) aim to utilize human
bFGF Forward: AGAGCGACCCTCACATCAAG 234 55 AFS cells as feeder cell
to support hESCs pro-
(NM_002006.4) Reverse: ACTGCCCAGTTCGTTTCAGT pagation
TGF-B1 Forward: GTCACCCGCGTGCTAATG 644 56
(NM_011577.1) Reverse: CAGAAGTTGGCATGGTAGCC The culture condition of
Activin A Forward: AGAAGAGACCCGATGTCACC 55 hESCs is rigorous and
(NM_002192.2) Reverse: ACAGGTCACTGCCTTCCTTG fonr:‘pt'e;(' .gnﬁgggey pa}'
Noggin Forward: TGTGCAAGCCGTCCAAGT 121 56 ameter 1 s cu
) ture is feeder cell den-
(NM_005450.4) Reverse: GAGCACTTGCACTCGGAAAT sity [11]. However, no
Desmin Forward: CCAACAAGAACAACGACG 288 55 re|evant investigation
NM_001927.3  Reverse: CAATCTCCACATCCAGGG has been implemented
GAPDH Forward: AGCCACATCGCTCAGACACC 302 56 concerning about the
(NM_002046.3) Reverse: GTACTCAGCGCCAGCATCG density parameter of

expansion culture period. Recently, research-
ers have demonstrated that hESCs could
expand on some human feeder cells without
exogenous b-FGF [5, 6]. Instead of supplemen-
tation of exogenous b-FGF, some human feeder
cell could synthesize and secret endogenous
b-FGF. This is the unique characteristic of
human feeder cells, while MEFs does not ex-
press b-FGF [6]. Obviation of continuous b-FGF
supplementation could dramatically reduce the
expense.

Human mesenchymal stem cells (MSCs) seem
to possess definite superiority than somatic
cell in maintaining undifferentiated state of
hESCs. MSCs synthesize not only b-FGF, but
also other soluble cytokines or factors which
might play positive role on sustaining hESCs
propagation and pluripotency. Apart from high-
er level b-FGF secretion and some undefined
soluble factors [7], the other mechanism of
MSCs supporting hESCs propagation and pluri-
potency may be the feeder cell-hESCs inter-
action.

Human amniotic fluid is enriched by large num-
ber of stem cells. Human amniotic fluid stem
(AFS) cells are easily obtained through amnio-
centesis, a protocol that is harmless to preg-
nant women and fetuses [8]. These cells can
expand extensively and possess some interme-
diate characteristics between pluripotent ESCs
and adult stem cells [9]. Human AFS cells and
bone marrow MSCs (BM-MSCs) share some
characteristics (CD105, CD90, CD29 etc), but
differ from BM-MSCs in Oct4, Nanog, SSEA4,
Tra-1-81 expression. Further more, protein
array of cell-free supernatants revealed that
human AFS cells secreted multiple factors dis-
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human AFS cells during
hESCs cultivation. In
previous study, we have isolated human AF-type
AFS cells (hAF-AFSCs) from discarded amniotic
fluid and identify their biological characteristics
[12]. We also proved multi-lineage differentia-
tion potential by osteogenic and adipogenic dif-
ferentiation [13]. In the present study, we aim
to utilize hAF-AFSCs as feeder cell to support
hESCs propagation and make it clear whether
exogenous b-FGF can be omitted from me-
dium.

Materials and methods
Ethics statement

Animal experiments were performed in accor-
dance with a protocol approved by Shanghai
Jiaotong University School of Medicine Animal
Care and Use Committee [Animals use license:
SYXK (Shanghai) 2003-0031]. All mice were
housed in a sterile environment and could
access to food and water commodiously as out-
lined in our institutional guidelines. The proto-
col to use discarded human amniotic fluid for
subsequent cell isolation and culture was
approved by ethics committee of Shanghai
Jiaotong University School of Medicine.

Isolation and culture of human AF-type amni-
otic fluid stem cells

HAF-AFSCs were isolated from second-trimes-
ter amniotic fluid according to our previous pub-
lished method [12, 13]. HAF-AFSCs within pas-
sage 5 were used in further experiments.

