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Multipotency of adult stem cells derived from human amnion
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Abstract: Adult stem cells are drawing more and more attention due to the potential application in degenerative medicine without
posing any moral problem. There is growing evidence showing that the human amnion contains various types of adult stem cell.
Since amniotic tissue is readily available, it has the potential to be an important source of regenerative medicine material. In this
study we tried to find multipotent adult stem cells in human amnion. We isolated stem cells from amniotic mesenchymal cells by
limiting dilution assay. Similar to bone marrow derived mesenchymal stem cells, these cells displayed a fibroblast like appearance.
They were positive for CD105, CD29, CD44, negative for haematopoietic (GlyA, CD31, CD34, CD45) and epithelial cell (pan-CK)
markers. These stem cells had the potential to differentiate not only into osteogenic, adipogenic and endothelial lineages, but also
hepatocyte-like cells and neural cells at the single-cell level depending on the culture conditions. They had the capacity for
self-renewal and multilineage differentiation even after being expanded for more than 30 population doublings in vitro. So they may
be an ideal stem cell source for inherited or degenerative diseases treatment.
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Table 1 Primer sequences used for the RT-PCR amplification

Gene  Base pairs Sequence (5'-3")

CTA GGC ATC ACC TGT

Sense GC CAT ACC
OPN 330 Antisense CAG TGA CCA GTT CAT
CAGATT CAT C
ATG GAG AGC AAA GCC
Sense CTG CTC
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AGTTTT
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CCGGTTA
TTG GAA AAA TCC CAC
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Fig. 1 Morphology and expansion potential of ADSC. (A)
ADSC cloned by limiting dilution. Single cell adherent to the
plate in one well proliferated for 2 days (D2), 8 days (D8), and
11 days (D11). (B) The doubling time of all these cell
populations was about 30 hours. (C) The cell cycle analysis of
ADSC by FACS.
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Fig. 2 Phenotype analysis of culture-expanded ADSC before induction. The real line outlined the region of fluorescent intensity for

cells labeled with control antibodies. A representative example of 3 experiments is shown.
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Fig. 3 Adipogenic or osteogenic differentiation of ADSC. (A) The
cells in the adipogenic induction group were positively stained for
oil red-O. (B) The induced cells stained by the von Kossa technique
showed calcium accumulation after osteogenic induction for 3
weeks. (C) Total RNA was analyzed by RT-PCR for mRNA
expression of lipoprotein lipase (Lane 1), osteopontin (Lane 3) and
B2-microglobulin (f>M). The uninduced cells serve as control
(Lane 2, 4).
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Fig. 4 Endothelial differentiation of ADSC. (A)
Differentiation to endothelial cells was evaluated by
immunofluorescence for CD31, vWF, and the ability to take up
Dil-Ac-LDL. (B) The expanded clonal cells showed
endothelial-like morphology after being treated with VEGF and
bFGF for 14 days. (C) ADSC seeded in the Matrigel began to
migrate and aggregated into spherical structure within 2-3 days
and extended gradually to form vascular plexus on day 6-7. (D)
Results were further confirmed by Western blotting for CD31
and vWF.
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Fig. 5 In vitro differentiation of ADSC to neuroectoderm. (A)
ADSC grown in the presence of 100ng/mL bFGF for 14 days
show immunoreactivity with NF (red). (B) Control. (C, E)
ADSC were also stained by GFAP (red) and GalC (green) after
induction. (D, F) Control. (G) These results were confirmed by
RT-PCR for NF, GFAP and MBP. 1: pre-differentiation; 2:
positive  control; 3: induced differentiation. Original
magnification: 200x.
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Fig. 6 Expression of differentiation markers of hepatocyte
lineage in ADSC. (A) ADSC cultured with HGF and b-FGF for
14 days were stained by ALB antibody (green). (B) The induced
cells were also stained by CK18 mAb (red). (C) A merged
image of ALB and CK18 staining in A and B. (D) Control. (E)
RT-PCR products of ALB, CK18 and PB2-microglobulin. 1:

pre-differentiation; 2: induced differentiation. Original
magnification: 200x.
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