Flow cytometry analysis of hAF-AFSCs

HAF-AFSCs were characterized by flow-cytome-
try analysis, using phycoerythrin (PE)- or fluo-
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Figure 1. Comparision of hAF-AFSCs with MEFs. A. A single hAF-AFS cell clone (PO) on the 10™ day of primary cultiva-
tion. B. Morphology of hAF-AFS cells (P4). C. Morphology of MEFs (P4). D. Growth curve showed significant higher
proliferation rate of hAF-AFS cells than that of MEFs. E. RT-PCR analysis of mRNA transcript profile revealed hAF-
AFSCs transcribed genes engaged in maintaining the pluripotency and self-renewal of human ESCs (b-FGF, Activin
A, TGF-B1 and Noggin) (n = 4). F. Concentration of b-FGF secreted to culture medium by hAF-AFSCs and MEFs at
different planting density after 24 hours’ culture. (*P < 0.05).

Table 2. Phenotype of hAF-AFSCs

Antigen Posstive rate (%)
CD44 97.7
CD90 96.65
CDh117 12.92
CD105 2.88
Cbi10 0.97
Chi14 0.93
CD34 0.93
CD45 0.65

rescein isothiocyanate (FITC)-conjugated mou-
se anti-human monoclonal antibodies CD10,
CD14, CD34, CD44, CD45, CD90, CD105,
CD117 or appropriate isotype controls [all pur-
chased from Becton Dickinson (BD)]. Cells were
incubated at 4°C for 30-60 min with varying
concentrations of the primary or isotype control
antibodies and analysis was performed on a
BD FACScan flow cytometer.

Feeder cell preparation and hESCs culture

HAF-AFSCs were seeded on Matrigel-coated
well of 6-well plate at the density of 18.7x10*
cells/well as recommended by WiCell Research
Institute (with supplement of exogenous b-FGF)
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or at gradient density (5, 10, 15, 20 and
25x10%/well, abbreviated as D5, D10, D15,
D20 and D25, without supplement of exoge-
nous b-FGF) 2 days before hESCs passage.

MEFs isolated from 13-days-old C57BL/6 mou-
se embryos were seed at a density of 18.7x10*
cells/well as recommended previously. Cells
were mitotically inactivated by mitomycin C (10
pug/ml) for 3 hrs one day before hESCs pas-
sage. The feeder cell culture medium consisted
of DMEM (Invitrogen, USA), 10% FBS (Hyclone,
USA) and 2 mM I-glutamine. Discarded the me-
dium and refreshed with hESCs growth medi-
um [Knockout DMEM (Invitrogen), 20% Knock-
out SR (Invitrogen), 2 mmol/L L-glutamine (Invi-
trogen), 1% NEAA (Invitrogen), 0.1 mmol/L B-
mercaptoethanol (Sigma), 1% penicillin/strep-
tomycin (Invitrogen)]. HESCs lines (termed X-01,
kindly provided by Professor L Xiao, Stem Cell
Bank, Shanghai Institutes for Biological Sci-
ences). HESC colonies were mechanically dis-
sociated into clumps with appropriate size and
transferred onto newly prepared feeder cells.
HESCs were incubated in growth medium at
37°C in a 5% CO, and 95% humidity chamber
with or without exogenous b-FGF (4 ng/ml) as
described above. Passage of hESCs was per-
formed about once a week.

Int J Clin Exp Pathol 2014;7(8):4661-4673
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Figure 2. Culture hESCs on hAF-
AFSCs feeder layer with exog-
enous b-FGF supplementation.
A. Morphology of hESCs cultured
on hAF-AFSCs feeder layer. B-G.
Immunofluorescence staining of
hESCs cultured on hAF-AFSCs
feeder layer with Oct4, Nanog,
SSES-3/4, Tra-1-60 and Tra-1-81.

Immunostaining

Akaline phosphatase (AKP)
detection kit (Millipore, USA)
was used to verify AKP activity
of hESCs according to manu-
facturer’s instructions. Expre-
ssion of six stem cell markers
(Oct-4, Nanog, SSEA-3, SSEA-
4, Tra-1-60 and Tra-1-81) and
three somatic cell markers
(Bll-tublin, Desmin and AFP)
was measured using immuno-
fluorescence staining. Briefly,
cells cultured on cover slips
were washed with PBS and
fixed with 4% paraformalde-
hyde for 20 min, followed by
three washes with PBS. The
samples were blocked with 3%
bovine serum albumin (BSA;
Sigma-Aldrich) for 30 min at
room temperature and then
washed again in PBS. For Oct-
4, Nanog staining, the cells
were permeabilized with 0.3%
Triton X-100 (Sigma-Aldrich)
for 20 min prior to blocking.
Then incubated the cells with
primary antibodies [mouse
anti-human Oct-4 (1:100; Che-
micon); rabbit anti-human Nan-
0g (1:100; Abcam); mouse anti-
human SSEA-4 (1:100; RD);
mouse anti-human SSEA-3 (1:
100; RD); mouse anti-human
Tra-1-81 and Tra-1-60 (1:100;
Millipore); rabbit anti-human
Desmin (1:200; Abcam), rabbit
anti-human o-fetoprotein (AFP
1:200; Abcam), rabbit anti-
human B-tublin  1lIl  (1:200;
Abcam)] overnight at 4°C. After
three washes, the samples
were incubated with Cy3- or
FITC-conjugated anti-mouse or
rabbit 1gG antibody (1:100;
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Figure 3. Culture hESCs on hAF-AFSCs feeder layer without exogenous b-FGF supplementation. (A-E) Morphology of
hESCs cultured on hAF-AFSCs feeder layer. The morphology of hESCs cultured on D5 and D10 became scatted and
flatted during propagation. The colonies lost undifferentiated status and pluripotency (A, B). The colonies planted on
D15 and D20 displayed typical morphology of hESCs, including compact colonies with high nuclear to cytoplasmic
ratios and well-defined colony borders (C, D). The colonies planted on D25 were encompassed by the feeder cells
and became differentiated. (F) The number of undifferentiated colonies in wells with different feeder cell density.

Jackson Immuno Research) for 2 hrs at room
temperature. The nuclei were counterstained
with DAPI (5 mg/ml; Roche). For all staining pro-
cedures, the primary antibody was omitted as
the control. Samples were observed using a
Fluoview scanning confocal microscope
(Olympus). Images were acquired and stored
using FV1000 Viewer software.
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Reverse transcription polymerase chain reac-
tion (RT-PCR)

Total RNA was extracted from cells with Trizol
(Invitrogen). The first strand of cDNA was syn-
thesized from 6 pg total RNA, using Reverse
Transcriptase M-MLV, and PCR was performed
with Ex Tagq polymerase (all from Takara),

Int J Clin Exp Pathol 2014;7(8):4661-4673
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Figure 4. hESCs cultured on hAF-AFSCs feeder layer without exogenous b-FGF supplementation expressed stem-
ness markers. The up line: hESCs colonies cultured on MEFs with b-FGF supplementation (30" passage). The sec-
ond to the bottom line: hESCs colonies cultured on hAF-AFSCs without b-FGF supplementation (the 10" passage to
30" passage). The stemness markers included Oct4, Nanog, SSES-3, SSEA-4, Tra-1-60 and Tra-1-81.

according to the manufacturer’s instructions.
For each reaction, 1.5 ul of the first strand
cDNA was used as a template, and PCR was
carried out using the following cycles: initial
denaturation at 94°C for 4 min, denaturation at
94°C for 30 s, annealing at the primer-specific
temperature for 30 s and extension at 72°C for
30 s. The final extension was performed at
72°C for 10 min. The products were held at 4°C
until use. The level of GAPDH mRNA was quan-
tified as an internal control. The forward and
reverse primer sequences are listed in Table 1.

Karyotype analysis

The cells were incubated in medium supple-
mented with 0.2 mg/ml colchicine for 2 hrs at
37°C, 5% COQ. After washing, the cells were dis-
aggregated with trypsin-EDTA solution for 2
min, and resuspended in 75 mM KCI. The cells
were fixed in a series of cool methanol:acetic
acid (3:1, 2:1, and 3:1) and drops of the cell
suspension were spread on clean microscope
slides. The chromosomes were stained with 5%
Giemsa for 40 minutes and examined at
1000x%. At least 20 photographs of 6 meta-
phase spreads were counted.
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Enzyme-linked immunosorbent assay of b-FGF

HAF-AFSCs were planted at gradient density in
DMEM with 10% FBS and 2 mM I-glutamine.
Twenty-four hours after incubation, superna-
tant were collected to measure the concentra-
tion of bFGF with b-FGF ELISA kit (R&D) accord-
ing to manufacturer’s instructions.

Differentiation in vitro and in vivo

In vitro differentiation potential of hESCs was
evaluated by embryoid body (EB) formation.
HESCs were suspended to form embryoid body
(EB) formation. Round shaped EBs formed after
7 days. The culture medium was switched to
DMEM, 20% FBS, 1% I-glutamine, 0.1 mM
NEAA, 0.1 mM B-mercaptoethnol. The EBs
gradually attached onto the Matrigel coated
dishes. After 14 days of spontaneous differen-
tiation, EBs were fixed with 4% paraformalde-
hyde and used for further immunofluorescence
staining of three germ layer cell markers.
Teratoma formation was performed to test the
in vivo differentiation potential. 5x10° hESCs
combined with matrigel were injected intramus-
cularly into NOD-SCID mice. Teratomas were

Int J Clin Exp Pathol 2014,7(8):4661-4673
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Figure 5. AKP staining and karyotype of hESCs. A, C. AKP staining and normal karyotype of hESCs cultured on MEFs
feeder layer with b-FGF supplementation. B, D. AKP staining and normal karyotype of hESCs cultured on hAF-AFSCs
feeder layer without exogenous b-FGF supplementation after 30 passages.

harvested after 8-10 weeks and prepared for
hematoxylin and eosin staining.

Statistical analysis

SAS 6.12 statistics software was used for sta-
tistical analysis. Dates were expressed as aver-
agestandard deviation. The differences were
evaluated using Student’s t-tests. A statistical
threshold of P < 0.05 was used to detect
whether there were statistical significances
among different groups.

Results
Biological characteristics of hAF-AFSCs

Ten discarded second-trimester amniotic fluid
samples were collected for the present study.
Five days after primary cultivation, the cell colo-
nies with distinguishing shape and heteroge-
neous cell morphology gradually emerged. The
colonies enlarged and some colonies with dif-
ferent cell morphology became fused with each
other. In regard to the classification of human
amniotic fluid cells, there is unanimous consen-
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sus classification of these cells into three types:
amniotic fluid-specific (AF-type), fibroblastic-
type (F-type) and epitheloid-type (E-type) cells,
although some other cells could also been
observed. On the 10" day of primary cultiva-
tion, we calculated the total three type colonies
and picked the AF-type ones according to our
previous established method. Totally, 116
(80.5%) AF-type (Figure 1A), 23 (16%) F-type
and 5 (3.5%) E-type colonies presented while
we picked 85 AF-type colonies without contam-
ination of other type cells. Flow cytometry anal-
ysis of revealed the biomarkers of hAF-AFSCs
(Passage 4) including CD44, CD90, CD117,
CD105, CD10, CD14, CD34 and CD45 (Table
2).

The morphology of hAF-AFSCs and MEFs were
showed in Figure 1B. Growth curve analysis
showed the proliferation rate was faster than
that of MEFs (Figure 1C). mRNA transcription
profile by RT-PCR analysis demonstrated that
hAF-AFSCs transcribed some genes (Activin A,
TGF-B1, Noggin and b-FGF, Figure 1E) which

Int J Clin Exp Pathol 2014;7(8):4661-4673
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Figure 6. Differentiation potential of hESCs. (A) EB formation of hESCs. (B) RT-PCR analysis of various germ layer
markers from EB samples. Representative results of EB samples derived from hESCs cultured on three hAF-AFSCs
lines are shown. (C) B-lll Tubulin (ectoderm), (D) Desmin (mesoderm) and (E) AFP (endoderm). (F) Skin keratin pearl
(ectoderm); (G) muscle (mesoderm) and (H) intestinal epithelia (endoderm) tissues.

involved in maintaining pluripotency and self-
renewal of hESCs [14-19].

HAF-AFSCs secreted b-FGF

HAF-AFSCs were seeded into a well of 6-well
plate at gradient density of 5, 10, 15, 20 and
25x10%/well. After 24 hours’ culture, the b-FGF
from supernatant was detectable and the con-
centration was related to the cell density
(Figure 1F).

HAF-AFSCs supported hESCs growth

We selected the hAF-AFSCs at density of
18.7x10%/well to serve as feeder cell to sup-
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port hESCs growth. The hESCs proliferated and
were subcultured, maintained undifferentiated
state (Figure 2A). We successfully propagate
the hESCs more than 30 passages, and the dif-
ferentiated colonies were less than 10 percent.
Immunofluorescence staining demonstrated
intensive expression of Oct4, Nanog, SSEA-3,
SSEA-4, Tra-1-81 and Tra-1-60 (Figure 2B-G).

HAF-AFSCs supported hESCs growth with-
out exogenous b-FGF supplementation in a
density-dependent manner

HAF-AFSCs were platted at gradient density (5,
10, 15, 20 and 25x10%/well) as feeder layer.

Int J Clin Exp Pathol 2014;7(8):4661-4673



Human AFSCs support propagation of human ESCs

Morphologic changes of some colonies occu-
rred. The D5 and D10 hESCs colonies became
scattered and dispersed with increasing pas-
sages, simultaneously. The border of colonies
lost its sharp morphology. The number of undif-
ferentiated colonies of D5 declined sharply dur-
ing the first 10 passages, while it was more
moderate in D10 (Figure 3A, 3B and 3F). For
D15 and D20 colonies, no obvious change was
observed during more than 30 passages
(Figure 3C, 3D). The colonies kept undifferenti-
ated status with sharp margin. Colonies of D25
were somewhat smaller compared to those of
D15 and D20 (Figure 3E). This might due to the
feeder cells physically hinder the growth of col-
onies. For further passaging, the feeder cells
which hindered the colonies must be stripped.

HAF-AFSCs with appropriate density main-
tained pluripotency of hESCs without b-FGF
supplementation

Since D15 and D20 colonies kept undifferenti-
ated status during the propagation for more
than 30 passages, we thought D15 and D20
should be the appropriate density for hESCs
growth. The stem cell markers were analyzed
every 10 passages. The hESC colonies inten-
sively expressed Oct4, Nanog, SSEA-3, SSEA-4,
Tra-1-81 and Tra-1-60 (Figure 4). AKP staining
also revealed the pluripotency of these colo-
nies (Figure 5A, 5B). Karyotype analysis show-
ed normal karyotype of hESCs after 30 pas-
sages (Figure 5C, 5D).

HESCs cultured without b-FGF supplementa-
tion retained differentiation potency

Round shaped EB formed after 7 days (Figure
6A). After 14 days of spontaneous differentia-
tion on the Matrigel coated dishes, activation of
all three embryonic germ layer markers was
confirmed (Figure 6B). As shown in (Figure
6C-E), immunostaining illustrated expression of
B-Ill Tubulin (ectoderm), AFP (endoderm) and
Desmin (mesoderm) at protein level of differen-
tiated hESCs. To exclude the expression of
these markers from contamination of hAF-
AFSCs, we stained the feeder cells by the three
antibodies. It was affirmative that no positive
staining could be observed (Date not shown).

Teratoma formation was performed to verify in
vivo differentiation potential of hESCs cultured
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by the present method. Teratomas formed 6-8
weeks after intramuscular injection. Hema-
toxylin and eosin staining analysis found the
three germ layer tissues including skin keratin
pearl (ectoderm), muscle (mesoderm) and
intestinal epithelia (endoderm) tissues (Figure
6F-H).

Discussion

The first hESCs line was cultured on MEFs feed-
er layer [1]. In recent years, it has been unques-
tionable that animal derived cells are unsuit-
able for feeder layer since they might result in
pathogens contamination, which could be a
biohazard. Beside this, it exists possibility that
sialic acids would trigger an immune response
upon clinical application [20]. Varity of human
feeder cells and feeder-free culture systems
have been intensively developed in the past
decade. For feeder-free culture systems, the
widely used alternative layer included Matrigel,
fibronectin, vitronectin, laminin and gelatin.
Commercial artificially synthesized media such
TeSR or serum replacement were also recog-
nized as effective substance in supporting
hESCs growth and proliferation. Even the risk of
animal pathogen contamination declined,
hESCs maintained in feeder-free systems could
become karyotypically unstable [21, 22].

b-FGF is a key factor in maintenance of undif-
ferentiated growth of hESCs. b-FGF activates
the mitogen-activated protein kinase (MAPK)
pathway directly and modulates Activin A and
TGF-B1 signaling indirectly. b-FGF induces the
production of TGF-B1 and insulin-like growth
factor-1l (IGF-1l) from feeder cells. The hESCs
also secreted endogenous b-FGF during cul-
ture. The functions of exogenous and endoge-
nous b-FGF on hESCs should be disparate and
complex. The main effect of exogenous b-FGF
is promoting cell adhesion and survival, but has
no impact on maintenance of pluripotency of
hESCs. Absence of exogenous does not affect
proliferation of hESCs. b-FGF secreted by
hESCs maintains pluripotency gene expression.
In previous studies, human feeder cells includ-
ing MSCs, human foreskin fibroblasts (HFFs)
and placental cells (HPCs) transcribed b-FGF
MRNA or released b-FGF to medium, with a
higher concentration from MSCs than other
twos. MSCs were thought to be rich sources of
cytokines, including VEGF, b-FGF, IGF, EGF, TGF-
31 and HGF. The property of multiple cytokines

Int J Clin Exp Pathol 2014;7(8):4661-4673
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synthesis and other features such as ability to
regulate of the extracellular matrix and adhe-
sion or modulate immune reaction inspired
researchers to harness MSCs to sustain hESCs
culture. The superiority of MSCs served as
feeder layer with obviation of b-FGF has also
been proved. Human AFS cells are adult MSCs,
but different from adult MSCs [9, 23, 24]. Thus,
we planed to establish the human AFS cell layer
culture system. There is unanimous consensus
regarding the classification of amniotic fluid
cells into three types: AF-type, F-type and E-type
cells. AF-type cell colonies are more abundant
(> 60%) than F-type cell colonies (5-6%). F-type
cells usually occur late during cultivation and
cannot be cloned from every sample. Taking
the advantage of AF-type cell colonies, we
selected this type cells for further investigation.
In previous study, we have identified their char-
acteristics and proved their stemness [13]. The
results of present study also demonstrated the
feasibility of hAF-AFSCs supporting hESCs self-
renewal and proliferation in the presence of
exogenous b-FGF.

Compared to other human somatic or stem cell
types, hAF-AFSCs offer potential advantages
for supporting undifferentiated propagation
and pluripotency of hESCs. Amniocytes can be
easily isolated from discarded amniotic fluid
through amniocentesis and expand extensively
in vitro. Researchers can obtain adequate cells
after several sub-cultures. Although banking of
amniocytes has not launched, but it seem
promising in future if this work once launches in
the way of banking umbilical cord blood cells.
Reprogramming amniocytes into patient and
disease specifical induced pluripotent stem
(iPS) cells and propagation them upon the
autogenous feeder cells by employing xeno-
free culture medium can circumvent immune
reaction, ethical issues and resultant zoono-
sis.

Human AFS cells secrete variety of soluble fac-
tors, including b-FGF, EGF, Activin A and TGF-
[23], which have direct roles in hESCs pro-
longed propagation. In a proteomic analysis
between AFS cells and BM-MSCs, AFS cells dis-
played a number of unique proteins related to
proliferation and primitive phenotype [24].
These proteins might also play role in support-
ing hESCs growth. Further more, several
researches reported human amniocytes are

4670

more efficiently reprogrammed to generated
iPS cells [25-27]. Generation of iPS cells from
human amniocytes occurs in 5-7 days with
0.5% efficiency or twice as fast and yielded
nearly a two-hundred percent increase in clone
number, compared to cultured adult skin cells.
Human AFS cells are embryonic cells derived
from the developing fetus. The embryonic cells
more closely resemble the pluripotent status in
terms of transcriptional and chromatin states
than other somatic cell types. We thought the
pluripotent state of hAF-AFSCs should benefit
maintaining pluripotency of hESCs.

The undoubted mechanism of supporting
hESCs growth is the soluble factors secreted by
feeder cells. The routine concentration of b-FGF
supplemented is 4 ng/ml. While in our present
study and others, the concentration of endog-
enous b-FGF secreted by feeder cells was lower
than 4 ng/ml. The underlying mechanism why
hESCs could maintain undifferentiated status
without exogenous b-FGF has also been
explored. Feeder cells did not only secreted
soluble factors, but also provided extracellular
matrix and cellular contact to the hESCs.
Unfortunately, the messages transmitted
between the hAF-AFSCs and hESCs remains
unknown. The problem we raise here is that
once the hESCs clone settled onto the feeder
layer, feeder cells would be shoved. Thus, the
cells in the center of clone would lose contact
with feeder cells. The fact that lost of contact
combined with insufficient b-FGF still did not
hamper undifferentiation of hESCs encouraged
us to reveal the deep-seated mechanism.

Epigenetic modification is another possible
mechanism in regulation hESCs propagation.
Liu et al. reported that human amniotic epithe-
lial cells (HUAECs) feeder layers altered mouse
ESC gene expression via epigenetic modifica-
tion of c-Myc, Nanog and Oct4. HUAECs also
inhibited endogenous microRNA-145 or DNA
methyltransferase 1 and increased Sox2
expression to maintain human iPS cell pluripo-
tency [28-30]. Since some human amniocytes
derive from amnion membrane, we think parts
of hAF-AFSCs possess properties of HUAECs.
Thus, whether hAF-AFSCs have the ability to
modify hESCs’ gene epigenetically is our next
work to do.

The culture condition of hESCs is rigorous and
complex. Feeder cell density which is largely
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ignored is a key parameter in hESCs culture
[11]. High variability in feeder cell density may
result in different outcome in culturing hESCs.
Too low density would result in insufficient lev-
els of extracellular matrix, secreted factors and
intra-cellular contacts provided by feeder cells.
Improper high density (30,000 cells/cm? and
above) may result in rapid depletion of nutri-
ents and oxygen, as well as physically hinder
the attachment and growth of hESC colonies.
Empiric evidence suggested that feeder cell
density affect differentiation with both higher
and lower quantities of MEF feeders. Different
hESCs lines demand inequable density of dif-
ferent feeder cell lines [11]. WiCell recom-
mends the standard planting density for freshly
or frozen inactivated CF1 strain MEFs is
18.7x10% and 22.5x10* cells/well per well in a
6 well plate, respectively. Reubinoff et al. rec-
ommended the density of MEF feeder cells
from 129/Sv strain or F1 Crosses of 129/Sv
strain with C57/BL6 mice at 75,000 cells/cm?
might support HES-1 and HES-2 cell lines [31].
Concerning about human feeder cells, Richards
et al. used human fetal fibroblasts and adult
skin fibroblasts at the density of 60,000-
75,000 cells/cm?[32]. Human adult bone mar-
row cells at a density of 20,000 cells/cm?were
described by Cheng et al. in culturing the H1 ES
cell lines from WiCell Research Institute [33].
Ozolek et al. observed that approximately
20x10* feeders per well of a 6-well culture
plate might be appropriate for maintaining ideal
pluripotent colony morphology. H1 hESCs
required higher feeder density and H9 hESCs
required lower density for ideal colony morphol-
ogy [34]. Reduced feeder density not only pro-
vided insufficient ECM or factors to maintain
hESCs’ pluripotency, but also promoted rapid
progression to neural phenotypes. However, no
relevant investigation has been implemented
concerning about the density parameter of
human AFS cells during a Chinese population
derived ESCs line cultivation, especially when
b-FGF is obviated. In the previous study, CF1
feeder cells at a density of 30,000 cells/cm?
were used to culture the X-01 hESC lines [35].
Human amniotic mesenchymal cells (AMCs) at
confluent density were also used to support H1
ES cells with b-FGF supplement [36]. We also
succeeded in culturing X-01 hESCs on hAF-
AFSCs (18.7x10* cells/well) more than 30 pas-
sages with b-FGF supplement. In the view of
evidence in present study, we firstly elucidated
the most appropriate hAF-AFSCs feeder density
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for culturing the Chinese population derived
X-01 hESC line in absence of exogenous b-FGF.
The other problem is that the most popular cul-
ture condition of hAFS cells needed fetal bovine
serum (FBS) which also contained ingredients
of animal origin. Nest step should develop a
culture system free of animal origin for hAFS
cells.
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